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    Foreword 

 Three decades ago as a surgery resident at the University of Colorado, I enthusiastically 
 pursued trauma surgery as a tantalizing career option. I had inspirational mentors, did a variety 
of lifesaving operations, and had abundant translational research opportunities. I personally 
participated in the birth of surgical critical care. I was not alone in my enthusiasm. Across the 
USA, waves of talented and dedicated surgical residents throughout the 1980s choose this 
career pathway and prospered in this evolving  fi eld. However, for variety of reasons in the 
1990s, we experienced some serious “bumps in the road” related to professional happiness. 

 First, we had created exclusive regional trauma centers designed to take care of all trauma 
patients. Smaller hospitals and community surgeons were told that this is not their problem 
and, given the unsavory nature of trauma care, they readily agreed. As a result, trauma center 
volume increased and, with declining violence in America, the focus of our clinical practice 
shifted away from high-adrenaline penetrating trauma operations to complex ICU care of mul-
tisystem blunt trauma patients. 

 Second, as we advanced through the 1990s we learned how not to operate on blunt trauma 
and, contrary to our heritage, we progressively became nonoperative surgeons. We had become 
the “baby sitters” for the other surgical specialists. 

 Third, as our clinical volume became overwhelming, we largely abandoned our core mis-
sion of translational research. Unfortunately, this provides a tremendous source of personal 
satisfaction and is a necessary pathway to academic productivity and advancement. Trauma 
surgery became recognized to be a high-risk burnout profession and consequently not an unat-
tractive career option for trainees of that era. 

 In the early 2000s through the leadership of the American Association for the Surgery of 
Trauma and the Committee of Trauma of the American College of Surgeons, we began the 
process of rede fi ning our specialty into acute care surgery (ACS). Our domains of clinical 
practice now include trauma, burns, surgical critical care, and emergency general surgery. As 
we progress into the 2010s this appears to be an effective model. It ensures access to safe and 
evidence-based emergency care, which our patients and hospitals sorely need. Additionally, 
there appears to be a strong interest amongst a subset of our trainees for what we do. With 
increasing surgical specialization, there is reluctance by most surgeons to participate in emer-
gency surgery call. As part of our trauma call we have assumed this responsibility. As a result 
we now do a wide variety of emergency operations and obviously help many patients. 

 The 80-h work week has also “dumbed down” most surgeons in regards to surgical critical 
care, making our role of taking care of critically ill surgical patients crucially important. 
Finally, while some are critical of the ACS shift work mentality, it offers the young surgeons 
the opportunity to work hard but also have time off to pursue other life interests. 

 This book was edited by three of my previous trainees/partners who are very committed to 
ACS. They recognize that compared to trauma, burns, and critical care, our expertise and own-
ership of emergency general surgery is less secure. The purpose of this book is to de fi ne this 
broad  fi eld and to establish evidence-based guidelines (EBGs) related to its practice. The book 
is organized into three parts: (1) general principles, (2) speci fi c disease states, and (3) ethic/
legal issues and systems development. Part 2 is the “beef.” It contains 26 chapters that address 
problems commonly encountered by acute care surgeons. Each chapter ends with a management 
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algorithm. An algorithm is an excellent method to implement and improve EBGs. To create an 
algorithm, the key questions that drive decision making related to a process of care are 
indenti fi ed and then put in a decision tree order that best  fi ts the process of care. The decision 
making is based on the best available data, and if the data is incomplete, expert opinion pre-
vails. Importantly, this process identi fi es what we “do know” as well as the “gray zones,” 
which offer future opportunity for performance improvement (PI). To be implemented into 
daily practice in a speci fi c hospital, the algorithms frequently need to be modi fi ed based on 
local resources and biases. However, the modi fi ed algorithm can then be consistently imple-
mented; it is possible to identify “what works” and “what does not work.” In an iterative PI 
process, the algorithm can then be progressively re fi ned to optimize outcomes. Trauma sur-
geons have traditionally embraced algorithms and so I expect these will be of great interest. 

 The target audience for this book includes all trainees, physician extenders, and practicing 
surgeons who participate in the care of patients requiring emergency surgical care. 

 Finally, I would like to acknowledge and thank the distinguished authors who participated 
in writing this book. It is an important milestone in the ever-evolving  fi eld of trauma surgery 
and now acute care surgery.

Gainesville, FL, USA Frederick A. Moore M.D., F.A.C.S., M.C.C.M.   
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  Preface 

 Acute care surgery is a rapidly evolving specialty that encompasses emergency general surgery, 
care of the injured patient, and surgical critical care. There is a growing demand for access to 
emergency surgical services. Unfortunately, this increased demand for emergency surgeons 
has been accompanied by a declining number of surgeons willing to take emergency general 
surgery calls. The  fi eld of acute care surgery has developed in response to this need for reliable 
access to emergency surgical care. 

 The care of the emergency surgical patient presents a complex set of challenges for sur-
geons. Not only must the surgeon possess the skills needed to perform an emergent operation, 
but also they must often do so in the setting of a physiologically deranged patient. In order to 
deliver optimal care, the acute care surgeon must have expertise in both surgery and critical 
care. They must be familiar with the current diagnostic modalities, resuscitation strategies, 
operative techniques, and management principles required to deliver rapid, evidence-based 
care for these challenging patients. 

  Common Problems in Acute Care Surgery  addresses the common surgical emergencies 
encountered by acute care surgeons. The purpose of this text is to provide both trainees and 
practicing surgeons a comprehensive, evidence-based review of the most common clinical 
problems encountered by acute care surgeons. The book is organized into three main parts: 
The  fi rst part is focused on general principles of acute care surgery including initial evaluation 
and resuscitation, perioperative management of the hemodynamically unstable patient, and 
common critical care issues encountered in the management of these patients. The second part 
is focused on speci fi c disease states that are commonly encountered by acute care surgeons. 
Each chapter in this part addresses a speci fi c clinical problem by describing the epidemiology, 
clinical presentation, diagnosis, management (including pertinent operative techniques), 
potential complications, and follow-up. Each of the chapters in this second part also includes 
an algorithm for management of the disease state being discussed. The third and  fi nal part 
focuses on ethics and legal issues frequently encountered in acute care surgery. 

 Each of the authors in this text was selected for their expertise in the  fi eld of acute care 
surgery. We are grateful to the many surgeons who devoted countless hours in the preparation 
of this text. The end result is a practical resource to assist acute care surgeons in delivering 
compassionate, evidence-based care to the emergency surgical patient.

Houston, TX, USA Laura J. Moore, M.D., F.A.C.S.   
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    Part I 

  General Principles         



3L.J. Moore et al. (eds.), Common Problems in Acute Care Surgery, 
DOI 10.1007/978-1-4614-6123-4_1, © Springer Science+Business Media New York 2013

 Resuscitation during ongoing hemorrhagic shock attempts to 
restore physiologic balance by achieving rapid surgical con-
trol of hemorrhage, providing  fl uid and blood products, and 
titrating to laboratory and clinical parameters. Phases of 
resuscitation occur in the pre-hospital environment, emer-
gency room, operating room, and intensive care unit (ICU) 
where multiple health care providers and physicians in fl uence 
patient outcome by their attentiveness and diligence to this 
careful art. 

 The patient’s clinical picture is dynamic, in constant  fl ux 
requiring continuous attention to the details of the resuscita-
tion. While profound hemorrhagic shock is easily recog-
nized, it is dif fi cult to gain control of bleeding with meaningful 
outcome once cardiopulmonary collapse has occurred. Subtle 
signs of impending hemorrhagic shock often go unnoticed or 
unrecognized, although they are present and often reversible 
at the onset of the traumatic event. Since blood and blood 
product are generally not available in the  fi eld, emergency 
medical service (EMS) and other health care personnel are 
relied upon to identify and treat signs of blood loss. They use 
direct pressure and mechanical devices, such as tourniquets, 
gauze, or hemostatic agents to stop visible bleeding. Internal 
bleeding, however, must be controlled surgically or by embo-
lization once the patient reaches the hospital setting. 
Coagulopathy must be corrected and temperature optimized. 
It is often not until entering the emergency department that 
patients receive their  fi rst unit of blood or blood product, and 
it generally is not until reaching the operating room or inter-
ventional radiology suite that effective control of bleeding is 
achieved. 

 Hemorrhagic shock often correlates to a source of surgical 
bleeding. Coagulopathy, acidosis, and hypothermia wreak 
havoc on metabolic processes and physiologic responses dur-
ing the perioperative period. In the operating theater, surgeons 

frequently focus on operative management, while decisions 
regarding transfusion, colloid, and crystalloid administration 
are made by the anesthesiologist. During damage control 
operations, bleeding is quickly controlled in preparation for 
further resuscitation in the ICU. Once in the ICU, serial 
 laboratory values, continued resuscitation, and correction of 
the acidosis, hypothermia, and coagulopathy continue until 
the patient shows signs of stabilization, returns emergently to 
the operating room or interventional suite, or succumbs to 
death. This chapter outlines the general principles of resusci-
tation and its various aspects, historical and future perspec-
tives, and non-trauma resuscitation guidelines. 

   Hemorrhagic and Hypovolemic Shock 
and Initial Stabilization Maneuvers 

 In 1946 hemorrhagic shock was induced in animal models 
and a strati fi cation system emerged: simple hypotension, 
which was noted to always be reversible if identi fi ed and 
treated; impending shock, which was reversible if treated 
aggressively; and irreversible shock state, where hypoten-
sion, sustained by high-volume blood loss, correlated to 
notable metabolic derangement  [  1  ] . The authors concluded 
that hemorrhagic shock did not occur at a speci fi c volume 
loss or blood pressure, but was rather a  fl uid state that 
required early recognition by the treating physician and 
immediate intervention during the reversible period. 

 Today hemorrhagic shock remains elusive in its de fi nition. 
It encompasses the full spectrum of a complex clinical pic-
ture and accompanying  fi ndings consistent with metabolic 
acidosis and impending cardiopulmonary collapse second-
ary to blood loss, poor tissue perfusion, tissue injury, and 
ineffective oxygen extraction (Table  1.1 , Fig.  1.1 ).   

 Hemorrhage is commonly categorized by volume and per-
cent blood loss with speci fi c  fi ndings at de fi ned losses  [  2  ] . 
Interestingly these categories are largely based on opinion rather 
than objective clinical data. Clinical parameters are not mark-
edly different from baseline in phases one and two of shock, 
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contributing to the dif fi culty in recognizing shock in its early 
stages. In providing care to the critically injured patient, it is of 
utmost importance to have the ability to diagnose impending or 
early hemorrhagic shock. It is rather easy to diagnose severe 
hemorrhagic shock; however, the affected patients have already 
undergone cardiovascular collapse and are near death. The 
astute clinician will prefer to intervene earlier, when the diagno-
sis is more obscure. Once recognized, directed treatment of 
imminent shock or ongoing hemorrhage begins. 

 During  fi eld resuscitation, patients receive treatments nec-
essary to control bleeding. Several centers tout an integrated 
database or registry to incorporate pre-hospital data to analyze 
outcomes (Table  1.2 )  [  3–  5  ] . Such pre-hospital interventions to 
consider in the management of hemorrhage are infusions of 
crystalloid and placement of tourniquets. Ultimately all 

patients in hemorrhagic shock need de fi nitive control of the 
bleeding before there will be any chance of salvage.  

   Crystalloid 

 Choice of crystalloid as a resuscitation  fl uid in the face of 
known hemorrhagic shock remains one of the most highly 
debated topics in the trauma literature at this time. It seems 
intuitive that if a person is hemorrhaging, correction of that 
shock will be contingent on the repletion of blood, and that 
his or her coagulopathy will respond to transfusion of plasma 
and platelets. However, replacement of volume by crystalloid 
represents classical teaching and guidelines for correction of 
the initial phase of hemorrhagic shock  [  6  ] . Advanced Trauma 
Life Support (ATLS)  [  2  ]  discusses placing two large-bore 
IVs and bolusing 2 liter of crystalloid for any patient assumed 
to be in hemorrhagic shock or any patient with signi fi cant 
blood loss. However, recent data suggest that as little as 1.5 l 
of  fl uid has negative clinical implications and numerous 
sources are refuting the bene fi t of large-volume crystalloid 
resuscitation in hemorrhagic shock  [  7  ] . 

   Table 1.1    Classes of hemorrhagic shock   

 I  II  III  IV 

 Blood loss (ml)  Up to 750  750–1,500  1,500–2,000  >2,000 
 Blood loss (% blood volume)  Up to 15  15–30  30–40  >40 
 Pulse rate (per minute)  <100  100–120  120–140  >140 
 Blood pressure  Normal  Normal  Decreased  Decreased 
 Pulse pressure (mmHg)  Normal or increased  Decreased  Decreased  Decreased 
 Respiratory rate (per minute)  14–20  20–30  30–40  >35 
 Urine output (ml/h)  >30  20–30  5–15  Negligible 
 Central nervous system/mental status  Slightly anxious  Mildly anxious  Anxious, confused  Confused, lethargic 

  Reprinted with permission from American College of Surgeons. ATLS manual 7th Edition, 2004  

  Fig. 1.1    Pathophysiology of hemorrhagic shock. Reprinted from 
Angele MK, Schneider CP, Chaudry IH. Bench to bedside review: latest 
results in hemorrhagic shock. Crit Care. 2008;12(4):218. Epub 2008 Jul 
10. with permission of BioMed Central       

   Table 1.2    Current indications and contraindications for EDT   

  Indications  
 Salvageable post-injury cardiac arrest: 

 Patients sustaining witnessed penetrating trauma with <15 min of 
pre-hospital CPR 

 Patients sustaining witnessed blunt trauma with <5 min of 
pre- hospital CPR 

 Persistent severe post-injury hypotension (SBP  £ 60 mmHg) due to: 
 Cardiac tamponade 
 Hemorrhage—intrathoracic, intra-abdominal, extremity, cervical 
 Air embolism 

  Contraindications  
 Penetrating trauma: CPR >15 min and no signs of life (pupillary 
response, respiratory effort, or motor activity) 
 Blunt trauma: CPR >5 min and no signs of life or asystole 

  Reprinted with permission from Mears G, Glickman SW, Moore F, 
Cairns CB. Data based integration of critical illness and injury patient 
care from EMS to emergency department to intensive care unit. Curr 
Opin Crit Care. 2009 Aug;15(4):284–9  
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 While many clinicians consider lactated Ringer’s and nor-
mal saline interchangeable, they are not. Multiple studies in 
the swine model compare the use of various crystalloid solu-
tions, focusing on lactated Ringer’s solution and normal 
saline. The swine model demonstrates that if shock is induced 
and maintained for 30 min, followed by resuscitation with 
either normal saline or lactated Ringer’s solution, the animals 
resuscitated with Ringer’s lactate have better improvement in 
markers of shock, pH, and extracellular lung water  [  8  ] . In this 
study neutrophil activation contributes to cellular damage. 
Other studies support the neutrophil activation phenomenon; 
dextran is the biggest activator, followed by normal saline and 
then lactated Ringer’s  [  9  ] . Colloid, plasma, and blood have 
also been implicated as morbid contributors to effects on neu-
trophil activation, mainly in the pulmonary system  [  10–  12  ] . 

 Lactated Ringer’s, as a resuscitation  fl uid, yields less aci-
dosis and less coagulopathy than seen with similar volumes 
of normal saline  [  13  ] . Normal saline causes a well-recog-
nized metabolic hyperchloremic acidosis; patients resusci-
tated with lactated Ringer’s do not achieve such levels of 
acidosis. Furthermore, normal saline-resuscitated patients 
demonstrate more blood loss than those resuscitated with 
lactated Ringer’s  [  8,   14  ] . This has been demonstrated also in 
the vascular literature. In a study of aortic repairs it was 
shown that there was more perioperative bleeding and acido-
sis when normal saline was used as opposed to lactated 
Ringer’s  [  15  ] . There was no statistically signi fi cant differ-
ence in outcome however. Even despite the better physio-
logic results with lactated Ringer’s resuscitation as compared 
to normal saline, lactated Ringer’s still would not be the  fi rst 
choice for resuscitation in a patient with hemorrhagic shock 
as excessive bleeding is not well controlled with replacement 
of volume by crystalloid  [  16  ] . 

 While several centers still practice crystalloid-based resus-
citation, many trauma centers are moving toward the practice 
implemented during the ongoing war in Iraq and Afghanistan 
where the standard of care is to transfuse blood and blood 
products immediately and limit the crystalloid volume during 
the initial resuscitation  [  17,   18  ] . Excessive crystalloid has been 
implicated in increased mortality and morbidity rates when 
used in large volume in the trauma patient  [  19–  21  ] . 

 Permissive hypotension purposefully maintains mean arte-
rial pressure as low as possible to ensure adequate organ per-
fusion. If the minimum mean arterial pressure is not exceeded 
with over-resuscitation, the delicate new clot formation should 
not be disrupted prior to operative intervention  [  22,   23  ] . These 
authors show that by purposefully maintaining mean arterial 
pressure no greater than 50 mmHg, the patients in these groups 
are not af fl icted with coagulopathy to the same degree as con-
trols that are resuscitated to a mean arterial pressure of greater 
than 65 mmHg. Earlier data from animal models show no dif-
ference in ultimate outcome when hypotension is maintained; 
end organ perfusion and prevention of metabolic perturbations 

that can occur when tissue oxygenation is inadequate are the 
goals of permissive hypotension  [  24  ] . That is to say that when 
metabolic acidosis is controlled and the mean arterial pressure 
is minimized on purpose, patients do not show any long-term 
adverse effects compared to patients whose resuscitation tar-
gets a higher mean arterial pressure. It is unclear how long 
patients can remain hypotensive without deleterious effects. 
The original descriptions of this concept date to World Wars 1 
and 2. The original civilian studies on this topic show less 
intraoperative bleeding and overall  fl uid requirement and 
hence less postoperative morbidity when this strategy is 
applied  [  25  ] . Survival is improved by limiting crystalloid infu-
sion. Furthermore overaggressive resuscitation to a physiolog-
ically normal blood pressure may contribute to ineffective 
hemostasis, termed “popping the clot,” shown in an animal 
study where raising the blood pressure caused re-bleeding and 
increased mortality  [  26  ] . This cycle of repeated resuscitation 
and bleeding is ultimately detrimental to clot stability and to 
overall survival  [  27  ] . 

 The use of tourniquets in the  fi eld has turned some of the 
most life-threatening injuries into ones where life and limb 
can be salvaged. The resurgent use of tourniquets has been 
overwhelmingly supported in the recent military data from 
the Iraq and Afghanistan experience, where it is shown that 
there are virtually no adverse effects of the tourniquet itself  [  28  ] . 
Even in inexperienced hands, tourniquets have been shown 
to prevent life-threatening exsanguination and should be 
applied in any situation in which extremity hemorrhage 
exists and prior to the onset of exsanguination  [  28,   29  ] . 
Mangled extremities are not more likely to require amputa-
tion when a tourniquet is applied. There are several com-
mercial devices available and their purpose is to exert 
enough circumferential pressure to prevent blood from 
 fl owing into the extremity in question  [  30  ] . Contrary to 
older teaching, use of a tourniquet does not cause increased 
amputation rates  [  31  ] .  

   Hospital Arrival 

 Once in the emergency department, indices of vital signs and 
laboratory values may assist the surgeon in separating the crit-
ically ill trauma patient from one who appears “stable.” 
Lactate, serum bicarbonate, base de fi cit, hemoglobin, or tissue 
oxygenation are some of the most crucial lab values in deter-
mining metabolic acidosis, which occurs with poor tissue oxy-
gen extraction and indicates shock at the cellular level  [  32–  38  ] . 
Lactate, in the pre-hospital setting, may be more predictive of 
prognosis than are vital signs, which can be fairly stable until 
hemodynamic collapse ensues  [  39  ] . Lactate increases in 
under-perfused tissues and can be an early predictor of impend-
ing shock, and helps differentiate the stable patient from the 
one in a compensated shock state. 
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 Base de fi cit is a re fl ection of metabolic acidosis second-
ary to unmeasured anions, which is typically assumed to be 
lactate in the trauma patient  [  40  ] . Base de fi cit, lactate, anion 
gap, and bicarbonate levels all correspond to metabolic aci-
dosis and have all been shown to predict morbidity and mor-
tality  [  41–  44  ] . However, bicarbonate is only a single marker 
of acid–base status, whereas anion gap, base de fi cit, and lac-
tate all have some dependence on electrolytes, pH, and buf-
fer capacity of blood  [  45  ] . There does not seem to exist great 
consensus in the literature regarding which is the best predic-
tor of mortality  [  46  ] . 

 Up to a third of patients in the ICU show discordance 
between their base de fi cit and lactate, and in these situa-
tions it has been shown that lactate is more predictive of 
overall outcome, when it differs signi fi cantly from base 
de fi cit  [  47  ] . Authors from this source imply that base de fi cit 
on its own does not have the predictive capacity for mortal-
ity that lactate has. On the other hand, while lactate is the 
most helpful in the initial phase of resuscitation, it is not as 
accurate in determining the ongoing causes of metabolic 
acidosis in critical situations outside of trauma where lac-
tate may not elevate, such as respiratory alkalosis and dia-
betic ketoacidosis. 

 Serum bicarbonate will correlate with base de fi cit only 
when the pH is constant, which has clinical implications in 
the patient whose standard chemistry is drawn from a venous 
line at a different time than the arterial blood gas is collected 
 [  48  ] . The  fl uctuating pH may affect the accuracy of either 
measurement when compared to the other. There may be a 
signi fi cant difference in base de fi cit when comparing arterial 
to venous samples. Venous samples may be more sensitive to 
changes in pH, pCO 

2
 , and pO 

2
  resulting in earlier changes in 

base de fi cit  [  49  ] . 
 Acidosis, coagulopathy, and hypothermia portend the 

downward spiral into fulminant hemorrhagic shock. The 
key to understanding hemorrhagic shock is to understand 
the interactions of the lethal triad and the human body’s 
capacity to self-correct versus what must be medically and 
surgically repaired. Acidosis is a product of poor tissue per-
fusion and death at the cellular level  [  50  ] . Lactic acidosis is 
a  fi nding associated with cellular anoxia. Free radical release 
during tissue hypoxia also contributes to overall organ dys-
function and further perpetuates the cascade  [  51  ] . The coag-
ulopathy is secondary to dilution, platelet dysfunction, 
cellular damage, decreased hepatic synthesis of factors, and 
shunting of proteins away from creating coagulation factors 
and toward production of acute-phase reactants  [  51–  55  ] . 
Hypothermia occurs secondary to decreased metabolism. It 
is also associated with infusion of cold or chilled blood 
products and crystalloid, and hypothermia itself contributes 
to continued perpetuation of coagulopathy  [  56  ] . Furthermore 
it is the mismatch between oxygen delivery and consump-
tion with resultant organ dysfunction that de fi nes the shock 

state  [  57  ] . All three elements of the lethal triad contribute 
and potentiate the death spiral after substantial bleeding. 
Interruption of this process is paramount to survival.  

   Evaluation of Volume Status 

 Distinguishing compensated shock from impending com-
plete cardiovascular collapse can be dif fi cult. Understanding 
physiology and volume status on a global scale seems 
straightforward—it is the clinical application of these prin-
ciples to the individual patient that creates a conundrum for 
identifying the degree of shock. Given the application of 
focused assessment with sonography in trauma (FAST) 
exam, there has been some interest in examination of the 
inferior vena cava (IVC) volume during the initial assess-
ment. This is a noninvasive, accurate, and rapid way to assess 
the patient’s overall volume status and is easy to repeat. The 
technique has been described as placing the patient in the 
supine position and angling the probe toward the right shoul-
der from a subcostal view. The IVC can be measured at the 
entrance of the hepatic veins. Measuring in expiration 
appears to yield the most accurate measurement. Several 
small studies demonstrate that measurements of IVC diam-
eter are incredibly fast, noninvasive, accurate measures to 
determine if shock is present  [  58–  61  ] . Of note there can be 
error in measuring the IVC diameter; when accounting for 
volume variability, the anterior–posterior measurement has 
been found to be less precise than measurements taken on 
the oblique axis  [  61  ] . In this manuscript the minor axis was 
de fi ned as the shorter axis when the IVC was viewed as an 
ellipse shape in horizontal orientation. Trauma patients were 
included in the study if they were noted to be hypovolemic 
on the initial ultrasound (minor axis measurement less than 
15 mm, consistently measured one cm below the renal ves-
sels) and if they received a computed tomography (CT) scan 
of their abdomen to further con fi rm results within 1 h of their 
diagnosis of hypovolemia. Expected expansion after  fl uid 
resuscitation was approximately 7 mm in the minor axis. It 
remains to be seen if this technique can be widely applied 
and reliably instituted as a means to identify patients who are 
volume depleted or dependent.  

   The Role of CPR During Resuscitation 

 One of the great follies occurring during the treatment of 
hemorrhagic shock is to perform advanced cardiac life sup-
port (ACLS) or cardiopulmonary resuscitation (CPR) with 
the notion that there will be any chance of survival. ACLS/
CPR does not appear in the resuscitation algorithm of ATLS 
simply because it has no purpose there; it has no role in the 
de fi nitive treatment of hemorrhagic shock  [  2  ] . Until the 
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source of the hemorrhage is controlled and intravascular vol-
ume restored after hypovolemic arrest, there is no other 
effective treatment option. 

 In the pediatric literature, several studies have looked at 
long-term survival data on children who received ACLS in 
the  fi eld prior to arrival at the treating facility  [  62  ] . The majority 
of non-survivors in this study of blunt trauma mechanisms 
all had either a head injury or a spinal cord injury, and the 
causes of death in all cases were secondary to devastating 
neurologic demise or neurogenic shock with cardiopulmo-
nary collapse. Only two deaths had identi fi able sources of 
hemorrhage, which were unable to be adequately controlled. 
Of the two who survived out of the total 25 who received 
CPR either in the  fi eld or in the emergency department, both 
had detectable vital signs during transport, lost vitals in the 
emergency department, and had protracted periods of CPR. 
Neither survivor had a head injury. The  fi nal conclusions 
from this data set were that children who received  fi eld CPR 
had poor prognosis and that traumatic hemorrhage, brain 
injury, and spinal cord injury were likely not treatable in any 

manner by way of CPR. These results are consistent with 
previous data showing abysmal outcomes for survivability 
in children receiving post-traumatic CPR  [  63,   64  ] .  

   Emergency Room Thoracotomy 

 Although residents often consider it a rite of passage to per-
form the emergency room thoracotomy (ERT)  [  65  ] , the 
mature surgeon realizes that the ERT has its place in very 
few clinical circumstances (Fig.  1.2 ). With only a 2% overall 
survival rate in blunt trauma, and a 35% survival rate for 
patients with a single penetrating, quickly controllable injury 
and no or brief loss of vitals, a selective approach to deciding 
which patient quali fi es for such an invasive maneuver is 
mandatory.  

 In 1993 a small study of 23 retrospectively reviewed cases 
from UC Davis-Sacramento’s children’s hospital showed 
that the parameters for ERT and survival rate paralleled those 
of the adult population with mortality of greater than 96% 

  Fig. 1.2    Algorithm showing when a resuscitative thoracotomy 
should and should not be performed. Reprinted with permission 
from Mears G, Glickman SW, Moore F, Cairns CB. Data based inte-

gration of critical illness and injury patient care from EMS to emer-
gency department to intensive care unit. Curr Opin Crit Care. 2009 
Aug;15(4):284–9       
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and more than 85% based on blunt or penetrating mecha-
nism  [  66  ] . A more selective approach to the pediatric popu-
lation is now standard of care. 

 Once the decision has been made to commit to the ERT, 
several key maneuvers remain instrumental. The chest 
should be opened swiftly and ef fi ciently. The skin, subcuta-
neous tissue, and muscle should be quickly divided at the 
level of the fourth intercostal space and the superior edge of 
the rib exposed and then followed to gain appropriate level 
access to the thoracic cavity. The rib space is held open 
using a retractor and the inferior pulmonary ligament is 
divided sharply with scissors up to the inferior pulmonary 
vein. The lung is then retracted superiorly and anteriorly 
with the left hand while the right hand traces the posterior 
ribs to the aorta. The pleural tissue about the aorta is divided 
sharply or bluntly dissected with a  fi nger and the aortic cross 
clamp is placed. Care is taken not to injure any intercostal 
arteries. During this time any blood in the chest is evacuated 
swiftly. The pericardium can be opened anterior to the 
phrenic nerve with a plan of how cardiac injury will be 
controlled during consequent transport to the operating 
room. The patient should then, upon return of vital signs, be 
transported to the operating room where de fi nitive surgical 
management can occur.  

   Massive Transfusion 

 Since no factors, other than severe head injury, have ever 
been identi fi ed to correlate with non-survivability, massive 
transfusion protocols should not be held for an assumption of 
impending mortality  [  67  ] . According to this article, no lab 
value, no injury severity score (ISS), no demographic data, 
and no vital sign, singly or grouped, determine a mortality 
score. A second manuscript from the same group of authors 
discusses a potential model for predicting mortality at 
30 days; however, still there are cautions against using such 
a model to withhold much-needed blood products during 
resuscitation  [  68  ] . Factors most predictive of 24-h mortality 
are pH, base de fi cit, and amount of blood transfused within 
the initial 6 h. Factors at 30 days that are of signi fi cance 
include age and ISS on admission. 

 At Memorial Hermann Hospital in Houston, Texas, the 
massive transfusion protocol is activated for any patient who 
is suspected to require substantial transfusion, based on any 
one of the following: heart rate on arrival of more than 120 
beats per minute, systolic blood pressure on arrival of less 
than 90, a positive FAST exam, penetrating or blunt trauma 
mechanism, or having a requirement for un-crossmatched 
blood in the emergency room on arrival. These recommenda-
tions come from retrospective data comparing predictive 
scores for massive transfusion. Using these parameters a score 
of two or greater was found to be 75% sensitive and 86% 

speci fi c, correlating relatively well without statistical 
signi fi cance to other published scoring systems  [  69  ] . The goal 
of this guideline is to make a continuous supply of six units of 
packed red blood cells (PRBC), six units of plasma (FFP), 
and one dose of a six-pack of platelets readily available. After 
12 units of PRBC it is advised to check a  fi brinogen level and 
if less than 100 mg/dl to administer ten units of cryoprecipi-
tate. Serial labs are also drawn during the massive transfusion 
and include lactate, arterial blood gas, rapid thromboelasto-
gram (TEG), coagulation panel, and complete blood count 
(CBC) with differential and platelet count. It should be noted 
that a TEG is available within minutes ( fi ve for a rapid TEG), 
whereas the coagulation panel and CBC take more than 
45 min to process  [  70  ] . Additionally all code three trauma 
activations, which are the highest acuity patients at Memorial 
Hermann Hospital, are typed and crossed on arrival so that 
type-speci fi c blood may be given when available. 

 Although directed transfusion with speci fi c ratio has never 
been de fi nitively proven to have advantage  [  71,   72  ] , a 1:1:1 
ratio of FFP:platelets:PRBC is maintained for trauma patients 
at Memorial Hermann Hospital. Data supporting the 1:1:1 
FFP:platelet:PRBC ratio initially came from military litera-
ture dating from 2007, which shows an improvement in mor-
tality for patients receiving such ratios  [  73  ] . This was later 
extrapolated in several studies to the civilian population and 
further propagated in several trauma centers as a new stan-
dard of care  [  74  ] . A review article from 2010 looked at nine 
additional observational studies that were published after the 
2007 article  [  75  ] . While these authors agree that a 1:1:1 ratio 
seems to be well supported by the retrospective data thus far, 
they quickly focus attention to the lack of randomized con-
trolled trials on the subject and to the inherent dif fi culty of 
maintaining a perfect ratio during a true massive resuscita-
tion. Interestingly, there are no large randomized studies sup-
porting the conventional method of transfusion. Additionally, 
they identify the prospect of using lab-guided and goal-
directed transfusion recommendations, which have not at 
this point been prospectively studied. 

 A goal-directed transfusion protocol is a seemingly attrac-
tive approach for trauma resuscitation. Originally, massive 
transfusion protocols were designed to rapidly and reliably 
provide products to patients who had clinical evidence of 
substantial hemorrhage. Products and blood were given with-
out a speci fi c ratio until patients either expired or improved 
clinically. After introduction of the 1:1:1 ratio, which targets 
the coagulopathy that accompanies massive transfusion, sur-
geons began to question if transfusion should be automatic or 
rather if it should be guided by objective data and lab values. 
One of several manuscripts on goal-directed resuscitation 
 [  76  ]  expresses the idea that resuscitation may be more func-
tional and cost effective if lab values, such as TEG, are used 
to guide decision making during the resuscitation. This con-
cept relies on laboratory reports being ordered, drawn, sent 
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to, and returned from the laboratory in a clinically relevant 
time frame. Current published data call into question the 
rapidity with which laboratory values can be utilized in the 
rapidly bleeding patient. Which reproducible ratio (if any) 
that a goal-directed resuscitation returns will be interesting to 
see. There is, at this time however, no consensus on either the 
1:1:1 ratio or the use of goal-directed transfusion for resusci-
tation. These outstanding questions await level 1 data.  

   Thromboelastogram 

 The trauma service at the University of Texas at Houston has 
been using r-TEG consistently in all higher level activations 
for more than 18 months. The TEG is used to guide deci-
sions on non-massively hemorrhaging patients or patients at 
risk of hemorrhage. TEG is a plotted graph of the effective-
ness of clot formation and breakdown, and is considered 
more accurate to identify causes of coagulopathy in the 
trauma patient than is a coagulation panel  [  77,   78  ] . A recent 
Cochrane Review failed to show any mortality difference in 
patients who are resuscitated using TEG guidance versus 
those who follow a standardized massive transfusion proto-
col; however, the authors note that only  fi ve of the included 
nine studies evaluated mortality data as an endpoint  [  79  ] . 
They also note that TEG can potentially reduce the amount 
of transfusions if interpreted and applied during hemorrhagic 
shock, but that the data on this point is not de fi nitive  [  79  ] . 

 The TEG curves can provide information about all aspects 
of the clotting system, possibly even the interactions with 
the endothelium, which is currently an ongoing area of 
research  [  80  ] . The initial part of the TEG, which comprises 
the R time, or the activated clotting time (ACT), illustrates 
the amount of time to begin forming a clot (Fig.  1.3 ). The K 
time shows how long it takes to reach clot strength and quan-
titates the clot kinetics  [  81  ] , whereas the alpha angle and the 
maximal amplitude (MA) show the rate of clot formation 
and the absolute clot strength indicating a relationship 

between  fi brinogen and platelets, respectively. A low angle 
re fl ects a low  fi brinogen concentration; a low MA means 
that the platelet count or function is reduced and the patient 
would bene fi t from platelet transfusion or desmopressin 
(DDAVP). The LY30 indicates the stability of the clot and 
the degree of  fi brinolysis. The G value shows clot strength or 
 fi rmness  [  82  ] .  

 Normal ACT, R time, and K time indicate that clotting 
factors are intact and functional. Delays in any of these mean 
that the patient would most bene fi t from the administration 
of FFP or factor; additionally it can re fl ect a patient on hepa-
rin or other medication that impairs clotting. The angle and 
MA re fl ect platelet function and an increase in either sug-
gests hypercoagulable state, whereas a decrease in either 
means that the platelets may not be aggregating properly. In 
patients with an elevated MA there is argument for adminis-
tration of a daily aspirin or placement of an IVC  fi lter (pub-
lication pending)  [  83  ] . It has been shown that an MA greater 
than 68 correlates with an increase in coagulability, predis-
posing patients to thromboembolism  [  84  ] . LY30 greater than 
3% has signi fi cant consequences of increased mortality and 
should be treated with amicar or tranexamic acid  [  85–  88  ] . 

 Damage control resuscitation is a term coined in the mili-
tary  [  89,   90  ] . It is a reproducible strategy with reproducible 
results and it is automatic and continuous until a physician 
decides that the shock state has resolved and that hemostasis 
has been achieved. It describes a resuscitation that uses 
replacement blood product, rather than crystalloid, for hem-
orrhagic shock. By limiting the crystalloid infused in the ini-
tial resuscitation, patients appear to have less complications 
and morbidity  [  91,   92  ] . There are fewer reports of compart-
ment syndromes, a higher number of abdomens that can be 
closed after a damage control laparotomy, less acidosis, and 
less electrolyte disturbances. 

 Many centers now utilize a strategy of blood product 
resuscitation and limitation of crystalloid allocation  [  93  ] . For 
example Cotton and colleagues investigated the success of 
the trauma laparotomy when damage-control resuscitation in 

  Fig. 1.3    Analytical software 
graphical representation of a 
TEG tracing. R: initial time; K: 
time it takes to reach clot 
strength; MA: maximal 
amplitude; LY: lysis. Reprinted 
with permission from Mark H. 
Ereth, MD. Uncontrolled 
bleeding after thoracic aortic 
aneurysm repair: a case report 
and interactive discussion.   http://
www.bloodcmecenter.org           
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a 1:1:1 ratio and limited crystalloid were implemented  [  94  ] . 
This strategy of damage control resuscitation was found to 
be useful in the  fi eld. Patients in the damage control resusci-
tation group received approximately 10 l less of crystalloid 
in the  fi rst 24 h, had better short- and long-term survival, and 
showed signs of being less acidodic, less coagulopathic, and 
less hypothermic on arrival to the ICU than patients who 
received a traditional resuscitation. The study was a retro-
spective cohort that examined two similar groups of patients, 
 fi nding improved morbidity and mortality rates in the group 
receiving better ratios and colloid. Secondary analyses 
showed statistically signi fi cant differences in multi-organ 
failure, acute lung and kidney injury, and their effects. 

 The length of time it takes to get access to FFP plays a 
role in the success of a massive transfusion protocol  [  92  ] . 
Several studies have examined time factors in receiving 
product as a way to analyze the effectiveness of a massive 
transfusion protocol  [  95–  97  ] . At Memorial Hermann Hospital 
in Houston the trauma team improved availability of the ini-
tial unit of FFP by simply changing the physical location of 
the thawed FFP from the blood bank to the emergency 
department (unpublished data). This data shows an improve-
ment in infusion time interval from 56 min to less than 5 min, 
which is associated with improved outcomes.  

   Hypertonic Saline 

 Crystalloid evaluation would not be complete without consid-
eration of hypertonic saline. Hypertonic saline use is pervasive 
throughout the literature. Prior to the recent explosion of blood 
product-based resuscitation, crystalloid resuscitation was the 
standard of care. Hypertonic saline shows some improvement 
in blood pressure and arguable survival difference for patients 
who receive it in the pre-hospital setting  [  98  ] . There are other 
studies showing decreased pre-hospital  fl uid requirements in 
patients who receive hypertonic during transport  [  99  ] . 
Immunomodulatory effects are enhanced with single adminis-
tration of 250 ml of hypertonic saline in the initial phase of 
resuscitation of hemorrhagic shock  [  100  ] , and this could have 
additional effects on patients with later discovered head injury 
 [  101  ] . A large study of hypertonic saline showed statistical 
difference in outcome in pediatric head-injured patients when 
compared with isotonic  fl uid administration  [  102  ] . Hypertonic 
saline decreases interstitial pressure and consequently 
decreases bowel edema, which may be a potential bene fi t of 
using it on the patient whose abdomen is still open, as will be 
discussed later  [  103,   104  ] . Animal studies in the 1990s showed 
that there was no protective effect or difference in outcome for 
the patient in hemorrhagic shock with a head injury  [  105  ] . 
Since that time several studies examining hypertonic saline as 
a resuscitative  fl uid have been terminated secondary to futility 
and concerns for patient safety  [  106,   107  ] . It is still debatable 

that hypertonic has a physiologic or survival advantage when 
compared to other crystalloid formulations when used as a pri-
mary resuscitation  fl uid  [  108  ] .   

   Complications of Resuscitation 

 Data from the days when trauma patients were resuscitated 
with multiple liters of saline prior to receiving their  fi rst 
blood product shows complications more related to the over-
whelming volume of crystalloid infused than to the blood 
and product resuscitation  [  109–  111  ] . These types of compli-
cations include compartment syndromes, high number of 
abdomens that cannot be closed, and grossly edematous 
bowel, all secondary to large volume resuscitation  [  112  ] . 
Complications of transfusion-related acute lung injury 
(TRALI) and transfusion-associated circulatory overload 
(TACO) are not seen frequently now because the base resus-
citative  fl uid is colloid at lower volume not large volumes of 
crystalloid  [  113–  115  ] . Ileus, heart failure, and dif fi culty with 
wound healing have all additionally been attributed to over-
resuscitation with crystalloid. 

 All trauma patients who receive a massive resuscitation 
are at risk of abdominal compartment syndrome. One study 
claims that there will be an epidemic if crystalloid resuscita-
tions are continued with such fervor and that patients are 
threatened by secondary compartment syndrome that occurs 
solely as the result of excessive crystalloid resuscitation dur-
ing hemorrhagic shock  [  116  ] . Abdominal hypertension is 
de fi ned as any pressure greater than 12 mmHg without evi-
dence of multi-organ failure. Abdominal compartment syn-
drome is de fi ned as any one of the following: pressure greater 
than 20 mmHg; progressive, identi fi able organ dysfunction; 
and improvement following decompression. The trauma 
population is susceptible, even those who lack abdominal 
injuries and develop elevated pressures simply due to the 
amount of  fl uid they receive  [  112  ] . In Houston during the 
late 1990s the resuscitations during the  fi rst 24 h for a group 
of 128 patients requiring decompression for organ dysfunc-
tion averaged the following volumes: (26 ± 2 units PRBC, 
38 ± 3  l  crystalloid). Seven of these cases required urgent 
non-abdominal operations, where they likely received sev-
eral additional units of crystalloid or colloid  [  117  ] . 

 It is recommended to check bladder pressures and peak 
inspiratory pressures routinely and aggressively in patients 
where massive transfusion has taken place  [  118  ] . This prac-
tice of serially checking bladder pressures, based on obser-
vational data, seems to help in the early identi fi cation of 
abdominal hypertension, perhaps staving off the evolution 
to abdominal compartment syndrome  [  119  ] . Decompression 
can be done with placement of a temporary dressing and 
later planned closure with evidence of better results and 
earlier closure  [  120,   121  ] . 



111 The Careful Art of Resuscitation

 Keeping the abdomen open after a damage control laparo-
tomy also has its disadvantages. It has been shown that ileus 
and bowel edema prevent advancement of feeds and de fi nitive 
closure, and that these phenomena are likely related to an 
ongoing in fl ammatory response that occurs as a result of the 
sustained acute resuscitative phase  [  122–  124  ] . It is addition-
ally unclear whether ileus is a cause or an effect of bowel 
edema and vice versa  [  125,   126  ] . Three percent hypertonic 
saline running at 30 ml/h during the time that the abdomen is 
open decreases bowel edema  [  103  ] . The mechanism is thought 
to be due to hydrostatic gut edema induced by overaggressive 
resuscitation with crystalloid. The hypertonic saline gives a 
smaller volume of more concentrated solution, and pulls extra 
edematous  fl uid from the bowel wall. Success has been shown 
in the rat and subsequently in the human model.  

   Monitoring Systems in the Intensive Care Unit 

 Once the trauma patient arrives in the surgical ICU there are a 
number of different monitoring systems available, such as the 
Swan Ganz, the Vigileo, LiDCo, and PICCo, to trend cardiac 
output, ScVO2, stroke volume variation (SVV), and other mea-
sures of hemodynamic parameters (Table  1.3 ). The Swan Ganz 
catheter, introduced in 1970, was the  fi rst right heart catheteriza-
tion device that could be placed at the bedside without the use of 
real-time imaging. Measurements are taken by thermodilution 
and continuous monitoring. The Swan Ganz catheter, also 
known as a pulmonary artery catheter (PAC), was used for many 
years under the assumption that “knowledge of the numbers” 
improved patient outcome. The other monitoring devices use 
the arterial wave form to extrapolate data.  

   Pulmonary Artery Catheterization 

 The following data references overwhelmingly show that 
there is no indication for the routine use of the PAC in any 
speci fi c patient population (Fig.  1.4 ). The Connors paper 
from Case Western concludes that there is an overall lack of 
bene fi t to using PAC  [  127  ] . The second landmark article 
from 1996 is from Cooper, looking at data from 36 studies 
where PAC was used  [  128  ] . Citing several of them in particu-

lar he notes that there is no difference to most endpoints in 
any of the articles used. Speci fi cally there is no signi fi cant 
difference found for mortality, ICU length of stay, hospital 
length of stay, or total hospital costs.  

 The Cochrane Review shows that of the 12 studies 
included to evaluate the validity of PAC use, only one has 
adequate power to substantiate the results. It has been found 
that there is no difference in mortality, complication rate, 
morbidity, cost, or length of stay with or without a PAC 
 [  129  ] . The key  fi nding is that the PAC has been used exten-
sively without the evidence of its merit. Studies included 
here are all randomized, but not all blinded; 4,687 total 
patients are included. The use of a PAC does not demonstrate 
survival advantage in any group. In 2010 noncardiac, high-
risk surgical patients potentially bene fi t when selectively 
chosen for PAC if it is used to better optimize oxygen deliv-
ery and consumption for volume or inotropic support. From 
the Evaluation Study of Congestive Heart Failure and 
Pulmonary Artery Catheter Effectiveness (ESCAPE) data-
base numerous studies from 2009 to 2011 have been pub-
lished stratifying patients in different manners to revisit the 
issue of the PAC, heart failure management in general, and 
other various related issues  [  130–  132  ] . There continues to be 
inconsistent data on the utility of the PAC in the general sur-
gery population and fairly unclear and nonuniversal indica-
tions in the cardiac and heart failure populations. 

 Additionally there are other devices that are non- or min-
imally invasive that can assist the physician in assessing 
these parameters  [  133  ] . Examples include bedside echocar-
diography, arterial catheters, central venous pressure (CVP) 
monitoring, SVV, and arterial blood gas. Current indica-
tions for the use of the PAC include combined shock states, 
such as cardiogenic and septic, discordant ventricular heart 
failure, and in working up the differential of pulmonary 
hypertension.   

   General Surgery Operative Resuscitations 

 Consideration should be given to the application of transfu-
sion protocols to the massively bleeding non-trauma patient 
and to the general surgery patient who requires  fl uid in the 
operating room, but who is not bleeding. There is extensive 

   Table 1.3    Different monitoring systems available in the intensive care unit   

 LiDCO  PiCCO  FloTrac  PAC/thermodilution 

 SV, SVV, CO  SV, SVV, CO  SV, SVV, CO  SV, CO, SVO2 
 Calibrate Q 8 h  Calibrate Q 8 h or when HD changes  Self-calibrates  Recalibration required 
 Arterial line; CVC or PIV  CENTRAL Arterial Line; CVC  CENTRAL Arterial Line; CVC  Uses its own catheter 
 Cannot be used: First-trimester 
pregnancy, weight less 40 kg 

 Independent of vent or damping of A-line  Dependent on strong wave form; 
arrhythmia affect reads 

 No contraindication 
 Best used in the patient where 
there are two shock states, 
such as cardiogenic and septic 
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data that aggressive intraoperative resuscitation maneuvers 
negatively affect fresh bowel anastomoses, contribute to 
edema, and inevitably increase ileus time  [  134  ] . In this study 
the administration of 10.5 l of IV  fl uid or blood product within 
the  fi rst 72 h corresponds to a  fi vefold increase in anastomotic 
breakdown rate. It is equally well known that non-resuscitative 
 fl uid volumes can hurt bowel anastomoses in elective general 
surgery cases  [  135  ] . Perioperative  fl uid restriction appears to 
be one way, other than good technique, in which surgeons can 
control the integrity of the anastomosis  [  136–  138  ] .  

   The Obstetric Patient 

 In the obstetric data, and likely similarly in other surgical 
subspecialties not involving trauma, resuscitation for hemor-
rhagic shock includes all the interventions described previ-
ously and additional specialty-speci fi c interventions (i.e., 
hysterectomy). Thromboelastography is promoted in the lit-
erature, as is low-volume crystalloid, with better goal-
directed, smaller volume, resuscitation  [  139  ] . 

 Adding colloid, speci fi cally albumin, to the resuscitation 
formula decreases the amount of crystalloid needed to 

maintain target urine output  [  140  ] . There are no reported 
compartment syndrome complications in this group, but 
albumin use in the general population for resuscitation is still 
not universally implemented.  

   The Burn Patient 

 The burn data is extensive, as expected. Any burn over 
20% requires a balanced  fl uid management strategy. 
Several formulas exist to guide  fl uid resuscitation in burn 
patients, with all having a common goal of replacing the 
losses associated with the injury based on the size of the 
burn and maintaining urine output. All of the parameters 
that are used for trauma resuscitations, including base 
de fi cit, lactate, bicarbonate, and urine output 0.5–1 ml/
kg/h should be used in the burn population, since these val-
ues are not exclusive to the trauma subset and are reason-
ably applied and extrapolated to the burn patient. All of 
these formulas can contribute to over-resuscitation, caus-
ing a term called “ fl uid creep”  [  141  ] . Boluses are not 
encouraged; the burn victim responds best to periodic 
adjustment in rate  [  142  ] . 

  Fig. 1.4    Pulmonary artery catheter (PAC) insertion. During insertion, the 
waveforms change as the PAC enters the heart. ( a ) When the PAC enters 
the right atrium, a waveform with two upright  peaks  appears. The a 
waves represent the right ventricular end-diastolic pressure. The v waves 
represent the right atrial  fi lling. ( b ) The catheter enters the right ventricle. 
Sharp systolic upstrokes and lower diastolic dips appear in the waveform. 
( c ) A pulmonary artery pressure (PAP) waveform appears. The dicrotic 
notch in the PAP upstroke indicates pulmonic valve closure. ( d ) When the 

PAC “ fl oats” into a distal branch of the pulmonary artery, the balloon 
becomes wedged in vessels that are too narrow for it to pass. A pulmo-
nary artery wedge pressure (PAWP) waveform appears, with the a wave 
representing left ventricular end-diastolic pressure and the v wave repre-
senting ventricular  fi lling. ECG—electrocardiogram. Reprinted with 
permission from Instructor’s Resource CD-ROM in: Fontaine DK, 
Hudak CM, Gallo BM, Morton PG (eds). Critical care nursing: a holistic 
approach, 8th edition, copyright 2004 Lippincott Williams & Wilkins       
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 When considering the percentage of burn and calculating the 
predicted losses to be replaced, it is important to consider inha-
lation injury which adds surface area-insensitive loss. Unlike 
trauma, colloid is not recommended for the initial resuscitation 
of the burn patient; albumin should not be used in the initial 
resuscitation because it leaks into the interstitium and causes 
additional  fl uid loss from the vasculature  [  143,   144  ] . Of course 
any extra  fl uid volume during resuscitation manifests as edema 
and can result in any complication associated with over-resusci-
tation, including compartment syndromes  [  145  ] .  

   Conclusion 

 Resuscitation is an art and requires attention to detail at all 
stages including pre-hospital, hospital, operating room, and 
ICU. The salient points from this chapter are to focus resus-
citation on providing de fi cient products, using TEG to guide 
resuscitation for the non-massive transfusion patient, and 
monitor resuscitation with speci fi c goals and endpoints. 
Interested readers are encouraged to focus on several of the 
resources below to enhance their knowledge and perfect their 
resuscitation abilities.      
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         Introduction and Epidemiology 

 Abdominal pain is one of the most common reasons for vis-
its to the emergency room. Although for the majority of 
patients, symptoms are benign and self-limited, a subset will 
be diagnosed with an “acute abdomen,” as a result of serious 
intra-abdominal pathology necessitating emergency inter-
vention  [  1  ] . 

 An expeditious workup is necessary when evaluating 
patients presenting with acute abdominal pain to determine 
the most likely cause of their symptoms and determine 
whether or not emergent operative intervention is necessary. 
The most appropriate therapy should then be initiated with 
the patient’s clinical status optimized. The workup should 
 fi rst include a thorough but ef fi cient acquisition of the 
patient’s history and physical examination followed by the 
judicious use of laboratory and radiologic studies. The eval-
uation of patients with acute abdominal pain can pose a 
diagnostic challenge for physicians as patients may present 
with atypical symptoms that interfere with the usual pattern 
recognition that often guides decision making. These atypi-
cal presentations may help account for the over 25% of 
abdominal pain cases labeled as “nonspeci fi c” or “undiffer-
entiated”  [  1  ] . 

 Additionally, physicians must take into account the 
patient’s age and gender, as conditions associated with the 
acute abdomen may vary accordingly. Speci fi cally, gastroen-
teritis, acute appendicitis, and abdominal trauma are com-
mon causes of the acute abdomen in children and young 
adults  [  2  ] , whereas biliary disease, intestinal obstruction, 
diverticulitis, and appendicitis are among the most common 
causes in middle-aged adults and the elderly  [  3  ] . Furthermore, 

pelvic pathology accounts for approximately 12% of acute 
abdominal pain presentations and should therefore be con-
sidered when evaluating female patients  [  1  ] . 

 Finally, there are a variety of nonsurgical causes of 
abdominal pain that are cardiovascular, metabolic, and toxic 
in origin that should be considered when evaluating these 
patients.  

   Clinical Presentation 

 A thorough, yet expeditiously obtained, history and physical 
exam are paramount to developing the differential diagnosis 
for patients presenting with an acute abdomen. Various labo-
ratory and imaging studies may subsequently be used as 
adjuncts to help guide decision making. 

   History 

 When obtaining a patient history, the physician should avoid 
questions that are leading and should focus on details of the 
pain. This includes information on the onset, character, dura-
tion, and location of pain as well as the presence of radiation 
of pain. 

 Regarding onset, pain that develops suddenly may be sug-
gestive of a perforated viscus or ruptured abdominal aortic 
aneurysm (AAA). Pain that gradually worsens over time may 
be the result of conditions characterized by the progressive 
development of infection and in fl ammation such as acute 
appendicitis and cholecystitis. 

 With regard to character, pain described as “burning” may 
implicate the pain of a perforated peptic ulcer while a “rip-
ping” or “tearing” sensation typically represents the pain of 
an aortic dissection. Pain that is intermittent or colicky should 
be distinguished from pain that is continuous in nature. 
Colicky pain is typically associated with obstructive pro-
cesses of the intestinal, hepatobiliary, or genitourinary tract, 
while pain that is continuous is usually the result of underlying 
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ischemia or peritoneal in fl ammation. The latter may occur 
primarily or following an initial episode of colicky pain when 
an obstructive process is complicated by the development of 
ischemia. Examples of this include cases of biliary colic that 
progresses to acute cholecystitis or an incarcerated loop of 
intestine that becomes strangulated and ischemic. 

 The location of pain is important to consider as various 
pathologic conditions tend to occur in speci fi c regions or 
quadrants of the abdomen (Fig.  2.1a, b ). Therefore, if the 
physician is knowledgeable of the disease processes that 
cause pain in these areas, they may be able to signi fi cantly 
narrow down their differential. This holds true for those with 
the understanding that certain conditions may result in pain 
that radiates or is referred to an area beyond the site of dis-
ease due to shared innervation. Classic examples of this 
include biliary pain that is referred to the right subscapular 
region, the pain of acute pancreatitis that radiates to the back, 
and genitourinary pain that radiates from the  fl ank down to 
the groin. Finally, it is important to note any chronological 
variation in the pain as this may provide helpful clues to the 
diagnosis. One of the best examples of this is in the case of 
acute appendicitis, in which pain is initially perceived in the 
periumbilical region before localizing to the right lower 
quadrant (RLQ). This phenomenon re fl ects the transition 
from visceral to parietal pain as appendiceal in fl ammation 
progresses to involve and irritate the peritoneal lining.  

 The majority of patients presenting with acute abdominal 
pain have associating symptoms (e.g., nausea, vomiting, 
diarrhea, constipation, hematochezia) that are often helpful 
in making a diagnosis. Chronology of nausea is important to 
consider as vomiting that occurs after the onset of abdominal 
pain is more likely to be surgical in nature as a result of med-
ullary vomiting centers that are stimulated by pain impulses 
traveling via secondary visceral afferent  fi bers. Additionally, 
constipation or obstipation may point towards an intestinal 
obstruction, while diarrhea (especially if bloody) is associ-
ated with gastroenteritis, in fl ammatory bowel disease, and 
intestinal ischemia. 

 Aggravating or alleviating factors may also provide diag-
nostic clues. Depending on the underlying etiology, patients 
may maintain certain positions to help alleviate their pain. 
For example, patients with peritonitis may  fi nd some relief 
when lying still with their knees bent, while patients suffer-
ing from a bout of acute pancreatitis prefer to sit upright and 
lean forward. The effect of food is also important to consider 
as eating may alleviate the pain of a peptic ulcer while wors-
ening the pain of an intestinal obstruction, acute cholecysti-
tis, or acute pancreatitis  [  4,   5  ] . 

 The patient’s past medical and surgical histories may also 
help to narrow down the differential. A remote history of 
abdominal surgery may indicate that intestinal obstruction 
secondary to adhesive disease is the source of a patient’s 
complaints. Furthermore, it is important to consider the 

impact that coexistent medical conditions, such as diabetes, 
chronic obstructive pulmonary disease, and atherosclerosis, 
may have on patient outcomes. The fact that elderly patients 
are more likely to have signi fi cant comorbidities places them 
at increased risk for end organ damage incited by gastroin-
testinal emergencies  [  6  ] . 

 Physicians should also take into account the effects of 
medication use. Anticoagulants may predispose to the devel-
opment of rectus sheath hematomas and precipitate the gas-
trointestinal bleeding that is a component of the patient’s 
underlying illness or complicating the patient’s postopera-
tive or posttreatment course. Chronic use of nonsteroidal 
anti-in fl ammatory drugs (NSAIDs) may also promote bleed-
ing episodes along with the development of peptic ulcer dis-
ease (PUD) and its complications. 

 A detailed social history should also be obtained to deter-
mine if there is any signi fi cant history of tobacco, alcohol, or 
illicit drug use, as such behaviors can be a source of the 
patient’s symptoms as well as complicate the patient’s hospi-
tal course. Notably, a history of cocaine abuse may point 
towards a diagnosis of mesenteric ischemia as the underlying 
reason for the patient’s symptoms. 

 The social history should consist of a detailed gyneco-
logic history, including the date of the last menses, the pres-
ence of any vaginal bleeding or discharge, and any history of 
unprotected sexual activity or intercourse with multiple part-
ners. Such information could indicate pregnancy complica-
tions, salpingitis or pelvic in fl ammatory disease, and other 
gynecologic conditions as the cause of the patient’s acute 
abdominal complaints. Physicians should also take note of 
any history of recent travel to implicate infectious entero-
colitis. Any exposure to environmental toxins should be 
determined, as lead and iron poisoning are two well-known, 
extra-abdominal sources of acute abdominal pain  [  4,   5  ] . 

 Finally, the patient’s family history may ascertain whether 
a patient’s symptoms are hereditary in origin, as seen in the 
case of inherited hypercoagulable states, which can cause 
acute mesenteric ischemia secondary to mesenteric venous 
thrombosis.  

   Physical Exam 

 Examination of the patient presenting with acute abdominal 
pain should initially begin with overall appearance of the 
patient and vital signs. Patients who appear diaphorectic, 
pale, and anxious often suffer from a condition of vascular 
origin, including dissecting AAA, mesenteric ischemia, or 
atypical angina. The patient who is lying particularly still on 
the exam table often has peritonitis from perforated viscus or 
pancreatitis. Vital signs should always be interpreted know-
ing the status of the patient’s pain, or the in fl uence of any 
home medications (beta blockers masking tachycardia, for 
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  Fig. 2.1    ( a ) Common causes of the acute abdomen based on quadrant. ( b ) Common causes of the acute abdomen based on region. Illustrations 
courtesy of Briana Dahl         
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example). Severity of systemic illness can be graded based 
on the degree of tachypnea, tachycardia, febrile or hypother-
mic response, and relative hypotension. Further examination 
of the lungs and heart could reveal signs representing pri-
mary cardiac disease or new-onset arrhythmias, which could 
lead to mesenteric embolic disease. The remainder of a com-
plete physical examination should proceed expeditiously so 
that attention can be focused on the abdomen. 

 Examination of the abdomen should comprise four 
sequential components: inspection, auscultation, percussion, 
and palpation. The exam should include all areas of the abdo-
men,  fl anks, and groins. 

   Inspection 
 Inspection is the initial step of the abdominal examination 
and consists  fi rst of a general assessment of the patient’s 

overall state followed by focus on the abdomen. Patients 
with peritonitis tend to lie still with their knees  fl exed as 
doing so provides some alleviation of their pain. Upon 
closer inspection of the abdomen, one should note the 
presence of prior surgical scars, abdominal distension or 
visible peristalsis, any obvious masses suggestive of an 
incarcerated hernia or tumor, or erythema or ecchymoses 
secondary to traumatic injury or hemorrhagic complica-
tions of acute pancreatitis. Caput medusa may indicate 
liver disease. 

 Auscultation of the abdomen should be performed next 
and involves listening for the presence or the absence of 
bowel sounds, for the characteristics of those sounds, and for 
the presence of bruits. Although this step may be the least 
valuable overall, as bowel sounds may be completely normal 
in patients with severe intra-abdominal pathology, it may 

Fig. 2.1 (continued)
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nonetheless provide some information that assists the 
physician in making a diagnosis. For example, the absence 
of bowel sounds may point towards a paralytic ileus, 
while ones that are high pitched in nature or rushed may 
indicate the presence of a mechanical bowel obstruction. 
Finally, bruits that are detected on the abdominal exam 
suggest the presence of turbulent  fl ow, which is often the 
case for arterial stenoses.  

   Percussion 
 Next, percussion is utilized to assess for any dull masses, 
pneumoperitoneum, peritonitis, and ascites. A largely tym-
panic abdomen may indicate the presence of underlying 
loops of gas- fi lled bowel typical of intestinal obstructions or 
a paralytic ileus. If  fi ndings of tympany extend to include the 
right upper quadrant (RUQ) however, it may be suggestive of 
free intraperitoneal air. Lastly, percussion can be used to 
detect ascites by the presence of shifting dullness or by the 
generation of a  fl uid wave. Percussion may be all that is nec-
essary to elicit pain in the patient who has peritonitis, for 
whom further palpation should be deferred.  

   Palpation 
 Palpation is the  fi nal, critical step as it enables the physi-
cian to better de fi ne the location and severity of pain and 
con fi rm any  fi ndings made on other aspects of the physical 
exam. Palpation should always commence away from the 
area of greatest pain to prevent any voluntary guarding, 
which should be distinguished from the involuntary guarding 
that accompanies peritonitis. Palpation can produce various 
signs commonly associated with speci fi c disease processes. 
These include Murphy’s sign, characterized by an arrest 
in inspiration upon deep palpation of the RUQ in patients 
with acute cholecystitis, and Rovsing’s sign, observed 
many times in patients with acute appendicitis in which 
pain is elicited at McBurney’s point upon palpation of the 
left lower quadrant. Additionally, pain felt with hyperex-
tension of the right hip, or iliopsoas sign, may indicate the 
presence of a retrocecal appendix, while a pelvic location 
of the appendix may be suspected in patients exhibiting 
Obturator sign, or pain created with internal rotation of a 
 fl exed right    hip. 

 It is essential that all patients presenting with acute 
abdominal pain undergo a digital rectal exam as it may reveal 
the presence of a mass, the focal tenderness of a periappen-
diceal or peridiverticular abscess, and the presence of gross 
or occult blood. Finally, a pelvic examination should be per-
formed in female patients presenting with lower quadrant 
pain to discern whether their pain has a gynecologic or 
obstetric source like pelvic in fl ammatory disease or a rup-
tured ectopic pregnancy. On exam, one should take note of 
any vaginal bleeding or discharge and any adnexal or cervi-
cal motion tenderness  [  4,   5  ] .    

   Diagnosis Including Use/Value of Pertinent 
Diagnostic Studies 

   Laboratory Studies 

 Various laboratory studies can be used as adjuncts to help 
narrow down the differential, or to con fi rm or rule out a diag-
nosis. A complete blood count (CBC) with differential, for 
example, may help detect or con fi rm the presence of an 
infectious or in fl ammatory process by the demonstration of 
leukocytosis and/or a left shift. The accompanying hemat-
ocrit is also of value as it can provide information about one’s 
plasma volume, altered in cases of dehydration and hemor-
rhage. In addition, serum electrolytes, blood urea nitrogen 
(BUN), and serum creatinine may provide clues to the extent 
of any  fl uid losses resulting from emesis, diarrhea, and third-
spacing as can lactic acid levels and arterial blood gases. The 
latter two tests may also help to con fi rm the presence of any 
intestinal ischemia or infarction as well. 

 Liver function tests (LFTs) can help in determining 
whether conditions of the hepatobiliary tract are the source of 
the patient’s symptoms, while measurements of serum amy-
lase and lipase may implicate acute pancreatitis or its compli-
cations as the cause. Physicians should be mindful of the fact, 
however, that serum amylase levels may also be elevated in a 
variety of other acute abdominal conditions including intesti-
nal obstruction, mesenteric thrombosis, ruptured ectopic 
pregnancy, and perforated PUD to name a few  [  7  ] . 

 Urinary tests, namely, urinalysis, should be obtained in 
patients presenting with hematuria, dysuria, or  fl ank pain to 
determine if their symptoms are genitourinary in origin. Urine 
samples can also be used to perform toxicology screens in those 
whose abdominal pain is thought to be the result of long-stand-
ing illegal drug use, as seen in the case of mesenteric ischemia 
that occurs with chronic cocaine abuse. Finally, human chori-
onic gonadotropin (Hcg) levels can help in determining whether 
complications of pregnancy, such as a ruptured ectopic preg-
nancy, are to blame. Regardless of whether or not it is the source 
of the patient’s symptoms, Hcg levels should be obtained in all 
women of childbearing age as it may affect decision making, 
especially if additional studies or surgical intervention are 
deemed necessary  [  4  ] . Finally, depending on the clinical situa-
tion, blood may be obtained for typing and crossmatching.  

   Radiologic Studies 

 Radiologic imaging plays a key role in the evaluation and man-
agement of the acute abdomen (Table  2.1 ). Plain  fi lms, ultra-
sound (US), computed tomography (CT), and magnetic 
resonance imaging (MRI) are the most common imaging modal-
ities employed in the diagnostic workup of these patients.  
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 While plain  fi lms are less sensitive and speci fi c compared 
to CT scanning, it is often the initial imaging study performed 
in patients presenting with acute abdominal pain. The advan-
tages of their use include their rapidity and universal avail-
ability. Although patients are subject to ionizing radiation 
exposure, the dose is signi fi cantly lower than that of CT 
scans  [  8  ] . Plain  fi lms can be of greatest utility in patients 
suspected of a perforated viscus by the detection of a pneu-
moperitoneum, or the presence of free air beneath the right 
hemidiaphragm, as well as those with a suspected intestinal 
obstruction by the presence of dilated loops of bowel and 
air- fl uid levels. 

 The advantages of abdominal US include the lower cost 
and the lack of ionizing radiation exposure  [  9  ] , which is 
advantageous for the pediatric population and pregnant 
women. In addition, abdominal US is the imaging modality 
of choice for those patients presenting with suspected hepa-
tobiliary pathology, with a sensitivity of 88% and speci fi city 
of 80% in the diagnosis of acute cholecystitis  [  10  ] . Features 
suggestive of acute cholecystitis on US include the presence 
of gallstones, gallbladder wall thickening, pericholecystic 
 fl uid, and an elicited Murphy’s sign (Fig.  2.2 ).  

 If an obstetrical or gynecologic condition is suspected 
as the source of a patient’s acute abdominal pain, pelvic 
and transvaginal US are the preferred imaging modalities 
to assess the uterus and adnexal structures. The presence of 
free  fl uid and an empty uterus on US in the setting of a 
positive pregnancy test is strongly suggestive of a ruptured 
ectopic pregnancy  [  11  ]  while an enlarged and edematous 
ovary with an absence of blood  fl ow is characteristic of a 
torsed ovary. 

 The CT scan has sensitivity of 96% overall for diagnos-
ing most causes of the acute abdomen, compared to a 30% 
sensitivity for plain  fi lms  [  8  ] . As a result, the number of 
CT scans performed for patients presenting with acute 
abdominal pain has increased by 141% between 1996 and 
2005  [  12  ] . CT scanning has had a signi fi cant impact on the 
diagnosis of acute appendicitis as it has decreased the neg-
ative appendectomy rate    from 24 to 3%  [  13  ] . Findings 
diagnostic of appendicitis on CT scan include an enlarged, 
nonopaci fi ed appendix, appendicoliths, and adjacent fat 
stranding while the presence of an abscess, phlegmon, and 
extraluminal gas points towards appendiceal perforation 
(see Fig.  2.2 ). 

   Table 2.1    Diagnostic imaging strategies and treatment options for common causes of acute abdominal pain based on age and gender   

 Imaging strategy  Treatment options 

 Children/young adults 
 Acute appendicitis  US, CT  Appendectomy (laparoscopic or open); percutaneous abscess drainage 
 Gastroenteritis  None  Supportive care 
 Functional constipation  XR  Manual or pharmacologic fecal disimpaction 
 Intussusception  XR, US, contrast enema  Contrast enema; operative reduction; resection of ischemic or perforated bowel 
 Abdominal trauma  FAST, DPL, CT  Exploratory laparotomy; IR 
 Older adults/elderly 
 Acute cholecystitis  US  Cholecystectomy (laparoscopic or open); percutaneous cholecystostomy 
 Intestinal obstruction  XR, CT  Supportive care; exploratory laparotomy with adhesiolysis, resection 

of ischemic bowel 
 Perforated peptic ulcer  XR, CT or UGI with H 

2
 O 

soluble contrast 
 Patch closure with  Helicobacter pylori  treatment if hemodynamic instability 

 Diverticulitis  CT  Supportive care; percutaneous abscess drainage; resection of involved bowel 
 Acute appendicitis  CT  Appendectomy (laparoscopic or open); percutaneous abscess drainage 
 Acute pancreatitis  US, CT  Supportive care; IR or operative pseudocyst drainage; debridement of infected 

necrosis 
 Mesenteric ischemia  CTA, MRA  Supportive care; IR; operative bypass, thrombectomy, resection 

of ischemic bowel 
 Women 
 Acute appendicitis in pregnancy  US, CT, MRI  Appendectomy (laparoscopic or open) 
 Acute cholecystitis in pregnancy  US  Cholecystectomy (laparoscopic or open) 
 Ectopic pregnancy  US  Linear salpingostomy or salpingectomy (laparoscopic or open) 
 Ovarian torsion  US  Ovarian detorsion, possible oophorectomy (laparoscopic or open) 
 Pelvic in fl ammatory disease  US, MRI, CT  Supportive care; percutaneous or operative drainage 

of abscess 

   US  ultrasound,  CT  computerized tomography,  XR  plain radiography,  FAST  focused abdominal sonography for trauma,  DPL  diagnostic peritoneal 
lavage,  UGI  upper gastrointestinal series,  IR  interventional radiology,  CTA ,  CT  computerized tomographic angiography,  MRA  magnetic resonance 
angiography,  MRI  magnetic resonance imaging  
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 Although MRIs provide excellent visualization of the 
intrabdominal organs without the need for ionizing radiation, 
their cost and lack of universal availability make them less 
ideal for use in the evaluation of the acute abdomen  [  14  ] . In 
addition, some patients have contraindications to undergoing 
an MRI or are simply unable to tolerate the test because of 
claustrophobia. MRI, however, may be of utility for pregnant 
women in the setting of acute abdominal pain with equivocal 
US  fi ndings  [  15  ] .  

   Diagnostic Laparoscopy 

 Diagnostic laparoscopy may be of utility in the evaluation of 
acute abdominal pain, especially in situations in which the 
underlying etiology remains unclear despite a thorough clin-
ical evaluation and radiologic imaging. The advantages of 
diagnostic laparoscopy include its ability to make a de fi nitive 
diagnosis in 90–98% of cases and determine whether further 
intervention is necessary  [  16,   17  ] . A resultant decrease in the 

  Fig. 2.2    Algorithm for the treatment of the acute abdomen       
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negative laparotomy rate—and the fact that if further treatment 
is indicated that many acute abdominal conditions can be 
treated laparoscopically—equates to a decrease in morbidity 
and mortality, a shorter length of stay, and decreased hospital 
costs  [  16  ] .   

   Therapeutic Options 

 In the evaluation of patients presenting with acute abdominal 
pain, the physician must  fi rst determine whether operative 
intervention is necessary, and if so, whether it should be pur-
sued on an immediate or emergent basis versus urgently or 
within a few hours of a patient’s arrival. Treatment algo-
rithms are bene fi cial in helping to make such decisions (see 
Fig.  2.2 ). In some cases, a short delay to fully correct any 
 fl uid and electrolyte abnormalities may prove to be bene fi cial, 
whereas in others, immediate operative intervention is neces-
sary for stabilization of a patient’s condition. This holds true 
in the presence of peritonitis, a pneumoperitoneum, intesti-
nal ischemia or infarction, and continued hemodynamic 
instability despite aggressive resuscitative measures. 

 Speci fi c treatment strategies for the acute abdomen are 
largely dependent upon the underlying etiology (see 
Table  2.1 ). In the case of acute appendicitis, patients should 
receive antibiotics and undergo urgent removal of their 
appendix through either an open or laparoscopic approach, 
unless their condition is complicated by a perforation with an 
associated abscess or phlegmon, for which initial nonopera-
tive therapy with interval appendectomy is employed. 

 For those presenting with acute pancreatitis, however, 
treatment is largely supportive and includes bowel rest, 
aggressive  fl uid and electrolyte repletion, pain control, anti-
biotic therapy, and nutritional support. Surgery is reserved 
for the management of complications that may occur subse-
quently, including the development of infected pancreatic 
necrosis and large, symptomatic pseudocysts. 

 Lastly, for patients whose conditions do not warrant emer-
gent surgery, but in whom the underlying etiology remains 
uncertain, treatment options include diagnostic laparoscopy 
as previously discussed or observation with frequent moni-
toring of their hemodynamic status and serial abdominal 
examinations. Studies have demonstrated that observation in 
properly selected patients is safe without an increased risk of 
complications  [  18  ] .  

   Special Patient Populations 

   The Acute Abdomen in the Extremes of Age 

 Abdominal pain is one of the most common complaints 
among elderly patients presenting to the emergency 

department  [  19  ] . As the presentation is often different than 
what is seen in younger patients, the ability to accurately 
diagnose the underlying cause of their abdominal complaints 
can be challenging. Elderly patients may lack the febrile 
response, leukocytosis, and severity of pain expected in those 
suffering from serious intra-abdominal pathology as a result 
of the age-dependent decline in immune function  [  20  ]  along 
with a well-documented delay in pain perception  [  21  ] . 

 The atypical presentation commonly seen in these patients 
may also be attributed to the effects of other, coexisting 
medical conditions and medications. For example, beta 
blockers may blunt the normal tachycardic response to acute 
abdominal processes while nonsteroidal agents and acet-
aminophen may prevent the development of a fever. Finally, 
diagnostic accuracy may be dif fi cult to achieve because of 
the inability to obtain an adequate history from elderly 
patients with memory and hearing de fi cits. Combined, these 
factors contribute to the increased incidence of complica-
tions and increased morbidity and mortality observed in 
elderly patients presenting with acute abdominal pain. For 
example, although the incidence of acute appendicitis is 
lower in this population compared to their younger counter-
parts, the rate of perforation is signi fi cantly higher, reaching 
almost 70% in some series  [  22  ] . Furthermore, complications 
of acute cholecystitis occur in more than 50% of patients 
aged 65 or older  [  23  ] . 

 Although on the opposite end of the age spectrum, the 
diagnosis of the acute abdomen in children can be equally as 
challenging, particularly in children who are preverbal or 
uncooperative. Further adding to the dif fi culty is the fact that 
the etiologies of abdominal pain in children can range from 
trivial (e.g., constipation) to potentially life-threatening (e.g., 
malrotation with midgut volvulus) with little to no difference 
in their presentation  [  24  ] . As a result, there are higher rates 
of misdiagnosis and complications in the pediatric popula-
tion as well. In fact, the rate of perforation in childhood cases 
of acute appendicitis is 30–65%, which is signi fi cantly higher 
than what is reported for adults  [  25  ] . 

 Overall, physicians should be mindful of the potential 
challenges posed to them in the evaluation of acute abdomi-
nal pain in these extremes of age and adjust their diagnostic 
approach accordingly.  

   The Acute Abdomen in Immunocompromised 
Patients 

 The ability to make the diagnosis of an acute abdomen is 
often challenging for those patients who are immunocom-
promised as a result of conditions such as cancer requiring 
chemotherapy, transplantation, human immunode fi ciency 
virus/acquired immunode fi ciency syndrome (HIV/AIDS), 
renal failure, diabetes, and malnourishment to name a few. 
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As a result of their body’s inability to launch a full 
in fl ammatory response, these patients may have a delayed 
onset of fever and other typical symptoms, experience less 
pain, and have an underwhelming leukocytosis  [  4  ] . As a 
result, a diagnosis may not be made until the development of 
overwhelming sepsis, multisystem organ failure, and death. 

 It is also important to consider that these patients may suffer 
from a variety of atypical infections—including ones that are 
viral (in particular, cytomegalovirus and Epstein–Barr virus 
infections), mycobacterial, fungal, and protozoal in origin—that 
may affect the pancreas and hepatobiliary, and gastrointestinal 
tracts. Furthermore, neutropenic enterocolitis is a common 
source of acute abdominal pain in patients with bone marrow 
suppression secondary to chemotherapy  [  26  ] . As a result of 
these challenges unique to this subset of patients, physicians 
should have a high index of suspicion for an acute abdominal 
process if such patients present with persistent abdominal com-
plaints even if seemingly mild in intensity. These patients should 
undergo prompt diagnostic imaging and the possibility of oper-
ative intervention should be considered early on.  

   The Acute Abdomen in the Critically Ill 

 The acute abdomen in the critically ill presents a diagnostic 
challenge as even the history and physical exam are often 
unattainable or unhelpful, especially in those patients who 
are obtunded, sedated, or intubated. Physicians should there-
fore have a high index of suspicion and develop a strategy 
that will allow them to diagnose and treat acute abdominal 
illnesses in a timely fashion. 

 Physicians should initially take note of any recent abdomi-
nal surgery, the sudden onset of abdominal pain or distension, 
as well as any changes in laboratory studies or hemodynamic 
status as indicated by changes in vital signs, an increase in 
volume requirements, and the need for pressors. 

 If not contraindicated because of hemodynamic instabil-
ity or physical constraints, radiologic imaging should be 
obtained to search for evidence of an acute abdominal pro-
cess. As is the case for patients who are not critically ill, the 
sensitivity and speci fi city for diagnosing certain conditions 
may vary amongst imaging modalities. 

 If contraindicated, however, but clinical suspicion is high, 
then emergent laparotomy is indicated. If there are still 
doubts however, a less invasive technique such as diagnostic 
peritoneal lavage (DPL) may be used to assist in decision 
making. The advantages of DPL include the ability to per-
form the test at the bedside and the fact that it prevented 
unnecessary laparotomy in more than 60% of patients in a 
small series  [  27,   28  ] . Overall however, CT is the imaging 
modality of choice for most intra-abdominal processes, 
unless a biliary process is suspected for which US is the most 
sensitive and speci fi c  [  10  ] . 

 An acute abdominal condition of the biliary tract more 
commonly observed in the critically ill is that of acute acal-
culous cholecystitis. Although the exact etiology is unclear, 
biliary stasis and gallbladder ischemia with resultant bacte-
rial colonization have been implicated in its development 
 [  29  ] . Such a scenario is common in critically ill patients 
who are typically not enterally fed and who are hemody-
namically unstable. 

 Acalculous cholecystitis tends to have a more fulminant 
course and is therefore characterized by increased rates of 
gallbladder perforation and gangrene  [  29  ] . While cholecys-
tectomy is the treatment of choice for this condition, for 
patients who are critically ill and unable to undergo surgery, 
percutaneous cholecystostomy is therapeutic until the 
patient is able to undergo cholecystectomy at a later time. 
Approximately 90% of patients experience signi fi cant 
improvement after percutaneous cholecystostomy  [  30  ] . 

 Another acute abdominal process more prevalent in the 
critically ill population is that of abdominal compartment 
syndrome (ACS), which often occurs in the setting of abdom-
inal sepsis coupled with aggressive  fl uid resuscitation  [  31  ] . 
Characterized by an increased intra-abdominal pressure 
(IAP) of 20 mmHg or higher, ACS can progress to hemody-
namic compromise (due to impaired venous return), 
dif fi culties with ventilation and oxygenation (a result of ele-
vated airway pressures), and oliguria (secondary to impaired 
venous return and renal vein compression)  [  32  ] . Treatment 
involves emergent abdominal fascial decompression.  

   The Acute Abdomen in the Morbidly Obese 

 It is often more challenging to diagnose the acute abdomen 
in morbidly obese patients as a result of the subtle changes in 
vital signs, atypical symptoms, and underwhelming physical 
exam  fi ndings these patients often present with. A mildly 
elevated heart rate, fever, nausea, and malaise may be the 
only indications to the presence of a serious intra-abdominal 
process. This is further complicated by the constraints cre-
ated by an obese body habitus that make performing a physi-
cal exam and interpreting any exam  fi ndings more dif fi cult. 
By the time the patient is found to have peritonitis, it is often 
a late  fi nding with the patient at signi fi cant risk for the sub-
sequent development of abdominal sepsis, multisystem organ 
failure, and death  [  33  ] . 

 Physicians should also be aware of the fact that an obese 
body habitus may result in imaging studies being unattain-
able or more dif fi cult to interpret. Weight limits may render 
some morbidly obese patients from being eligible to undergo 
CT or MRI scanning and large amounts of subcutaneous fat 
can result in poor radiographic and sonographic image 
quality  [  34  ] . As a result of these challenges, a high index of 
suspicion should be employed when making treatment 
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 decisions, in particular, whether to operate or not. Note that 
with the advent of laparoscopy and the development of bar-
iatric laparoscopic ports and instruments less invasive mea-
sures may be taken to both diagnose and treat the source of 
the patient’s symptoms  [  35  ] .  

   The Acute Abdomen in Pregnant Patients 

 When evaluating a pregnant patient who presents with 
abdominal pain, one must keep in mind that delays in diag-
nosis and subsequent intervention can result in an increased 
risk of morbidity and mortality for both the patient and her 
unborn fetus. 

 Delays in presentation, diagnosis, and treatment may 
occur because many of the presenting signs and symptoms 
may mimic those normally observed in pregnancy, includ-
ing abdominal pain, nausea, vomiting, and anorexia. In 
addition, vital signs and laboratory  fi ndings may be more 
dif fi cult to interpret as they are routinely altered in preg-
nancy. There is notably a “physiologic anemia” in pregnancy 
in addition to mild leukocytosis. Additionally, there is typi-
cally a 10–15 bpm increase in pulse rate as well as relative 
hypotension as a result of hormone-mediated vasodilation 
 [  36  ] . 

 The examining physician must also take into account that 
the presentation of certain disease processes and physical 
exam  fi ndings may differ in the pregnant patient as a result of 
the upward displacement of the gravid uterus. A classic 
example of this is seen in the case of acute appendicitis, in 
which tenderness may be palpated in the RUQ. Appendicitis 
is the most common nonobstetrical cause of the acute abdo-
men, complicating 1 in 1,500 births  [  37  ] . Although the over-
all incidence is similar to that of nonpregnant patients, the 
rate of perforation is higher at approximately 25%, presum-
ably due to delays in diagnosis and intervention. If and when 
perforation occurs, the risk of both fetal and maternal mor-
tality increases signi fi cantly  [  38  ] . 

 Delays may occur because of hesitancy on the part of the 
physician to obtain certain radiologic studies like that of 
plain  fi lms or CT scans due to the concerns of the radiation 
exposure associated with these modalities. Ultrasound is 
therefore used as the initial imaging study in most evalua-
tions of the pregnant acute abdomen  [  39  ] . In addition to fetal 
evaluation, ultrasound is the imaging study of choice for 
assessment of the biliary tract, pancreas, kidneys, and adn-
exa. In addition, multiple studies have shown that when 
paired with graded compression, ultrasound has a sensitivity 
between 67 and 100% and a speci fi city between 83 and 96% 
for diagnosing acute appendicitis in pregnancy  [  40  ] . 

 If the diagnosis remains uncertain, CT scan is an accept-
able alternative means of imaging the pregnant abdomen if 
used judiciously in order to minimize ionizing radiation 

 exposure  [  41  ] . Although the estimated conceptus dose from a 
single CT acquisition is 25 mGy  [  42  ] , as per the 1995 American 
College of Obstetricians and Gynecologists (ACOG) consen-
sus statement, “Women should be counseled that X-ray expo-
sure from a single diagnostic procedure does not result in 
harmful fetal effects. Speci fi cally, exposure to less than 5 rad 
(50 mGy) has not been associated with an increase in fetal 
anomalies or pregnancy loss.” [  43  ]  Ultimately, the use of CT 
scans as a secondary imaging tool in pregnancy can lead to a 
more timely diagnosis of acute appendicitis resulting in 
decreased rates of perforation. This along with the decreased 
rate of negative appendectomies observed in expectant women 
undergoing US followed by CT scan  [  44  ]  likely reduces the 
risk of mortality for both the mother and fetus signi fi cantly. 

 MRI, which uses magnets instead of ionizing radiation, 
has also been shown recently to be of use in evaluating 
abdominal pain during pregnancy when ultrasonagraphy was 
deemed inconclusive  [  15  ] . Despite this however, MRI is not 
always readily available for emergent evaluations and the 
effects of using gadolinium-based contrast, which crosses the 
placenta, have yet to be determined and it is not approved for 
use in pregnancy, unlike iodinated CT contrast agents  [  14  ] . 

 Once diagnosed, patients should undergo appendectomy. 
Despite initial concerns of the safety of such an approach, 
laparoscopy has been accepted as safe with the same advan-
tages afforded for nonpregnant patients, including shorter 
hospitalizations and less narcotic medication needs  [  45  ] . Of 
course certain precautions should be taken to ensure safety, 
including using an open Hasson approach to enter the abdo-
men, a left tilted position, maintaining a CO 

2
  insuf fl ation of 

10–15 mmHg, and monitoring fetal heart tones during the 
procedure  [  46  ] . 

 After appendicitis, the next most common nonobstetric 
cause of acute abdominal pain are disorders of the biliary 
tract, notably acute cholecystitis and gallstone pancreatitis. 
The incidence of acute cholecystitis ranges from 1 in 6,000 
to 1 in 10,000 births  [  37  ] . Presenting symptoms, diagnostic 
workup, and treatment are similar to their nonpregnant coun-
terparts. As previously stated, laboratory values may be 
more dif fi cult to interpret, especially in the case of acute 
cholecystitis as white blood cell counts and alkaline phos-
phatase levels are normally elevated during pregnancy  [  37  ] . 
As is the case in nonpregnant patients, acute cholecystitis is 
usually treated conservatively early on with intravenous  fl uid 
hydration, bowel rest, pain control, and antibiotics. If the 
patient fails to respond to medical management, then sur-
gery is indicated. Failing to operate on these patients in a 
timely fashion signi fi cantly increases the risk of preterm 
labor and fetal loss  [  47  ] . 

 Regardless of whether patients respond appropriately to 
conservative management, the majority of surgeons still rec-
ommend surgery during pregnancy to prevent any recurrence 
or any complications that may pose a threat to the fetus  [  47  ] . 
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In fact, the rate of fetal demise with gallstone pancreatitis has 
been reported to be as high as 60%  [  48  ] . As is the case with 
acute appendicitis, laparoscopic cholecystectomy has been 
deemed safe to perform during pregnancy without any increased 
risk of morbidity or mortality to the mother or fetus  [  49  ] .  

   The Acute Abdomen from a Global Perspective 

 The acute abdomen can be especially concerning from a 
global health perspective. The low density of adequately 
trained physicians and quality treatment facilities in develop-
ing countries means long delays between symptom onset and 
treatment, resulting in worse outcomes  [  50,   51  ] . Proper man-
agement of the acute abdomen in these regions may be fur-
ther complicated by the lack of modern radiographic and 
other diagnostic modalities, which may render contemporary 
treatment algorithms unusable. As a result, increased empha-
sis should be placed on careful history taking and physical 
exam skills. Findings of abdominal distension, abdominal 
masses, deranged vital signs, guarding, and a positive vagi-
nal/rectal examination have been associated with worse out-
comes in these regions, warranting further investigation  [  52  ] . 
In areas where advanced clinicians are unavailable, a stan-
dardized questionnaire may help in establishing a differential 
diagnosis in patients presenting with acute abdominal pain. 

 There is a lack of consensus on the overall incidence of the 
acute abdomen in the developing world, likely as a result of the 
range of locations which fall into this category (e.g., Southeast 
Asia, Sub-Saharan Africa, and Central America) in addition to 
various socioeconomic, dietary, cultural, and environmental 
differences. Despite this, some generalizations about the most 
common causes of the acute abdomen in impoverished regions 
can be made. Many are shared with those of developed nations, 
including acute appendicitis and intestinal obstruction, which 
account for up to 25 and 35% of all cases, respectively  [  52  ] . 
Other commonly shared causes of the acute abdomen include 
acute cholecystitis, gynecological disorders (e.g., ectopic preg-
nancy, uterine rupture, and tubo-ovarian abscesses), trauma 
(most commonly from gunshot wounds and car accidents), 
and perforated peptic ulcers  [  53,   54  ] . 

 In addition to these conditions, physicians in developing 
countries must consider other exotic causes of acute abdom-
inal pain, including typhoid enteritis, abdominal tuberculo-
sis, and parasitic infections, which can themselves cause 
acute intestinal obstructions, appendicitis, cholangitis, and 
liver abscesses  [  55  ] . Typhoid, which usually presents with 
high fever, abdominal distension, and delirium, remains 
endemic in impoverished parts of the world  [  56  ] . Caused 
by the bacterium  Salmonella typhi , typhoid fever is trans-
mitted through fecal contamination of food or water sup-
plies. If not identi fi ed and treated in a timely fashion with 
the appropriate antibiotics, typhoid can result in intestinal 

hemorrhage or perforation—two potentially fatal causes of 
an acute abdomen requiring surgical intervention  [  56  ] . In 
one series, typhoid fever complicated by ileal perforation 
was diagnosed in 16% of patients in a region of West Africa, 
making it the second most common cause of the acute 
abdomen  [  51  ] . 

 A large number of acute abdominal cases in developing 
countries are caused by parasitic infections, which like that 
of typhoid fever are typically acquired through fecal-oral 
transmission. In one study originating from West Africa, 
some 4% of acute abdominal cases necessitating emergency 
surgery were attributable to parasites  [  57  ] . The majority of 
these were secondary to infections with members of the 
amoeba family, which can cause colitis and hepatic abscesses, 
or  Ascaris lumbricoides , a species of roundworms that can 
invade and overwhelm the gastrointestinal and hepatobiliary 
systems, resulting in intestinal obstruction, appendicitis, pan-
creatitis, and cholecystitis  [  58  ] . In addition to emergent sur-
gical intervention, patients should be treated with antiparasitic 
medications to ensure complete eradication of disease. 

 Overall, the acute abdomen poses diagnostic challenges 
unique to the developing world given the limited access to 
resources and personnel required to suf fi ciently treat patients 
with potentially life-threatening abdominal conditions. 
Compounding this are the other exotic causes of acute abdom-
inal pain prevalent in these regions that one must consider in 
their workup. Therefore, in addition to enhancing access to 
healthcare, health education, and sanitation, attention should 
be placed on the development of adequate history taking and 
physical exam skills to improve the outcomes of patients pre-
senting with an acute abdomen in these regions of the world.   

   Potential Complications and Outcomes 

 The outcomes of patients presenting with an acute abdomen 
are in fl uenced by the underlying etiology of their symptoms, 
age, comorbid conditions, and the time to diagnosis and 
treatment. In terms of etiology, one could assume that a 
patient with a noncontained hollow viscus perforation is 
likely to have higher rates of morbidity and mortality in the 
peri- and postoperative period compared to a patient present-
ing with acute, nonperforated appendicitis. With regard to 
age and health status, diminished physiologic reserve and an 
increased incidence of comorbidities place elderly patients 
at an elevated risk of complications and death compared to 
their younger counterparts. For example, the age-related 
decline in pulmonary function is associated with a prolonged 
need for mechanical ventilation and an increased risk of 
developing ventilator-associated pneumonias  [  59  ] . These 
issues are compounded by the fact that elderly patients tend 
to have delays in diagnosis and treatment, further contribut-
ing to their increased rates of morbidity and mortality. In the 
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case of perforated PUD, older patients who underwent 
 surgery more than 24 h after perforation were eight times 
more likely to die compared to those who were operated on 
within 4 h  [  60  ] . 

 Morbidly obese patients with an acute abdomen are also 
at an increased risk of poor outcomes due to atypical presen-
tations and the challenges posed by their body habitus that 
result in treatment delays  [  33  ] . Even in cases where surgery 
is indicated and performed in a timely manner, higher rates 
of postoperative complications including surgical wound 
infections and multisystem organ failure are experienced by 
morbidly obese patients  [  61  ] . 

 In pregnant patients, the acute abdomen poses signi fi cant 
risks to both the mother and fetus. Atypical presentations 
and the inability to distinguish some acute abdominal symp-
toms from those normally experienced during pregnancy can 
result in treatment delays and an increased susceptibility for 
preterm labor and fetal loss  [  38  ] . 

 In general, regardless of age or health status, patients pre-
senting with an acute abdomen should undergo a thorough 
yet expeditious evaluation to help establish a diagnosis and 
initiate the therapeutic interventions necessary to help ensure 
positive outcomes for these patients.      
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         Introduction 

 For patients who require emergency surgical intervention, the 
management of signi fi cant medical comorbidities requires rapid 
coordination between the surgeon, the anesthesiologist, and the 
primary medical team. Perioperative care is as important to the 
 fi nal outcome of the patient as the operation itself. Attention to 
detail and appropriate management of comorbidities is integral 
to optimizing outcomes for the acute surgical patient. An accu-
rate preoperative assessment helps to avoid obvious pitfalls such 
as a critical medication allergy or a dif fi cult airway. 

 The actual perioperative period is poorly de fi ned, and sur-
gical literature relating to the perioperative period is scarce 
compared to intraoperative and postoperative care; possibly 
due to that fact that a great deal of this care is provided by 
non-surgeons. However, the individual providing periopera-
tive care must be knowledgeable and expert at the manage-
ment of surgical physiology. It is therefore imperative that 
the surgeon be aware and involved in the perioperative care 
and decision making of each acute surgical patient in order to 
optimize outcomes and potentially avert complications. 

 Although there is not a standard de fi nition of the periop-
erative period per se, it essentially begins at the time the 
decision is made to take a patient to surgery. This time 
period may be as brief as the few minutes required to take 
an unstable trauma patient to the operating room or for sev-
eral weeks in the setting of an elective procedure in a patient 
with comorbidities. Obtaining an adequate medical history 
is always advantageous in the care of these patients. 
However, this is often dif fi cult when the patients are com-
promised by their acute disease. They may also be elderly, 
poor historians, or residents of extended care facilities. 

Knowledge of a patient’s baseline mental status is  important 
as it allows the clinician to determine deviations from base-
line in the postoperative period as an early indicator of 
potential complications. Knowledge of the patient’s preop-
erative functional status is helpful in predicting ultimate 
recovery from the disease process, as well as the time frame 
for recovery. The effects of medication should be consid-
ered as these may block physiologic responses; for exam-
ple,  b  (beta)-blockers mask tachycardia and are taken 
commonly in patients with hypertension or known coro-
nary artery disease. Warfarin, aspirin, and clopidogrel are 
also common medications among the elderly that nega-
tively impact surgical bleeding and postoperative renal 
function. In the acute general surgery patient, these factors 
must all be weighed in the decision to either proceed 
directly to the operating room, take time to resuscitate the 
patient and/or address comorbidities. In some cases, this 
period may identify factors or changes in a patient’s condi-
tion that render an operative intervention.  

   Perioperative Cardiovascular Assessment 

 Recent studies  [  1,   2  ]  suggest that more than 200 million 
patients worldwide have major noncardiac surgical proce-
dures each year. Patients undergoing noncardiac surgery are 
at risk of major perioperative cardiac events such as cardiac 
death, myocardial infarction (MI), and nonfatal cardiac arrest. 
Aortic and peripheral vascular surgery, orthopedic surgery, 
and major intrathoracic or intraperitoneal procedures are 
more frequently associated with perioperative cardiac mor-
tality than are other types of surgery  [  3  ] . Without a prior 
known history of cardiac disease, men are at increased risk 
for cardiac complications above age 35, whereas women are 
at increased risk above age 40. Mortality in both genders 
increases markedly over age 70. 

 Cardiac complications after noncardiac surgery re fl ect 
factors speci fi c to the patient, the operation, and the cir-
cumstances surrounding the procedure. Perioperative 
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 cardiac evaluation may lead to interventions that lower 
perioperative risk, decrease long-term mortality, or alter 
the surgical decision making process. Such alterations 
may include either choosing a lower risk, less invasive 
procedure, opting for a “damage control” rather than 
de fi nitive procedure, or electing for nonoperative manage-
ment. Although different procedures are associated with 
different cardiac risks (Table  3.1 ), these differences are 
most often a re fl ection of the context in which the patient 
undergoes surgery (stability or opportunity for adequate 
preoperative resuscitation or preparation), surgery speci fi c 
factors such as  fl uid shifts, stress levels, the duration of 
the procedure or blood loss, or patient speci fi c factors 
such as coronary artery disease and symptoms.  

 To minimize operative risk, the patient is ideally in opti-
mal medical condition. In the acute care setting, however, 
the luxury of an elective preoperative cardiac evaluation is 
not often available. A careful history and physical exam in 
the emergency setting can alert the surgeon to opportunities 
to intervene and physiologically optimize the patient in 
order to decrease the risk of morbidity and mortality. 
Congestive heart failure, poorly controlled hypertension 
(diastolic blood pressure >110 mmHg), electrolyte imbal-
ances, and hyperglycemia must be addressed prior to any 
operative intervention when possible. In general, cardiovas-
cular medications should be continued through the periop-
erative period, as continuation of antihypertensive and 
beta-blocker therapy throughout the perioperative period 
does not typically contribute to postoperative hemodynamic 
instability. Discontinuation of antihypertensive therapy 
increases potential risks. Rebound hypertension may be 
precipitated if centrally acting  a  (alpha)-2 agonists such as 
clonidine are suddenly withheld. Congestive heart failure 
may recur or be exacerbated if angiotensin-converting 
enzyme inhibitors or angiotensin receptor blockades are 
stopped.  b  (beta)-blockade must be continued throughout 
the perioperative time period. 

 Patients who experience postoperative MI after noncar-
diac surgery have an estimated hospital mortality rate of 
15–25%. Patients who have a cardiac arrest after noncar-
diac surgery have a hospital mortality rate of 65%  [  4  ] . Of 
these major vascular complications, MI is the most com-
mon  [  5  ] . The diagnosis of acute MI in the nonsurgical set-
ting traditionally requires the presence of at least two of the 
following three elements: ischemic chest pain, evolution-
ary changes on the electrocardiogram (ECG), and rise and 
fall of cardiac biomarker levels (troponin). In the periop-
erative period, ischemic episodes are often silent (not asso-
ciated with a patient complaint of chest pain) in up to 65% 
of patients with documented postoperative MI  [  2  ] . 
Additionally, many perioperative ECGs re fl ect nonspeci fi c 
changes, and are therefore nondiagnostic. These nonspeci fi c 
ECG changes, coupled with new onset dysrhythmias and 

noncardiac related hemodynamic instability, can further 
obscure the clinical picture of MI or acute coronary syn-
drome in the perioperative period. 

 In the perioperative setting, as in the nonoperative setting, 
an acute increase in troponin levels should be considered an 
acute MI. An increase in cardiac troponin is a marker of myo-
cardial injury, and there is a good correlation between the 
duration of myocardial ischemia and the increase in cardiac-
speci fi c troponin  [  6,   7  ] . There is also a signi fi cant association 
between increased troponin levels and short- and long-term 
morbidity and mortality in surgical patients. This association 
exists for cardiac death, MI, myocardial ischemia, congestive 
heart failure, cardiac dysrhythmias, and cerebrovascular acci-
dent. Even relatively minor cardiovascular complications such 
as uncontrolled hypertension, palpitations, increased fatigue, 
or shortness of breath are correlated to increased levels of 
cardiac-speci fi c troponins. An increase in troponin postopera-
tively, even in the absence of clear cardiovascular signs and 
symptoms, is an important  fi nding that requires careful atten-
tion and further investigation and management. 

 Multiple physiologic triggers that have the potential to 
exacerbate underlying cardiac disease exist in the periopera-
tive period (Fig.  3.1 ). Surgery, with its associated trauma, 
anesthesia, narcotics, intubation, extubation, pain, hypo-
thermia, bleeding, and anemia is analogous to an extreme 
stress test. These variables all initiate in fl ammatory, hyper-
coagulable, stress, and hypoxic states, which are associated 
with perioperative elevations in troponin levels, arterial 
thrombosis, and morbidity/mortality  [  8–  11  ] .  

   Table 3.1       Cardiac risk a  strati fi cation for noncardiac surgical procedures   

 Risk strati fi cation  Procedure examples 

 Vascular (reported cardiac risk 
often more than 5%) 

 Aortic and other major vascular 
surgery 
 Peripheral vascular surgery 

 Intermediate (reported cardiac 
risk generally 1–5%) 

 Intraperitoneal and intrathoracic 
surgery 
 Carotid endarterectomy 
 Head and neck surgery 
 Orthopedic surgery 
 Prostate surgery 

 Low b  (reported cardiac risk 
generally less than 1%) 

 Endoscopic procedures 
 Super fi cial procedure 
 Cataract surgery 
 Breast surgery 
 Ambulatory surgery 

  Reprinted with permission from Fleisher LA, Beckman JA, Brown KA, 
et al. ACC/AHA 2007 guidelines on perioperative cardiovascular evalu-
ation and care for noncardiac surgery: A Report of the American 
College of Cardiology/American Heart Association Task Force on 
Practice Guidelines. J Am Coll Cardiol. 2007;50(17):1707–1732 
  a Combined incidence of cardiac death and nonfatal myocardial 
infarction 
  b These procedures do not generally require further preoperative cardiac 
testing  
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 Lee et al. derived and validated a “simple index” for the 
prediction of cardiac risk for stable patients undergoing 
major non cardiac surgery  [  12  ] . Although this study was 
done in the setting of nonurgent major noncardiac surgery, 
the following risk factors can and should be assessed in the 
setting of acute or emergent surgical intervention. Five inde-
pendent risk correlates were identi fi ed:
    1.    Ischemic heart disease (history of MI, history of positive 

treadmill test, use of nitroglycerin, current angina, or 
ECG with abnormal Q waves)  

    2.    Congestive heart failure (history of heart failure, pulmo-
nary edema, paroxysmal nocturnal dyspnea, peripheral 
edema, bilateral rales)  

    3.    High-risk surgery (abdominal aortic aneurysm or other 
high-risk vascular, thoracic, abdominal, or orthopedic 
surgery—see Table  3.1 )  

    4.    Preoperative insulin dependence for diabetes mellitus, 
and  

    5.    Preoperative creatinine greater than 2 mg/dL.     

 Increasing numbers of risk factors correlates with increased 
risk. This Revised Cardiac Risk Index has become one of the 
most widely used risk indices (Fig.  3.2 ).  

 Currently, there are no standard diagnostic criteria for 
perioperative MI in patients undergoing noncardiac surgery. 
The diagnosis of perioperative MI can be dif fi cult as many 
are clinically silent, non transmural (non-Q-wave), and there-
fore have minimal accompanying ECG changes. On the basis 
of available literature, routine measurement of cardiac-
speci fi c troponin after surgery is more likely to identify 
patients without acute MI than with MI  [  13  ] . Additionally, 
studies of cardiac-speci fi c troponin elevations neither consis-
tently show associations with adverse cardiovascular out-
comes at any time point nor provide insight into the effect of 
treatment on long-term or functional outcomes. Although it 
is known that patients with more extensive CAD are more 
likely to experience elevation in perioperative troponin lev-
els, the role of revascularization in this population when no 
other manifestations of MI is unclear. 

  Fig. 3.1    Potential triggers of states associated with perioperative 
elevations in troponin levels, arterial thrombosis and fatal myocar-
dial infarction.  TNF- a  (alpha)  tumor necrosis factor  a  (alpha), 

 IL  interleukin,  CRP  C-reactive protein,  PAI-1  plasminogen activator 
inhibitor-1,  BP  blood pressure,  HR  heart rate,  FFAs  free fatty acids. 
Adapted from  [  4  ]        
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 Additionally, revascularization in this setting may lead to 
postoperative complications such as bleeding due to initia-
tion of antiplatelet therapy. Until the aforementioned issues 
are adequately studied and addressed, perioperative surveil-
lance for acute coronary syndromes with routine ECG and 
cardiac serum biomarkers is unnecessary in clinically low-
risk patients undergoing low risk procedures  [  14  ] . 

 The presence of intraoperative and postoperative 
ST-segment changes has been associated with cardiac mor-
bidity and mortality in high-risk patients undergoing noncar-
diac surgery. Numerous studies have demonstrated the 
limited ability of physicians to detect signi fi cant ST-segment 
changes compared with computerized analysis, and allows 
for trending of the data. Because the algorithms used to measure 

ST-segment shifts are proprietary, variability in accuracy 
between different monitors has been evaluated in several 
studies  [  15–  17  ] . ST-segment trending monitors were found 
to have an average sensitivity of 74% and speci fi city of 73%, 
compared to of fl ine Holter ECG recordings  [  16  ] . 

 Retrospective data from multiple studies suggest that 
ST-segment depression is an independent predictor of peri-
operative cardiac events in high-risk noncardiac surgery 
patients. Changes of prolonged duration (greater than 30 min 
per episode or greater than 2 h cumulative duration) are par-
ticularly associated with increased risk  [  18–  21  ] . Postoperative 
ST-segment changes, particularly of a prolonged duration, 
have been shown to predict worse long-term survival in high-
risk patients  [  22,   23  ] . However, because intraoperative 

  Fig. 3.2    Cardiac evaluation and care algorithm for noncardiac sur-
gery.  Asterisk  Active clinical conditions: Unstable coronary syn-
dromes, decompensated HF, signi fi cant arrhythmias, or severe valvular 
disease.  Dagger  Met 1 = Activities of Daily Living; Met 4 = heavy 
housework or climb a  fl ight of stairs; Met 10 = strenuous exercise 
 Section  Noninvasive testing may be considered before surgery in 
speci fi c patients with risk factors if it will change management.  Double 
dagger  Clinical risk factors include ischemic heart disease, compen-
sated or prior heart failure, diabetes mellitus, renal insuf fi ciency, and 

cerebrovascular disease.  Open diamond  Consider perioperative beta 
blockade.  ACC/AHA  American College of Cardiology/American 
Heart Association,  HR  heart rate,  LOE  level of evidence,  MET  meta-
bolic equivalent. Modi fi ed with permission from Fleisher LA, 
Beckman JA, Brown KA, et al. ACC/AHA 2007 Guidelines on 
Perioperative Cardiovascular Evaluation and Care for Noncardiac 
Surgery: A Report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines. J Am Coll 
Cardiol. 2007;50(17): 1707–1732       
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ST-segment changes may also be detected in the low-risk 
population, but are not associated with regional wall motion 
abnormality, ST-segment changes in this low-risk population 
may not be indicative of myocardial ischemia and CAD 
 [  24,   25  ] . Therefore, although there are data to support the 
use of ST-segment analysis to detect ischemia, no studies 
have yet addressed the issue of effect on patient outcome 
when therapy is based on these results alone. However, the 
general consensus of the American College of Cardiology 
(ACC) and the American Heart Association (AHA) is that 
early treatment, such as control of tachycardia, could lead to 
a reduction in cardiac morbidity  [  14  ] . 

 Further evaluation regarding the optimal strategy for sur-
veillance and diagnosis of perioperative MI is required. The 
current recommendations of the ACC/AHA, on the basis of 
current evidence, are for patients without documented coro-
nary artery disease (CAD), surveillance should be restricted 
to those who develop perioperative signs of cardiovascular 
dysfunction. In patients with intermediate or high clinical 
risk who have known or suspected CAD and who are under-
going high- or intermediate-risk surgical procedures, the 
most cost effective strategy is to obtain a baseline (preopera-
tive) ECG followed by an ECG in the immediate postopera-
tive period and daily on the  fi rst and second postoperative 
day. If ECG changes are noted the use of cardiac-speci fi c 
troponin measurements to supplement the diagnosis is war-
ranted  [  15  ] . 

 Once an intraoperative or postoperative MI has been cor-
rectly detected and diagnosed, it is important to recognize 
that the occurrence of a perioperative nonfatal MI carries a 
high risk for future cardiac events and cardiac related death 
 [  23,   26  ] . Patients who do sustain a perioperative MI should 
have evaluation of left ventricular function performed prior 
to hospital discharge, and standard post infarction medical 
therapy should be initiated. The use of pharmacological 
stress or dynamic exercise stress test should be obtained 
when feasible to assess risk strati fi cation for possible coro-
nary revascularization. In all cases, appropriate evaluation 
and management of complications and risk factors such as 
angina, heart failure, hypertension, hyperlipidemia, cigarette 
smoking, hyperglycemia or diabetes mellitus, and other car-
diac abnormalities should occur prior to hospital discharge. 
Additionally, it is imperative to communicate these new 
observations and interventions to physician and nonphysi-
cian providers who will be responsible for the patient’s sub-
sequent care and follow-up. 

 In summary, the basic clinical evaluation obtained by 
patient history, physical examination, and review of the ECG 
usually provides the surgeon with suf fi cient data to estimate 
cardiac risk. In each situation, the surgeon must determine 
the urgency of the proposed surgical procedure and bal-
ance this with the noted cardiac risk factors assessed in the 
history, physical exam, laboratory and radiographic data. 

In many instances, patient or surgery speci fi c factors will dic-
tate an obvious strategy (e.g., emergent surgery) that may not 
allow for further cardiac assessment or treatment. In these 
cases, the need for perioperative medical management and 
surveillance must be addressed. Selected postoperative risk 
strati fi cation is often appropriate in patients with elevated 
coronary risk who have never undergone such assessment in 
the past. This should be initiated after the patient has recov-
ered from any blood loss, deconditioning, and other postop-
erative complications that may confound interpretation of 
noninvasive test results, unless a perioperative MI has been 
diagnosed.  

   Preoperative Pulmonary Evaluation 

 Postoperative pulmonary complications (PPC) are equally 
prevalent as cardiac complications and contribute similarly 
to morbidity, mortality, and length of postoperative hospital 
stay. Late pulmonary complications are leading causes of 
morbidity and mortality after surgery, second only to cardiac 
complications. Pneumonia, respiratory failure, and atelectasis 
are the most commonly observed PPCs. However, multiple 
speci fi c dysfunctions exist including laryngospasm, bron-
chospasm, airway obstructions, pulmonary embolism, rein-
tubation or prolonged mechanical ventilation, pleural 
effusion, pneumothorax, and others. 

 PPCs are often multifactorial, and perioperative aware-
ness and management of these factors can often help limit 
their occurrence. Procedural factors affecting pulmonary 
morbidity include upper abdominal and thoracic incisions, 
neurosurgical procedures, head and neck procedures, vascu-
lar procedures (particularly repair of abdominal aortic aneu-
rysm), emergency operations, preoperative blood transfusion, 
use of nasogastric tubes, general anesthesia, and prolonged 
operative time (>3 h)  [  27–  31  ] . Independent patient factors 
which contribute to postoperative pulmonary complications 
include older age (>60), severity of underlying pulmonary 
disease such as chronic obstructive pulmonary disease 
(COPD) or chronic bronchitis, American Society of 
Anesthesiologists (ASA) class II or greater (Table  3.2 ), func-
tional dependence, alcohol abuse, cigarette smoking, and 
poor nutritional status (serum albumin <3.5 g/dL). Obesity 
and mild-to-moderate asthma have not been consistently 
shown to predict PPCs.  

 Until recently, no scoring systems existed for predicting 
PPCs similar to those used for cardiovascular risk 
strati fi cation. Researchers with the Veterans’ Administration 
National Surgical Quality Improvement Project (NSQIP) 
have now developed and prospectively validated a scoring 
system for predicting postoperative pneumonia and respira-
tory failure  [  31  ] . This system includes many of the above 
predictors in a numeric scoring system (Tables  3.3  and  3.4 ). 
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Table  3.3  displays the point values assigned to each preop-
erative predictor used to calculate the respiratory failure risk 
index score. Based on the predicted probability associated 
with various scores, the NSQIP researchers then categorized 
the patients into  fi ve risk classes. Table  3.4  displays the point 
values assigned to each preoperative predictor used in calcu-
lating the pneumonia risk index score. Table  3.5  displays the 
 fi ve risk classes with associated point values, and the pre-
dicted probability of postoperative respiratory failure or 
pneumonia.    

 Decreases in functional residual capacity (FRC) and 
forced vital capacity (FVC) in the postoperative period can 
lead to atelectasis, decreased pulmonary compliance, 
increased work of breathing and tachypnea with low tidal 

volumes. Poor cough effort due to pain and impaired airway 
re fl exes increase susceptibility to retained secretions, bacte-
rial invasion and pneumonia. Aspiration of contaminated 
oropharyngeal secretions is thought to be a prominent mech-
anism leading to nosocomial and postoperative pneumonia 
 [  32  ] . Aspiration may occur during intubation, but undetected 
aspiration is probably frequent after surgery. Prolonged 
endotracheal intubation predisposes to aspiration of oropha-
ryngeal material and puts the patient at risk for ventilator-
associated pneumonia, a complication that doubles the risk 
for mortality  [  33  ] . Oropharyngeal and laryngeal protective 
mechanisms can be transiently decreased after surgery and 
may also predispose the nonintubated patient to pneumonia. 
Nasogastric intubation is likely to decrease airway protec-
tive mechanisms and predispose to occult aspiration. 
Residual subclinical muscle relaxation has been detected in 
patients who received long-acting muscle relaxants, and it 
was associated with an increased rate of pulmonary compli-
cations  [  34  ] . 

   Table 3.2    American Society of Anesthesiologists (ASA) physical sta-
tus classi fi cation   

 Classi fi cation  Description 

 1  Normal healthy patient; no organic, biochemical, or 
psychiatric disease 

 2  Mild systemic disease with no functional limitation 
 3  Severe systemic disease with functional limitation 
 4  Severe systemic disease that is a constant threat to life 
 5  Moribund patient equally likely to die in next 24 h 

with or without operation 
 6  Brain dead patient; organs are being removed for 

donor purposes 
 E  Emergency operation 

  Reprinted with permission from Stephen P. Fischer, Miller’s Anesthesia, 
7th Ed, Vol 34-1, Chapter 34 Preoperative Evaluation, pg. 1002, copy-
right Elsevier 2009  

   Table 3.3    Respiratory Failure Risk Index   

 Preoperative predictor  Point value 

 Type of surgery 
  Abdominal aortic aneurysm 
  Thoracic 
  Neurosurgery 
  Upper abdominal surgery 
  Peripheral vascular 
  Neck 

 27 
 21 
 14 
 14 
 14 
 11 

 Emergency surgery  11 
 Albumin <3.0 g/dL  9 
 Blood urea nitrogen >3.0 mg/L  8 
 Partially or fully dependent functional status  7 
 History of chronic obstructive pulmonary disease  6 

 Age (years)  ³ 70  6 

 Age (years) 60–69  4 

  Adapted from: Arozullah AM, Daley J, Henderson WG, Khuri SF. 
Multifactorial risk index for predicting postoperative respiratory failure 
in men after major noncardiac surgery. The National Veterans 
Administration Surgical Quality Improvement Program. Ann Surg. 
2000;232:242–253, with permission from Wolters Kluwer Health  

   Table 3.4    Risk index for postoperative pneumonia   

 Preoperative risk factor  Point value 

 Type of surgery 
  Abdominal aortic 
  Thoracic 
  Upper abdominal 
  Neck 
  Neurosurgery 
  Vascular 

 15 
 14 
 10 
 8 
 8 
 3 

 Age 
  >80 
  70–79 
  60–69 
  50–59 

 17 
 13 
 9 
 4 

 Functional status 
  Totally dependent 
  Partially dependent 

 10 
 6 

 Weight loss >10% in past 6 months  7 
 History of chronic obstructive pulmonary disease  5 
 General anesthesia  4 
 Impaired sensorium  4 
 History of cerebrovascular accident  4 
 Blood urea nitrogen level 
  <8 mg/dL 
  22–30 mg/dL 
  >30 mg/dL 

 4 
 2 
 3 

 Transfusion >4 units  3 
 Emergency surgery  3 
 Steroid use for chronic condition  3 
 Current smoker within 1 year  3 
 Alcohol intake >two drinks/day in past 2 weeks  2 

  Adapted from Arozullah AM, Khuri SF, Henderson WG, Daley J. 
Development and validation of a multifactorial risk index for predicting 
postoperative pneumonia after major noncardiac surgery. Ann Intern 
Med. 2001;135:847–857, with permission of American College of 
Physicians  
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 Perioperative  fl uid management and resuscitation in the 
acute surgical patient can impact cardiopulmonary function 
and may lead to PPCs. Because the acute surgical patient 
often presents in shock, overly aggressive resuscitation in the 
perioperative time frame may contribute to Acute Lung 
Injury (ALI) and PPCs. Large volume crystalloid resuscita-
tion, particularly delayed resuscitation, may lead to undesir-
able extravascular pulmonary volume. Judicious resuscitation 
and ongoing clinical assessment by both the surgeon and 
anesthesia team is essential to reduce or minimize periopera-
tive ALI. 

 The anesthetic and intraoperative ventilator strategy can 
in fl uence the extent and course of perioperative lung injury. 
Kirkpatrick and Slinger recently examined the effects of 
perioperative mechanical ventilation, intraoperative lung 
protective ventilator strategies and their role in ventilator-
induced lung injury  [  35  ] . The phenomenon of ventilator-
induced lung injury (VILI) is well recognized. VILI involves 
a complex interaction of volutrauma, barotrauma, cyclic 
opening and closing of the alveoli (atelectotrauma), and 
in fl ammatory mediators (biotrauma). Although a degree of 
lung stretch is important for surfactant production, shear 
stress induces pro-in fl ammatory cytokines in endothelial, 
epithelial, and macrophage cells  [  35  ] . 

 Atelectasis also plays a role in ALI. Atelectasis occurs 
frequently after open surgical procedures and in up to 90% 
of patients undergoing general anesthesia  [  36  ] . It is a patho-
logic state that has direct and indirect effects on the develop-
ment or exacerbation of ALI. There is concern that the lower 
tidal volumes associated with lung protective ventilator 
strategies may predispose the lung to atelectasis and subse-
quent ALI. Unfortunately, there are con fl icting data on the 
in fl uence of tidal volume on atelectasis and recruitment  [  37, 
  38  ] . It is clear that the techniques to avoid or treat atelectasis, 

including recruitment maneuvers and appropriate applica-
tion of positive end expiratory pressure (PEEP), are effective 
in the setting of low tidal volumes. Therefore despite the 
lack of randomized controlled trials thus far to optimally 
de fi ne appropriate intraoperative tidal volume, PEEP and the 
use of intraoperative lung recruitment, it is reasonable to 
apply protective ventilator strategies in the intraoperative 
period based on our current understanding of mechanical 
ventilation and ALI. 

 Intraoperative factors may signi fi cantly affect the risk 
for PPCs. There is some evidence that suggests performing 
laparoscopic surgery rather than open abdominal surgery 
is associated with decreased pulmonary complications  [  39, 
  40  ] , similar to endovascular interventions as opposed to 
open procedures  [  41  ] . The duration of anesthesia and of 
the surgery is probably one of the strongest predictors of 
PPCs. This association has been detected by more than one 
study  [  42–  44  ] ; however, it is not clear whether the duration 
or the complexity and type of the procedure itself is the 
cause of PPCs. Regarding to anesthetic technique, 
con fl icting data exist. In the NSQIP studies, general anes-
thesia was associated with higher risk for respiratory fail-
ure and pneumonia  [  31  ] . In other studies, however, the use 
of general anesthesia had no correlation with risk for PPCs 
 [  27,   45  ] . The assessment of the type of anesthesia as a risk 
factor for PPCs through retrospective or observational 
studies is dif fi cult in that the effect of anesthesia is not eas-
ily distinguishable from the effect of the site or complexity 
of the surgery itself. Additionally, general anesthesia is 
more frequently used in surgeries already at increased risk 
for PPCs, such as thoracoabdominal procedures, and rela-
tively less frequently selected for lower risk or extremity 
procedures. 

 The use of a perioperative gastric tube is another impor-
tant risk factor for the development of PPCs. Several studies 
have reported that the perioperative use of nasogastric tubes 
is an independent predictor of pulmonary complications  [  27, 
  28,   46  ] . This correlation has been con fi rmed by multivariate 
analysis, which suggests that gastric suctioning itself, and 
not simply the use of a nasogastric tube in higher risk proce-
dures, causes the pulmonary complications. The mechanism 
is likely related to decreased airway protection and aspira-
tion of pharyngeal secretions. 

 Preoperative pulmonary testing is only useful if it pro-
vides data that cannot be obtained from the history and phys-
ical examination, and if it helps determine the probability of 
a complication in patients who are known to have risk fac-
tors. Several studies have shown that pulmonary function 
tests (PFTs) results have no signi fi cant correlation with PPCs 
 [  28,   47  ] . Other studies also suggest that pulmonary and non-
pulmonary data collected through clinical evaluation contain 
most of the information necessary to make a risk prediction. 

   Table 3.5    Risk categories for respiratory failure and pneumonia   

 Class 

 Postoperative 
respiratory 
failure risk index 
(point total) 

 Probability 
of respiratory 
failure (%) 

 Postoperative 
pneumonia 
risk index 
(point total) 

 Probability 
of pneumonia 
(%) 

 1  0–10  0.5  0–15  0.2 
 2  11–19  2.2  16–25  1.2 
 3  20–27  5.0  26–40  4.0 
 4  28–40  11.6  41–55  9.4 
 5  >40  30.5  >55  15.3 

  Adapted from Arozullah AM, Khuri SF, Henderson WG, Daley J: Ann 
Intern Med 2001;135:847–857 with permission of American College of 
Surgeons; and Arozullah AM, Daley J, Henderson WG, Khuri SF. 
Multifactorial risk index for predicting postoperative respiratory failure 
in men after major noncardiac surgery. The National Veterans 
Administration Surgical Quality Improvement Program. Ann Surg. 
2000;232:242–253, with permission from Wolters Kluwer Health  
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The implication of these results is that no useful information 
is added by routinely performing PFTs as part of the clinical 
evaluation of patients undergoing nonthoracic surgery. 

 Arterial blood gas analysis has been used in the past for the 
preoperative evaluation of nonthoracic surgery patients despite 
the lack of evidence supporting its value. Hypercapnia with 
PaCO 

2
  (partial pressure of carbon dioxide in arterial blood) 

greater than 45 mmHg and arterial hypoxemia (PO 
2
  <60 mmHg) 

have in the past been considered important risk factors for 
PPCs and contraindications for surgery. These blood gas alter-
ations may help in certain risk–bene fi t assessments for a given 
patient or procedure, as their presence is associated with a 
decreased life expectancy in patients with COPD. However, 
neither hypercapnia nor hypoxemia has been shown to be inde-
pendent predictors of the risk for PPCs  [  27,   45  ] . 

 Chest radiographs are still routinely performed preopera-
tively in older patients, in patients with known pulmonary 
disease, and in patients who smoke; however, there is little to 
no evidence that routine chest radiographs affect the periop-
erative management or outcomes in any way  [  48  ] . A reason-
able use of chest radiology may be for patients with new or 
unexplained pulmonary symptoms, or for those with an acute 
process such as pneumonia or pneumothorax that will alter 
operative decision making and/or timing of surgery in the 
acute setting. Chest radiographs in asymptomatic patient are 

unlikely to add any information to the pulmonary risk 
strati fi cation  [  48  ] . 

 In summary, when assessing for pulmonary risk in the 
acute surgery setting, a thorough history and physical exami-
nation is essential, with particular attention to pulmonary 
and nonpulmonary factors that have been shown to be inde-
pendent predictors of PPCs. Table  3.6  summarizes the afore-
mentioned data and outlines risk reduction strategies for the 
prevention of PPCs. For patients with stable pulmonary 
symptoms who are undergoing a high-risk procedure (upper 
abdominal or thoracic surgery, major vascular surgery, dura-
tion longer than 3 h or the use of gastric suctioning), a further 
attempt at risk strati fi cation using the postoperative pneumo-
nia and respiratory failure risk indexes (Tables  3.3  and  3.4 ) 
can be performed. Those patients with a high score and 
therefore a high probability of PPCs can therefore be 
identi fi ed (Table  3.5 ), and the information used to guide not 
only preoperative counseling and consent but also in the 
implementation of risk-reduction strategies (Table  3.6 ), alter-
native surgical approaches, damage control procedure, or 
possibly nonoperative management. In patients with recent 
or ongoing respiratory infections, delay of surgery or nonsur-
gical management should be considered, if acceptable. Chest 
radiography with or without arterial blood gas measurement 
may be helpful in the acute setting to determine the presence, 

   Table 3.6       Evidence-based strategies to reduce the risk of PPCs   

 Factor  Clinical strategies  Evidence grade 

  Demonstrated bene fi t  
 Lung expansion modalities  Incentive spirometry, chest physiotherapy, continuous positive airway pressure  A 

  Probable bene fi t  
 Selective nasogastric decompression 
 Shorter acting neuromuscular blockade 

 Use nasogastric tube only for postoperative nausea/vomiting, abdominal distention 
 Use of vecuronium or atracurium vs. pancuronium 

 B 
 B 

  Possible bene fi t  
 Laparoscopic vs. open operation  Choice of less invasive surgical approach  C 

  Uncertain bene fi t  
 Smoking cessation a  
 Intraoperative regional block 
 Postoperative epidural analgesia 
 Immunonutrition 

 Long term vs. short term (48 h) 
 Spinal or Epidural block 

 Overall infections decreased; no data for PPCs 

 I 
 I 
 I 
 I 

  No bene fi t  
 Pulmonary Artery Catheterization 
 Routine use of parenteral nutrition 
 Routine use of enteral nutrition 

 ? Exception for severely malnourished or prolonged decrease enteral intake 
 Overall infections and complications were lower however no difference in PPCs 

 D 
 D b  
 D b  

  Data from Lawrence VA, Cornell JE, and Smetana GW. Strategies To Reduce Postoperative Pulmonary Complications after Noncardiothoracic 
Surgery: Systematic Review for the American College of Physicians. Ann Intern Med. 2006;144(8):596–608 
 EVIDENCE GRADE: 
 A—good evidence that PPCs are reduced and bene fi t outweighs risk 
 B—fair evidence that PPCs are reduced and that bene fi t outweighs risk 
 C—fair evidence that PPCs are reduced and but bene fi t between bene fi t and harm is too close to make a recommendation 
 D—fair evidence that PPCs are not reduced or that harm outweighs the bene fi t 
 I—Insuf fi cient or con fl icting data 
  a 48 h cessation decreases carboxyhemoglobin level to that of nonsmoker; eliminates nicotine effect on cardiovascular system and improves muco-
ciliary function. Sputum volume decreases after 1–2 weeks of abstinence, and spirometry improves after approximately 6 weeks 
  b Evidence remains uncertain (strength of evidence I) on total parenteral or enteral nutrition for severely malnourished patients or when a protracted 
time of inadequate nutrition is anticipated  
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absence or severity of any active pulmonary  disease or 
infection.   

   Prophylaxis of Venous Thromboembolism 

 The morbidity and mortality of venous thromboembolism 
(VTE) makes consideration of prophylaxis mandatory for 
every major operation. In the acute care setting, multiple 
factors must be considered with regards to method and tim-
ing of initiation of chemical prophylaxis. Knowledge of 
risk factors for VTE in certain patient groups or in indi-
vidual patients allows the most appropriate and cost effec-
tive use of prophylaxis. Multiple factors have been 
identi fi ed, including increasing age, prolonged immobility, 
obesity, prior VTE or history of pulmonary embolism, vari-
cose veins, cancer, in fl ammatory bowel disease, nephrotic 
syndrome, pregnancy or estrogen use, indwelling central 
venous catheters, certain surgical procedures (in particular 
operations involving the abdomen, pelvis, or lower extrem-
ities), and trauma (especially pelvis or lower extremity 
fractures)  [  49–  51  ] . These risk factors are often present in 
combination in hospitalized patients, and the risks are 
cumulative. 

 The 8th edition of the American College of Chest 
Physician (ACCP) guidelines (2008) recommends that 
every hospital develop a formal and active strategy to con-
sistently identify medical and surgical patients at risk for 
VTE and to prevent VTE occurrence  [  52  ] . The Surgical 
Care Improvement Project (SCIP), a national partnership of 
organizations including the American Medical Association 
and the American College of Surgeons has been tasked 
with the goal to reduce surgical complications in the United 
States by 25% from 2005 to 2010. Two SCIP process mea-

sures have been developed in relation to improving VTE 
prophylaxis: (1) The proportion of surgical patients for 
whom recommended VTE prophylaxis is ordered, and (2) 
the proportion of surgical patients who actually receive 
appropriate VTE prophylaxis within 24 hours before or 
after surgery  [  53  ] . 

 When considering the degree of VTE prophylaxis that a 
surgical patient may need, the surgeon must consider not 
only the individual speci fi c risk factors but also the throm-
boembolic risk of the procedure itself (Table  3.7 ). A thor-
ough preoperative assessment is essential to reveal any 
“hidden” risk factors such as thrombophilia or a family or 
personal history of VTE. The majority of patients who are 
hospitalized for surgery will fall into the moderate or high-
risk categories in Table  3.7 . Without thromboprophylaxis 
the incidence of hospital acquired deep vein thrombosis 
(DVT) is approximately 10–40% among medical or gen-
eral surgical patients and 40–60% following major ortho-
pedic surgery  [  53  ] . Patients who are at high risk for VTE 
require aggressive prophylaxis and multimodal therapy. 
The most common strategy is anticoagulation plus inter-
mittent pneumatic compression.  

 Strategies for VTE prophylaxis range from nonpharma-
cologic for lower-risk patients to pharmacologic or combi-
nation strategies for higher-risk patients. Nonpharmacologic 
prophylaxis strategies include ambulation, mechanical 
devices such as graduated compression stockings, inter-
mittent pneumatic devices, and vena caval interruption. 
Early ambulation offers many bene fi ts to patients and 
should be encouraged but should not be considered VTE 
prophylaxis in and of itself. In contrast, multiple random-
ized controlled trials have been done evaluating the effec-
tiveness of graduated compression or elastic stocking for 
preventing VTE in various groups of hospitalized patients, 

   Table 3.7    Levels of thromboembolism risk and recommended thromboprophylaxis in surgical patients   

 Level of risk 
 DVT risk without 
thromboprophylaxis  Suggested thromboprophylaxis options 

 Low risk 
 Minor surgery in mobile patients 

 <10%  No speci fi c thromboprophylaxis recommendation 
 Early and “aggressive” ambulation 

 Moderate risk 
 Most general, open gynecologic 
or urologic surgery patients 

 10–40%  LMWH (at recommended doses) 
 LDUH bid or tid, fondaparinux 

 Moderate VTE risk with high bleeding risk  Mechanical thromboprophylaxis 
 High risk 
 Hip or knee arthroplasty, hip fracture 
surgery, major trauma, SCI 

 40–80%  LMWH (at recommended doses), fondaparinux, warfarin (INR 2–3) 

 High VTE risk with high bleeding risk  Mechanical thromboprophylaxis a  

  Adapted from Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of Venous Thromboembolism: American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines (8th Edition). Chest. 2008;133(6 Suppl):381S–453S with permission from American College of Chest 
Physicians 
  a Mechanical thromboprophylaxis includes intermittent pneumatic compression or venous foot pump and/or graduated compression stockings; 
consider switch or addition of anticoagulant thromboprophylaxis when increased bleeding risk decreases  
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and have demonstrated effectiveness in diminishing the 
risk of VTE in hospitalized patients. Examination of the 
data suggests that graduated compression stockings used 
in combination with another method of prophylaxis is 
more effective than compression stocking prophylaxis on 
its own  [  54  ] . 

 The 8th edition of the ACCP guidelines recommends that 
mechanical methods of VTE prophylaxis be used primarily 
in patients who are at high risk of bleeding and that careful 
attention be directed to ensuring their proper use and optimal 
adherence  [  52  ] . The importance of adherence cannot be 
emphasized enough, as mechanical compression devices 
have been shown to be not effective unless worn 18–20 h per 
day. Mechanical compression should be initiated prior to the 
induction of anesthesia, and continued intraoperative and in 
the post-anesthesia care unit. 

 Vena caval interruption involves placement of a retriev-
able vena cava  fi lter ideally prior to surgery with removal 
sometime later; it offers the potential for VTE prophylaxis 
in patients who could not tolerate even minor bleeding, 
such as certain trauma patients. The Eastern Association for 
the Surgery of Trauma has put forth a consensus recom-
mendation to consider vena caval interruption in high-risk 
trauma patients who cannot receive pharmacologic prophy-
laxis  [  55  ] . 

 Pharmacologic strategies include low-dose unfractionated 
heparin (LDUH), low molecular weight heparin (LMWH), 
vitamin K antagonist (warfarin), and factor Xa speci fi c 
inhibitors (fondaparinux). For general surgery patients, pro-
phylaxis options that have proven bene fi cial in prospective 
trials include low-dose unfractionated heparin (LDUH), low 
molecular weight heparin (LMWH), intermittent pneumatic 
compression, and oral warfarin. Meta-analysis of more than 
30 randomized controlled trials comparing LMWH to LDUH 
in general surgery patients demonstrated comparable ef fi cacy 
for the prevention of thromboembolic phenomena but with a 
consequence of slightly higher incidence of minor wound 
bleeding  [  56  ] . LMWH, however, is not recommended for a 
patient following recent neurosurgery, gastrointestinal bleed-
ing, or renal insuf fi ciency and has been reported to cause 
spinal or epidural hematomas in patients with epidural 
catheters. 

 Although vitamin K antagonists (warfarin) still appear in 
the latest ACCP recommendations  [  52  ] , LMWH is prefera-
ble. A 2004 meta-analysis assessing these two strategies 
demonstrated vitamin K antagonists were associated with 
more episodes of total deep venous thrombosis (DVT) and 
proximal DVT as compared to LMWH  [  57  ] . This  fi nding is 
notable in that for these studies, warfarin was more likely 
administered correctly (to achieve an international normal-
ized ration [INR] of 2.0 to 3.0 within 72 h after surgery) than 
the dosing for LMWH, which was likely not weight based or 
monitored at the time these data were reviewed. 

 The indirect factor Xa-speci fi c inhibitor fondaparinux has 
been widely studied and has been found to be safe and effec-
tive  [  58  ] . It has a 17 h half-life, which raises concern about 
the length of time for effects to stop if a patient does begin to 
bleed while on this agent. Fondaparinux has been associated 
with increased bleeding events and transfusion requirements 
in the setting of knee replacement surgery  [  59  ] . 

 Special considerations must be taken when considering 
pharmacologic VTE strategies in certain patient populations. 
In the 8th edition VTE guidelines, the ACCP added evidence-
based recommendations for certain surgical procedures 
(Table  3.8 ). The guidelines additionally speci fi ed extended 
outpatient prophylaxis with LMWH for up to 28 days post-
operatively in selected high-risk patients undergoing general 
or gynecologic surgery (for example those patients with can-
cer or a personal history of VTE)  [  52  ] .  

 Renal function must be noted when considering LMWH, 
fondaparinux, and other antithrombotic agents that are 
renally cleared. Both fondaparinux and LMWH accumulate 
biologically in patients with renal insuf fi ciency, increasing 
their risk for bleeding. Options for these patients include 
LDUH, using lower doses of these speci fi c agents with close 
monitoring of the drug level or anticoagulant effect (such as 
monitoring factor Xa levels). Fondaparinux is explicitly con-
traindicated in patients with body weight <50 kg or creati-
nine clearance <30 mL/min. 

 The 8th edition of the ACCP guidelines recommends 
weight-based dosing of thromboprophylactic agents in obese 
patients, and speci fi cally recommend higher dose LMWH or 
unfractionated heparin for bariatric procedures  [  52,   60  ] . 
Frederikson et al. measured the anticoagulant effect of a sin-
gle  fi xed dose of LMWH using anti-factor Xa heparin activ-
ity levels. The anticoagulant effect of LMWH was found to 
be weight dependent  [  61  ] . Another observational study in 
bariatric patients re fl ected signi fi cantly fewer postoperative 
VTE complications in a higher dose LMWH regimen  [  62  ] . 

 Newer therapies for pharmacologic prophylaxis are emerg-
ing, including direct factor Xa inhibitors. The antithrombotic 
effects of the therapeutic anticoagulants heparin and warfarin 
are mediated by indirect inhibition of coagulation serine pro-
teases, including factor Xa and thrombin  [  63  ] . However, these 
anticoagulants also carry a bleeding liability, which highlights 
the central role of thrombin in both pathologic thrombosis and 
adaptive hemostasis. Thrombin is the  fi nal serine protease in 
the enzymatic cascade responsible for  fi brin clot formation in 
blood, and it is also a strong activator of platelets. The serine 
protease factor Xa is essential for the conversion of prothrom-
bin to thrombin. Inhibitors of factor Xa reduce thrombin gen-
eration and, by this mechanism, disrupt thrombotic vascular 
occlusion. In vitro studies suggest that factor Xa has a wider 
therapeutic window than thrombin  [  64  ] . Several emerging oral 
inhibitors of factor Xa are  emerging as promising strategies 
for anticoagulation and VTE prophylaxis.  
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   Management of the Therapeutically 
Anticoagulated Patient 

 In the setting of acute care or emergency general surgery, it 
is often necessary to treat or operate on an anticoagulated 
patient. In such circumstances, it is preferable to reverse the 
patient’s anticoagulation temporarily so that hemostasis can 
be optimized. Procoagulant therapy may sometimes obviate 
the need for surgery by stopping the bleeding (e.g., for gas-
trointestinal bleeding). The approach to the patient can be 
individualized, based on the urgency and magnitude of the 
surgery to be performed and the strength of the indication for 
anticoagulation. 

 Warfarin is commonly prescribed for patients with 
prosthetic heart valves and more commonly for chronic 
atrial  fi brillation. Emergency reversal of warfarin antico-
agulation may be required when a patient has major bleed-
ing or needs an urgent procedure. Vitamin K should be 
given intravenously at the time of emergency reversal of 
anticoagulation. The recommended dose is 10 mg intrave-
nously. The intravenous route acts more quickly than the 
oral route (6–12 h versus 18–24 h). Blood products, such 
as prothrombin complex concentrate or plasma, should be 
used only when the international normalized ratio (INR) 
is at least 1.5 and the patient either has major bleeding or 
needs a procedure within 6 h (e.g., repair of a ruptured 
aortic aneurysm or a perforated viscous). Although 
designed and licensed for the treatment of bleeding in 
hemophilia patients with inhibitors to factor concentrates, 
prothrombin complex concentrate and recombinant factor 
VIIa have been found to be useful but  expensive treat-
ments of uncontrolled intraoperative bleeding that is unre-
sponsive to replacement of blood components. Prothrombin 

complex concentrate contains variable concentrations of 
coagulation factors and may be associated with a high 
thrombotic risk  [  65,   66  ] . For elective reversal, guidelines 
support withholding warfarin or administering vitamin K 
 [  67  ]  with or without a LMWH or full dose heparin “bridge” 
to surgery, depending on the underlying reason for the 
patient’s anticoagulation. 

 In most circumstances, there is less physiologic urgency 
for restoration of anticoagulation than is generally appreci-
ated. Protection of cardiac valve prosthesis and recently 
placed cardiac stents are the most urgent indications, but a 
metallic valve can be left without anticoagulation for at least 
72 h, particularly in the aortic position; however, such a long 
interval is infrequently necessary. High-risk patients or those 
unable to resume their warfarin by mouth may be heparin-
ized safely as early as 12 h after most procedures with secure 
hemostasis, except for neurosurgical procedures and some 
operations in severe trauma. 

 Clopidogrel and aspirin are commonly used for anti-
platelet therapy. Percutaneous coronary interventions 
require antiplatelet therapy for 4 weeks to 12 months, 
depending on whether a bare metal stent or a drug-eluting 
stent has been inserted  [  68  ] . Drug-eluting stents effec-
tively retard intimal hyperplasia but also delay formation 
of an antithrombotic intimal layer, rendering patients with 
these stents at risk for perioperative ischemic events if 
antiplatelet drugs are discontinued. For emergency proce-
dures, negotiating the balance between risk of bleeding 
and risk of thrombosis (e.g., in the setting of recently 
placed cardiac stents) requires a multidisciplinary 
approach  [  69,   70  ] . After surgery the  antiplatelet agents 
should be restarted as soon as safely possible, recognizing 
that clopidogrel is associated with postoperative bleeding 

   Table 3.8    Procedure-speci fi c recommendations for VTE prophylaxis   

 Surgery type  Recommended options  Grade 

 Major vascular surgery (patient with risk factors)  LMWH, LDUH, or fondaparinux  1C 
 Major gynecologic surgery or laparoscopy 
(patient with risk factors) 

 LMWH, LDUH, intermittent pneumatic compression  1A 
 Fonduparinux ± graduated compression stockings  1C 

 Major open urologic surgery  LDUH, intermittent pneumatic compression/graduated compression  1B 
 LMWH, fonduparinux  1C 

 Bariatric surgery  Higher dose LMWH, LDUH tid, or fondaparinux  1C 
 Thoracic surgery  LMWH, LDUH, intermittent pneumatic compression  1C 
 CABG  LMWH over LDUH  2B 

  Adapted with permission from Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of Venous Thromboembolism: American College of Chest 
Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest. 2008;133(6 Suppl):381S–453S with permission from American 
College of Chest Physicians 
    Guide to recommendation grades in the ACCP guidelines: 
 1A = strong recommendation, high quality evidence 
 1B = strong recommendation; moderate quality evidence 
 1C = strong recommendation; low or very low quality evidence 
 2B = weak recommendation; moderate quality evidence  
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complications for up to 2 weeks, and therefore should be 
resumed with caution. 

 Aspirin is commonly used to decrease risk of events in 
patients with known, or risk factors for, vascular disease, dia-
betes, renal insuf fi ciency, or simply advanced age. Traditionally 
aspirin has been withdrawn in the perioperative period for 5–7 
days because of concern of bleeding. However, this practice 
has recently come under scrutiny. A meta-analysis of almost 
50,000 patients undergoing a variety of noncardiac surgeries 
(30% taking aspirin perioperatively) found that aspirin 
increased bleeding complications by a factor of 1.5, but not the 
severity, except in patients undergoing intracranial surgery and 
possibly transurethral resection of the prostate  [  71  ] . Surgeons 
blinded to aspirin administration could not identify patients 
taking or not taking aspirin based on bleeding  [  72  ] . 

 There is, however, an increased risk of vascular events 
when aspirin taken regularly is stopped perioperatively 
 [  73  ] . There may be a rebound hypercoagulable state when 
aspirin is withdrawn  [  74  ] . Acute coronary syndromes 
occurred 8.5 ± 3.6 days and acute cerebral events occurred 
14.3 ± 11.3 days after aspirin cessation, both time frames 
well within the typical duration of interruption for elec-
tive surgery. Events were twice as common in patients 
who had stopped taking aspirin in the previous 3 weeks 
when compared to those who continued aspirin  [  71  ] . 
Stopping aspirin for 3–4 days is usually suf fi cient, if aspi-
rin is stopped at all, and dosing should be resumed as soon 
as possible. New platelets formed after aspirin is stopped 
(half-life of approximately 15 min) will not be affected. 
Normally functioning platelets at a concentration of more 
than 50,000/mm 3  are adequate to control surgical bleed-
ing. For many minor, super fi cial procedures such as cata-
ract extraction, endoscopies, and peripheral procedures, 
the risk of withdrawing aspirin in at-risk patients is greater 
than the risk of bleeding  [  75  ] . Aspirin can safely be dis-
continued if taken only for primary prevention (no history 
of stents, strokes, MI). Aspirin administration should be 
continued if taken for secondary prevention (history of 
stents or vascular disease), except for procedures with a 
risk of bleeding in closed spaces (e.g., intracranial, poste-
rior chamber of the eye or transurethral resection of the 
prostate)  [  76  ] . Neuraxial and peripheral anesthesia in 
patients taking aspirin is safe and endorsed by the 
American Society of Regional Anesthesia (ASRA)  [  77  ] . 
The risk of spinal hematoma with clopidogrel is unknown. 
Based on labeling and ASRA guidelines clopidogrel is 
discontinued 7 days before planned neuraxial blockade. 

 In the acute surgical setting, therefore, the bleeding 
risk speci fi c to the procedure (e.g., intracranial or other 
closed spaced procedures) must be considered when 
assessing the need for perioperative platelet reversal and/
or cessation versus resumption of antiplatelet agents in 
the postoperative period.  

   Hemoglobin Levels and Transfusion 

 There are currently no adequately powered clinical trials that 
examine different transfusion thresholds or outcomes in the 
perioperative setting. Clinical trials to date have focused on 
mortality rate but have not evaluated other important out-
comes, such as myocardial infarction, central nervous system 
injury, or functional recovery. Prior to the late 1980s, the stan-
dard of care was to administer a perioperative transfusion 
whenever the hemoglobin level fell below 10 g/dL or the 
hematocrit fell below 30%. In 1988, a National Institutes of 
Health consensus conference on perioperative red blood cell 
transfusions concluded that there was no evidence to support a 
single criterion for transfusion  [  78  ] . Concerns at the time were 
raised due to the risks of transmission of serious viral illnesses 
such as HIV and hepatitis C  [  79  ] . In 1994, the American 
Society of Anesthesiologists established the Task Force on 
Blood Component Therapy in order to develop evidence based 
indications for transfusion. In general, the principle conclu-
sion of the task force is that red blood cell transfusion should 
not be dictated by single hemoglobin “trigger” as previously 
established but rather be based on the patient’s individual risk 
of developing complications of inadequate oxygenation  [  80  ] . 
The risk of bleeding in surgical patients is determined by the 
extent and type of surgery, the ability to control bleeding, and 
actual and anticipated rate of bleeding, and the consequences 
of uncontrolled bleeding. Additionally, the effects of anemia 
must be separated from those of hypovolemia, although both 
can interfere with oxygen transport and delivery. 

 The formal and current recommendations of the task force 
(updated in 1996), based on available data, are as follows: 
(1) transfusion is rarely indicated when the hemoglobin concen-
tration is greater than 10 g/dL and is almost always indicated 
when it is less than 6 g/dL, especially when the anemia is acute; 
(2) the determination of whether intermediate hemoglobin con-
centrations (6–10 g/dL) justify or require RBC transfusion 
should be based on the patient’s risk for complications of inad-
equate oxygenation; (3) the use of a single hemoglobin “trig-
ger” for all patients and other approaches that fail to consider all 
important physiologic and surgical factors affecting oxygen-
ation are not recommended; (4) when appropriate, preoperative 
autologous blood donation, intraoperative and postoperative 
blood recovery, acute normovolemic hemodilution, and mea-
sures to decrease blood loss (deliberate hypotension and phar-
macologic agents) may be bene fi cial; and (5) the indications for 
transfusion of autologous RBCs may be more liberal than for 
allogeneic RBCs because of the lower (but still signi fi cant) risks 
associated with the former  [  80  ] . Ultimately, careful clinical 
assessment with thoughtful consideration of risks and bene fi ts 
should guide the transfusion decision, not a speci fi c hemoglobin 
concentration. No single set of guidelines will apply to every 
patient or disease process.  
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   Steroid Administration 

 Traditionally, patients who present in need of acute care sur-
gery who are on a maintenance glucocorticoid regimen, or 
who have received corticosteroids within the past 6 months 
receive supplemental “stress dose” steroids, due to presumed 
suppression of the hypothalamic–pituitary–adrenal (HPA) 
axis. In order to prevent potential adrenal crisis, large doses 
(hydrocortisone 100 mg IV every 8 h or equivalent) are com-
monly given for unde fi ned periods with little to no monitor-
ing, despite the deleterious effect that steroids have on wound 
healing, host defenses, carbohydrate metabolism, and other 
systems. Additionally, there has been no consideration for 
the variability of the stress response. Because the use of 
stress doses of corticosteroids has become routine, the true 
incidence of perioperative adrenal crisis is dif fi cult to assess. 
Review of the available literature reveals very few cases in 
which death or hypotension could directly be attributed to 
perioperative adrenal crisis in these patients  [  81,   82  ] . This 
suggests that many patients receive unnecessary supplemen-
tal corticosteroid therapy. Recently, several smaller studies 
have suggested that the combination of the patient’s baseline 
exogenous corticosteroid dose plus their endogenous steroid 
production is adequate to meet the demands of the physio-
logic stress of surgery  [  82  ] . Biochemical testing of the HPA 
axis in patients on glucocorticoid therapy may reveal a degree 
of adrenal insuf fi ciency, however, these tests are extremely 
sensitive and do not predict the clinical outcome  [  83–  85  ] .  

   Management of Blood Glucose 

 Carbohydrate metabolism is inherently unstable during peri-
ods of surgical stress, and the stress of critical illness often 
induces hyperglycemia  [  86  ] . Several studies have clearly 
associated hyperglycemia with an increased risk for morbid-
ity and mortality of critical illness. In 2001, Van den Berghe 
and colleagues published the  fi rst of two studies documenting 
a mortality bene fi t to tight glycemic control (blood glucose 
80–110 mg/dL)  [  87,   88  ] . The bene fi t was observed in cohorts 
of both cardiac and noncardiac surgical patients. Postoperative 
morbidity was also reduced, including decreases in ventilator 
days, renal dysfunction, bloodstream infection, transfusion 
requirements, and polyneuropathy  [  87  ] . Intraoperative hyper-
glycemia has also been shown to have independent detrimen-
tal effects in cardiac surgical patients  [  89  ] . De fi ning an 
appropriate management strategy has recently been compli-
cated by several prospective randomized studies of tight 
 glycemic control demonstrating unacceptably high rates of 
hypoglycemia  [  90  ] . Severe or prolonged hypoglycemia can 
cause convulsions, coma, and irreversible brain damage as 
well as cardiac arrhythmias. While measured hypoglycemic 

events do increase with the implementation of intensive insu-
lin therapy, these brief episodes of biochemical hypoglyce-
mia have not been associated with any clinically signi fi cant 
sequellae  [  87,   91  ] . Additionally, in a recent case control study 
 [  92  ] , no causal link was found between hypoglycemia in the 
intensive care unit (ICU) and death when case and control 
subjects were matched for baseline risk factors and time in 
the ICU before the hypoglycemic event. These observations 
support prior suggestions that hypoglycemia in ICU patients 
who receive intensive insulin therapy may merely identify 
patients at high risk of dying rather than representing a cause 
and effect  [  93  ] . Although there are few data on preoperative 
control of hyperglycemia in the emergency surgical patient, 
based on the currently available literature in other similar set-
tings it would seem prudent to maintain blood glucose less 
than 150 mg/dL in accordance with the surviving sepsis cam-
paign guidelines  [  94  ] .  

   Fluids, Resuscitation and Intervention 

 Patients who require emergency or urgent operations often 
with severe metabolic derangements that require rapid inter-
vention. These derangements commonly range from mild 
perfusion de fi cits to severe shock. Such shock may be hem-
orrhagic or multifactorial. The recommendations made by 
the authors of the surviving sepsis campaign guideline 
include early goal-directed resuscitation (EGDR)  [  94  ] . Many 
patients with emergency general surgical conditions present 
with septic physiology and should be resuscitated in a goal-
oriented fashion. The timing of emergency operative inter-
vention then becomes an important issue. EGDR can be 
successfully continued intraoperatively by anesthesia staff 
 [  95  ] . However, the completeness of preoperative resuscita-
tion may be an important determinant in the outcome and the 
appropriate timing of an immediately necessary operation is 
often dif fi cult to establish. 

 Many patients presenting with intra-abdominal catastrophes 
have sepsis and septic shock. In addition to aggressive resus-
citation with  fl uids and correction of hypotension with vaso-
pressors, these patients require source control as soon as 
their physiologic stability allows intervention. The most 
minimal procedure that achieves source control is generally 
appropriate Source control may be achievable at beside in 
the intensive care unit; for example, endoscopic biliary 
decompression in ascending cholangitis, or ultrasound-
guided abdominal abscess or empyema drainage. In addition 
to source control, early institution of broad-spectrum 
 antibiotics should if possible follow acquisition of cultures 
but should not be delayed solely for the purpose of obtaining 
culture material. Delay in initiation of effective antimicrobial 
therapy has a time-dependent effect on mortality for patients 
presenting with hypotension due to an infection  [  96  ] . 
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 Although patients with intra-abdominal emergencies 
often present with fever, some with severe sepsis may be 
hypothermic. Even mild hypothermia has multiple physio-
logic effects. Hypothermia has been associated with an 
increased incidence of wound infection and longer hospital 
stay  [  97  ] . Although this is a multifactorial problem, it has 
been noted that vasoconstriction secondary to hypothermia 
impairs healing by decreasing blood  fl ow to the wound and 
therefore limiting bacterial killing by neutrophils. 
Hypothermia reduces platelet function and impairs activa-
tion of the coagulation cascade, which can increase intraop-
erative blood loss and transfusion requirements (which are 
also associated with an increase of surgical site infections) 
 [  98–  100  ] . It is a key component in the lethal combination of 
the triad of hypothermia, acidosis, and coagulopathy fre-
quently encountered in trauma and damage control surgery. 

 Because of the negative effects of hypothermia on coagu-
lation and wound infection, it should be aggressively cor-
rected preoperatively, as it will only be exacerbated by 
general anesthesia and ongoing  fl uid resuscitation. Correcting 
hypothermia is dif fi cult in these patients as the most com-
mon methods such as gastric or bladder irrigation are dif fi cult 
to accomplish intra-operatively. Preoperative warming using 
 fl uid warmers and ongoing intraoperative warming with 
forced air warming, increasing room temperature, and con-
tinuing the use of  fl uid warmers become key to regaining and 
maintaining normothermia.  

   Advanced Directives 

 Before proceeding with emergency surgical intervention, it 
is important to determine whether the patient has advanced 
directives. Patients presenting with surgical emergencies or 
urgencies are not infrequently elderly with multiple comor-
bidities or a terminal condition. These patients may have a 
preference for pain relief over extension of life  [  101  ] . The 
decision to pursue surgical therapy in a terminally ill patient 
will often involve the patient and family, the surgeon, the 
physician treating the terminal disease, and the emergency 
physician. Communication between the surgeon and the 
patient’s physician is essential to establish a clear under-
standing of the risk of perioperative morbidity and mortality 
as well as the impact of the acute condition on the patient’s 
chronic or terminal disease. The surgeon’s autonomy is also 
important as adherence to the ethical principles of non-
male fi cence and bene fi cence may guide the surgeon to elect 
not to perform an operation that he or she feels would not 
improve the patient’s condition or alter the patient’s outcome. 
Rarely, a con fl ict may arise between physicians or between 
physicians and family, a situation best avoided by open com-
munication among all the individuals involved. If con fl ict 
should arise, it is acceptable and encouraged to seek a second 

opinion from a colleague or partner regarding treatment 
options. Ethics consults are often readily available in larger 
centers to assist with these decisions. 

 Once operative intervention has been agreed on, the status 
of any do-not-resuscitate (DNR) orders must be addressed. 
As recently as 1994 few institutions had policies governing 
DNR orders in the perioperative setting  [  102  ] . The American 
College of Surgeons (ACS), the American Society of 
Anesthesiologists (ASA) and the Association of Operating 
Room Nurses (AORN) have developed statements regarding 
DNR orders  [  103–  105  ] . Patients exposed to anesthesia are at 
increased risk from transient insults that are reversible by 
resuscitation  [  106  ] . Should surgical intervention be selected 
by the patient and surgeon, in the presence of a preexisting 
DNR directive, a “required reconsideration” is recommended 
by the ACS, ASA, and AORN. Following DNR orders 
explicitly may result in potentially preventable death and is 
not endorsed  [  103–  105  ] . “Required reconsideration” is a dis-
cussion between the patient (or surrogate) and the surgical 
and anesthesia team to clarify the goals and limits of care. 

 The patient with a DNR order may suspend it for a 
speci fi ed time after which the goals and limitations of care 
can be updated. However, the suspension of DNR orders 
denies patients autonomy of care and exposes them to proce-
dures they would not otherwise accept. If a surgeon is uncom-
fortable with limitations on resuscitation, he or she is not 
obligated to perform the procedure but should offer to assist 
in alternative arrangements. For limitations on resuscitation, 
either goal-directed care or procedure based objectives can 
provide guidance. Procedure based limitations specify what 
is authorized and what is not (e.g., “may intubate,” “no chest 
compressions”). Goal-based limitations identify a clinical 
end point (e.g., “comfort only,” “keep patient alive until 
spouse returns to hospital”), which allows some  fl exibility 
for the providers as the patient or family will de fi ne their 
goals of care and the clinicians will provide procedures con-
sistent with those goals. This strategy places more autonomy 
with the providers. Similarly, the ACS guidelines recom-
mend customizing the advanced directive to remain consis-
tent with the patient’s goals during the perioperative period 
 [  106  ] . This should be clearly documented in the medical 
record and communicated to the entire operative team.  

   Conclusion 

 Patients presenting with general surgical emergencies can 
range from the simple appendectomy in a young healthy 
patient to  fl orid sepsis from viscous perforation in a patient 
with multiple comorbidities. The surgeon and operative team 
are often faced with urgent risk versus bene fi t decisions in 
these patients in order to provide optimal intervention and 
minimize postoperative complications. These decisions must 
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often be made in an expeditious manner with data available 
at the time of presentation. Attention to detail and appropri-
ate management of comorbidities is essential to optimizing 
outcomes for the acute surgical patient.      
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         Introduction 

 Over the past decade tremendous efforts have been directed 
at de fi ning and implementing evidence-based guidelines 
(EBGs) for sepsis in the intensive care unit (ICU)  [  1–  6  ] . 
Given the magnitude and the complexity of this increasingly 
common ICU problem, these guidelines were badly needed 
 [  7–  12  ] . However, these EBGs fail to distinguish surgical 
sepsis as a distinct entity. In August 2006, a new Division of 
Acute Care Surgery (ACS) was started at The Methodist 
Hospital (TMH) in Houston, Texas. The ACS group identi fi ed 
sepsis to be the major cause of mortality in the surgical inten-
sive care unit (SICU). A multidisciplinary sepsis working 
group was developed and over the next year it created a com-
prehensive sepsis management protocol that included (a) 
routine sepsis screening, (b) computerized clinical decision 
support (CCDS) to consistently implement EBGs, and (c) 
selective use of damage control laparotomy (DCL) in patients 
presenting with an intra-abdominal infection and septic 
shock  [  6,   13,   14  ] . The purpose of this chapter is to review our 
rationale for the use of DCL in surgical sepsis, how DCL is 
implemented into comprehensive management of sepsis, and 
our ongoing experience with managing surgical sepsis with 
an emphasis on DCL.  

   Rationale for Damage Control Laparotomy 
in Surgical Sepsis 

 In the early 1980s, trauma surgeons recognized the high 
 mortality associated with operating in the setting of “bloody 
viscous cycle” of acidosis, hypothermia, and coagulopathy 
 [  15  ] . This prompted the development of the concept of a 
 truncated laparotomy using packing to stop bleeding with a 
temporary abdominal closure (e.g., towel clips closure of the 
skin) and triage to the ICU with the intent of optimizing physi-
ology and then returning to the operating room (OR) after 
24–48 h for de fi nitive treatment of injuries and abdominal clo-
sure  [  16  ] . This concept was initially promoted for major liver 
injuries but was soon extended to all emergency laparotomies 
 [  17–  19  ] . Over the next decade this concept evolved into “dam-
age control,” which was a major paradigm shift for trauma 
surgeons  [  20  ] . This practice has become standard of care 
worldwide and has saved the lives of many patients who pre-
viously exsanguinated on the operating room table. But how 
does this strategy relate to surgical sepsis? 

 As a group of acute care surgeons developing a comprehen-
sive sepsis management protocol, it was natural to use DCL in 
the most physiologically deranged patients  [  21,   22  ] . However, 
this caused considerable consternation among the other mem-
bers of medical staff. For several reasons they were confused. 
First, while they were aware of the “bloody viscous cycle,” they 
appropriately noted that this is not a frequent fatal problem in 
surgical sepsis. Second, they did not appreciate that staying in 
the OR to perform a de fi nitive operation often results in extended 
periods of hypovolemia and vasopressor therapy, which cause 
acute kidney injury (AKI). This sets the stage for multiple organ 
failure (MOF) and prolonged ICU stays  [  23  ] . In the laboratory, 
it has been demonstrated that AKI adversely affects the immune 
response (primarily T cell function) contributing to the compen-
satory anti-in fl ammatory response syndrome (CARS). Third, 
they mistakenly thought that the acute care surgeons were 
 practicing “planned re-laparatomy.” This strategy has been 
debated for more than 30 years. Reoperations are performed 
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every 48 h for “washouts” until the abdomen is free of ongoing 
peritonitis and then the abdomen is closed. This supposedly pre-
vents and/or provides early treatment for secondary infections, 
thus decreasing late MOF and deaths. The downside of the 
planned re-laparotomy approach is increased resource utiliza-
tion and the increased potential risk for gastrointestinal  fi stulas 
and delayed hernias. 

 The alternative is referred to “laparotomy on demand” 
where re-laparotomy is performed for clinical deterioration or 
lack of improvement. The potential downside to this approach 
is harmful delays in diagnosing secondary abdominal infec-
tions and the presence of more dense adhesions if there is a 
need to reoperate. Over the years there have been eight case 
series that have offered con fl icting results regarding the impact 
of this strategy on outcome. A meta-analysis of the data con-
cluded “laparotomy on demand” was the preferred approach 
in patients with Acute Physiology and Chronic Health 
Evaluation II (APACHE II) scores <10  [  24  ] . However, a recent 
prospective randomized trial by van Ruler et. al. in patients 
with APACHE II >10 indicates that the practice of “planned 
re-laparotomy” offered no clinical advantage over “laparo-
tomy on demand” and was associated with substantial increases 
in expenditure of hospital resources  [  25  ] . 

 To explain acute care surgeon’s practice of DCL, Figs.  4.1 –
 4.3  were developed. Fig.  4.1  emphasizes that an intra-abdom-
inal infection is a progressive disease. As patients progress 
from sepsis with SIRS through severe sepsis with organ dys-
function into septic shock, the abdominal infection often 
turns into an abdominal catastrophe. Patients presenting with 
an abdominal catastrophe frequently present in full-blown 
septic shock. In these cases, the surgeon needs to recognize 
that the patient is in the “persistent septic shock cycle” 
(Fig.  4.2 ). This is characterized by excessive proin fl ammation, 
which causes vasodilation, hypotension, and myocardial 
depression. This combined with endothelial activation and 
diffused intravascular coagulopathy (DIC) causes ongoing 
endothelial leak, cellular shock, and microvascular thrombo-
sis. The clinical manifestation is ongoing septic shock with 
progressive MOF. The crucial question is timing of the opera-
tive intervention for source control to break this persistent 
cycle. These patients are hemodynamically unstable and 
clearly not great candidates for operative interventions. The 
traditional approach has been to take the patient to the OR 
and perform a de fi nitive operation (Fig.  4.3 ). However, this 
usually results in a hypovolemic septic shock patient being 
treated for prolonged periods in the OR with vasopressors. 
The end result is early deaths from fulminant MOF or AKI, 
which then sets the stage for ongoing MOF and prolonged 
ICU stays. However, with the recent EGBs recommending 
source control within 6 h, a paradigm shift was proposed  [  5  ] . 
The initial focus was preoperative optimization with admin-
istering antibiotics, placement of central venous and arterial 
lines, and optimizing resuscitation. This takes 2–3 h. The 

patient is taken to the OR for a truncated operation and is 
returned to the ICU for ongoing resuscitation with the intent 
of avoiding AKI. If this can be accomplished, it is surprising 
how quickly these very sick patients can recover.     

   Integrating Damage Control Laparotomy 
in Sepsis Management 

   Preoperative Optimization 

 This will take 2–3 h to accomplish. Patients are entered into the 
24-h early sepsis management protocol. They are bolused with 
20 ml/kg of ideal body weight of isotonic crystalloids and given 
rescue bolused norepinephrine as needed to maintain mean 
arterial pressure (MAP) greater than 65 mmHg. Broad-spectrum 
antibiotics are administered. At least two large-bore intravenous 
lines are needed. Given that the patient is in septic shock, a 
central line (via the internal jugular vein placed under ultra-
sound guidance) and an arterial line are placed. With ongoing 
volume loading, central venous pressure (CVP) is increased to 
above 10 cmH 

2
 O. At this point the patient is intubated. Avoid 

etomidate as an induction agent as it is known to suppress the 
adrenal function and its use in critically ill patients is associated 
with increased mortality  [  26  ] . Use ketamine instead, because it 
does not adversely affect cardiac function and it down-regulates 
pro-in fl ammation  [  27  ] . Ventilation is then optimized. 
Norepinephrine is titrated to maintain MAP >65 mmHg, and if 
high doses are required, stress-dose steroids are administered. 
Electrolyte abnormalities are corrected and blood products are 
administered based on institutional guidelines. Lactate and 
mixed venous hemoglobin saturations are measured.  

   Laparotomy 

 The goal is to have this completed as soon as possible and 
the priority of this operative intervention is source control. 

  Fig. 4.1    The progression of an intra-abdominal infection       

 



534 Damage Control Laparotomy in Surgical Sepsis

At the beginning of the operation the surgeons assess the 
degree of physiologic derangement (i.e., vasopressor require-
ments, acidosis, and evidence of DIC). If the patient is judged 
to be physiologically deranged then proceed into “damage 
control” mode. The surgeon should announce to the operat-
ing room team his/her intent to perform DCL and speci fi c 
supplies that are needed (e.g., staplers, temporary abdominal 
closure supplies) and that this is going to be a short opera-
tion. Dead bowel is resected and debrided. Holes in the 
bowel are stapled to limit contamination. Big dissections are 
avoided to minimize consequent bleeding. Bleeding is 
packed as needed. Limited irrigation is performed to ensure 
no ongoing contamination. Use vacuum-assisted temporary 
abdominal closure. The operation should last 30–45 min.  

   Postoperative Optimization 

 The primary focus is to optimize resuscitation. The 
patient is volume loaded to increase CVP to >10 cmH 

2
 O and 

to decrease stroke volume variation to less than 13%. 

 Non-responding patients should have an echocardiogram to 
assess for the presence of myocardial dysfunction, which 
often occurs with severe sepsis and should prompt the use of 
inotropic agents  [  28  ] . During acute resuscitation, the patient 
is sedated and provided full ventilator support. A short course 
of neuromuscular blockade is administered if the patient is 
 fi ghting the ventilator until the clinical course stabilizes 
(usually within 12 h). If the patient develops acute lung 
injury, paralysis should be continued for 48 h to facilitate 
lung-protective ventilation, which improves outcome  [  29  ] . 
The goals are to correct abnormal physiology (e.g., hypo-
thermia, coagulopathy, and acidosis) to prepare for a 
de fi nitive second operation. Bladder pressure should be 
monitored in patients who require high-volume crystalloid 
resuscitation. Avoid large volume of hetastarch as this has 
been shown to cause AKI  [  30  ] .  

   Second Operation 

 The temporary abdominal closure device and packs are 
removed and the abdomen is explored. Further resection 
and/or debridement are performed as needed. Next the sur-
geon needs to decide whether to perform an anastomosis or 
an ostomy. A left colon anastomosis should only be per-
formed when conditions are ideal  [  31,   32  ] . A nasojejunal 
tube should be placed to facilitate early enteral nutrition. If 
feasible the fascia is closed, but the skin is not closed. If the 
fascia cannot be closed, replace a temporary abdominal clo-
sure device.  

   Ongoing Supportive ICU Care 

 By now the patient has completed the 24-h early sepsis 
management protocol that is implemented by CCDS and 
will be managed by the surgical intensivist using standard 

  Fig. 4.3    Paradigm shift in management of patients with an abdominal 
infection and septic shock       

  Fig. 4.2    The persistent septic shock cycle        
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ICU protocols, including (a) sedation and analgesia, (b) 
lung- protective ventilation, (c) spontaneous breathing trials 
when indicated, (d) early enteral nutrition, (e) stress gastritis 
prophylaxis, (f) DVT prophylaxis, (g) tight glycemic con-
trol, (h) restrictive transfusions, and (i) early mobilization.   

   Recent Case Report 

 As part of the early sepsis management protocol hourly 
data are collected for 24 h. A  fl ow sheet with these data is 
then given to the ICU team to review the next day on 
rounds so that they can see what happened during the sep-
sis  resuscitation (see Fig.  4.4  as an example of one of 
these  fl ow sheets). These data were collected from a 
54-year-old male that was undergoing chemotherapy for a 
brain tumor and experienced a sudden change in mental 
status and became short of breath on the  fl oor. He was 

transferred to the SICU due to the fact that the  neurosurgical 
ICU was full. He presented with a systolic blood pressure 
of 70 mmHg, heart rate of 160 beats per minute (BPM), 
and temperature of 40.3°C. He was volume resuscitated 
and bolused with norepinephrine. The patient was in full-
blown septic shock but the etiology was unclear. A screen-
ing abdominal X-ray (see Fig.  4.5 ) was obtained and 
demonstrated a dilated colon. Given the clinical presenta-
tion, this was presumed to be dead. The patient had ongo-
ing hypotension despite aggressive volume resuscitation 
and was now on high-dose norepinephrine, low-dose 
vasopressin, and stress-dose steroids. He was too unstable 
for transport to the operating room. The family and 
the patient’s attending physician wanted to pursue all 
options. The ACS attending on call was noti fi ed and 
decided to perform a DCL in the ICU (see Figs.  4.6  and 
 4.7 ). The dead colon was removed and a temporary 
abdominal closure device was placed.     
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  Fig. 4.4    Early sepsis management       
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 As can be seen in Fig.  4.4 , this patient was gravely ill. He 
presented with a heart rate of 161 BPM, and he had a lactate 
of 3.9, and a creatinine of 2.5. With aggressive volume load-
ing, the CVP was increased to 15 cmH 

2
 O and the heart rate 

decreased to less than 100 BPM. He required 7 l of lactated 
Ringer’s. Over the 24-h period, lactate levels normalized and 
the norepinephrine was weaned off. Of note, the creatinine 
levels normalized and there was no need for dialysis. The 
following day, the patient was taken to the OR where an ileo-
stomy was performed and primary fascial closure was 
achieved. A nasojejunal tube was placed and the patient was 
placed on early enteral nutrition with an immune-enhancing 
diet. The patient underwent aggressive physical therapy and 
early mobilization. He was transferred to inpatient rehabili-
tation at day 11. His APACHE II score was 41 with a pre-
dicted mortality of 93%. This is an example of how DCL can 
salvage someone who would have previously died.  

   Our Recent Experience with an Early Sepsis 
Management Protocol in Surgical Sepsis 

 Over the last year a series of database analyses have been 
performed, some of which are relevant to this chapter. 
Fig.  4.8  depicts the 30-day mortality for severe sepsis/septic 
shock over 3 years of protocol development (2007–2009) 
 [  6  ] . Mortality data for 2006 and 2007 were collected by 
TMH Performance Improvement department as part of the 
Institute of Healthcare Improvement (IHI) Surviving Sepsis 
Campaign (SSC)  [  33  ] . The ACS group arrived in August 
2006 and implemented a paper protocol in 2007 and 2008. 
Automated electronic medical record sepsis screening and 

CCDS were fully implemented in 2009. The 2008 and 2009 
mortality were collected as part of the ACS sepsis database. 
These mortality data are also compared to the reported mor-
tality of a recently published analysis of the National Surgical 
Quality Improvement Project (NSQIP) database and the 8th 
quarter mortality reported by the IHI SSC  [  11,   32  ] . As can be 
seen there was a tremendous reduction in mortality from 
35% in 2006 prior to protocol development to 14% in 2009 
after full implementation of early sepsis management proto-
col. We believe this is primarily due to (a) early detection of 
sepsis prior to the development of septic shock, (b) rapid 
implementation of evidence-based care with CCDS, and (c) 
selective use of DCL in patients presenting with abdominal 
catastrophes and septic shock.   

   Recent Experience with Damage Control 
Laparotomy in Surgical Sepsis 

 In 2009, we reported at the American Association for the 
Surgery of Trauma annual meeting the results of the 2007–
2008 ACS sepsis database analysis (Fig.  4.9 ). Our objective 
was to determine the actual mortality versus the predicted 
mortality for patients undergoing DCL for intra-abdominal 
infection who were in septic shock (Fig.  4.10 ). We queried 
our prospective database over a 2-year period to identify 
patients with (1) septic shock, (2) intra-abdominal infection, 
and (3) those who had undergone DCL. We identi fi ed 41 
patients who met the criteria for septic shock. Twenty-one 
patients had an intra-abdominal infection and underwent 
DCL. Sources of infection included the colon in 13, small 
bowel in 6, stomach in 2, and primary peritonitis in 1. Their 
average APACHE II score was 31.8 (±11.3) with a predicted 
mortality of 76%. Their P-Possum score was 74.9 ± 23.2 with 
a predicted mortality of 69.4%. The actual mortality was 
27%, which is signi fi cantly lower ( p  < 0.02) than the pre-
dicted mortalities.    

   Benchmarking 

 More recently to assess the impact of the comprehensive 
sepsis management protocol, the 2005–2007 NSQIP data-
base and the prospective ACS sepsis database were queried 
to identify patients (1) with severe sepsis/septic shock (using 
the same de fi nitions) and (2) requiring emergency colon    sur-
gery  [  34  ] . The primary endpoint was 30-day mortality. Out 
of 363,897 general surgery patients in the NSQIP database, 
1,101 patients were identi fi ed who met these criteria and out 
of 307 ACS database, 46 patients who met the same criteria 
were identi fi ed. Table  4.1  depicts the demographics, APACHE 
II scores, predicted mortality, and actual 30-day mortality. 

  Fig. 4.5    Screening KUB X-ray       
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The two cohorts had similar average ages and percent male 
gender. The ACS patients had a predicted mortality of 73%, 
which was signi fi cantly higher than the actual mortality of 
28.3%. The actual NSQIP 30-day mortality was 40.4%, 
which was higher ( p  = 0.06) than the ACS actual 30-day mor-
tality. Sixty-seven percent of the ACS database cohort had 
undergone DCL. It is unknown if any of the NSQIP patients 
underwent DCL.   

  Fig. 4.7    Abdomen after colon was removed       

  Fig. 4.6    Dilated colon   found after opening the abdomen       

   Table 4.1    NSQIP benchmark study   

 ACS ( n  = 46)  NSQIP ( n  = 1,101) 

 Average age  62.3 ± 17.9  68.5 ± 13.5 
 Male  45%  47.2% 
 APACHE II  31 ± 8.2  Not available 
 Predicted mortality 
(APACHE II) a  

 73%  Not available 

 Actual 30-day mortality b   28.3%  40.4% 

   a Actual versus predicted mortality  p  < 0.0001 
  b ACS versus NSQIP mortality  p  = 0.06  
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  Fig. 4.8    Decreased mortality with comprehensive sepsis management       

  Fig. 4.9    AKI severity and mortality       

  Fig. 4.10    Actual versus predicted mortality of DCL patients       

   Conclusion 

 Surgical sepsis is a complex and frequently deadly complica-
tion that requires complex processes of care to ensure 
 survival. Routine screening helps identify septic patients 
early in the process before they progress to septic shock. 
CCDS is used to ensure high compliance with recommended 
interventions. Additionally, DCL is used in patients present-
ing an intra-abdominal infection and septic shock. The com-
bination of routine screening, CCDS, and selective use of 
DCL can dramatically improve survival and appears to be 
better than the traditional methods of managing surgical 
sepsis.      

 

 

 



58 F.A. Moore and L.J. Moore

   References 

    1.    Hollenberg SM, Ahrens TS, Annane D, Astiz ME, Chal fi n DB, 
Dasta JF, Heard SO, Martin C, Napolitano LM, Susla GM, Totaro 
R, Vincent JL, Zanotti-Cavazzoni S. Practice parameters for 
 hemodynamic  support of sepsis in adult patients: 2004 update. Crit 
Care Med. 2004;32(9):1928–48.  

    2.    Kortgen A, Niederprum P, Bauer M. Implementation of an evi-
dence-based “standard operating procedure” and outcome in septic 
shock. Crit Care Med. 2006;34(4):943–9.  

    3.    Nguyen HB, Corbett SW, Steele R, Banta J, Clark RT, Hayes SR, 
Edwards J, Cho TW, Wittlake WA. Implementation of a bundle of 
quality indicators for the early management of severe sepsis and 
septic shock is associated with decreased mortality. Crit Care Med. 
2007;35(4):1105–12.  

    4.    Thiel SW, Asghar MF, Micek ST, Reichley RM, Doherty JA, Kollef 
MH. Hospital-wide impact of a standardized order set for the manage-
ment of bacteremic severe sepsis. Crit Care Med. 2009;37(3):819–24.  

    5.    Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke 
R, Reinhart K, Angus DC, Brun-Buisson C, Beale R, Calandra T, 
Dhainaut JF, Gerlach H, Harvey M, Marini JJ, Marshall J, Ranieri 
M, Ramsay G, Sevransky J, Thompson BT, Townsend S, Vender JS, 
Zimmerman JL, Vincent JL. Surviving sepsis campaign: interna-
tional guidelines for management of severe sepsis and septic shock: 
2008. Crit Care Med. 2008;36(1):296327.  

    6.    McKinley BA, Moore LJ, Sucher JF, Todd SR, Turner KL, Valdivia 
A, Sailors RM, Moore FA. Computer protocol facilitates evidence-
based care of sepsis in the surgical intensive care unit. J Trauma. 
2011;70(5):1153–67.  

    7.    Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, 
Pinsky MR. Epidemiology of severe sepsis in the United States: 
analysis of incidence, outcome, and associated costs of care. Crit 
Care Med. 2001;29(7):1303–10.  

    8.    Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of 
sepsis in the United States from 1979 through 2000. N Eng J Med. 
2003;348:1546–54.  

    9.    Dombrovskiy VY, Martin AA, Sunderram J, Paz HL. Rapid increase 
in hospitalization and mortality rates for severe sepsis in the United 
States: a trend analysis from 1993 to 2003. Crit Care Med. 
2007;35(5):1244–50.  

    10.    Moore LJ, Moore FA, Jones SL, Xu J, Bass BL. Sepsis in general 
surgery: a deadly complication. Am J Surg. 2009;198(6):868–74.  

    11.    Moore LJ, Moore FA, Todd SR, Jones SL, Turner KL, Bass BL. Sepsis 
in general surgery. The 2005–2007 national surgical quality improve-
ment program perspective. Arch Surg. 2010;145(7):695–700.  

    12.    Moore LJ, McKinley BA, Turner KL, Todd SR, Sucher JF, Valdivia 
A, Sailors RM, Kao LS, Moore FA. The epidemiology of sepsis in 
general surgery patients. J Trauma. 2011;70(3):672–80.  

    13.    Moore LJ, Turner KL, Jones SL, Kreiner LA, McKinley BA, 
Valdivia A, Todd SR, Moore FA. Validation of a screening tool for 
the early identi fi cation of sepsis. J Trauma. 2009;66(6):1539–47.  

    14.    Moore LJ, Turner KL, Todd SR, McKinley BA, Moore FA. 
Computerized clinical decision support improves mortality in intra 
abdominal surgical sepsis. Am J Surg. 2010;200(6):839–44.  

    15.    Kashuk JL, Moore EE, Millikan JS, Moore JB. Major abdominal 
vascular trauma—a uni fi ed approach. J Trauma. 1982;22:672–9.  

    16.    Stone H, Strom PR, Mullins RJ. Management of the major coagul-
opathy with onset during laparotomy. Ann Surg. 1983;197(5):532–5.  

    17.    Feliciano DV, Mattox KL, Burch JM, Bitondo CG, Jordan GL. Packing 
for control of hepatic hemorrhage. J Trauma. 1986;26:738–43.  

    18.    Burch JM, Ortiz VB, Richardson RJ, Martin RR, Mattox KL, 
Jordan Jr GL. Abbreviated laparotomy and planned reoperation for 
critically injured patients. Ann Surg. 1992;215:476–84.  

    19.    Morris JA, Eddy VA, Blinman TA, Rutherford EJ, Sharp KW. 
Management of the major coagulopathy with onset during laparo-
tomy. Ann Surg. 1993;217(5):576–86.  

    20.    Rotondo MF, Schwab CW, McGonigal MD, Phillips III GR, 
Fruchterman TM, Kauder DR, Latenser BA, Angood PA. ‘Damage 
Control’ an approach for improved survival in exsaguinating pene-
trating abdominal injury. J Trauma. 1993;35(3):375–82.  

    21.    Finlay IG, Edwards TJ, Lambert AW. Damage control laparotomy. 
Br J Surg. 2004;91:83–5.  

    22.       Stawicki SP, Brooks A, Bilski T, Scaff D, Gupta R, Schwab CW, 
Gracias VH. The concept of damage control: extending the para-
digm to emergency general surgery. Injury. 2008;39:93–101.  

    23.    White LE, Chaudhary R, Moore LJ, Moore FA, Hassoun HT. 
Surgical sepsis and organ crosstalk: the role of the kidney. J Surg 
Res. 2011;167(2):306–15.  

    24.    Lamme B, Boermeester MA, Reitsma JB, Mahler CW, Obertop H, 
Gouma DJ. Meta-analysis of relaparotomy for secondary peritoni-
tis. Br J Surg. 2003;90(3):369.  

    25.    van Ruler O, Mahler CW, Boer KR, Reuland EA, Gooszen HG, 
Opmeer BC, de Graaf PW, Lamme B, Gerhards MF, Steller EP, van 
Till JW, de Borgie CJ, Gouma DJ, Reitsma JB, Boermeester MA, 
Dutch Peritonitis Study Group. Comparison of on-demand vs. 
planned relaporatomy strategy in patients with severe peritonitis. 
JAMA. 2007;298(8):865–72.  

    26.    Albert SG, Ariyan S, Rather A. The effect of etomidate on adrenal 
function in critical illness: a systemic review. Intensive Care Med. 
2011;37:901–10.  

    27.    Takahashi T, Kinoshita M, Shono S, Habu Y, Ogura T, Seki S, 
Kazama T. The effect of ketamine anesthesia on the immune func-
tion of mice with postoperative septicemia. Anesth Analg. 
2010;111(4):1051–8.  

    28.    Turner KL, Moore LJ, Todd SR, Sucher JF, Jones SA, McKinley 
BA, Valdivia A, Sailors RM, Moore FA. Identi fi cation of cardiac 
dysfunction in sepsis with B-type natriuretic peptide. J Am Coll 
Surg. 2011;213(1):139–46. discussion 146–7. Epub 2011 Apr 
21.  

    29.    Papazian L, Forel JM, Gacouin A, Penot-Ragon C, Perrin G, 
Loundou A, Jaber S, Arnal JM, Perez D, Seghboyan JM, Constantin 
JM, Courant P, Lefrant JY, Guérin C, Prat G, Morange S, Roch A, 
ACURASYS Study Investigators. Neuromuscular blockers in early 
acute respiratory distress syndrome. N Engl J Med. 
2010;363(12):11071116.  

    30.    Bayer O, Reinhart K, Sakr Y, Kabisch B, Kohl M, Riedemann NC, 
Bauer M, Settmacher U, Hekmat K, Hartog CS. Renal effects of syn-
thetic colloids and crystalloids in patients with severe sepsis: a pro-
spective sequential comparison. Crit Care Med. 
2011;39(6):13351342.  

    31.    Ott MM, Norris PR, Diaz JJ, Collier BR, Jenkins JM, Gunter OL, 
Morris Jr JA. Colon anastomosis after damage control laparotomy: 
recommendations from 174 trauma colectomies. J Trauma. 
2011;70(3):595–602.  

    32.    Kashuk JL, Cothren CC, Moore EE, Johnson JL, Bif fl  WL, Barnett 
CC. Primary repair of civilian colon injuries is safe in the damage 
control scenario. Surgery. 2009;146(4):663–8.  

    33.    Levy MM, Dellinger RP, Townsend SR, Linde-Zwirble WT, 
Marshall JC, Bion J, Schorr C, Artigas A, Ramsay G, Beale R, 
Parker MM, Gerlach H, Reinhart K, Silva E, Harvey M, Regan S, 
Angus DC, Surviving Sepsis Campaign. The surviving Sepsis 
Campaign: results of an international guideline-based performance 
improvement program targeting severe sepsis. Crit Care Med. 
2010;38(2):367374.  

    34.    Moore LJ, Turner KL, Jones SL, Fahy BN, Moore FA. The avail-
ability of acute care surgeons improves outcomes in patients requir-
ing emergent colon surgery. Am J Surg. 2011;202(6):837–42. Epub 
2011 Oct 19.      



59L.J. Moore et al. (eds.), Common Problems in Acute Care Surgery, 
DOI 10.1007/978-1-4614-6123-4_5, © Springer Science+Business Media New York 2013

         Introduction 

 Surgeons inherently favor performing procedures in the 
operating room. It is the obvious choice since it is a con-
trolled, sterile environment, with the assistance of an anes-
thesiologist, surgical technician, and circulating nurse. 
However, through technological advances in the  fi eld of 
intensive care medicine, bringing the operating room to the 
bedside is becoming more feasible, cost-effective, ef fi cient, 
and, most importantly, safe. Therefore, surgeons must adapt 
to this new operating venue if it will provide the best out-
come for the patient. This chapter focuses on common pro-
cedures performed in the critically ill and the risks and 
bene fi ts of performing these procedures at the bedside. 

   Background 

 In comparison to general, oncologic, and vascular surgeons 
whose time is equally split between the inpatient and outpa-
tient settings, the majority of work by the acute care surgeon 
is conducted in the hospital, speci fi cally in the intensive care 
unit (ICU)  [  1  ] . As ICUs continue to shift towards closed 
units due to the increasing evidence supporting lower mor-
bidity and mortality  [  2–  4  ] , the acute care surgeon ultimately 
becomes the primary care physician during the patient’s ICU 
period. It is important, therefore, for the surgeon to under-

stand what surgeries and procedures can bene fi t patients and 
be cost-effective if done at the bedside. 

 Common procedures such as central line placements, 
wound care, and tube thoracostomies, once the bread-and-
butter of general surgery, have been taken over by the acute 
care surgeon  [  1  ] . While most of these procedures can obvi-
ously be performed at the bedside, controversy remains on 
topics such as tracheostomies, vena cava  fi lters (VCFs), endo-
scopic procedures, and diagnostic laparoscopy/laparotomy. 
With so much of our work being transferred outside of the 
operating room, it is essential to understand what we are capa-
ble of doing safely at the bedside as technology advances.  

   Why the Bedside Instead of the 
Operating Room? 

 Critically ill patients are safest in the ICU. Here, they remain in 
a controlled environment, well equipped to handle any problem 
that arises. However, these patients frequently require trips to 
the computed tomography (CT) scanner, interventional radiol-
ogy, and sometimes the operating room. The intra-hospital 
transport that accompanies these trips is often treacherous with 
adverse events occurring up to 70% of the time  [  5  ] . A few 
examples include arrhythmias, arterial hypotension/hyperten-
sion, elevated intracranial pressures, hypoxia, and hypercapnia. 

 Although inter- and intra-hospital transportation guidelines 
have been recommended by the American College of Critical 
Care Medicine and the Society of Critical Care Medicine  [  6  ] , 
some institutions have simply tailored the procedure to be per-
formed at the patient’s bedside. Such examples include tracheo-
stomies, percutaneous endoscopic gastrostomies, and VCFs. 
The advent of better technology, trained assistants, and better 
equipment has allowed surgeons to attempt these procedures in 
patients too critical to be transported. Now, with multiple centers 
publishing their outcomes, the question becomes what selection 
criteria are used to determine who is eligible for various bedside 
procedures? The remainder of this chapter reviews speci fi c 
procedures that are performed in the ICU at the bedside.   
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   Tracheostomy 

 The word tracheostomy,  fi rst coined by Heister in 1739, is 
derived from two Greek words meaning, “I cut the trachea.” 
Dating back to 2000 BCE, it has been suggested that the pro-
cedure was utilized by Homer, Hippocrates, and even 
Alexander the Great  [  7  ] . While initially being used as an 
emergent tool to relieve upper airway obstructions, the rise 
of positive pressure mechanical ventilation during the 1950s 
polio epidemic permanently changed how we manage respi-
ratory failure  [  7  ] . 

 The standard subcricoid technique that is used today was 
originally documented by Chevalier Jackson in 1909  [  8  ] . 
This was modi fi ed in 1955 by Sheldon,  [  9  ]  who proposed the 
 fi rst percutaneous dilatation tracheostomy (PDT). Sheldon 
found the traditional open method cumbersome and 
inef fi cient in times of placing an emergent tracheostomy. He 
therefore designed a kit consisting of only four parts. Using 
a needle to  fi rst puncture the trachea, he described how in 
less than 30 s he could successfully insert a tracheostomy 
tube attached to a cutting blade trocar over the needle to slide 
directly into the trachea  [  9  ] . Although not immediately catch-
ing on, a non-cutting, minimally invasive adaption by Ciaglia 
 [  10  ]  in 1985 did. His method, with several other variations 
 [  11–  14  ] , is what we currently use today to perform PDTs. 

 Presently, respiratory failure is one of the most common 
reasons for ICU admissions. With prolonged intubation 
seen in several of these patients, tracheostomies are one of 
the most common ICU procedures. Current indications for 
tracheostomies consist of prevention of ventilator associ-
ated pneumonia, prevention of tracheo- and laryngomala-
cia from translaryngeal intubation, facilitation of weaning 
from mechanical ventilation, decreased dead space venti-
lation, improved oral care, pulmonary toilet, and patient 
comfort  [  15  ] . 

 Choices for tracheostomies include location (bedside or 
operating room) and type of procedure (open versus percuta-
neous). Multiple studies have already been published sup-
porting the safety and cost-effectiveness of performing 
elective tracheostomies at the bedside. However, opinions 
vary greatly regarding patient selection criteria and type of 
procedure to use  [  15–  21  ] . Unfortunately many studies on 
this topic have been retrospective in nature or have inade-
quate sample sizes, making it dif fi cult to conclusively side 
with one particular procedure. Furthermore, their sample 
groups range from comparing open bedside tracheostomy 
(OBT) to operating room tracheostomies (ORT)  [  19–  21  ] , 
OBT to PDT  [  22  ] , or ORT to PDT  [  23,   24  ] . Few have actu-
ally described all three types of tracheostomies in one study 
for a true comparison  [  15,   16,   25  ] . 

 In regard to performing a tracheostomy at the bedside ver-
sus the operating room, studies have shown similar rates of 

complications between OBTs and ORTs  [  19,   20  ] . However, 
most studies can demonstrate a cost savings with OBTs by 
sparing the use of the operating room and anesthesiologists 
 [  15,   16,   21  ] . Anesthesiology costs are bypassed by training 
respiratory therapists to manage the airway and critical care 
attendings to monitor sedation. Utilizing these resources has 
also led to a decrease in the waiting period for placement of 
a tracheostomy secondary to bypassing the operating room 
schedule, which is generally consumed with elective proce-
dures  [  15  ] . Therefore, if possible, one can safely attempt a 
tracheostomy at the bedside without increasing the risk of 
complications. 

 Realistically, there are several variables that could con-
ceivably decrease the likelihood of performing tracheosto-
mies at the bedside. These include relying on a respiratory 
therapist and critical care attending to provide anesthesia, 
inferior lighting, wider and less maneuverable beds, and 
inferior equipment  [  15  ] . However, with careful planning, it is 
possible to create a tracheostomy cart similar to ones 
described in other studies  [  15,   21  ] . For example, Yoo et al. 
 [  15  ]  designed a cart with the same headlights, electrosurgical 
unit, tracheotomy tray, drapes, gowns, and tracheotomy tubes 
used in the operating room. This group was able to success-
fully bring the operating room to the bedside in a controlled 
and ef fi cient manor, thereby saving on operating room 
costs. 

 Once an infrastructure has been established to support tra-
cheostomies at the bedside, the choice now becomes: which 
patients should receive an OBT and which should receive a 
PDT? This decision, for the most part, is ultimately surgeon 
preference. Multiple studies have now been published show-
ing little to no difference in short- and long-term outcomes 
between OBTs and PDTs. Proponents of PDT argue that its 
bene fi ts include minimal soft-tissue dissection to reduce the 
risk of infection and bleeding, a small stoma with decrease 
scar, and preservation of the cartilaginous rings, which can 
possibly minimizing the risk of developing subglottic steno-
sis  [  17,   26,   27  ] . However, when comparing short- and long-
term complications of OBT to PDT, the only bene fi t shown 
to be reproducible in multiple studies is the smaller incision 
and subsequent scar, improving overall cosmesis of the pro-
cedure  [  22,   23  ] . 

 Additionally, cost-savings analyses comparing these two 
procedures show PDTs to be slightly more expensive due to 
the disposable kit  [  25  ]  and when adjunct modalities such as 
bronchoscopy are used  [  16  ] . However, bronchoscopy is not 
considered the standard of care when performing PDTs and 
can be performed based on surgeon preference  [  28  ] . While 
one may think that the routine use of bronchoscopy increases 
its safety by avoiding easily preventable complications such 
as threading the guide wire through the Murphy’s eye of the 
endotracheal tube and avoiding the creation of false pas-
sages, only two studies  [  29,   30  ]  have attempted to prove this 
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true. Both, however, lacked control groups in their study and 
only analyzed PDTs with bronchoscopy. Therefore, although 
adding to the cost of the procedure without de fi nitive evi-
dence of its protective effects, bronchoscopy is ultimately at 
the discretion of the surgeon  [  28  ] . 

 Relative contraindications to percutaneous tracheosto-
mies that have been noted in the literature include positive-
end expiratory pressure (PEEP) >10 cm H 

2
 O, morbid obesity, 

enlarged or abnormal thyroid anatomy, calci fi ed tracheal 
rings, unstable cervical spine injury, uncorrected coagulopa-
thy, active cervical infection, and the need for an emergency 
airway  [  10,   21,   22,   27,   31  ] . However, some studies have 
shown that in experienced hands and with the improvement 
of dilator kits, many contraindications such as obesity and 
high ventilator requirements are simply surgeon preference 
 [  15,   16,   31  ] . For example, percutaneous dilatation was once 
considered dangerous in patients with a PEEP >10 cm H 

2
 O 

because the technique involved serial dilations before place-
ment of the tube. These serial dilations cause the trachea to 
remain open for a longer period of time causing a release of 
pressure and rapid alveolar collapse and hypoxia. However, 
the more recent single dilator kits allow surgeons to safely 
perform this operation with PEEPs up to 15 cm H 

2
 O  [  27  ] . In 

fact, Kornblith  [  31  ]  et al. recently published their experience 
of 1,000 bedside PDTs using the Ciaglia single dilator tech-
nique. Percutaneous dilatational tracheostomy is the standard 
of care at their institution and the only instances they actually 
recommend delaying PDT are in patients with abnormal 
neck anatomy, unstable or undetermined cervical spine inju-
ries, patients requiring FiO 

2
   ³  80, PEEP  ³  15 cm H 

2
 O, and 

patients with supratherapeutic partial thromboplastin time 
levels on heparin drips that are not corrected. Using these 
guidelines, they published a 1.4% (14/1,000) complication 
rate for their experience with PDTs  [  31  ] . 

 Overall, OBT and PDT are just as safe as ORT and have 
additional cost bene fi ts. If a solid hospital infrastructure 
exists, the surgeon should attempt tracheostomies at the bed-
side in order to avoid intra-hospital transportation. Decision 
between OBT and PDT is surgeon preference, keeping in 
mind the relative contraindications in order to perform PDTs 
safely.  

   Inferior Vena Cava Filter 

 The treatment of thromboembolic disease has advanced tre-
mendously over the twentieth and twenty- fi rst century. 
Beginning in 1908 with Trendelenberg  [  32  ]  proposing the 
 fi rst pulmonary embolectomy, Homans went on to suggest 
ligation of the femoral veins in 1934  [  33  ]  and then perma-
nent ligation of the inferior vena cava (IVC) in 1944  [  34  ]  for 
prevention of fatal pulmonary emboli in critically ill patients. 
A revolution in treatment came in the 1950s and 1960s with 

several novel studies  [  35–  38  ]  discussing positive outcomes 
with the placement of what they termed a VCF. 

 Today, there are several VCFs available; however, the 
Green fi eld  fi lter remains one of the most widely used  fi lters 
on the market. Its introduction in 1973  [  39  ]   fi rst described 
the technique as a cutdown procedure done solely in the 
operating room. However, reports of a percutaneous method 
for insertion published in 1984  [  40  ]  and 1985  [  41  ]  quickly 
made the procedure popular among surgeons. Today, VCFs 
are primarily placed under  fl uoroscopic or ultrasound guid-
ance in the radiology suite, operating room, or at the bedside. 
These methods offer an overall reduction in morbidity, cost, 
and time compared to the days of Trendelenberg and 
Homan  [  42  ] . Additionally, performing VCF placements at 
the bedside provides the bene fi ts of decreased transportation 
risks for critically ill patients and avoids delays and schedul-
ing con fl icts with the operating room  [  43  ] . 

 Today, the gold standard for VCF placement is contrast 
venography, which requires the use of nephrotoxic contrast, 
radiation, and transportation to the operating room or angiog-
raphy suite  [  43  ] . Using  fl uoroscopic guidance, successful 
VCF placement requires clear identi fi cation of the renal 
veins, an IVC diameter <28 mm, and assessment for anoma-
lies and thrombus  [  44  ] . 

 The disadvantages of the procedure include transporting 
critically ill patients outside of the ICU and the administra-
tion of nephrotoxic contrast to high risk patients. However, 
recent studies  [  45  ]  have attempted to counteract these prob-
lems via two separate solutions. First, ICU rooms have been 
developed to accommodate  fl uoroscopy shields to protect 
against radiation exposure and specialized beds to allow 
C-arms for  fl uoroscopic insertion. This simple solution pro-
vides equal, if not better results than VCF insertion in the 
operating room  [  45  ]  and avoids transporting patients in the 
critically ill setting. However, critics  [  43  ]  argue that these 
specialized rooms come with a higher price tag and the com-
plexity of performing contrast radiologic studies in the ICU 
limits the widespread use of this technique. Second, it has 
been suggested that the nephrotoxic contrast can be replaced 
with intravascular carbon dioxide (CO 

2
 ) injections  [  45  ]  in 

patients at high-risk for renal failure. Originally tested in the 
1940s, when injected, CO 

2
  is excreted via the lungs and does 

not affect renal function  [  46  ] . It has therefore been used in 
multiple imaging studies in the peripheral and central vascu-
lature with the brain being the only exclusion. While it is still 
not commonly used, several studies  [  45–  48  ]  have con fi rmed 
CO 

2
 ’s bene fi ts when used in patients with renal disease. 

Speci fi cally, in 2003, Holtzman  [  48  ]  et al. reported no 
signi fi cant difference in the measurement of the supra- and 
infra-renal IVC when comparing measurements obtained via 
CO 

2
  and standard iodinated contrast. This study highlights 

that the use of CO 
2
  is equally effective in obtaining accurate 

cavagrams when compared to iodinated contrast. 
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 While contrast venography is the gold standard for VCF 
placement, alternative methods include duplex-guided  fi lter 
insertion (DGFI) and intravascular ultrasound (IVUS). The 
overall advantages with ultrasound include its increased por-
tability making it an ideal bedside procedure and the avoid-
ance of radiation exposure and iodinated contrast agents  [  42  ] . 
These features make it an appealing application to use during 
pregnancy, in renal failure, and in critically ill patients. 
However, differences exist between DGFI and IVUS that 
must be recognized by the surgeon in order to identify appro-
priate patients for each method  [  42,   43,   49  ] . For example, 
DGFI uses deep abdominal duplex imaging to evaluate the 
IVC, renal veins, and surrounding visceral structures. While 
this application has proven to successfully visualize the IVC 
in 85–95%  [  50–  53  ]  of patients, failures are predominately 
related to poor visualization secondary to obesity and intralu-
minal bowel gas. Critically ill patients are typically prone to 
anasarca and bowel ileus, making this technique dif fi cult in 
these patients. The alternative therefore is IVUS. This tech-
nique emerged in 2000  [  54  ]  due to advancements in ultrasound 
technology. Several centers have experience with IVUS VCF 
placement, yet studies so far are limited  [  42,   43,   53,   54  ] . 
However, initial results have been promising with a success 
rate between 92 and 96%  [  43  ] . These studies cite the main 
advantage of IVUS over DGFI is the ability to perform VCF 
placement in obese patients and patients with intraluminal 
gas and anasarca  [  53  ] . The only true downside to ultrasound 
placement is its inability to pick up anomalies such as a 
duplicate IVC. However, proponents argue that the majority 
of critically ill patients have had a CT scan prior to VCF 
placement and it is suggested to review their imaging or 
obtain a pre-procedure transabdominal ultrasound before 
placement to assess for any anomalies. 

 Overall, several studies have con fi rmed the safety of plac-
ing VCFs at the bedside for the critically ill. Fluoroscopy, 
DGFI, and IVUS have all proven to be accurate and safe in 
the hands of experienced surgeons. Therefore, the options of 
 fl uoroscopy versus ultrasound guidance should depend on 
surgeon comfort, patient risk factors (i.e., renal failure, preg-
nancy), and equipment availability in the ICU.  

   Diagnostic Laparoscopy 

 Regardless of admitting diagnosis, acute intra-abdominal 
pathologies are a signi fi cant source of morbidity and mortal-
ity once a patient is in the ICU. Diseases plaguing this patient 
population include acalculous cholecystitis, diverticulitis, 
gastrointestinal bleeding, intestinal ischemia, intestinal per-
foration, peptic ulcer disease complications, pancreatitis, 
and pseudo-membranous colitis  [  55–  58  ] . Speci fi cally, acal-
culous cholecystitis has been documented in 0.5–1% of criti-
cally ill surgical and trauma patients  [  58–  61  ] . Likewise, 

intestinal ischemia is a signi fi cant risk following aortic 
procedures  [  62  ]  and up to 1% of patients undergoing cardio-
pulmonary bypass procedures ultimately require surgical 
intervention for abdominal pathologies occurring post-
bypass  [  63,   64  ] . 

 Although these complications occur relatively infre-
quently, their associated morbidity and mortality cannot be 
overlooked  [  62,   65–  67  ] . For example, if left undiagnosed 
and/or untreated, intra-abdominal sepsis may lead to multi-
ple organ failure (MOF), with mortality rates approaching 
100%  [  67,   68  ] . Furthermore, the reported mortality rates 
speci fi c to acalculous cholecystitis and mesenteric ischemia 
range from 50 to 100%  [  65,   69,   70  ] . 

 One signi fi cant contributor to the high morbidity and 
mortality rates is often a delay in diagnosis. These delays are 
multifactorial, including failure to consider the diagnosis, 
lack of accuracy of diagnostic modalities, and dif fi culty 
obtaining information due to patient neurological status. 

 Ultimately, challenges continue to exist in the diagnosis 
and treatment of intra-abdominal processes in the ICU. The 
diagnosis is frequently complicated by altered mental status, 
immunocompromization, recent abdominal surgery, corti-
costeroid utilization, traumatic spinal cord injury, hospital 
acquired infections, and preexisting comorbid conditions 
 [  71–  75  ] . As such, surgical consultations in these patients are 
extremely dif fi cult. Oft quoted requests for consultations 
include abdominal pain, abdominal distention, fever of 
unknown etiology, sepsis of unknown etiology, inexplicable 
acidosis, and enteral intolerance. 

 The diagnostic modalities to assess the abdomen in these 
critically ill patients include the physical examination, labo-
ratory studies, plain radiography, CT scan, ultrasound, 
exploratory laparotomy, and increasingly so, diagnostic 
laparoscopy. 

 Contrary to the majority of patients where the differential 
diagnosis is highly reliant on the history and clinical exami-
nation, these tools are often inaccurate, unreliable, and 
dif fi cult to obtain in the ICU patient. Secondary to this weak-
ness, diagnostic emphasis has traditionally been placed on 
objective laboratory data. However, laboratory studies tend 
to add little to the diagnosis, as they are neither sensitive nor 
speci fi c for intra-abdominal pathologies. 

 Plain radiography is generally non-diagnostic in the eval-
uation of the critically ill patient when considering an 
abdominal pathology. Additionally, studies have found that 
minor complications occur in up to 70% of ICU patients 
being transported for imaging studies; while life threatening 
complications (i.e., dysarrhythmias, hypotension, and respi-
ratory distress) occur in up to 45% of patients  [  5,   76–  78  ] . 
These disadvantages make plain radiography of rare utility 
in this patient population. 

 Computed tomography is the most commonly utilized 
modality in the evaluation of potential abdominal  pathologies 
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in the ICU; however, in patients who are unstable or have 
transport issues, CT scans are often dif fi cult to obtain and/or 
interpret  [  79–  82  ] . Statistically, CT scans have a 33–100% 
degree of accuracy for making a diagnosis  [  83  ] . For example, 
Norwood et al.  [  84  ]  documented 40% sensitivity and 64% 
speci fi city in diagnosing intra-abdominal pathology in 53 
critically ill surgical patients. More recently, Karasakalides 
et al.  [  83  ]  published a 100% positive predictive value and a 
52.94% negative predictive value for their critically ill 
patients that received CT scans during a workup for intra-
abdominal pathologies. Therefore, while a positive  fi nding 
on CT scan can reliably lead to a diagnosis, a negative CT 
scan provides little reassurance for the treating surgeon. 
Additional disadvantages of CT in the ICU population 
include the dif fi culty in differentiating postoperative changes 
from acute abdominal pathology, the inadequate bowel con-
trast secondary to ileus, renal dysfunction limiting the utili-
zation of intravenous contrast mediums, requirement for 
transport, availability, and cost. 

 In contrast to CT, ultrasonography is easily portable and 
can be of particular usefulness in the evaluation of the biliary 
system in the ICU population with studies documenting 
accuracy rates of 60–94% in diagnosing acalculous chole-
cystitis  [  67,   81,   85  ] . However, ultrasound is of little utility 
for other intra-abdominal pathologies with one study docu-
menting a 57% accuracy rate in diagnosing intra-abdominal 
sepsis in 72 ICU patients  [  86  ] . Ultrasonography also has 
limitations including operator dependency and diagnostic 
dif fi culties with large abdominal wounds, volume overload, 
and ascites (Table  5.1 ), often leading to nonspeci fi c 
interpretations.  

 In patients with MOF, some authors advocate aggressive 
exploratory laparotomy (even at the bedside in the ICU) 
because of the unacceptably high morbidity and mortality 
rates associated with delays in the diagnosis of intra-abdom-
inal sepsis  [  72,   86,   87  ] . However, in these studies the non-
therapeutic laparotomy rate ranged from 9 to 26%. 
Unfortunately, the risks of a nontherapeutic laparotomy are 
not negligible, and include iatrogenic injuries, effects of gen-
eral anesthesia, blood loss,  fl uid shifts, postoperative ileus, 
wound infection, and wound dehiscence  [  67,   88  ] . Following 
a nontherapeutic laparotomy, morbidity ranges from 5 to 
22%, while mortality rates have been reported up to 90% 
 [  57,   89  ] . As such, the avoidance of nontherapeutic laparoto-
mies is bene fi cial. 

 The introduction of laparoscopy is the newest tool in 
the surgeon’s armamentarium that can substantially 
decrease morbidity and mortality as compared to exploratory 
laparotomy. Over the past three decades, it has proven 
itself an accurate diagnostic tool in a wide spectrum of 
clinical scenarios including the evaluation of acute and 
chronic abdominal pain, the evaluation of gynecological 
disorders, and cancer staging  [  86,   90–  92  ] . It is now 

 considered an ideal adjunct in the care of ICU patients 
with potential intra-abdominal processes. Speci fi cally, it 
is of great utility in diagnosing acalculous cholecystitis 
and intestinal ischemia  [  67  ] . Overall complication rates 
range from 1 to 9%  [  93–  96  ] . 

 There are several advantages to laparoscopy. First, it 
allows for the direct visualization and inspection of the intra-
abdominal contents. Consequently, it is far superior in dif-
ferentiating postoperative changes (i.e., free air, free  fl uid, 
in fl ammation) from acute abdominal pathologies in compar-
ison to the other diagnostic modalities mentioned previously. 
Second, the direct visualization and inspection of the intra-
abdominal contents allows the surgeon to limit unnecessary 
incisions and/or operative dissections that would otherwise 
be involved with an open surgical procedure. However, simi-
lar to exploratory laparotomy, it can also lead to a therapeutic 
intervention if indicated  [  67,   97  ]  (i.e., perforated peptic ulcer 
disease, limited small bowel ischemia, and acalculous chole-
cystitis)  [  94,   98,   99  ] . Brandt et al. documented a change in 
clinical management in 36% of patients undergoing laparos-
copy  [  67  ] . Finally, from a physiological perspective, the 
smaller incisions and minimal dissections associated with 
laparoscopy lead to less stress and a reduced acute phase 
response in comparison to laparotomy. 

 From an operational perspective, laparoscopy can be per-
formed in the operating suite or at the bedside  [  72,   100  ] . 
Bedside laparoscopy initially seems cumbersome; however, 
once the team is comfortable, it is relatively simple and expe-
dient. Given the level of sophisticated monitoring available 
in the ICU, it is an ideal location for the performance of lap-
aroscopy  [  101  ] . Laparoscopy requires a limited set of instru-
ments and may be performed under local anesthesia and/or 
conscious sedation. Advantages of bedside laparoscopy 
include decreased cost secondary to lack of requirement for 
the operating suite/anesthesia and the avoidance of transport-
ing critically ill patients. 

 However, despite the signi fi cant advantages of laparos-
copy, it is not without its disadvantages. The most concern-
ing are the controversial detrimental physiological effects 
from insuf fl ation with CO 

2
 , speci fi cally to the cardiovascular 

and pulmonary systems. Hemodynamic compromise has 
been demonstrated in experimental septic animals undergo-
ing laparoscopy, usually secondary to the associated hyper-
carbia and acidosis  [  102  ] . Others document temporary 
myocardial insuf fi ciency, with decreases in cardiac output up 
to 80% after only 20 min of CO 

2
  insuf fl ation  [  103,   104  ] . 

However, many studies report no hemodynamic alterations 

   Table 5.1    Ascites classi fi cation   

 Grade 1  Mild ascites visible by ultrasound only 
 Grade 2  Moderate ascites, evident by symmetrical distention 
 Grade 3  Large ascites, gross ascites with marked distention 
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during laparoscopy  [  67,   94,   97,   103–  107  ] . Means of avoiding 
such outcomes include slow CO 

2
  insuf fl ation, lower intra-

abdominal pressures, the utilization of alternative gases for 
insuf fl ation such as nitrous oxide, and ultimately desuf fl ation 
if necessary  [  59,   101,   107–  109  ] . Other potential disadvan-
tages to laparoscopy include possible iatrogenic visceral and/
or vascular injuries, a limited evaluation of the peritoneal 
cavity (speci fi cally the deep pelvis, mesenteric root, pan-
creas, and retroperitoneum), and a great degree of operator 
dependency  [  94  ] . 

 The  fi nal and most worrisome outcome is the detrimental 
effects laparoscopy can have on the pulmonary system. 
Within 15 min of insuf fl ation, hypercarbia is present as a 
result of increased pulmonary dead-space and peritoneal 
absorption of the insuf fl ated CO 

2
   [  110  ] . This results in a 30% 

increase in CO 
2
  production, with a subsequent respiratory 

acidosis  [  111,   112  ] . The resultant hypercarbia is best pre-
vented and/or managed via increased minute ventilation 
using mechanical ventilation  [  88,   101,   113  ] . The arterial CO 

2
  

and pH may also be monitored by arterial blood gases and 
continuous capnometry  [  114  ] . 

 In summary, the utilization of laparoscopy in the ICU 
continues to evolve. Laparoscopy is a safe and accurate 
means of evaluating (and possibly managing) critically 
ill patients with potential intra-abdominal processes. 
Furthermore, laparoscopy may help to avoid potential non-
therapeutic laparotomies or con fi rm the need for operative 
intervention in complex clinical scenarios.  

   Bronchoscopy 

 Airway management is one of the most important tasks in 
the ICU. Proper care of endotracheal and tracheostomy tubes 
accelerates extubation and prevents the development of 
pneumonia. However, sometimes secretions are not cleared 
by patient’s lungs suf fi ciently leading to the formation of 
mucous plugs and lobar collapse. This is one of the most 
common reasons that bronchoscopy is used in the ICU set-
ting. Among other indications are performance of bronchial 
lavage, trans- or endo-bronchial biopsy, or for evaluation of 
a source of bleeding  [  115  ] . 

 During the procedure the patient should have constant 
cardiac and oxygen saturation monitoring. This allows for 
early identi fi cation of arrhythmias and/or hypoxia and subse-
quent interruption of the procedure. Because of the possibil-
ity of arrhythmias, bronchoscopy should generally be 
postponed for 6 weeks if the patient has suffered from an 
acute myocardial infarction (unless it is deemed an emer-
gency)  [  115  ] . There are two types of bronchoscopes avail-
able: rigid and  fl exible; however, the latter is used greater 
than 95% of the time  [  116  ] . A rigid bronchoscope is usually 
used for debulking of large tumors, insertion of stents, or 

removal of foreign objects  [  116  ] . A  fl exible bronchoscope is 
typically used for all other indications. Lidocaine injected 
through the endoscope to anesthetize the oropharynx and 
vocal cords can provoke asthmatic reaction and pretreatment 
with atropine is warranted in non-intubated asthmatics. 
Anticholinergics have an added bene fi t of decreasing bron-
chial secretions allowing for better visualization of the 
airway. 

 Mortality and morbidity rates associated with the proce-
dure are 0.5 and 0.8%, respectively  [  117  ] . Some of the major 
complications that have been reported are respiratory depres-
sion, pneumothorax, airway obstruction, cardiorespiratory 
arrest, arrhythmias, and pulmonary edema. Severe bleeding 
is another complication which occurs in less than 5% of 
patients after biopsy. While the incidence of pneumothorax 
after biopsy is around 3%, it increases to 14% in mechani-
cally ventilated patients  [  115  ] .  

   Endoscopy 

   Nasoenteric Feeding Tubes 

 Malnutrition is frequently seen in critically ill patients. As 
long as there is a functional gastrointestinal tract, enteral 
nutrition is preferred over parenteral nutrition due to lower 
mucosal atrophy and decreased translocation of bacteria and 
toxins  [  118  ] . Several delivery methods are currently avail-
able for a variety of patients’ conditions. 

 When supplemental feeding is expected to be needed for 
<30 days, nasogastric or nasoenteric tubes are the preferred 
delivery method. A nasogastric tube (NGT) is easy to place 
and can be performed bedside, but is associated with a high 
incidence of displacement, increased risk of aspiration, mis-
placement into the airway, and direct injury to the nasophar-
ynx or oropharynx  [  119  ] . It is typically placed blindly at the 
bedside with radiologic veri fi cation of proper placement 
prior to the initiation of feeds. Despite its ease in placement, 
controversy persists as to the optimal site for enteral nutrition 
delivery (gastric versus small intestinal). Unlike the small 
intestine, the stomach commonly exhibits an ileus following 
surgery, major trauma, and during other critical illnesses. 
Ritz et al. demonstrated that 45% of mechanically ventilated 
patients showed delayed gastric emptying impeding adequate 
delivery of gastric enteral nutrition  [  120  ] . 

 In order to avoid this, many clinicians advocate post- 
pyloric feeding. However, randomized, controlled trials 
comparing gastric to post-pyloric feeding have produced 
varying results  [  121–  127  ] . A possible explanation for this is 
that most post-pyloric feeding tubes are too short to go 
beyond the ligament of Treitz. Thus, enteral nutrition is being 
administered into the duodenum and studies have shown a 
high incidence of duodenogastric re fl ux in patients at risk for 
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aspiration  [  122  ] . Heyland et al. documented an 80% rate of 
radioisotope-labeled re fl ux into the stomach, 25% into the 
esophagus, and 4% into the lung when radioisotope-labeled 
enteral formulas were fed through post-pyloric feeding tubes 
in mechanically ventilated ICU patients  [  125  ] . In postopera-
tive patients, Tournadre et al. demonstrated gastroparesis and 
rapid discoordinated duodenal contractions with some 20% 
migrating in a retrograde fashion  [  128  ] . These studies pro-
vide compelling evidence that duodenogastric re fl ux is pres-
ent in postoperative and critically ill patients. Thus, feeding 
into the duodenum is not signi fi cantly different than feeding 
into the stomach in these patients with regard to the aspira-
tion risk. 

 The Canadian Critical Care Clinical Practice Guidelines 
Committee likewise studied this topic. They evaluated 11 
Level 2 studies comparing enteral nutrition via the small 
intestine with gastric enteral nutrition  [  129  ] . The studies that 
reported nutritional delivery demonstrated more rapid and 
successful delivery in those patients fed via the small intes-
tine. Nine studies documented infectious complications. 
When these were aggregated, small intestinal enteral nutri-
tion was associated with a signi fi cant decrease in infectious 
complications (RR, 0.77; 95% CI, 0.60–1.00;  p  = 0.05). In 
respect to mortality, there was no difference between the two 
routes of delivery (RR, 0.93; 95% CI, 0.72–1.20;  p  = 0.6). 
Overall, the committee recommended small intestinal enteral 
nutrition when obtaining small bowel access was feasible. If 
this placement is unsuccessful blindly, a naso-jejunal feeding 
tube may be placed with endoscopic guidance.  

   Percutaneous Endoscopic Gastrostomy 

 A gastric tube has become the best alternative for enteral 
feeding in patients requiring nutrition for longer than 30 days. 
The major indication for gastric tube placement is the inabil-
ity to maintain adequate oral nutritional intake as a result of 
a recent cerebrovascular accident, altered level of conscious-
ness, dysphagia, oro-pharyngo-esophageal obstructing 
lesions, facial or esophageal trauma, or tracheal–esophageal 
 fi stula  [  130,   131  ] . 

 Irrespective of the technique, gastrostomy tubes should 
not be placed in patients with rapidly progressing incurable 
diseases or those with a high likelihood of a rapid recovery  [  132  ] . 
Among other contraindications are signs of acute infection, 
peritonitis, coagulopathy, ulceration at future puncture site, 
and distal obstruction  [  133  ] . With percutaneous endoscopic 
gastrostomy (PEG), there are certain technique-speci fi c con-
traindications that must be kept in mind. An absolute con-
traindication to PEG placement is any condition that prevents 
approximation of the stomach and anterior abdominal wall. 
Relative contraindications are obesity and hepatomegaly, 
which may prevent transillumination across the abdominal 

wall, as well as neoplastic and in fl ammatory diseases of the 
abdominal wall  [  131  ] . 

 The primary techniques for gastrostomy tube placement 
are surgical and percutaneous. Surgical gastrostomies are 
performed in the operating room and require general anes-
thesia. With the introduction of PEGs, the surgical technique 
is now relegated to cases where the percutaneous option is 
unavailable, contraindicated, or unsuccessful. PEG tubes are 
the most common procedure performed in establishing an 
enteral route for nutrition due to their lower cost and faster 
recovery time  [  132  ] . They are often performed bedside uti-
lizing either the “pull” or “push” method. The “pull” tech-
nique is more widely used due to a lower complication rate 
and cost  [  134  ] . That being said, more recent data documents 
the “push” technique to be safe with a lower insertion site 
infection rate  [  135–  137  ] . 

 During PEG placement via the “pull” technique, the ante-
rior abdominal wall insertion site must meet certain criteria: 
(1) adequate transillumination via the endoscope within the 
stomach, and (2) appreciation of a distinct  fi nger ballottement 
inside the stomach via the abdominal wall. The Seldinger 
technique is then utilized in inserting the guidewire into the 
stomach. It is snared and pulled retrograde through patient’s 
mouth at which point the gastrostomy tube is attached to the 
guidewire. The guidewire (gastrostomy tube in tow) is then 
pulled into the stomach and through the anterior abdominal 
wall, where it is af fi xed to the abdominal wall  [  138  ] . 

 The “push” technique starts with identi fi cation of the 
insertion site via transillumination with the endoscope. Next, 
a specially designed gastropexy device is used to pexy the 
stomach to the anterior abdominal wall. A trocar with an 
introducer sheath is then inserted through the anterior 
abdominal wall and into the stomach under endoscopic visu-
alization. The trocar is withdrawn while the tip of the sheath 
remains inside the stomach and the gastric tube is inserted 
through the introducer sheath. The gastrostomy tube balloon 
is in fl ated and the peel away sheath is removed  [  135,   138  ] . 
The “push” technique should be considered in patients with 
a decreased oropharyngeal diameter that is insuf fi cient for 
the gastrostomy tube’s bumper (8–9 mm in diameter) to pass 
through if the “pull” technique were utilized. In such circum-
stances, the “pull” technique can still be used, but will often 
require dilatation with a bougie, which is associated with an 
added risk of perforation  [  136  ] . 

 Procedure-related mortality for PEG tube placement is 
minimal, with a 30-day overall mortality rate of 19%. This 
has increased from 8% in the 1990s due to the signi fi cantly 
sicker patient population referred for PEGs  [  133  ] . PEG tube 
placement complications include PEG site leakage, PEG 
tube blockage or dislodgement, peri-stomal infection, necro-
tizing fasciitis, gastro-colic  fi stula, and peritonitis. The latter 
is most frequently secondary to separation of the stomach 
and anterior abdominal wall or injury to adjacent visceral 
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organs  [  133  ] . The most common complication is peri-stomal 
infection with a reported rate of 5–30%  [  135,   139,   140  ] . 

 A recent Cochrane analysis recommends administration 
of preoperative antibiotics to all patients undergoing “pull” 
gastrostomies  [  130  ] . Both penicillin-based and cepha-
losporin antibiotics have been used with signi fi cantly 
improved infection rates. Kulling et al. documented a 
 favorable cost analysis for prophylactic antibiotics in “pull” 
gastrostomies; however, the antibiotics used as the compari-
son were not methicillin-resistant  Staphylococcus aureus  
(MRSA) sensitive  [  141  ] . There are several other peri-
stomal infection prevention strategies that proven useful. 
Radhakrishnan et al. showed that a combination of preopera-
tive intravenous antibiotics with antiseptic spray decreased 
peri-stomal infection rate in comparison to antibiotic or anti-
septic spray alone  [  142  ] . Another study showed that a single 
dose of trimethoprim/sulfamethoxazole per tube postopera-
tively had an equivalent peri-stomal infection rate to the 
group who received preoperative antibiotics  [  143  ] . MRSA-
positive patients have a higher peri-stomal infection rate 
 [  139  ] . In an attempt to address this problem, Horiuchi et al. 
revealed that decolonization of MRSA positive patients with 
intranasal antibiotics signi fi cantly decreased the peri-stomal 
infection rate  [  144  ] . 

 While it is clear that preoperative antibiotics should be 
administered to all “pull” gastrostomies, the same recom-
mendation cannot be made for the “push” technique  [  130  ] . 
Shastri et al. recently reported an equivalent 7-day infection 
rate for “push” gastrostomy with and without prophylactic 
antibiotics  [  135  ] . As mentioned earlier, some data document 
a signi fi cantly lower infection rate with the “push” technique 
in comparison to the “pull” technique  [  137  ] . One of the theo-
ries is that during the “pull” technique, there is seeding of the 
gastrostomy tube as it passes through the heavily colonized 
oropharynx. 

   Percutaneous Endoscopic Gastrostomy/ 
Jejunostomy 
 One of the critical complications of enteral nutrition via a 
nasogastric or PEG tube is aspiration pneumonia as described 
earlier; therefore, small intestinal enteral nutrition is recom-
mended when obtaining small bowel access was feasible. 
The placement of a percutaneous endoscopic gastrostomy/
jejunostomy (PEG/J) tube is only a slight modi fi cation of a 
PEG tube placement. A jejunal extension is necessitated with 
numerous techniques for placement.   

   Endoscopy for Upper Gastrointestinal Bleeding 
 Gastrointestinal bleeding is frequently seen in ICU patients 
and endoscopy has become the major diagnostic and thera-
peutic tool. Upper gastrointestinal bleeding is de fi ned as 
bleeding proximal to the ligament of Treitz and can be broken 
down into two major categories: variceal and non-variceal. 

The major cause of non-variceal bleeding is peptic ulcer dis-
ease with an incidence of 35–50%  [  145  ] . Another cause is 
transpapillary hemorrhage, which could be due to either 
hemobilia or pancreatic duct hemorrhage as a result of 
trauma, pancreatitis, malignancy, or arteriovenous malfor-
mation  [  145  ] . Variceal bleeding is one of the complications 
of portal hypertension and is associated with a mortality rate 
of 40% with an early re-bleed rate of 30–50%  [  146  ] . 

 Characterization of upper gastrointestinal bleeding is best 
performed with endoscopy. In preparation for endoscopy, 
erythromycin has been shown by meta-analysis to be of 
bene fi t for emptying the stomach to allow better visualiza-
tion of the bleeding area  [  147  ] . However, the International 
Consensus on Non-variceal Upper Gastrointestinal Bleeding 
recommends administration of promotility agents only to 
those patients suspected to have a large volume of blood in 
the stomach or those who have recently eaten  [  148  ] . 

 While the general endoscopic technique for the manage-
ment of variceal and non-variceal hemorrhage is similar, 
the medical treatment varies some. Meta-analyses have 
documented that octreotide, a somatostatin analog capable 
of decreasing portal hypertension, is comparable to sclero-
therapy for control of variceal bleeding with fewer side-
effects  [  149,   150  ] . Sclerotherapy involves endoscopic 
identi fi cation of the bleeding area and injection with scle-
rosing agents. Endoscopic variceal ligation, which involves 
placement of several bands over the varix, has previously 
been shown to be superior to 48-h somatostatin infusion in 
controlling acute variceal bleeding without increased compli-
cations  [  151  ] . However, more recent studies document that 
a combined treatment with endoscopic variceal ligation and 
somatostatin signi fi cantly improves initial control of 
variceal bleeding  [  151–  153  ] . For non-variceal bleeding 
successfully placed hemoclips were equivalent to thermo-
coagulation and had signi fi cantly decreased re-bleeding 
rates and need for operation in comparison with injection of 
sclerosing agents alone  [  154  ] . 

 If during endoscopic evaluation a clot is seen, attempts 
should be made to remove it in order to better visualize the 
area of concern. There is a controversy for appropriate treat-
ment when the clot is not dislodged with irrigation. While 
some studies document that the incidence of re-bleeding 
from adherent clots is low, some authors recommend removal 
of the clot with a cold guillotine snare technique after pre-
injecting the clot with epinephrine, especially in high risk 
patients  [  148  ] . If the bleeding cannot be controlled endo-
scopically, a clip can be left in the area of hemorrhage to 
serve as a guide for embolization by interventional radiol-
ogy  [  155  ] . Transarterial embolization is considered equiva-
lent to surgery in the case of failed endoscopic treatment 
with success rates of 60–90%  [  145,   148  ] . 

 If endoscopy demonstrates bleeding esophageal varices, 
but the hemorrhage is too severe to manage endoscopically, 
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balloon tamponade can be performed with a Sengstaken–
Blakemore tube or one of its modi fi cations. When properly 
placed, balloon tamponade has been reported to effectively 
control hemorrhage in 80–94% of patients; however, proper 
placement and maintenance are dif fi cult and patients require 
close monitoring  [  156  ] . The tube is perfect for controlling 
variceal bleeding at the gastroesophageal junction, but will 
not be effective in distal gastric or duodenal bleeding. 

 In both variceal and non-variceal bleeding, recurrent hem-
orrhage is associated with increased mortality  [  157,   158  ] . 
Several factors have been identi fi ed that predict re-bleeding 
including hemodynamic instability, active bleeding (espe-
cially “spurting”) on endoscopy, an ulcer size >2 cm, and a 
posterior duodenal wall bleed  [  159  ] . While routine repeat 
endoscopy is not warranted in all patients, if a combination 
of these factors is present, repeat endoscopy may be 
bene fi cial. Intravenous proton pump inhibitors are usually 
started prior to endoscopy in both variceal and non-variceal 
bleeding, which has been shown to decrease the necessity for 
endoscopic treatment and in some studies decreased the rate 
of re-bleeding  [  148,   160,   161  ] . In acute variceal bleeding, 
the addition of isosorbide mononitrate alone or in combina-
tion with beta-blockers to endoscopic variceal ligation did 
not affect the re-bleeding rate  [  162  ] . However, another meta-
analysis de fi nitively showed that a combination of beta-
blockers and endoscopic variceal ligation signi fi cantly 
decreases re-bleeding and mortality rates in comparison to 
endoscopic therapy alone  [  163  ] .  

   Endoscopy for Lower Gastrointestinal Bleeding 
 Lower gastrointestinal bleeding is de fi ned as bleeding distal 
to the ligament of Treitz and accounts for 20% of all major 
gastrointestinal bleeds, diverticular disease representing the 
most common cause. Other causes of lower gastrointestinal 
bleeding in the ICU include in fl ammatory disease, vascular 
ectasia, post-polypectomy bleeding, malignancy, and ano-
rectal disease  [  164–  166  ] . Most diverticular bleeding (80%) 
will cease spontaneously; however, right-sided diverticular 
bleeding is often more severe and is more likely to require 
surgical intervention  [  167–  170  ] . 

 The patient’s hemodynamic status and rate of bleeding 
determine the evaluation process in lower gastrointestinal 
bleeding. If the bleeding is moderate, the patient is hemody-
namically stable, and can undergo appropriate bowel prepa-
ration, colonoscopy is the diagnostic modality of choice; 
however, very frequently the bleeding is intermittent and the 
source of bleeding may not be identi fi ed on colonoscopy. 
When the bleeding area is identi fi ed, thermocoagulation, 
sclerotherapy, epinephrine injection, or hemoclip application 
can be used to control the bleeding  [  171–  173  ] . If the bleed-
ing source is not identi fi ed and the patient remains hemody-
namically stable, a tagged red blood cell scan, which can 
detect bleeding of at least 0.1 ml per minute, is the next diag-
nostic modality  [  167  ] . 

 Colonoscopy has proven to be particularly helpful in 
minor and moderate lower gastrointestinal bleeding, while in 
severe hemorrhage, its value is limited, and angiography 
(standard or CT) should be performed  [  168  ] . If the bleeding 
is identi fi ed on angiogram, selective mesenteric emboliza-
tion has been shown to have high success and low re- bleeding 
rates for diverticular bleeding  [  174  ] . Recurrent bleeding in 
patients embolized for non-diverticular bleeding has an inci-
dence of >40%; however, it prevents emergent surgery and 
allows for proper resuscitation of the patient  [  174  ] . Emergent 
surgery for lower gastrointestinal hemorrhage has a mortal-
ity rate of 20–50%  [  175  ] .   

   Conclusion 

 As technology and intensive care medicine advances con-
tinue, more and more procedures are being performed in the 
ICU that were once isolated to the operating suite. Acute 
care surgeons must adapt to this new operating venue and 
understand what surgeries and procedures can bene fi t patients 
and be cost-effective if done at the bedside.      
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         Introduction 

 Despite advances in surgical critical care, sepsis continues to 
be a common and serious problem. It is currently the leading 
cause of death in noncardiac intensive care units (ICUs) and 
the tenth leading cause of death in the United States  [  1  ] . It is 
estimated that in the United States, there are greater than 1.1 
million cases of sepsis per year  [  2  ]  at an annual cost of $24.3 
billion  [  3  ] . The incidence of sepsis among hospitalized 
patients continues to increase as the population ages. The 
current incidence of severe sepsis among hospitalized 
patients in the United States is 208 cases/100,000 patients 
 [  4  ]  with an associated mortality rate of greater than 30%  [  5  ] . 
But subsequent studies have shown this estimate to be low, 
with increases in sepsis rates subsequently reported to be as 
high as 10% per year  [  6,   7  ] . These epidemiologic studies 
document that severe sepsis remains a major challenge and 
an increasing burden on healthcare systems worldwide. 

 Among surgical patients, sepsis is a leading cause of mor-
bidity and mortality. Surgical patients account for nearly 
one-third of sepsis cases in the United States, as determined 
in a large epidemiologic study from Angus et al.  [  5  ] . A recent 
analysis of the National Surgical Quality Improvement 
Project (NSQIP) Database determined that sepsis and septic 
shock are ten times more common than perioperative myo-
cardial infarction and pulmonary embolism  [  8  ] . Risk factors 
for both the development of sepsis and death from sepsis 
included age older than 60 years, the need for emergency 
surgery, and the presence of comorbid conditions  [  9  ] . Colon 
perforation was the predominant source of sepsis, and the 
incidence of sepsis was highest among patients requiring 

emergency surgery. The development of septic shock was 
associated with a 39% mortality rate among emergent surgi-
cal patients and a 30% mortality rate among elective surgical 
patients.  

   De fi nition of Sepsis, Severe Sepsis, 
and Septic Shock 

 A clear and accurate de fi nition of sepsis is essential for clini-
cians and researchers. A standard de fi nition allows for the 
identi fi cation of patients, leads to a better understanding of the 
disease process, and facilitates clinical research. The sepsis 
syndrome was  fi rst de fi ned in the literature by Roger Bone in 
1989  [  10  ] . Subsequently the American College of Chest 
Physicians and the Society of Critical Care Medicine Consensus 
Conference in 1991 de fi ned the Systemic In fl ammatory 
Response Syndrome (SIRS) (see Table  6.1 ) and Multiple 
Organ Dysfunction Syndrome (MODS)  [  11  ] . A second con-
sensus conference was convened in 2001 to revise the original 
de fi nitions in response to ongoing criticism from experts in the 
 fi eld. The updated consensus conference de fi nitions included 
an expanded list of the signs and symptoms of sepsis  [  12  ] . 
While the de fi nitions included in the 2001 update are widely 
accepted, they do not speci fi cally de fi ne the concept of  surgi-
cal  sepsis. Additionally, the consensus conference de fi nitions 
remain nonspeci fi c and allow for some variability, especially 
with regard to de fi ning organ dysfunction.  

 To better de fi ne the categories of sepsis, severe sepsis, and 
septic shock with regard to the surgical patient, we have 
modi fi ed the American College of Chest Physician/Society 
of Critical Care Medicine Consensus Conference de fi nitions. 
We have de fi ned surgical sepsis as systemic in fl ammatory 
response syndrome (SIRS) plus an infection requiring surgi-
cal intervention for source control or SIRS plus an infection 
within 14 days of a major surgical procedure. Major surgical 
procedure is de fi ned as any procedure requiring general 
anesthesia for >1 h. 
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 Severe sepsis is de fi ned as SIRS plus infection plus acute 
organ dysfunction. Quali fi cations of acute organ dysfunction 
are de fi ned as follows:
    1.    Neurologic: Glasgow Outcome Score (GCS) <13 upon 

recognition of sepsis or deteriorating GCS to <13 during 
 fi rst 24 h.  

    2.    Pulmonary: PaO 
2
 /FiO 

2
  ratio <250 (<200 if lung is primary 

site of infection) and pulmonary capillary wedge pressure 
(PCWP) (if available) not suggestive of  fl uid overload.  

    3.    Renal (one of the following): urine output (UOP) <0.5 ml/
kg for  ³ 1 h despite adequate volume resuscitation, increase 
in serum creatinine  ³ 0.5 mg/dl from baseline (measured 
within 24 h of starting sepsis resuscitation) despite ade-
quate volume resuscitation or increase in serum creatinine 
 ³ 0.5 mg/dl during  fi rst 24 h of sepsis management despite 
adequate volume resuscitation. Adequate volume resusci-
tation is de fi ned as a minimum intravenous  fl uid infusion 
of 20 ml/kg/ideal body weight (IBW) or central venous 
pressure (CVP)  ³ 8 mmHg or PCWP  ³ 12 mmHg.  

    4.    Coagulation (one of following): INR >1.5, platelet count 
<80,000 or  ³ 50% decrease platelet compared to 24 h 
before instituting sepsis resuscitation or in the 24 h after 
starting sepsis resuscitation in the absence of chronic liver 
disease.  

    5.    Hypoperfusion: lactate level >4 mmol/l. Septic shock is 
de fi ned as SIRS plus infection plus acute cardiac dysfunc-
tion. Acute cardiac dysfunction is de fi ned by the require-
ment of vasopressors to increase mean arterial pressure 
(MAP)  ³ 65 mmHg despite intravenous  fl uid (IVF) chal-
lenge  ³ 20 ml/kg/IBW of isotonic crystalloid infusion or 
CVP  ³ 8 mmHg or PCWP  ³ 12 mmHg.      

   Initial Assessment and Evaluation 
of the Septic Patient 

   Early Identi fi cation of Sepsis 

 Within our institution, we have identi fi ed sepsis to be a major 
cause of morbidity and mortality in our general surgery 
patients. Early signs of sepsis were often missed and 

interventions were delayed as bedside nurses and other team 
members focus on multiple priorities and tasks involved with 
patient care. Many of the early signs and symptoms of sepsis 
are often subtle and in the surgical population may be attrib-
uted to other problems. For example, oliguria is commonly 
seen in surgical patients and is often attributed to under 
resuscitation in the operating room or volume loss from the 
gastrointestinal tract. However, oliguria can also be an early 
 fi nding in patients with sepsis. Alterations in mental status 
are often attributed to narcotic administration or ICU psy-
chosis, but can also be an early warning sign off sepsis. 
Likewise, acute hypoxia on the surgical wards spurs a workup 
for pulmonary embolism but acute hypoxia may herald the 
onset of severe sepsis or septic shock. 

 Identifying patients in the early stages of sepsis is imper-
ative. Progression to septic shock is associated with pro-
hibitively high mortality (>30%) despite aggressive 
interventions. Considering the adverse outcomes associated 
with this progression, the bene fi t of routine, accurate screen-
ing of patients for sepsis quickly becomes apparent. In an 
attempt to increase the early identi fi cation of sepsis, we 
developed a sepsis screening tool for use in our SICU 
(see Fig.  6.1 )  [  13  ] . Our initial experience with the imple-
mentation of this mandatory sepsis screening tool in our 
SICU showed promising results. The screening tool yielded 
a sensitivity of 96.5%, a speci fi city of 96.7%, a positive pre-
dictive value of 80.2%, and a negative predictive value of 
99.5%. In addition, sepsis related mortality decreased from 
35.1 to 23.3%. Subsequent expansion and statistical valida-
tion of the screening on the surgical  fl oor yielded similar 
results  [  14  ] . Since implementing mandatory sepsis screen-
ing we have seen a signi fi cant decline in our severe sepsis 
and septic shock related mortality. Regardless of the method 
utilized to screen patients, all members of the patient care 
team must be aware and vigilant in the detection of the early 
signs and symptoms of sepsis.   

   Initial Assessment 

 A clinical suspicion for the presence of sepsis should prompt 
further evaluation of the patient. This initial evaluation 
should focus on determining the degree of physiologic 
derangement exhibited by the patient. It is especially impor-
tant to assess for the presence and degree of tissue malperfu-
sion. There are several clinical and laboratory variables that 
can be used to evaluate the state of tissue perfusion. The fol-
lowing are indicators that the patient is experiencing tissue 
hypoperfusion: (1) urine output <0.5 ml/kg of ideal body 
weight, (2) mean arterial pressure <65 mmHg, (3) Glasgow 
Coma Score <12, and (4) serum lactate  ³ 4 mmol/l. The 
detection of tissue hypoperfusion should prompt aggressive 
resuscitative measures focused on restoring tissue perfusion. 

   Table 6.1    SIRS criteria   

 Systemic in fl ammatory response syndrome (SIRS) criteria 

  Two or more of the following criteria must be present : 
 • Body temperature less than 36°C or greater than 38°C 
 • Heart rate greater than 90 beats per minute 
 • Tachypnea, with greater than 20 breaths per minute; or, an 

arterial partial pressure of carbon dioxide less than 4.3 kPa 
(32 mmHg) 

 • White blood cell count less than 4,000 cells/mm 3  (4 × 10 9  cells/L) 
or greater than 12,000 cells/mm 3  (12 × 10 9  cells/L); or the 
presence of greater than 10% immature neutrophils (band forms) 
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  Fig. 6.1    Sepsis screening tool. ( a ) Sepsis screening score. ( b ) Midlevel/Physician sepsis screening assessment for source of infection         

Based upon the de fi nitions outlined previously those patients 
that do not have evidence of tissue hypoperfusion would fall 
into the category of sepsis. Those patients that do have evi-
dence of tissue hypoperfusion would be categorized as hav-
ing severe sepsis/septic shock. The initial resuscitation and 
management of these patients is discussed as follows.   

   Initial Resuscitation of Sepsis 

 The initial resuscitation phase of sepsis should begin imme-
diately upon recognition of sepsis. Initiation of resuscitation 
should not wait until the patient is transferred to a higher 
level of care. The goals of the resuscitation include restora-
tion of intravascular volume, diagnosis of the source of 
infection, initiation of broad spectrum antimicrobial therapy, 
and source control. Many institutions have developed order 
sets that speci fi cally address each of these issues. The utili-
zation of standardized protocols for the initial management 
of sepsis has been demonstrated to improve patient outcomes 
in multiple settings  [  15–  20  ] . 

 The major tenets of initial resuscitation can be initiated in 
any area of the hospital and should not be delayed pending 
transfer to the ICU. Establishing intravenous (IV) access is a 
critical  fi rst step as this allows for the administration of 

resuscitative intravenous  fl uid and antimicrobials. For those 
patients without evidence of tissue hypoperfusion, a large 
bore peripheral IV should be suf fi cient. In the event that 
peripheral IV access is not attainable, a central venous line 
should be inserted in a timely fashion. 

 Fluid resuscitation should be guided with the following 
goals in mind:
    1.    CVP (if available) of 8–12 mmHg in non-intubated 

patients and a target CVP of 12–15 mmHg in mechani-
cally ventilated patients  [  21  ]   

    2.    MAP of  ³ 65 mmHg  [  22  ]   
    3.    Urine output of  ³ 0.5 ml/kg/h  
    4.    Central venous (ScvO 

2
 ) oxygen saturation of  ³ 70% or mixed 

venous (SvO 
2
 ) oxygen saturation of  ³ 65%(if available)  [  23  ]      

 These endpoints of resuscitation should be achieved 
within 6 h of the recognition of sepsis. In addition a baseline 
serum lactate should be sent upon the identi fi cation of sepsis. 
A repeat serum lactate level should be sent 4 h later to moni-
tor the progress of the initial resuscitation. 

 The initial resuscitation  fl uid of choice still remains 
extremely controversial. There are no prospective, random-
ized controlled trials evaluating crystalloid versus colloid 
resuscitation in surgical patients with sepsis. If colloids are 
given, the initial  fl uid bolus should be 300–500 ml of colloid 
over 30 min. If crystalloids are given, the initial  fl uid challenge 
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Fig. 6.1 (continued)

should be 1,000 cm 3  of crystalloid over 30 min. The 
patient’s response to  fl uid bolus will dictate the need for 
additional resuscitation. The Saline versus Albumin Fluid 
Evaluation (SAFE) study randomized nearly 7,000 critically 
ill patients requiring  fl uid resuscitation to receive albumin or 
normal saline, and no difference in mortality was identi fi ed. 
Interestingly, a subgroup analysis of the 1,218 patients with 

severe sepsis documented that albumin was associated with 
a trend toward reduced mortality (relative risk of death 0.87; 
95% con fi dence interval 0.74–1.02)  [  24  ] . Currently two ran-
domized trials are ongoing to further investigate this  fi nding: 
(1) Volume Replacement with Albumin in Severe Sepsis 
(ALBIOS)  [  25  ]  (Italy) and (2) Early Albumin Resuscitation 
during Septic Shock (France)  [  26  ] .  
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   Initial Resuscitation of Severe Sepsis 
and Septic Shock 

 For those patients presenting with severe sepsis and septic 
shock the timely correction of tissue hypoperfusion is criti-
cal. The concept of early goal directed therapy (EGDT) in 
severe sepsis and septic shock was initially developed and 
validated in the emergency department (ED) setting in a sin-
gle-center trial  [  23  ] . The ED is frequently the point of entry 
for many septic patients into the hospital. Unfortunately, 
many of these patients may wait for prolonged periods of 
time in the ED. The end result is often a delay in the imple-
mentation of early sepsis resuscitation. 

 The implementation of EGDT has been shown to 
improve survival in patient presenting with severe sepsis 
and septic shock  [  18,   23,   27,   28  ] . The basic principles of 
EGDT therapy are to recognize tissue hypoperfusion and 
initiate therapies to reverse global tissue hypoxia by opti-
mizing oxygen delivery. Tissue perfusion can be monitored 
by measuring mixed venous hemoglobin oxygen saturation 
(SvO 

2
 ), central venous hemoglobin oxygen saturation 

(ScvO 
2
 ), or peripheral muscle hemoglobin oxygen satura-

tion (StO 
2
 ). A SvO 

2
  of  £ 65%, a ScvO 

2
  of  £ 70%, or a StO 

2
  

of  £ 75% are considered indicators of tissue hypoperfusion. 
Once tissue hypoperfusion is identi fi ed, speci fi c therapies 
should be instituted to reverse tissue hypoxia by restoring 
adequate perfusion. The factors affecting oxygen delivery 
are cardiac output (CO), hemoglobin ([Hb]), and percent 
arterial hemoglobin oxygen saturation (SaO 

2
 ). EGDT 

attempts to restore tissue perfusion by addressing these 
variables. The evidence-based Sepsis Resuscitation Bundle 
was established with a goal to accomplish all indicated 
tasks, 100% of the time, within 6 h of the diagnosis of sep-
sis was established, and is used to assist with the adminis-
tration of prompt resuscitation efforts in the treatment of 
sepsis (Table  6.2 ).  

 To restore intravascular volume and enhance cardiac out-
put, an initial crystalloid  fl uid bolus of 20 ml/kg of ideal 
body weight is recommended. This  fl uid bolus can be admin-
istered initially through existing peripheral IVs, however, 
placement of a central venous line for monitoring of CVP is 
recommended. An arterial line should be placed in patients 
with hypotension that do not rapidly respond to volume 
challenge. The use of noninvasive blood pressure monitor-
ing for patients in septic shock often produces inaccurate 
measurements and should be avoided for titration of vasoac-
tive medications. A Foley catheter should also be inserted to 
allow for close monitoring of urine output. Bladder pres-
sures should be monitored in patients requiring aggressive 
volume loading. 

 The goals of resuscitation remain the same as those listed 
previously:

    1.    A target CVP (if available) of 8–12 mmHg in non- 
intubated patients and a target CVP of 12–15 mmHg in 
mechanically ventilated patients  [  21  ]   

    2.    MAP of  ³ 65 mmHg  [  22  ]   
    3.    Urine output of  ³ 0.5 ml/kg/h, and  
    4.    Central venous (ScvO 

2
 ) oxygen saturation of  ³ 70% or 

mixed venous (SvO 
2
 ) oxygen saturation of  ³ 65%  [  23  ] .     

 In the event that a ScvO 
2
  of  ³ 70% or SvO 

2
   ³ 65% cannot 

be achieved with restoration of intravascular volume and 
mean arterial pressure of 65–90 mmHg, red blood cells 
should be transfused to achieve of hematocrit of  ³ 30%. 

 Multiple international randomized controlled trials of 
early goal-directed therapy for patients with severe sepsis are 
underway to validate the  fi ndings of the single-center Rivers 
trial. These include ProCESS (Protocolized Care for Early 
Septic Shock), ARISE (Australian Resuscitation in Sepsis 
Evaluation), and ProMISe (Protocolized Management in 
Sepsis). The ProCESS trial will randomize 1950 patients 
who present to the emergency department in septic shock to 
three arms: (1) the EGDT Rivers protocol described previ-
ously, (2) a less complicated, less invasive protocol using 
esophageal Doppler monitor and no blood transfusion, and 
(3) usual care  [  29  ] . The ARISE trial will randomize 1,600 

   Table 6.2    Sepsis Bundles: The goal is to perform all indicated tasks 
100% of the time within the  fi rst 6 h (Sepsis Resuscitation Bundle) or 
 fi rst 24 h (Sepsis Management Bundle) of the diagnosis of severe 
sepsis   

  Sepsis resuscitation bundle —(to be started immediately and completed 
within 6 h) 

 • Serum lactate measured 
 • Blood cultures obtained prior to antibiotic administration 
 • Broad-spectrum antibiotics administered within 3 h for ED 

admissions and 1 h for non-ED ICU admissions 
 • In the event of hypotension and/or lactate >4 mmol/L: 

 – Deliver a minimum of 20 ml/kg of crystalloid (or colloid 
equivalent) 

 – Apply vasopressors for hypotension not responding to initial 
 fl uid resuscitation to maintain mean arterial pressure (MAP) 
 ³ 65 mmHg 

 • In the event of persistent arterial hypotension despite volume 
resuscitation (septic shock) and/or initial lactate >4 mmol/L 
(36 mg/dl): 

 – Achieve central venous pressure (CVP) of  ³ 8 mmHg 

 – Achieve central venous oxygen saturation (ScvO 
2
 ) of  ³ 70% a  

  Sepsis management bundle —(to be started immediately and completed 
within 24 h) 

 • Low-dose steroids administered for septic shock in accordance 
with a standardized ICU policy 

 • Glucose control maintained  ³ lower limit of normal, but 
<150 mg/dl (8.3 mmol/L) 

 • For mechanically ventilated patients inspiratory plateau pressures 
maintained <30 cmH 

2
 O 

   a Achieving a mixed venous oxygen saturation of 65% is an acceptable 
alternative  
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patients to EGDT versus standard care and assess 90-day 
mortality in patients presenting to the emergency department 
with severe sepsis  [  30  ] . The ProMISe trial will randomize 
1,260 patients to EGDT versus standard care and assess 
90-day mortality in patients presenting to the emergency 
department with septic shock  [  31  ] . Furthermore, an individ-
ual, patient data meta-analysis will be performed across the 
three trials. 

 Having achieved the goal CVP, the goal MAP, and the 
goal hematocrit, if there is still evidence of tissue hypoperfu-
sion, inotropic agents should be administered to improve 
cardiac output. In patients presenting with septic shock, the 
initial  fl uid bolus may not restore their MAP to  ³ 65 mmHg. 
A repeat  fl uid bolus of 20 ml/kg of ideal body weight can be 
given to correct hypovolemia. However, transient vasopres-
sors therapy may need to be initiated, even if volume resus-
citation is still ongoing. 

   Vasopressor Therapy 

 Septic shock is primarily a vasodilatory shock, associated 
with a high cardiac output and a low systemic vascular resis-
tance. Therefore, initial vasopressors therapy should be tar-
geted at restoring vascular tone. Both norepinephrine and 
dopamine are acceptable  fi rst line agents for treatment of 
septic shock, and should be administered through a central 
venous catheter. Norepinephrine is primarily an  a (alpha)-
receptor agonist that promotes widespread vasoconstriction 
and has little effect on heart rate or stroke volume. Dopamine 
has dose dependent effects on  a (alpha),  b (beta), and dop-
aminergic receptors. The initial increase in blood pressure 
seen with dopamine is related to increasing cardiac output. 
At higher doses (>7.5  m [mu]g/kg/min), dopamine does acti-
vate  a (alpha)-receptors with resultant vasoconstriction. 

 In patients with septic shock that is refractory to  fi rst line 
vasopressors, the addition of vasopressin may be bene fi cial. 
Vasopressin is a stress hormone that has vasoactive effects. 
The use of vasopressin is supported by recent work by Landry 
et al. who suggest that in states of septic shock there is a rela-
tive de fi ciency of vasopressin  [  32  ] . The administration of 
vasopressin in this patient population has been shown to 
improve responsiveness to catecholamines and potentially 
reduce the amount of catecholamine needed to maintain 
blood pressure  [  33  ] . 

 The Vasopressin and Septic Shock Trial (VASST) ran-
domized 779 patients in septic shock requiring norepineph-
rine (5  m g/min) for at least 6 h and at least one organ system 
dysfunction present for <24 h to vasopressin (0.01–0.03 U/
min) versus higher dose norepinephrine (5–15  m g/min)  [  34  ] . 
No difference in 28-day or 90-day mortality was identi fi ed. 
In the prospectively de fi ned stratum of less severe septic 
shock, the mortality rate was lower in the vasopressin group 

than in the norepinephrine group at 28 days (26.5% versus 
35.7%,  p  = 0.05), which persisted to 90-day mortality 
(35.8% versus 46.1%,  p  = 0.04). In a post hoc analysis of the 
VASST study, it was identi fi ed that the combination of low-
dose vasopressin and corticosteroids was associated with 
decreased mortality and organ dysfunction as compared with 
norepinephrine and corticosteroids  [  35  ] . Based on the results 
of studies to date, clinicians should consider the addition of 
low-dose continuous infusion vasopressin (up to 0.03 U/min) 
in individual septic shock patients who despite adequate 
resuscitation are still requiring high doses of vasopressors. 

 It is our current practice to initiate a vasopressin drip at 
a rate of 0.04 U/min in patients requiring norepinephrine 
infusion at  ³ 15  m g/min. The dose of vasopressin should 
not exceed 0.04 U/min because of the possibility of 
decreased cardiac output and myocardial ischemia at 
higher doses  [  36  ] . 

 While most patients with sepsis initially present with 
increased cardiac output, a subset of patients will develop 
myocardial depression from sepsis. The exact mechanism 
for this reversible myocardial dysfunction is still under inves-
tigation. B-type natriuretic peptide (BNP) is secreted in 
response to stretching of myocardium and is used clinically 
to assess volume overload and predict death in acute conges-
tive heart failure. More recently, BNP has been demonstrated 
to be elevated in early septic shock and likewise predict 
death. We have recently shown that BNP increases with ini-
tial sepsis severity and is associated with early left ventricu-
lar (LV) dysfunction that in itself is associated with later 
death. Monitoring BNP in early sepsis to identify occult LV 
dysfunction may prompt earlier use of inotropes which are 
not commonly used in early sepsis resuscitation. 

 For those patients with suspected or known cardiac dys-
function the addition of inotropic therapy is recommended. 
Dobutamine is the  fi rst line agent for treatment of cardiac 
dysfunction in patients with sepsis. The management of 
patients with a cardiac component to their shock state pres-
ents a unique challenge to the clinician since they require the 
titration of vasopressors and inotropic agents. In this subset 
of patients, the utilization of a pulmonary artery catheter can 
be extremely useful. This allows for the speci fi c titration of 
vasopressors based upon systemic vascular resistance and 
inotropic agents based upon cardiac output. There is no evi-
dence to support increasing cardiac index to predetermined 
supranormal levels.  

   Steroids in Septic Shock 

 The use of steroids for the management of septic shock has 
been debated for several decades. In recent years, the con-
cept of relative adrenal insuf fi ciency in septic shock has 
received renewed interest. Despite several large clinical trials 
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addressing the issue of steroid use in patients with septic 
shock, the topic remains controversial. The ongoing debate 
is primarily surrounding the de fi nition of relative adrenal 
insuf fi ciency in critically ill patients and the “gold standard” 
for diagnosing adrenal insuf fi ciency in this population. 

 It had previously been a common practice to perform a 
low dose ACTH (cosyntropin) stimulation test on all patients 
with septic shock as a means to identify those patients with 
relative adrenal insuf fi ciency. To perform the cosyntropin 
stimulation test, a baseline serum cortisol is drawn which 
represents time zero ( T  

0
 ). The patient is then given 250  m g of 

intravenous cosyntropin. Subsequent serum cortisol levels 
are measured at 30 ( T  

30
 ) and 60 ( T  

60
 ) minutes after the cosyn-

tropin. If the delta cortisol is  £ 9  m g/dl then the patient is con-
sidered to have relative adrenal insuf fi ciency and steroids are 
initiated. Based on the current evidence to date, we now rec-
ognize that the ACTH stimulation test is not recommended 
to identify the subset of adults with septic shock who should 
receive hydrocortisone. A number of factors interfere with 
the ACTH stimulation test, and our current diagnostic tests 
are not accurate. The administration of etomidate causes a 
temporary suppression of the hypothalamic–pituitary–adre-
nal axis, resulting in transient adrenal insuf fi ciency. In addi-
tion, patients that have received steroids at any time during 
the previous 6 months should not undergo testing of their 
adrenal function. Rather, these patients should be empiri-
cally initiated on steroid therapy. The current edition (2008) 
of the Surviving Sepsis Campaign Guidelines recommends 
that intravenous hydrocortisone should be considered for 
adult septic shock when hypotension responds poorly to ade-
quate  fl uid resuscitation and vasopressors. The literature 
indicates that low dose corticosteroids decrease the time to 
cessation of vasopressors  [  37  ] , increase the systemic vascu-
lar resistance and MAP  [  38  ] , and decrease the risk of death 
 [  39  ] . The dose of hydrocortisone should be  £ 300 mg/day. We 
currently give hydrocortisone 50 mg IV every 6 h. The dura-
tion of steroid administration also remains controversial. The 
current recommendation is that steroids be discontinued once 
vasopressors are no longer required.  

   Identifying the Source of Infection 

 Identifying the source of infection is essential to the initial 
management of sepsis. Whenever possible, cultures should 
be obtained prior to initiation of empiric antimicrobial ther-
apy. Current recommendations include obtaining a minimum 
of two blood cultures, including one blood culture from each 
vascular access device and one blood culture from a periph-
eral puncture. Additional cultures from other sites (respira-
tory, urinary tract) and radiographic imaging should be 
dictated by clinical suspicion. In the surgical population this 
may include obtaining cultures from surgical drains and per-

forming pertinent imaging to identify an undrained abscess. 
Despite the importance of source identi fi cation, dif fi culty in 
the collection of cultures should not generate a signi fi cant 
delay in the administration of antimicrobial therapy. 

 In order to improve the chances of detecting bacteremia 
it is crucial to obtain the appropriate volume of blood for the 
culture medium. Several studies have demonstrated that the 
volume of blood cultured is the single most important factor 
in the detection of bacteremia  [  40–  42  ] . The recommend vol-
ume of blood per culture tube is  ³ 10 ml. Obtaining blood 
cultures from all vascular access devices along with simul-
taneous collection of blood cultures from a peripheral site is 
bene fi cial in diagnosing catheter related infections. The 
concept of differential time to positivity has been well 
described in the literature  [  43,   44  ] . Differential time to posi-
tivity is de fi ned as the difference in time necessary for blood 
cultured drawn simultaneously from a peripheral site and a 
central venous catheter to become positive. The differential 
time to positivity is considered to be positive if the blood 
culture that is drawn through the vascular access device 
becomes positive at least 120 min before the peripheral cul-
ture. If a patient has an indwelling vascular access device 
and the cultures drawn from that device become positive at 
least 120 min before the peripheral cultures become posi-
tive, it is recommended that the device be removed as it is 
likely infected  [  43  ] .  

   Initiation of Empiric Antimicrobial Therapy 

 Another key component of the initial resuscitation of the 
septic patient is the administration of intravenous antimicro-
bial therapy. Antimicrobials should be administered after 
appropriate cultures have been collected but within 1 h of 
sepsis recognition. Dif fi culty with specimen collection 
should not delay the initiation of antibiotic therapy beyond 
the 1 h mark. The time to antimicrobial administration has 
been identi fi ed as a critical factor in survival of patients pre-
senting with sepsis. A recent study by Kumar et al. found 
that each hour in delay of antimicrobials was associated with 
an average decrease in survival of 7.6%  [  45  ] . Delayed admin-
istration of antifungal therapy in patients with Candida 
bloodstream infections was an independent predictor of hos-
pital mortality  [  46  ] . Maintaining a supply of commonly used 
antimicrobials in the ED and ICU can assist in the timely 
administration of these agents. The Surviving Sepsis guide-
lines recommend initiation of intravenous broad-spectrum 
antibiotics within the  fi rst hour of recognizing severe sepsis 
and septic shock. 

 The selection of antimicrobial therapy should take into 
account the patient’s history (including drug allergies and 
recent antimicrobial exposure), suspected source of infec-
tion, and hospital speci fi c antibiograms. Within our surgical 
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   Table 6.3    Recommendations for source-speci fi c Empiric Antibiotic Selection   

 Pneumonia  Antibiotic  Regimen 

 Community acquired (CAP)  1. Ceftriaxone + 
 Levo fl oxacin 

 2. Aztreonam + 
 Levo fl oxacin 

 1g IV q24h 
 750mg IV q24h 
 2gm IV q8h 
 750mg IV q24h 

 Aspiration (not chemical pneumonitis)  Piperacillin / Tazobactam  4.5g IV q6h 
 Ventilator associated (VAP) 
 Early VAP (<5 day)  1. Cefepime 

 2. Cipro fl oxacin 
 2g IV q12h 
 400mg IV q12h 

 Late VAP 
 ( ³ 5dy; pseudomonas risk: 
 previous hosp or broad spectrum antibiotic exposure; 
+pseudomonas culture) 

 1. Cefepime + 
 Vancomycin + 
 Tobramycin 

 2. Cipro fl oxacin + 
 Vancomycin + 
 Tobramycin 

 2g IV q8h 
 15mg/kg IV q12h 
 7mg/kg IV 
 400mg IV q8h 
 15mg/kg IV q12h 
 7mg/kg IV 

  Catheter related Infections  
 Catheter-associated urinary tract infection (CAUTI)  1. Cefepime 

 2. Cipro fl oxacin 
 1gm IV q12h 
 400mg IV q12h 

 IV, art cath; bloodstream  Vancomycin  1gm IV q12h 
 Candidemia high risk 
 (TPN, steroid Tx, diabetes, hepatic failure) 

 Fluconazole  800mg IV q24h 

  Wound/Soft tissue Infections  
 Necrotizing soft tissue infection (NSTI)  1. Piperacillin / Tazobactam + 

 Vancomycin + 
 Clindamycin 

 2. Cipro fl oxacin + 
 Vancomycin + 
 Clindamycin 

 4.5g IV q6h 
 15mg/kg IV q12h 
 900mg IV q8h 
 400mg IV q8h 
 15mg/kg IV q12h 
 900mg IV q8h 

 Surgical Site Infection (SSI)  1. Ertapenem + 
 Vancomycin 

 2. Cipro fl oxacin + 
 Vancomycin 

 1gm IV q24h 
 15mg/kg IV q12h 
 400mg IV q12h 
 15mg/kg IV q12h 

  Intra abdominal Infections  
 Pseudomonas -low risk  1. Ertapenem + 

 Vancomycin 
 2. Cipro fl oxacin + 

 Metronidazole + 
 Vancomycin 

 1gm IV q24h 
 15mg/kg IV q12h 
 400mg IV q8h 
 500mg IV q8h 
 15mg/kg IV q12h 

 Pseudomonas- high risk 
 (previous hospitalization or broad spectrum antibiotic exposure; 
positive pseudomonas culture) 

 1. Imipenem / Cilastatin + 
 Vancomycin 

 2. Cipro fl oxacin + 
 Metronidazole + 
 Vancomycin 

 500mg IV q6h 
 15mg/kg IV q12h 
 400mg IV q8h 
 500mg IV q8h 
 15mg/kg IV q12h 

 Candidiasis - high risk 
 (TPN, steroid treatment, diabetes, hepatic failure, 
upper GI perforation + H2 blocker, age  ³  75, 
prolonged antibiotic, long term care) 

 consider Fluconazole  800mg IV q24h 

  Special Considerations  
 1. indicates preferred therapy 
 2. alternative for severe  β  lactam allergy 
 * dosing adjustments should be made if evidence of renal dysfunction 
 * if Vancomycin allergy (not intolerance), then use Linezolid 600mg IV q12hr 

ICU, our multidisciplinary sepsis team has developed anti-
microbial regimens based upon suspected source of infection 
and the current institution speci fi c antibiogram (see Table  6.3 ). 
When choosing empiric antimicrobial therapy, a few general 
rules should be applied. Chie fl y, the initial antimicrobial 
coverage should be broad enough to cover all potential 
pathogens. There is substantial evidence that administering 

inadequate initial antimicrobial coverage is associated with 
increased morbidity and mortality  [  47–  50  ] . Any antimicro-
bial that the patient has recently received should be avoided. 
Vigilant monitoring of culture data and de-escalation of the 
antimicrobial regimen based upon culture results and sensi-
tivities will reduce the risk of superinfection and the emer-
gence of resistant organisms.   
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   Obtaining Source Control 

 The  fi nal component of the initial resuscitation bundle is 
identi fi cation and control of the source of infection. This can 
be as simple as removing an infected vascular access device. 
However, in our experience, in surgical patients the abdomen 
is the site of infection in  ³ 50% of cases. These patients often 
require diagnostic imaging to identify the source and an 
operative procedure to attain source control. This includes, 
but is not limited to, emergent debridement of necrotic tis-
sues, abscess drainage, removal of infected vascular access 
devices, and exploratory laparotomy. In the setting of septic 
shock, these procedures, although necessary, can present a 
unique challenge to the surgical team. 

 The concept of damage control laparotomy (DCL) was 
 fi rst recognized for the care of critically injured trauma 
patients  [  51–  53  ] . Damage control is de fi ned as rapid, initial 
control of hemorrhage and contamination followed by intra-
peritoneal packing as needed, and temporary abdominal clo-
sure. This concept was utilized on those patients that 
presented with severe physiologic derangements such as 
coagulopathy, acidosis, and hypothermia. Rather than per-
sisting for hours performing the de fi nitive operation, these 
patients have their critical surgical issues addressed in an 
abbreviated manner so they may be taken to the ICU for con-
tinued resuscitation. Once the physiologic derangements 
have been corrected the patient is taken back to the operating 
room for a de fi nitive surgical procedure. The decision to uti-
lize DCL should not be viewed as a bailout. Instead, it is a 
deliberate decision to truncate the surgical procedure in order 
to minimize the time away from the ICU. The decision to 
perform DCL is often made prior to arriving in the operating 
room and is based on the severity of the patient’s physiologic 
derangements at the time of presentation. 

 The concept of DCL has now evolved to include critically 
ill patients with surgical sepsis. Like the trauma patient with 
the lethal triad of acidosis, hypothermia, and coagulopathy, 
many patients with septic shock present in a similar fashion. 
For those patients presenting with septic shock and an 
identi fi ed source of infection requiring surgical intervention, 
the utilization of DCL can be life saving. 

 The  fi rst priority is to initiate resuscitation. The patient 
needs to undergo preoperative optimization during which 
time the airway is secured, central venous and arterial lines 
are placed, volume resuscitation and broad spectrum antimi-
crobial agents are administered, and if needed, vasopressors 
are titrated to the appropriate endpoints. Within 6 h the patient 
is taken to the operating room for emergent laparotomy and 
potential damage control procedures. The surgeon needs to 
assess the degree of physiologic derangement early in the 
operation and if the severe physiologic derangements exist, 
then the operative interventions need to be abbreviated. The 
primary aim is to control the source of infection, e.g., resect 
dead bowel, manage bowel perforations (resection versus 

 primary closure), drain abscesses, and wash out the abdomen. 
We do not create ostomies and bowel often is left in disconti-
nuity at this  fi rst operation. The abdomen is then managed 
with a temporary abdominal closure device (via a variety of 
techniques) and the patient is rapidly returned to the ICU 
where they undergo continued physiologic optimization. This 
includes optimizing volume resuscitation and mechanical 
ventilation, correction of coagulopathy and hypothermia, and 
monitoring for abdominal compartment syndrome. Over the 
next 24–48 h abnormal physiology is corrected so that the 
patient can safely return to the OR for a de fi nitive operation 
and abdominal closure. Septic shock is a formidable meta-
bolic insult and it is very important to provide optimal nutri-
tional support (this often requires combined enteral and 
parenteral nutrition) and early mobilization to prevent the loss 
of lean body mass and resultant impaired recovery. 

 One of the problems with this “damage control” strategy 
is that in some of the patients the midline abdominal fascia 
cannot be closed at the second operation because of bowel 
distention and edema and they require multiple additional 
laparotomies for de fi nitive abdominal wall closure. The mid-
line fascia is progressively closed with the use of a vacuum-
assisted closure (VAC) device. For this technique to work it 
is important that the bowel not become adherent to perito-
neum of the anterior abdominal wall out to the lateral para-
colic gutters otherwise the abdomen becomes “frozen” and 
the fascia cannot be brought to midline. The VAC device 
actively removes  fl uid and decreases edema, provides medial 
tension which helps to minimize fascial retraction and loss of 
domain, and protects the abdominal contents by providing 
separation between abdominal wall and viscera, with no fas-
cial damage since it does not require fascial suture place-
ment. Traditionally, abdominal wall defects in these “frozen” 
abdomens were closed by mobilizing skin/subcutaneous tis-
sue  fl aps to cover the defect (i.e., accepting a large hernia 
defect and need for delayed reconstruction) or by bridging 
the defect with mesh with later split thickness skin grafting 
once granulation tissue has developed. This is associated 
with a 20% gastrointestinal  fi stula rate, which is an extremely 
morbid complication. Additionally, many of these patients 
required delayed complex abdominal wall reconstructions. 
Recently, there has been signi fi cant enthusiasm for acute 
reconstruction with biological mesh. Unfortunately the long 
term follow up studies show that many of these patients still 
require delayed hernia repairs of large defects  [  54  ] . In our 
published experience of treating the open abdomen with the 
VAC device, we achieved primary fascia closure in 87% at a 
mean 7 days with a 2%  fi stula rate and no intra-abdominal 
abscesses  [  55,   56  ] . These results are nearly identical to the 
results reported by Miller et al. from Wake Forest University 
who taught us how to do this type of closure  [  57  ] . More 
recently, Cothren et al. have reported 100% primary fascial 
closure rate using a modi fi ed VAC device technique  [  58  ] . 
The long term outcomes are not known but in short term 
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follow-up (mean 180 days) ventral hernia was 2.3%. 
However, as is true with all emergency laparotomies, this 
rate will without a doubt increase with time but the hernia 
defects will be small and more easily repaired. 

 In addition to “damage control” scenarios, there are other 
reasons that we leave the abdomen open and plan for a staged 
relaparotomy:
    1.    Patients with ischemic bowel that have undergone a resec-

tion will be taken back the next day to assess viability of 
the remaining bowel before attempts at anastomosis or 
ostomy creation. We have been quite successful in com-
pleting the small bowel to colon anastomosis at the sec-
ond operation and thus these patients have avoided the 
need for a temporary ileostomy.  

    2.    Patients with necrotizing pancreatitis. We attempt to avoid 
operative interventions in this group of patients but are 
occasionally forced to do so.  

    3.    Patients who have massive bowel distention that cannot be 
closed without causing signi fi cant intra-abdominal hyper-
tension (IAH) will undergo temporary abdominal closure. 
IAH sets the stage of abdominal compartment syndrome 
(ACS) which occurs with subsequent ICU resuscitation 
 [  59  ] . Avoiding ACS signi fi cantly improves survival.  

    4.    Patients who develop ACS and require a decompressive 
laparotomy. As a result of advances in trauma care start-
ing in the 1980s, this entity emerged as an epidemic in the 
mid 1990s in trauma centers worldwide. As we begin to 
understand this new entity, it has been increasingly recog-
nized to occur in non-trauma ICU patients as well  [  60–  62  ] . 
Unfortunately, if you do not look for ACS by monitoring 
bladder pressures, you will not diagnose it and these 
patients will die of refractory shock.     
 Within our SICU we have been utilizing DCL for our 

patients with septic shock. Over 2 years, we had 22 patients 
who underwent DCL for source control. Sources of intra-
abdominal infection were colon (11 patients), small bowel 
(4), stomach (2), and pancreas (1). Four patients had perito-
nitis with no identi fi ed source. Of the 22 patients, 6 died 
from multiple organ failure, for an actual mortality rate of 
27%. The mean P-POSSUM predicted mortality was 
signi fi cantly higher at 69.4% ( p  < 0.02), as was the predicted 
mortality of 76% based on a mean APACHE II score of 31.8 
( p  < 0.02)  [  63  ] . This data suggests that the implementation of 
DCL for patients with surgical sepsis is decreasing mortality 
and is a viable option for patients with septic shock and the 
need for immediate operative source control.   

   Activated Protein C for Severe Sepsis 
and Septic Shock 

 In the normal physiologic state, anticoagulation predomi-
nates. The major anticoagulant factors are protein C, protein 
S, antithrombin, and tissue factor pathway inhibitor. Protein 

C is activated by the binding of thrombin to thrombomodulin 
on the surface of the endothelium. Once activated, protein C 
directly inhibits factor Va and factor VIIIa in the clotting cas-
cade. In patients with severe sepsis and septic shock there is 
a decreased expression of thrombomodulin on the vascular 
endothelium. As a result, there is decreased production of 
activated protein C (APC). This results in a shift toward the 
pro coagulant state. This shift to a pro coagulant state results 
in microvascular thrombosis, impaired  fi brinolysis, and 
endothelial dysfunction. The microvasculature becomes 
occluded with resultant tissue hypoxia and direct tissue 
damage, which ultimately results in organ dysfunction/fail-
ure. The extent of coagulation disturbance ranges from mild 
laboratory abnormalities to disseminated intravascular coag-
ulation (DIC). This underlying disruption of the intrinsic 
production of APC served as the physiologic impetus for the 
administration of APC as a means to reverse the pro coagulant 
state seen in severe sepsis and septic shock. In October, 2011 
APC was withdrawn from the market after additional studies 
showed no change as compared to placebo in reducing 
mortality.  

   Discussion: Pathophysiology of Sepsis: 
A Complex Process 

 The clinical manifestations of sepsis are the result of a com-
plex series of interactions between the inciting organism and 
the host’s innate immune response. This intricate cellular 
interaction involves numerous signaling pathways as well as 
the production of cytokines and chemokines. A detailed dis-
cussion of each of these pathways is beyond the scope of this 
text; however, a few key elements are discussed. 

   Characteristics of the Pathogen 

 The host response to infection can be triggered by bacterial, 
viral, and/or fungal infection. The speci fi c characteristics 
of the inciting organism have a role in the body’s response 
to the infectious stimuli. Each organism has speci fi c viru-
lence factors that enable the organism to evade the host’s 
defenses. These virulence factors include antigenic varia-
tion of surface molecules, inhibition of complement activa-
tion, resistance to phagocytosis, production of exotoxins, 
and scavenging of reactive oxygen intermediates  [  64  ] . Cell 
to cell communication between organisms allows for sig-
naling and upregulation of virulence factors. Perhaps one 
of the best described virulence factors is lipopolysaccha-
ride (LPS), also known as endotoxin, a component of the 
outer cell wall of all gram-negative bacteria. The presence 
of LPS provokes local and systemic in fl ammation, includ-
ing proliferation of cytokines and activation of mac-
rophages. The presence of LPS is essential to maintaining 
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the integrity of the outer membrane of gram-negative bac-
teria, acting as a protective barrier against lysozymes, anti-
microbial agents, and host phagocytic cells.  

   Characteristics of the Host 

 The human body is equipped with a variety of defense mech-
anisms against microorganisms. These include physical bar-
riers such as the skin and mucosal surfaces, the innate 
immune response, and the adaptive immune response. 
Dysfunction of any of these components can lead to the 
development of sepsis. The recognition of pathogens by the 
innate immune response initiates a complex cascade of 
events with the intent of removing the pathogen from the 
host. This includes the release of reactive oxygen metabo-
lites to destroy the pathogen, release of chemokines to recruit 
additional lymphocytes, and the generation of a variety of 
systemic cytokines to further activate the host immune 
response. We are just beginning to understand the potential 
impact of genetic polymorphisms and the impact on patient 
survival  [  65,   66  ] .  

   Effect of Sepsis on Coagulation 

 Proper function of the coagulation system is of critical 
importance, particularly in the surgical patient as it plays 
an essential role in hemostasis. Extensive laboratory 
research has advanced our understanding of the relation-
ship between in fl ammation and coagulation. In the septic 
patient, dysregulation of the coagulation system can result 
in derangements in laboratory tests of coagulation, 
increased bleeding risk, and DIC. A basic understanding of 
this relationship is important to understanding the 
pathophysiology of sepsis. 

 A key factor in the interaction between coagulation and 
in fl ammation is tissue factor (TF) expression. Under normal 
circumstances TF is found only on adventitial structures, 
myocytes, and  fi broblasts. When tissue injury occurs, these 
subendothelial structures that express TF are exposed and 
the clotting cascade is initiated by TF binding with circulat-
ing factor VII. In a septic state, proin fl ammatory mediators 
induce the expression of TF on the endothelium. The expres-
sion of TF by the endothelium not only activates the coagula-
tion cascade, but is a potent stimulus for excess thrombin 
generation. Thrombin is a procoagulant molecule that con-
verts  fi brinogen to  fi brin and promotes platelet activation. 
The formation of  fi brin is followed by consumption of clot-
ting factors and the formation of  fi brin clots in the microcir-
culation. These  fi brin clots serve as  fi lters, trapping platelets 
to form larger clots. All of these actions combined, shift the 
coagulation system into a procoagulant state. Additionally, 
there is a loss of anticoagulant factors such as thrombomodulin. 

Proin fl ammatory cytokines downregulate the production of 
thrombomodulin on the surface of the endothelial cells. 
Thrombomodulin is an essential cofactor in the conversion 
of protein C into activated protein C. Clinically, this imbal-
ance in the coagulation system is re fl ected as tissue hypoxia 
secondary to microvascular thrombosis. This disruption in 
the coagulation system and the resulting microvascular 
thrombosis has been the target of potential pharmacologic 
interventions.   

   Sepsis Screening: Increasing Awareness 
and Improving Outcomes 

 The early identi fi cation and management of sepsis remains 
a signi fi cant challenge to healthcare providers. In the recent 
past, multiple organizations have focused their efforts on 
providing evidence based guidelines in an attempt to 
decrease the morbidity and mortality associated with sep-
sis. Several recent studies in the literature have highlighted 
the correlation between early sepsis intervention and patient 
survival. The use of EGDT therapy as described by Rivers 
et al. has emphasized the importance of early intervention 
during the “golden hours” of sepsis  [  23  ] . A recently pub-
lished study by Kumar et al. demonstrated a signi fi cant cor-
relation between time to appropriate antimicrobial 
administration and patient survival  [  45  ] . In this study of 
2,154 patients with septic shock, administration of effec-
tive antimicrobial therapy within the  fi rst hour of document 
hypotension was associated with a survival rate of 79.9%. 
Each hour of delay in administration of effective antimicro-
bial therapy was associated with an average decrease in 
survival of 7.6%. 

 Despite strong evidence that the early implementation of 
evidence based, sepsis speci fi c interventions save lives, the 
early identi fi cation of sepsis remains a challenge. The signs 
and symptoms of sepsis are nonspeci fi c, particularly in its 
early phases. As bedside nurses and other health care pro-
viders focus on multiple priorities and tasks, early signs of 
sepsis are often missed resulting in the delay of time critical 
interventions. Lack of awareness of the signs and symptoms 
of impending sepsis may contribute to the severity of the 
problem. In the surgical patient, the early signs of sepsis 
can often be attributed to other common postoperative prob-
lems. A recent audit of ward nurses’ knowledge of sepsis 
demonstrated lack of awareness of the standard de fi nitions 
of sepsis, severe sepsis and septic shock, the signi fi cance of 
increased blood lactate concentration as an indicator of 
severe sepsis, and the basic principles of early goal directed 
therapy  [  67  ] . The conclusion of this audit was that these 
de fi cits could result in the missed or delayed diagnosis of 
severe sepsis or septic shock, and seriously delayed therapy. 
This lack of awareness seems universal, as physicians too 
struggle with the early identi fi cation and evidence based 
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management of sepsis. A recent international survey of 
physicians regarding their knowledge regarding sepsis 
reported that 83% of physicians surveyed had missed the 
diagnosis of sepsis  [  68  ] . The reasons listed for missing the 
diagnosis of sepsis included lack of monitoring, lack of a 
common de fi nition for sepsis, and lack of knowledge. Of 
the 1,058 physicians surveyed, only 140 (13.2%) were able 
to provide the de fi nition of sepsis as stated in the ACCP/
SCCM consensus statement. 

 Our experience with the sepsis screening tool in the 
SICU has prompted us to expand our evaluation of sepsis 
in general surgery patients within our own institution. We 
conducted a quality improvement review of patients 
admitted to our SICU over a 5 month period with an 
admitting diagnosis of sepsis, severe sepsis, or septic 
shock. Of the 55 patients with these diagnoses, 26 (47%) 
were admitted to the SICU from an inpatient surgical 
ward. Of these, 26 patients admitted from the surgical 
ward, 15 (58%) presented to the SICU with severe sepsis 
or septic shock. Out of the 15 patients who presented to 
the SICU in severe sepsis/septic shock, 6 died (40%). 
There were no deaths among the 11 patients that presented 
with sepsis. For each of these 26 patients, the  fi rst step of 
our sepsis screening tool was performed in a retrospective 
fashion. Of the 26 patients, 20 (77%) had a positive retro-
spective SIRS screen (SIRS Score  ³ 4). On average, the 
screen became positive 25 h before the diagnosis of sepsis 
was made (range 30 min to 114.75 h, standard deviation 
35.8, interquartile range 33.75). The Surviving Sepsis 
Campaign Guidelines place great emphasis on the speed 
with which sepsis speci fi c interventions are initiated sec-
ondary to the impact this has on sepsis related mortality. 
This is supported by our data. The average delay of 25 h 
between the initial recognition of sepsis using this screen-
ing tool and the initiation of appropriate therapy is well 
beyond the recommended time for intervention. These 
 fi ndings would indicate that the use of this nurse initiated 
sepsis screening tool could signi fi cantly improve sepsis 
recognition and subsequent initiation of therapy on the 
inpatient surgical  fl oor. 

 We subsequently implemented and validated our sepsis 
screening tool on the inpatient surgical ward  [  14  ] . The 
screening tool yielded a sensitivity of 99.9%, speci fi city of 
91.3%, a positive predictive value of 16.3%, and a negative 
predictive value of 99.9%. The sepsis related mortality in 
those patients that screened positive for sepsis was 6.3%. Of 
the 16 patients that developed sepsis, 4 (25%) required trans-
fer to the SICU. Of the 16 true positive screens, 14 (87.5%) 
had sepsis, and 2 (12.5%) had severe sepsis at the time of the 
screen. These results underscore the importance of sepsis 
screening in order to identify sepsis before the patient pro-
gresses into septic shock.  

   Implementing Evidence Based Guidelines: The 
Use of Computerized Clinical Decision Support 

 In the recent past, multiple organizations have focused on 
providing evidence based guidelines (EBGs) in an attempt to 
decrease the sepsis associated morbidity and mortality  [  69–  71  ] . 
These EBGs provide a comprehensive list of therapies and 
include several time sensitive interventions. Despite strong 
evidence that the early implementation of evidence based, 
sepsis speci fi c therapies saves lives, the complexity of these 
recommendations makes bedside implementation dif fi cult 
and compliance poor. A recent study by McGlyn et al. which 
evaluated compliance with implementation of evidence 
based care in a variety of acute and chronic health conditions 
found that only 55% of patients currently receive appropriate 
evidence based care  [  72  ] . This failure of health care provid-
ers to consistently implement evidence based care is multi-
factorial. Busy clinicians struggle to keep up with the 
information overload that has resulted from the recent explo-
sion in health care related guidelines. As a result, it often 
takes 15–20 years for a newly proven therapy to become 
standard of care  [  73  ] . Additionally, guidelines are often 
dif fi cult to implement at the local level because they are not 
patient speci fi c and rarely provide explicit directions for use 
at the bedside. These factors result in a signi fi cant hurdle that 
clinicians must overcome in order to provide current, evi-
dence based care. 

 In the case of EBGs for sepsis management, the number 
and complexity of the recommendations makes it dif fi cult to 
consistently implement these interventions. In addition, 
many of the interventions are time sensitive and require pri-
oritization. Patients with an intra-abdominal source of surgi-
cal sepsis are at particularly high risk due to severity of 
illness and treatment complexity. These patients often require 
emergent operation for source control, with damage control 
techniques employed for the most severely ill. Integration of 
surgical intervention with ICU resuscitation introduces even 
more variables in sepsis management paradigm. This neces-
sitates a system which ensures adequate and timely resusci-
tation, adherent to EBGs for sepsis. 

 Our previous experience with computerized clinical deci-
sion support (CCDS) has proven valuable in implementing 
other complex EBGs for critically ill patients  [  74  ] . A com-
puter-based algorithm has the ability to accurately and pre-
cisely manage clinical interventions, frequently more 
consistent than the bedside clinician. Prior studies evaluating 
the use of CCDS in implementing EBGs for ARDS manage-
ment and hemorrhagic shock resuscitation have demon-
strated that the utilization of CCDS improves compliance 
with EBGs at the bedside  [  75–  78  ] . Based upon this experi-
ence we developed a CCDS protocol for the management of 
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sepsis. This bedside CCDS program includes an algorithm 
for goal-directed volume resuscitation, with subsequent real-
time prompts for speci fi c therapies such as antimicrobials, 
vasopressors, and further modalities within the initial 24 h 
after sepsis identi fi cation (Fig.  6.2 ). Acknowledgement of 
administered therapies allows the computer logic to proceed 
to the next step, ensuring compliance with all aspects of the 
EBGs.  

 Implementation of CCDS for the management of sepsis 
has signi fi cantly improved our ability to consistently imple-
ment EBGs in our SICU. Since implementing our CCDS 
sepsis management protocol we have increased our compli-
ance with all components of the 6 h resuscitation bundle has 
increased from 29 to 79%. In addition, our overall severe 
sepsis/septic shock mortality has declined from 24 to 12%. 
We attribute this signi fi cant decrease in sepsis related mor-
tality to increased compliance with the EBGs, a  fi nding 
which is consistent with other reports in the literature  [  17, 
  23,   45,   79,   80  ] .  

   Fluid Resuscitation: Crystalloid Versus Colloid 

 Since the early 1940s, the restoration of intravascular vol-
ume has been embraced as a pivotal intervention in shock 
resuscitation. Considerable controversy has persisted since 
this time concerning the optimal resuscitation  fl uid to use, 
largely due to con fl icted evidence within the literature. No 
large randomized trials addressing the issue exist, however, a 
number of meta-analyses have been performed. One large 
meta-analysis of 1,419 patients by the Cochrane Injuries 
Group Albumin Reviewers revealed an increased risk of 
death in those patients resuscitated with albumin as com-
pared to those resuscitated with crystalloid  [  81  ] . Another 
large meta-analysis of by Wilkes et al. revealed no difference 
in mortality between patients resuscitated with albumin as 
compared to those resuscitated with crystalloid  [  82  ] . 

 The SAFE trial was a large, multicenter, randomized con-
trolled trial that compared the effect of colloid as compared 
to crystalloid  fl uid resuscitation on mortality in patients 
admitted to the ICU  [  24  ] . The results of the study revealed 
similar outcomes for patients in both groups, suggesting 
there is no advantage to the use of either resuscitation  fl uid. 
A subgroup analysis of patients with severe sepsis showed a 
slight improvement in survival among patients that received 
albumin but this difference was not statistically signi fi cant as 
this study was not speci fi cally designed to evaluate patients 
with sepsis. 

 There are several essential differences between crystal-
loid (lactated ringers, normal saline) and colloid (albumin, 
hydroxyethyl starch, hypertonic saline) as resuscitation  fl uid. 
The volume of distribution of crystalloids is signi fi cantly 
larger than that of colloids. Because of this, the ratio of 

crystalloid to colloid infusion is approximately three to one. 
Proponents of crystalloid resuscitation cite improved expan-
sion of the extracellular compartment, minimal risk of ana-
phylactoid reaction, replacement of volume loss with 
physiologically balanced solution, and decreased costs. 
Proponents of colloid resuscitation cite faster restoration of 
intravascular volume due to the decrease in volume required 
and reduced risk of interstitial edema secondary to the high 
oncotic pressure. If colloids are used for resuscitation, one 
must be particularly vigilant about monitoring cardiac  fi lling 
pressures and avoiding  fl uid overload. Additionally, the 
expense and availability of albumin may be a factor dissuad-
ing use in some settings. The utilization of hydroxyethyl 
starch solutions is associated with alterations of the coagula-
tion cascade and therefore great caution should be heeded in 
surgical patients. In addition, hydroxyethyl starch solutions 
have been associated with renal dysfunction and higher rates 
of acute renal failure in sepsis  [  83  ] .  

   The Use of Steroids in Septic Shock 

 The administration of steroids in septic shock has been 
debated for decades. In the 1960s, high dose steroid replace-
ment therapy was found to improve survival in animal mod-
els of septic shock. A clinical study by Bennet et al. found no 
bene fi t to the use of steroids in sepsis and the practice was 
largely abandoned. In the 1970s, high dose steroids were 
widely used for patients with septic shock. Schumer et al. 
demonstrated signi fi cant improvement in survival among 
patients that received high dose steroids. This practice con-
tinued into the 1980s, at which point new evidence emerged 
suggesting that high dose steroids were associated with an 
increased risk of death and a higher frequency of secondary 
infections. Because of these discrepancies in the medical lit-
erature regarding the use of steroids in sepsis there was no 
clear consensus at the time. The 1990s produced several 
meta-analyses evaluating the use of high dose steroids in 
septic shock. The conclusion of these studies was that high 
dose steroids provided no survival bene fi t and in fact they 
were associated with increased mortality. As a result of these 
studies the use of high dose steroids for patients with septic 
shock has been largely abandoned. However, the use of low 
dose steroids for the management of septic shock remains a 
topic of intense discussion. 

 The concept of relative adrenal insuf fi ciency in septic 
shock has been the focus of several recent clinical studies. In 
order to better understand the debate, a basic understanding 
of the role of the adrenal glands is required. The adrenal 
gland produces several substances including sympathetic 
hormones and glucocorticoids, including cortisol. Cortisol 
has immunologic and anti-in fl ammatory effects including 
inhibition of many pro-in fl ammatory cytokines (IL-1, IL-2, 
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IL-3, IL-6, INF- g [gamma], and TNF- a [alpha]). Cortisol also 
stimulates the production of anti-in fl ammatory mediators 
such as IL-10 and decreases the local in fl ammatory reaction. 
Cortisol plays a vital role in maintaining vascular tone and 
endothelial integrity. Additionally, cortisol augments the 
vasoconstrictor effect of catecholamines. During critical ill-
ness, the normal physiologic response stimulates the adrenal 
glands resulting in a nearly sixfold increase in cortisol pro-
duction. During sepsis, the adrenal glands ability to increase 
cortisol production may be impaired. Multiple factors con-
tribute to this including high levels of circulating in fl ammatory 
cytokines, decreased glucorticoid sensitivity of receptors, 
and suppression of the hypothalamic–pituitary–adrenal axis 
by various medications. The end result is a state of relative 
adrenal insuf fi ciency. 

 Recently, numerous trials have been undertaken to evalu-
ate the use of low dose steroids in sepsis. Low dose steroid 
use is de fi ned as  £ 300 mg of hydrocortisone (or an equiva-
lent steroid) over long duration  £ 5 days. In 2002, Annane 
published the results of a multicenter, randomized, double-
blind, placebo-controlled trial evaluating the use of low dose 
steroids in patients with septic shock  [  39  ] . All patients with 
septic shock were randomized within 3 h of the onset of sep-
tic shock to either the treatment arm or the placebo arm. 
Patients underwent a low dose cosyntropin stimulation test 
and relative adrenal insuf fi ciency was de fi ned as a delta cor-
tisol of  £ 9  m g/dl or less. Patients in the treatment arm received 
hydrocortisone 50 mg IV every 6 h and 50  m g of  fl udrocortisone 
PO daily or matching placebos. Patients receiving low dose 
steroids showed a decreased time to shock reversal and a 
decreased mortality compared to placebo. Since that time, 
two smaller trials and two meta-analyses demonstrated simi-
lar results  [  84,   85  ] . These  fi ndings suggest that low dose ste-
roid use in patients with relative adrenal insuf fi ciency 
signi fi cantly improves time to shock reversal and 28-day 
mortality. However, a follow up study published in 2008 
brought the use of low dose steroids in septic shock back into 
question. The CORTICUS trial was a multicenter, random-
ized, double-blind, placebo-controlled trial that also evalu-
ated the use of low dose steroids in patients with septic shock 
 [  86  ] . Patients with septic shock underwent a low dose cosyn-
tropin stimulation test with a delta cortisol of  £ 9  m g/dl used 
to de fi ne relative adrenal insuf fi ciency. Unlike the Annane 
study, patients in the CORTICUS trial were randomized up 
to 72 h after the diagnosis of septic shock to receive either 
hydrocortisone 50 mg IV every 6 h or placebo. No difference 
in 28-day all-cause mortality was identi fi ed, however earlier 
shock resolution was con fi rmed in the steroid group (median 
time to reverse shock 3.1 versus 5.7 days,  p  = 0.003). 
However, it is important to note that the patients enrolled in 
this trial had a lower placebo group mortality (63% in Annane 
study; 31% in CORTICUS trial). The Annane study enrolled 
only patients with vasopressor-dependent septic shock, while 

the CORTICUS trial enrolled all patients with septic shock. 
In the Annane study, patients were randomized within 3 h of 
the onset of septic shock. In the CORTICUS trial, patients 
were randomized up to 72 h after the onset of septic shock. 
Additionally, patients in the Annane study received both 
hydrocortisone and  fl udrocortisones as opposed to only 
hydrocortisone in the CORTICUS trial. The CORTICUS 
trial patients differed as well, with more abdominal sepsis 
and more surgical patients, and fewer patients diagnosed 
with pneumonia. The CORTICUS trial documented that 
46.7% of patients did not have a response to corticotropin-
stimulation test, and these patients had a higher mortality 
rate. CORTICUS was however, underpowered for the pri-
mary outcome measure, death within 28 days in patients who 
did not respond to corticotropin. Therefore considerable con-
troversy still remains. An important contribution of the 
CORTICUS trial was the identi fi cation that hospital-based 
immunoassays are not accurate for cortisol measurements in 
critically ill patients. 

 Despite the ongoing debate over the optimal use of low 
dose steroids in patients with septic shock, the Surviving 
Sepsis Campaign Guidelines still recommend consideration 
of hydrocortisone in patients with septic shock not respon-
sive to volume resuscitation and vasopressor therapy. The 
dose of hyrdrocortisone given should not exceed 300 mg/day 
and should be administered in divided doses. The use of 
 fl udrocortisone is still considered optional. Optimal duration 
of steroids also remains in question, however most would 
agree that steroid administration should continue until the 
patient is weaned from vasopressor therapy.  

   Importance of Early Broad Spectrum 
Antimicrobials 

 The timely administration of empiric antimicrobial therapy 
is perhaps the most bene fi cial pharmacologic intervention in 
patients with sepsis. While antimicrobial therapy has always 
been a mainstay in the treatment of infection, not until 
recently has the importance of antimicrobial choice and rapid 
administration been demonstrated to signi fi cantly impact 
patient mortality. In a landmark study by Kumar et al. the 
relationship between time to antimicrobial administration 
and patient mortality was clearly illustrated  [  45  ] . This multi-
center, retrospective study evaluated 2,154 patients with sep-
tic shock over a 15 year period. The primary objective was to 
determine the prevalence of delays in antimicrobial adminis-
tration from initial onset of septic shock and its impact on 
mortality. The results of this study demonstrated a 7.6% 
decrease in survival for each hour of delay in antimicrobial 
administration after the onset of shock  [  45  ] . In addition, 
patients that received effective antimicrobial therapy within 
1 h of the onset of septic shock had the highest survival rate 
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at 79.9%. The results of this study have subsequently been 
corroborated by other studies  [  87,   88  ] . 

 Despite convincing evidence that early antimicrobial 
administration signi fi cantly improves outcomes in patients 
with sepsis, compliance with this recommendation remains 
problematic. In Kumar’s previously mentioned study, >50% 
of septic shock patients experienced a delay in antimicrobial 
administration of at least 6 h. A recent multicenter prospec-
tive analysis of compliance with antimicrobial administra-
tion revealed that only 60% of patients were receiving 
antimicrobials within 1 h  [  89  ] . After a 2 year educational 
campaign for performance improvement programs compli-
ance only reached 67%. Clearly, there exist signi fi cant clini-
cal hurdles that we must overcome in order to implement this 
seemingly straightforward intervention. 

 Several barriers to the timely administration of antimicro-
bials have been identi fi ed. One critical issue is the availabil-
ity of intravenous access in a timely manner. During active 
sepsis resuscitation intravenous access is needed for  fl uid 
administration as well as antimicrobial therapy. In addition, 
appropriate cultures, typically from various sites, must be 
sent prior to antimicrobial administration. Many antimicro-
bials are not readily available in patient care areas and must 
be transported from the pharmacy to the bedside. Most 
patients receive at least two empiric antimicrobials, which 
can result in additional delays if adequate IV access is not 
available. Performing this multitude of tasks, particularly in 
an unstable septic shock patient can quickly overwhelm the 
clinical team. The end result is a signi fi cant delay in antimi-
crobial administration. 

 While each institution has their own speci fi c barriers to 
implementation, it is important to recognize the importance 
of administering IV antimicrobials within 1 h. This one sim-
ple task of administering antimicrobial agents can signi fi cantly 
improve patient survival. In order to minimize the time to 
antimicrobial administration, there are a few basic clinical 
practices that can be implemented to help overcome these 
barriers. Rapidly establishing IV access is critical to the suc-
cess of the initial resuscitation. If peripheral IV access is not 
easily attainable, central venous access should be secured 
promptly. Central venous access has the bene fi t of providing 
the clinical team with multiple infusion ports as well as a 
means of monitoring central venous pressure. Working in 
conjunction with pharmacy to establish a rapidly available, 
pre mixed supply of commonly administered antimicrobials 
will also help to minimize delays. Many institutions have 
developed a “sepsis toolbox” containing IV  fl uids, culture 
materials, blood tubes for measuring serum lactate, and a pre 
mixed supply of antimicrobials. This toolbox can be taken to 
the bedside of sepsis patient at any location in the hospital, 
avoiding potential delays in the initiation of resuscitation. 

 The choice of empiric antimicrobial therapy is equally as 
important as administering antimicrobials within 1 h. 

Antimicrobial selection can be a complex process and should 
take into include consideration of the patient’s history and 
comorbid conditions, recent antimicrobial exposure, and 
probable source of infection. With the recent emergence of 
several virulent, drug resistant pathogens, the length of the 
patient’s hospital course and the potential for infection with 
such organisms should be considered. Failure to provide 
effective antimicrobial coverage for the causative organism 
signi fi cantly increases the risk of death from sepsis. The best 
practice is to provide broad coverage initially and de-escalate 
antimicrobial therapy based upon culture data as it becomes 
available.  

   Planned Laparotomy for Established 
Peritonitis Is Not Damage Control 

 The treatment strategy for patients with established peritoni-
tis has been debated for three decades. After an initial emer-
gent laparotomy, relaparotomy is frequently necessary to 
eliminate persistent peritonitis or a newly developed infec-
tious focus. There are two widely used strategies for relapa-
rotomy including relaparotomy when the patient’s condition 
demands it (“on-demand”) and “planned” relaparotomy. In 
the planned strategy, a relaparotomy is performed every 48 h 
for inspection, drainage, and peritoneal lavage of the abdom-
inal cavity until  fi ndings are not suspicious for ongoing peri-
tonitis. The “planned” strategy may lead to early detection of 
persistent peritonitis or a new infectious focus which reduces 
the risk for MOF but harbors the risk of potentially unneces-
sary reexplorations in critically ill patients. The on-demand 
strategy, while minimizing the number of surgical interven-
tions, harbors the risk of a potentially harmful delay in the 
detection of intra-abdominal infection with increased risk for 
MOF. Additionally there is a risk that the need for a delayed 
laparotomy will occur at a time when intra-abdominal adhe-
sions (day 10–14) create a hostile operative environment. 
Over the years, there have been number of case series that 
have offered con fl icting results. The consensus and meta-
analysis conclusion is that for the non-critically ill patient 
(APACHE II <10) use of the “on demand” strategy is pre-
ferred. Newer developments in CT scan technology can 
accurately detect intra-abdominal infections in patients who 
clinically deteriorate or fail to improve. With aggressive 
interventional radiology greater than 95% of the infections 
can be successfully treated without a repeat laparotomy. 
More recently, Ruler et al. have performed a prospective ran-
domized controlled trial (PRCT) in patients with severe peri-
tonitis (de fi ned as APACHE II >10) which con fi rmed that the 
practice of “planned” relaparotomy was associated with no 
difference in outcome compared with “on demand” laparo-
tomy and was associated with increased expenditure of hos-
pital resources and length of hospital stay  [  90  ] . It is important 
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to emphasize that this recent PRCT is not relevant to the 
previous discussion of “damage control” in patients with 
septic shock. Patients randomized into this PRCT had a mean 
APACHE II score of 15 (with predicted mortality of <25%) 
while the patients we described had a mean APACHE II 
score of 32 (with a predicted mortality of >75%). We use 
damage control in patients in the “persistent septic shock 
cycle,” who require an expedient procedure to attain source 
control, and continued resuscitation prior to the de fi nitive 
procedure. Its rationale is to appropriately time and limit the 
duration of source control to break the cycle and then opti-
mize resuscitation in the ICU. Planned and on demand lapa-
rotomy are considered in the case of patients requiring 
surgical source control, who are not exhibiting severe meta-
bolic derangements.  

   Conclusion 

 Sepsis continues to be a common and potentially lethal prob-
lem for surgical patients. The early identi fi cation and man-
agement of surgical patients with sepsis presents a signi fi cant 
challenge to the surgical team. The implementation of rapid, 
evidence based care in conjunction with timely surgical 
source control improves survival.      

      References 

    1.    Dombrovskiy VY, Martin AA, Sunderram J, Paz HL. Rapid increase 
in hospitalization and mortality rates for severe sepsis in the United 
States: a trend analysis from 1993 to 2003. Crit Care Med. 
2007;35(5):1244–50.  

    2.    Hall MJ, Williams SN, Defrances CJ, Golosinskiy A. Inpatient care 
for septicemia or sepsis: a challenge for patients and hospitals. 
NCHS Data Brief. 2011;62:1–8.  

    3.    Lagu T, Rothberg MB, Shieh M-S, et al. Hospitalizations, costs, 
and outcomes of severe sepsis in the United States 2003 to 2007. 
Crit Care Med. 2012;40(3):754–61. Available at   http://www.ncbi.
nlm.nih.gov/pubmed/21963582    . Accessed 5 Jan 2012.  

    4.    Dombrovskiy VY, Martin AA, Sunderram J, Paz HL. Facing the 
challenge: decreasing case fatality rates in severe sepsis despite 
increasing hospitalizations. Crit Care Med. 2005;33(11):2555–62.  

    5.    Angus DC, Linde-Zwirble WT, Lidicker J, et al. Epidemiology of 
severe sepsis in the United States: analysis of incidence, outcome, 
and associated costs of care. Crit Care Med. 2001;29(7):1303–10.  

    6.    Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of 
sepsis in the United States from 1979 through 2000. N Engl J Med. 
2003;348(16):1546–54.  

    7.    McBean M, Rajamani S. Increasing rates of hospitalization due to 
septicemia in the US elderly population, 1986–1997. J Infect Dis. 
2001;183(4):596–603.  

    8.    Moore LJ, Moore FA, Todd SR, et al. Sepsis in general surgery: the 
2005–2007 National Surgical Quality Improvement Program 
Perspective. Arch Surg (Chicago, Ill: 1960). 2010;145(7):695–700.  

    9.    Moore LJ, Moore FA, Jones SL, Xu J, Bass BL. Sepsis in general 
surgery: a deadly complication. Am J Surg. 2009;198(6):868–74.  

    10.    Balk RA, Bone RC. The septic syndrome. De fi nition and clinical 
implications. Crit Care Clin. 1989;5(1):1–8.  

    11.    Anon. American College of Chest Physicians/Society of Critical 
Care Medicine Consensus Conference: de fi nitions for sepsis and 
organ failure and guidelines for the use of innovative therapies in 
sepsis. Crit Care Med. 1992;20(6):864–74.  

    12.    Levy MM, Fink MP, Marshall JC, et al. 2001 SCCM/ESICM/
ACCP/ATS/SIS International Sepsis De fi nitions Conference. 
Intensive Care Med. 2003;29(4):530–8.  

    13.    Moore LJ, Jones SL, Kreiner LA, et al. Validation of a screening 
tool for the early identi fi cation of sepsis. J Trauma. 2009;66(6):1539–
46. discussion 1546–7.  

    14.    Moore LJ, Jones SL, Turner KL, et al. A concise instrument for sepsis 
screening in general surgery patients. Surg Infect. 2010;11(2):215.  

    15.    Sebat F, Johnson D, Musthafa AA, et al. A multidisciplinary com-
munity hospital program for early and rapid resuscitation of shock 
in nontrauma patients. Chest. 2005;127(5):1729–43.  

    16.    Shorr AF, Micek ST, Jackson WL, Kollef MH. Economic implica-
tions of an evidence-based sepsis protocol: can we improve out-
comes and lower costs? Crit Care Med. 2007;35(5):1257–62.  

    17.    Nguyen HB, Corbett SW, Steele R, et al. Implementation of a bun-
dle of quality indicators for the early management of severe sepsis 
and septic shock is associated with decreased mortality. Crit Care 
Med. 2007;35(4):1105–12.  

    18.    Shapiro NI, Howell MD, Talmor D, et al. Implementation and out-
comes of the Multiple Urgent Sepsis Therapies (MUST) protocol. 
Crit Care Med. 2006;34(4):1025–32.  

    19.    Micek ST, Roubinian N, Heuring T, et al. Before-after study of a 
standardized hospital order set for the management of septic shock. 
Crit Care Med. 2006;34(11):2707–13.  

    20.    Moore LJ, Turner KL, Todd SR, et al. Computerized clinical deci-
sion support improves survival in intra abdominal surgical sepsis. 
Am J Surg. 2010;200(6):839–43.  

    21.    Bendjelid K, Romand J-A. Fluid responsiveness in mechanically 
ventilated patients: a review of indices used in intensive care. 
Intensive Care Med. 2003;29(3):352–60.  

    22.    Varpula M, Tallgren M, Saukkonen K, Voipio-Pulkki L-M, Pettilä 
V. Hemodynamic variables related to outcome in septic shock. 
Intensive Care Med. 2005;31(8):1066–71.  

    23.    Rivers E, Nguyen B, Havstad S, et al. Early goal-directed therapy in 
the treatment of severe sepsis and septic shock. N Engl J Med. 
2001;345(19):1368–77.  

    24.    Finfer S, Bellomo R, Boyce N, et al. A comparison of albumin and 
saline for  fl uid resuscitation in the intensive care unit. N Engl J 
Med. 2004;350(22):2247–56.  

    25.   Anon. Volume replacement with albumin in severe sepsis 
(ALBIOS). NCT00707122. Available at   http://www.clinicaltrials.
gov/ct2/show/NCT00707122?term=albumin+sepsis&rank=1    .  

    26.   Anon. Early albumin resuscitation during septic shock. 
NCT00327704. Available at   http://www.clinicaltrials.gov/ct2/
show/NCT00327704?term=albumin+sepsis&rank=10    .  

    27.    Kortgen A, Niederprüm P, Bauer M. Implementation of an evi-
dence-based “standard operating procedure” and outcome in septic 
shock. Crit Care Med. 2006;34(4):943–9.  

    28.    Trzeciak S, Dellinger RP, Abate NL, et al. Translating research to 
clinical practice: a 1-year experience with implementing early goal-
directed therapy for septic shock in the emergency department. 
Chest. 2006;129(2):225–32.  

    29.   Anon. ProCESS. Available at   https://crisma.upmc.com/process-
trial/index.asp    ;   http://clinicaltrials.gov/ct2/show/NCT00510835    .  

    30.   Anon. ARISE trial. Available at   http://www.anzicrc.monash.org/
process.html    ;   http://clinicaltrials.gov/ct2/show/NCT00975793    .  

    31.   Anon. ProMISe trial. Available at   http://www.icnarc.org    ;   https://
www.icnarc.org/documents/ProMISe%20Information%20
Sheet.pdf    .  

    32.    Landry DW, Levin HR, Gallant EM, et al. Vasopressin de fi ciency 
contributes to the vasodilation of septic shock. Circulation. 
1997;95(5):1122–5.  

http://www.ncbi.nlm.nih.gov/pubmed/21963582
http://www.ncbi.nlm.nih.gov/pubmed/21963582
http://www.clinicaltrials.gov/ct2/show/NCT00707122?term=albumin+sepsis&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00707122?term=albumin+sepsis&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00327704?term=albumin+sepsis&rank=10
http://www.clinicaltrials.gov/ct2/show/NCT00327704?term=albumin+sepsis&rank=10
https://crisma.upmc.com/processtrial/index.asp
https://crisma.upmc.com/processtrial/index.asp
http://clinicaltrials.gov/ct2/show/NCT00510835
http://www.anzicrc.monash.org/process.html
http://www.anzicrc.monash.org/process.html
http://clinicaltrials.gov/ct2/show/NCT00975793
http://www.icnarc.org
https://www.icnarc.org/documents/ProMISe%20Information%20Sheet.pdf
https://www.icnarc.org/documents/ProMISe%20Information%20Sheet.pdf
https://www.icnarc.org/documents/ProMISe%20Information%20Sheet.pdf


90 L.A. Kreiner and L.J. Moore

    33.    Russell JA. Vasopressin in vasodilatory and septic shock. Curr Opin 
Crit Care. 2007;13(4):383–91.  

    34.    Russell JA, Walley KR, Singer J, et al. Vasopressin versus norepi-
nephrine infusion in patients with septic shock. N Engl J Med. 
2008;358(9):877–87.  

    35.    Russell JA, Walley KR, Gordon AC, et al. Interaction of vasopres-
sin infusion, corticosteroid treatment, and mortality of septic shock. 
Crit Care Med. 2009;37(3):811–8.  

    36.    Holmes CL, Walley KR, Chittock DR, Lehman T, Russell JA. The 
effects of vasopressin on hemodynamics and renal function in 
severe septic shock: a case series. Intensive Care Med. 2001;27(8):
1416–21.  

    37.    Oppert M, Schindler R, Husung C, et al. Low-dose hydrocorti-
sone improves shock reversal and reduces cytokine levels in 
early hyperdynamic septic shock. Crit Care Med. 2005;33(11):
2457–64.  

    38.    Keh D, Boehnke T, Weber-Cartens S, et al. Immunologic and hemo-
dynamic effects of “low-dose” hydrocortisone in septic shock: a 
double-blind, randomized, placebo-controlled, crossover study. Am 
J Respir Crit Care Med. 2003;167(4):512–20.  

    39.    Annane D, Sébille V, Charpentier C, et al. Effect of treatment with 
low doses of hydrocortisone and  fl udrocortisone on mortality in 
patients with septic shock. JAMA. 2002;288(7):862–71.  

    40.    Arpi M, Bentzon MW, Jensen J, Frederiksen W. Importance of 
blood volume cultured in the detection of bacteremia. Eur J Clin 
Microbiol Infect Dis. 1989;8(9):838–42.  

    41.    Mermel LA, Maki DG. Detection of bacteremia in adults: conse-
quences of culturing an inadequate volume of blood. Ann Intern 
Med. 1993;119(4):270–2.  

    42.    Bouza E, Sousa D, Rodríguez-Créixems M, Lechuz JG, Muñoz P. 
Is the volume of blood cultured still a signi fi cant factor in the diag-
nosis of bloodstream infections? J Clin Microbiol. 2007;45(9):
2765–9.  

    43.    Blot F, Schmidt E, Nitenberg G, et al. Earlier positivity of central-
venous- versus peripheral-blood cultures is highly predictive of 
catheter-related sepsis. J Clin Microbiol. 1998;36(1):105–9.  

    44.    Blot F, Nitenberg G, Chachaty E, et al. Diagnosis of catheter-related 
bacteraemia: a prospective comparison of the time to positivity of 
hub-blood versus peripheral-blood cultures. Lancet. 1999;354(9184):
1071–7.  

    45.    Kumar A, Roberts D, Wood KE, et al. Duration of hypotension 
before initiation of effective antimicrobial therapy is the critical 
determinant of survival in human septic shock. Crit Care Med. 
2006;34(6):1589–96.  

    46.    Morrell M, Fraser VJ, Kollef MH. Delaying the empiric treatment 
of candida bloodstream infection until positive blood culture results 
are obtained: a potential risk factor for hospital mortality. Antimicrob 
Agents Chemother. 2005;49(9):3640–5.  

    47.    Kreger BE, Craven DE, McCabe WR. Gram-negative bacteremia. 
IV. Re-evaluation of clinical features and treatment in 612 patients. 
Am J Med. 1980;68(3):344–55.  

    48.    Ibrahim EH, Sherman G, Ward S, Fraser VJ, Kollef MH. The 
in fl uence of inadequate antimicrobial treatment of bloodstream 
infections on patient outcomes in the ICU setting. Chest. 
2000;118(1):146–55.  

    49.    Leibovici L, Shraga I, Drucker M, et al. The bene fi t of appropriate 
empirical antibiotic treatment in patients with bloodstream infec-
tion. J Intern Med. 1998;244(5):379–86.  

    50.       Fitousis K, Moore LJ, Turner KL, et al. Evaluation of emperic anti-
biotic use in surgical sepsis. Am J Surg. 2010;200(6):776–82.  

    51.    Cué JI, Cryer HG, Miller FB, Richardson JD, Polk HC. Packing 
and planned reexploration for hepatic and retroperitoneal hemor-
rhage: critical re fi nements of a useful technique. J Trauma. 
1990;30(8):1007–11. discussion 1011–3.  

    52.    Rotondo MF, Schwab CW, McGonigal MD, et al. “Damage control”: 
an approach for improved survival in exsanguinating penetrating 
abdominal injury. J Trauma. 1993;35(3):375–82. discussion 382–3.  

    53.    Burch JM, Ortiz VB, Richardson RJ, et al. Abbreviated laparotomy 
and planned reoperation for critically injured patients. Ann Surg. 
1992;215(5):476–83. discussion 483–4.  

    54.    de Moya MA, Dunham M, Inaba K, et al. Long-term outcome of 
acellular dermal matrix when used for large traumatic open abdo-
men. J Trauma. 2008;65(2):349–53.  

    55.    Garner GB, Ware DN, Cocanour CS, et al. Vacuum-assisted wound 
closure provides early fascial reapproximation in trauma patients 
with open abdomens. Am J Surg. 2001;182(6):630–8.  

    56.    Suliburk JW, Ware DN, Balogh Z, et al. Vacuum-assisted wound 
closure achieves early fascial closure of open abdomens after severe 
trauma. J Trauma. 2003;55(6):1155–60. discussion 1160–1.  

    57.    Miller PR, Thompson JT, Faler BJ, Meredith JW, Chang MC. Late 
fascial closure in lieu of ventral hernia: the next step in open abdo-
men management. J Trauma. 2002;53(5):843–9.  

    58.    Cothren CC, Moore EE, Johnson JL, Moore JB, Burch JM. One 
hundred percent fascial approximation with sequential abdominal 
closure of the open abdomen. Am J Surg. 2006;192(2):238–42.  

    59.    Balogh Z, McKinley BA, Cox Jr CS, et al. Abdominal compartment 
syndrome: the cause or effect of postinjury multiple organ failure. 
Shock. 2003;20(6):483–92.  

    60.    Cothren CC, Moore EE, Johnson JL, Moore JB. Outcomes in 
 surgical versus medical patients with the secondary abdominal 
compartment syndrome. Am J Surg. 2007;194(6):804–7. discus-
sion 807–8.  

    61.    McNelis J, Marini CP, Jurkiewicz A, et al. Predictive factors associ-
ated with the development of abdominal compartment syndrome in 
the surgical intensive care unit. Arch Surg. 2002;137(2):133–6.  

    62.    Malbrain ML, Chiumello D, Pelosi P, et al. Incidence and prognosis 
of intraabdominal hypertension in a mixed population of critically 
ill patients: a multiple-center epidemiological study. Crit Care Med. 
2005;33(2):315–22.  

    63.   Turner KL, Moore LJ, Sucher JF, et al.  Damage Control Laparotomy: 
Beyond Trauma  - Presented at the 68th Annual Meeting of the 
American Association for the Surgery of Trauma; Pittsburg, PA 
October 1–3, 2009.  

    64.    Abbas AK, Lichtman AH. Cellular and molecular immunology. 5th 
ed. Philadelphia, PA: Elsevier Saunders; 2005.  

    65.    Arcaroli J, Fessler MB, Abraham E. Genetic polymorphisms and 
sepsis. Shock. 2005;24(4):300–12.  

    66.    Namath A, Patterson AJ. Genetic polymorphisms in sepsis. Crit 
Care Clin. 2009;25(4):835–56. x.  

    67.    Robson W, Beavis S, Spittle N. An audit of ward nurses’ knowledge 
of sepsis. Nurs Crit Care. 2007;12(2):86–92.  

    68.    Poeze M, Ramsay G, Gerlach H, Rubulotta F, Levy M. An interna-
tional sepsis survey: a study of doctors’ knowledge and perception 
about sepsis. Crit Care. 2004;8(6):R409–13.  

    69.    Dellinger RP, Carlet JM, Masur H, et al. Surviving Sepsis Campaign 
guidelines for management of severe sepsis and septic shock. Crit 
Care Med. 2004;32(3):858–73.  

    70.    Dellinger RP, Levy MM, Carlet JM, et al. Surviving Sepsis 
Campaign: international guidelines for management of severe sep-
sis and septic shock: 2008. Crit Care Med. 2008;36(1):296–327.  

    71.    Hollenberg SM, Ahrens TS, Annane D, et al. Practice parameters 
for hemodynamic support of sepsis in adult patients: 2004 update. 
Crit Care Med. 2004;32(9):1928–48.  

    72.    McGlynn EA, Asch SM, Adams J, et al. The quality of health care 
delivered to adults in the United States. N Engl J Med. 
2003;348(26):2635–45.  

    73.    Institute of Medicine. Crossing the quality chasm: a new health sys-
tem for the 21st century. Washington, DC: National Academies 
Press; 2001.  

    74.    Sucher JF, Moore FA, Todd SR, Sailors RM, McKinley BA. 
Computerized clinical decision support: a technology to implement and 
validate evidence based guidelines. J Trauma. 2008;64(2):520–37.  

    75.    McKinley BA, Moore FA, Sailors RM, et al. Computerized 
decision support for mechanical ventilation of trauma induced 



916 Early Management of Sepsis, Severe Sepsis, and Septic Shock in the Surgical Patient

ARDS: results of a randomized clinical trial. J Trauma. 
2001;50(3):415–24. discussion 425.  

    76.    Moore FA, McKinley BA, Moore EE. The next generation in shock 
resuscitation. Lancet. 2004;363(9425):1988–96.  

    77.    Santora RJ, McKinley BA, Moore FA. Computerized clinical deci-
sion support for traumatic shock resuscitation. Curr Opin Crit Care. 
2008;14(6):679–84.  

    78.      Thomsen GE, Pope D, East TD, et al. Clinical performance of a 
rule-based decision support system for mechanical ventilation of 
ARDS patients. Proc Annu Symp Comput Appl Med Care. 1993;
339–43.  

    79.    Gao F, Melody T, Daniels DF, Giles S, Fox S. The impact of com-
pliance with 6-hour and 24-hour sepsis bundles on hospital mortal-
ity in patients with severe sepsis: a prospective observational study. 
Crit Care. 2005;9(6):R764–70.  

    80.    Levy MM, Dellinger RP, Townsend SR, et al. The Surviving Sepsis 
Campaign: results of an international guideline-based performance 
improvement program targeting severe sepsis. Intensive Care Med. 
2010;36(2):222–31.  

    81.    Anon. Human albumin administration in critically ill patients: sys-
tematic review of randomised controlled trials. Cochrane Injuries 
Group Albumin Reviewers. BMJ. 1998;317(7153):235–40.  

    82.    Wilkes MM, Navickis RJ. Patient survival after human albumin 
administration. A meta-analysis of randomized, controlled trials. 
Ann Intern Med. 2001;135(3):149–64.  

    83.    Brunkhorst FM, Engel C, Bloos F, et al. Intensive insulin therapy 
and pentastarch resuscitation in severe sepsis. N Engl J Med. 
2008;358(2):125–39.  

    84.    Annane D, Bellissant E, Bollaert PE, et al. Corticosteroids for 
severe sepsis and septic shock: a systematic review and meta-anal-
ysis. BMJ. 2004;329(7464):480.  

    85.    Minneci PC, Deans KJ, Banks SM, Eichacker PQ, Natanson C. 
Meta-analysis: the effect of steroids on survival and shock during 
sepsis depends on the dose. Ann Intern Med. 2004;141(1):47–56.  

    86.    Sprung CL, Annane D, Keh D, et al. Hydrocortisone therapy for 
patients with septic shock. N Engl J Med. 2008;358(2):111–24.  

    87.    Gaieski DF, Mikkelsen ME, Band RA, et al. Impact of time to anti-
biotics on survival in patients with severe sepsis or septic shock in 
whom early goal-directed therapy was initiated in the emergency 
department. Crit Care Med. 2010;38(4):1045–53.  

    88.    Kumar A, Ellis P, Arabi Y, et al. Initiation of inappropriate antimi-
crobial therapy results in a  fi vefold reduction of survival in human 
septic shock. Chest. 2009;136(5):1237–48.  

    89.    Levy MM, Dellinger RP, Townsend SR, et al. The Surviving Sepsis 
Campaign: results of an international guideline-based performance 
improvement program targeting severe sepsis. Crit Care Med. 
2010;38(2):367–74.  

    90.    van Ruler O, Mahler CW, Boer KR, et al. Comparison of on-de-
mand vs. planned relaparotomy strategy in patients with severe 
peritonitis: a randomized trial. JAMA. 2007;298(8):865–72.      



93L.J. Moore et al. (eds.), Common Problems in Acute Care Surgery, 
DOI 10.1007/978-1-4614-6123-4_7, © Springer Science+Business Media New York 2013

         Introduction 

 While traumatic brain injury and uncontrolled hemorrhage 
remain the leading causes of death after trauma, sepsis fol-
lowed by multiple organ failure (MOF) are leading contribu-
tors to mortality in critically ill surgical and trauma patients. 
MOF is the leading cause of morbidity in the intensive care unit 
(ICU) following trauma and represents the endpoint of the 
spectrum of SIRS and sepsis  [  1  ] . Despite the identi fi cation of 
this disease process in the early 1970s, our understanding of the 
pathophysiology and the ensuing treatment of this syndrome 
remains a perplexing entity to which entire books have been 
dedicated. This chapter provides a brief overview of the evolu-
tion of the disease, the clinical presentation, and discusses the 
epidemiology and salient pathophysiology, as well as current 
treatment options and future considerations of this disease.  

   Historical Perspective 

 Military con fl icts have historically been the impetus for 
knowledge advancement in the arena of care of the critically 
injured patient. The evolution of the medical communities’ 
knowledge of morbidity and mortality from a single organ 
injury to MOF is an example of such a process. In World War 
I, death of the injured was primarily due to hemorrhagic 
shock and infections. During World War II (WWII) the les-
sons learned from prior con fl icts, including control of hem-
orrhagic shock and expeditious evacuation to a surgical 
treatment facility, greatly reduced the immediate death rate 

to half of what it had been for the US Army in early WWII 
 [  2–  4  ] . Transfusions in WWII aided resuscitation in stabiliz-
ing hemodynamic parameters but delayed renal failure was a 
signi fi cant morbidity. In the Korean War, delayed deaths in 
resuscitated patients were most often as a result of acute 
renal failure  [  5  ] . The increased resuscitation with crystalloid 
improved the renal failure but resulted in acute lung injury. 
This emerging constellation of symptoms is now known as 
Acute Respiratory Distress Syndrome (ARDS)  [  6  ] . These 
serial improvements were bene fi cial in the understanding of 
resuscitation of severely injured patients. However, the sur-
vival of these patients revealed the damage that multiple end 
organs had sustained as manifested in a new syndrome now 
known as MOF. MOF is at the severe end of the severity of 
illness spectrum of both systemic in fl ammatory response 
syndrome (SIRS) and sepsis. 

 The term “multiple organ failure” (MOF), was used by 
Shoemaker in a 1973 editorial to describe the circulatory, respi-
ratory, renal, cerebral and cardiac complications that ensued 
after the initial resuscitation of a trauma patient  [  7  ] . Around the 
same time, Tilney described a similar syndrome of sequential 
organ failure in 18 patients following surgical repair of their 
abdominal aortic aneurysms  [  8  ] . In 1975, Baue expanded on 
the organ systems affected and recognized that when more than 
one organ system failed, the knowledge and ability to care for 
the patient was stretched. Additionally, Baue offered sugges-
tions (Table  7.1 ) to prevent further damage as well as potential 
therapeutic options which included prevention of respiratory 
failure, volume resuscitation, early vasopressor use, source 
control, and early nutrition. It is salient to point out that these 
principles are still very central to the treatment of this disease 
process. Currently, the terms multiple organ dysfunction syn-
drome (MODS) and MOF are often used interchangeably  [  9  ] . 
The nuances of the two words effectively describe the syn-
drome of organ impairment at the point where expeditious 
treatment might prevent overt organ failure (MODS) versus 
established coexisting MOF as described in numerous organ 
failure scores  [  10  ] . Effectively, MOF is the end of a continuum 
that ranges from SIRS to severe organ dysfunction.   

      Multiple Organ Failure       

     Stephanie   Gordy         and    Martin   A.   Schreiber           

  7

    S.   Gordy ,  M.D., F.A.C.S.   (*)
     Department of Trauma, Acute Care Surgery and Surgical 
Critical Care ,  Oregon Health and Science University ,
  3181 SW Sam Jackson Park Road, L-611 ,  Portland ,  OR   97239 ,  USA    
e-mail:  gordys@ohsu.edu   

    M.  A.   Schreiber ,  M.D., F.A.C.S.  
     Professor of Surgery, Chief of Trauma Surgery ,  Oregon Health and 
Science University ,           USA        



94 S. Gordy and M.A. Schreiber

   De fi nitions 

 In the mid 1980s, after the recognition of sequential organ 
failure as a syndrome was recognized, multiple terms were 
used inconsistently by the medical community  [  11  ] . These 
disparate de fi nitions attempting to describe the same physi-
ologic phenomena led to the 1991 consensus conference. 
The societies of the American College of Chest Physicians 
(ACCP) and the Society of Critical Care Medicine (SCCM) 
were present. The goal of this conference was to establish a 
de fi nition to describe what is now known as the spectrum of 
physiologic response to infection and/or in fl ammation. The 
term “systemic in fl ammatory response syndrome” (SIRS) 
was introduced at this conference. Additionally the terms 
sepsis, severe sepsis, septic shock and multiple organ dys-
function were de fi ned as a result of this meeting (Table  7.2 ). 
The term “SIRS” was established to differentiate sepsis from 
a noninfectious, in fl ammatory state  [  12  ] . SIRS was de fi ned 
as two or more of the following conditions: 

   Core body temperature >38°C or <36°C  • 
  Heart rate > than 90 beats per minute  • 
  Respiratory rate > than 20 breaths per minute  • 
  paCO • 

2
  <32 mmHg  

  White blood cell count >12,000 or <4,000, or >10% bands.    • 
 SIRS could represent the symptoms from an infectious or 

noninfectious source. Infection was described as the invasion 
of normally sterile tissue by organisms. The term  “sepsis” 

was de fi ned as SIRS in conjunction with a con fi rmed infec-
tion. “Severe sepsis” was de fi ned as sepsis associated with 
organ dysfunction, hypotension or hypoperfusion as evi-
denced by: elevated lactate, acute renal failure, liver failure, 
altered mental status and/or hematalogic abnormalities. 
“Septic shock” was the term established as a subset of severe 
sepsis with the added additional clinical information of per-
sistent hypotension, despite adequate  fl uid resuscitation. 
Hypotension was de fi ned as systolic blood pressure (SBP) 
<90 mmHg, mean arterial pressure (MAP) <70 mmHg, or a 
decrease in SBP >40 mmHg from baseline. 

 MODS was de fi ned as the presence of altered organ func-
tion in an acutely ill patient such that homeostasis cannot be 
maintained without intervention and is the culmination of 
septic shock and multiple end-organ failure  [  13  ] . The 2001 
Consensus Conference further expanded on these de fi nitions 
 [  14  ] . A problem similar to the disparate use of the word “sep-
sis” in the early 1980s remains a problem in regard to the 
de fi nition of MOF. This is evidenced by a lack of consensus 
with regard to the innumerable scoring systems available to 
assess mortality.  

   Epidemiology 

 Sepsis, severe sepsis, septic shock, and MOF are common-
place in intensive care units and af fl ict 1.1 million people 
annually. Moreover, MOF results in 215,000 deaths in the 

   Table 7.1    Goals to prevent MOF identi fi ed in 1975   

 Goals to prevent MOF 
 • Prevent ventilatory failure by early support, not allowing the 

lungs to fail and produce hypoxemia. 
 • Avoid  fl uid overload, maintaining a urine output of 25–50 ml/h 

and no more. 
 • Avoid excess sodium and sodium bicarbonate. 
 • Filter blood before transfusion. 
 • Insist on sighing and deep breathing during operation, during 

resuscitation, and afterward. 
 • Maintain adequate cardiac output by circulatory support using 

inotropic agents early such as isoproterenol, dopamine, and 
epinephrine. 

 • Empty the stomach, keep it empty and instill antacids after 
operation or injury. 

 • Continue controlled ventilation after operation if ventilatory 
problems are anticipated. 

 • Follow a sigh-suction-sit treatment program for ventilation. 
 • Prevent renal failure by maintaining renal blood  fl ow and urine 

output. 
 • Use diuretics or dialysis early. 
 • Provide for early nutritional support of such patients. 
 • With tissue injury, use antibiotics before operation to reduce 

invasive sepsis. 
 • Drain septic foci and eliminate continuing peritoneal 

contamination. 

   Table 7.2    De fi nitions of SIRS, sepsis, severe sepsis, and multiple 
organ dysfunction   

 SIRS 
 • Two or more of the following conditions and can result from 

infectious or noninfectious causes: 
 • Temperature >38°C or <36°C 
 • Heart rate > than 90 beats per minute 
 • Respiratory rate > than 20 breaths per minute or paCO 

2
  < than 

32 mmHg 
 • White blood cell count >12,000 or <4,000, or >10% bands 
 Sepsis 
 • SIRS in conjunction with an infection is termed sepsis 
 Severe sepsis 
 • Sepsis associated with organ dysfunction 
 • May include hypotension, elevated lactate, acute renal failure, 

liver failure, altered mental status, and/or hematologic 
abnormality 

 Septic shock 
 • Subset of severe sepsis with the addition of hypotension 

manifested by 
 • Systolic blood pressure (SBP) <90 mmHg 
 • Mean arterial pressure (MAP) <70 mmHg 
 • Decrease in systolic blood pressure (SBP) >40 mmHg from 

baseline 
 Multiple organ dysfunction (MODS) 
 • Presence of altered organ function in an acutely ill patient such 

that homeostasis cannot be maintained without intervention 



957 Multiple Organ Failure

United States alone. Mortality from the spectrum of sepsis is 
estimated to be 9.3% of all deaths in the United States  [  15  ] . 
The individual costs of treating a single patient with MOF 
can be upwards of $150,000 per patient  [  16  ] . In the United 
States alone the costs of treating sepsis and its related seque-
lae is approximately $24 billion annually  [  17  ] . Additionally, 
the cost of critical care can account for as much as 1% of the 
gross national product of some countries. The resultant mor-
bidity from this disease and consequent loss of wages and 
quality of life are dif fi cult to quantify. These costs illustrate 
the substantial  fi nancial and societal burden this disease pro-
cess in fl icts. The irony of MOF is that it emerged as a result 
of improvements in critical care but that it has remained a 
substantial encumbrance in terms of morbidity, mortality, 
and cost despite numerous improvements made in critical 
care in regard to resuscitation and supportive measures. 

 The overall mortality ranges between 40 and 60% for 
MOF in all patients and this mortality increases as more 
organ systems are affected  [  18,   19  ] . The incidence of any 
organ failure in all ICUs ranges from 30 to 60%  [  20  ] . In a 
1985 study of intensive care patients by Knaus, single organ 
failure occurred in approximately one-third of all patients at 
some point during their ICU stay and MOF occurred in 15% 
of these patients  [  21  ] . MOF following septic shock remains 
the leading contributor to mortality in ICU patients. In a 
study by Mayr that looked at causes of death in 3,700 ICU 
patients, the most common cause of death in a single ICU 
was MOF (47%)  [  20  ] . Speci fi cally regarding trauma patients, 
traumatic brain injury and uncontrolled hemorrhage remain 
the leading causes of early death after trauma. MOF is, how-
ever, the number one cause of late deaths in trauma patients 
 [  22  ] . Despite our improved understanding of the pathophysi-
ology of this disease, the use of antibiotic agents, and more 
innovative therapies, there continues to be a high mortality 
rate for MOF. 

 Regarding the demographics of sepsis and organ failure, a 
study by Martin et al. in 2003 elucidated some important dif-
ferences. This study revealed that men are more likely to 
have sepsis and are more frequently enrolled in clinical trials 
despite the predominance of women in the population of the 
United States. Additionally, African-American men had the 
youngest age of onset in this study as well as the highest 
mortality. The reason for these demographic differences is 
not known; however, genetic differences and socioeconomic 
factors most likely contribute to these disparities  [  23  ] . 
Recently, research has con fi rmed a lower overall incidence 
of MOF  [  24  ] . The incidence of early single organ dysfunction 
has not changed but there has been a decrease in early MOF 
from 22 to 7%. The incidence of MOF in 1992 was 1.8 times 
the incidence in 2002  [  25,   26  ] . A similar study of trauma 
patients by Durham also revealed a lower overall mortality 
for single organ failure as well as a decrease in the overall 
incidence of MOF  [  27  ] .  

   Risk Factors for the Development 
of Organ Failure 

 MOF resides at the most severe end of a spectrum of illness 
that includes SIRS, sepsis, severe sepsis and septic shock. 
Any point along this constellation of criteria puts the patient 
at risk for MOF. The risks of organ failure are multiple and 
due to lack of consensus regarding a scoring system, it is 
dif fi cult to ascertain which risk factors are most speci fi c. 
MOF was originally thought to be catalyzed by an infec-
tious process. While the majority of patients with MOF will 
have an infectious source, it is also known that MOF occurs 
without an infection, per se, and can be solely due to unreg-
ulated in fl ammation, as occurs with severe pancreatitis, 
trauma or burns  [  28  ] . Immunosuppression, pneumonia, 
blood transfusions and bacteremia are all associated with 
increased risk for developing sepsis, severe sepsis, or septic 
shock and therefore also increases a patient’s risk for MOF 
 [  29,   30  ] . 

 A demographic risk factor for MOF includes advanced 
age. Advanced age, de fi ned as greater than 65, has likewise 
been associated with worse quality of life indicators in survi-
vors of sepsis. These patients more often require extensive 
rehabilitation as well as skilled nursing facility admission 
upon their hospital discharge from their acute septic event  [  31  ] . 
In a multivariate analysis, adjusted for age, sex, and severe 
head injury, patients with MOF had four times greater odds 
of requiring assistance from others in activities of daily liv-
ing more than 2 years after trauma as compared to trauma 
patients without organ failure. There was no statistically 
signi fi cant difference regarding self-care between patients 
who did not have a history of organ failure when compared 
with those patients who had a history of a single organ fail-
ure  [  32  ] . Obese patients, in general, have been found to have 
higher post-traumatic morbidity and mortality. Obesity is 
de fi ned as body mass index (BMI) >30 kg/m and as the BMI 
goes up, the incidence of MOF increases as well  [  33  ] . 
Moreover, when age, injury severity score (ISS), and transfu-
sions are adjusted for, obesity is associated with an 80% 
increased risk of MOF  [  22,   34  ] . This is likely associated to 
the pro-in fl ammatory state that obesity confers to patients  [  35  ] . 
Additionally, patients with nonoperative diagnoses—for 
example, patients admitted postacute myocardial infarc-
tion—have also been found to have a higher likelihood of 
developing MOF  [  21  ] . 

 In trauma patients, Balk and colleagues aptly identi fi ed sev-
eral major risk factors for the development of postinjury MOF. 
These included prolonged periods of hypotension, trauma, 
bowel infarction, hepatic insuf fi ciency, advanced age, and alco-
hol abuse  [  36  ] . Additionally, ISS, number of units of packed red 
blood cells transfused, base de fi cit, and lactate levels are all 
associated with an increased risk of developing MOF  [  37,   38  ]  



96 S. Gordy and M.A. Schreiber

(Table  7.3 ). Blood transfusions have independently been shown 
to be predictors of SIRS, MODS and mortality  [  39  ] . Furthermore, 
Durham et al. also validated that total blood products infused in 
the  fi rst 24 h after injury in addition to higher Acute Physiology 
and Chronic Health Evaluation (APACHE) III scores, ampli fi ed 
the risk for MOF occurrence  [  27  ] .  

 Genetic factors also play a role in determining the sever-
ity and progression of organ failure. Genetic variants, par-
ticularly single-nucleotide polymorphisms (SNPs), are 
critical determinants for individual differences in both 
in fl ammatory responses as well as clinical outcomes in 
trauma patients  [  40  ] . Individuals who possess speci fi c 
genetic polymorphisms in genes controlling the synthesis 
of cytokines or toll like receptors (TLR) may be predis-
posed to excessive in fl ammatory response to sepsis which 
increases their risk for the development of MODS  [  41  ] . For 
example, toll-like receptor 9 (TLR9) signaling plays an 
important role in the innate immune response. Trauma 
patients with SNPs of TLR9 have been found to have a 
greater responsiveness of their peripheral blood leukocytes 
as well as a higher risk of sepsis and multiple organ dys-
function  [  42  ] . Henckaerts and colleagues furthermore 
showed that these functional polymorphisms involved in 
innate immunity predispose patients to severe infections 
and death. Further study and elucidation could contribute to 
formation of a risk model where patients could be strati fi ed 
as to who could bene fi t from speci fi c preventative or thera-
peutic options  [  43  ] .  

   Scoring Systems 

 MOF does not have a consensus de fi nition and there are 
a variety of scoring systems used to categorize the severity 
of organ dysfunction. Trending these scores during a 
patient’s hospital course enables physicians to prognosticate 
the patient’s risk of mortality  [  44  ] . There is also a direct 

 relationship between the number of organ failures and ICU 
mortality. Moreover, improvements in cardiovascular, respi-
ratory and renal function during an ICU course can predict a 
better survival  [  45  ] . 

 Scoring systems like the Acute Physiology and Chronic 
Health Evaluation (APACHE) score are based on measured 
laboratory values that enable staging of the severity of organ 
dysfunction. One of the most commonly used scoring systems 
is the Sequential Organ Failure Assessment Score (SOFA) 
(Table  7.4 ). Clinical and laboratory variables in six organ sys-
tems (respiratory, hematologic, liver, cardiovascular, central 
nervous system, renal) are utilized to calculate a total score 
 [  46  ] . Patients with no organ failure de fi ned by a SOFA score 
below or equal to two for each organ at admission have an ICU 
mortality rate of 6% compared to 65–100% for those with four 
or more organ failures  [  34  ] . The Denver MOF score is also a 
frequently used and well validated score. It is de fi ned as two or 
more organ systems failing greater than 48 h after injury. The 
Denver score looks at dysfunction in the cardiac, respiratory, 
renal and hepatic systems  [  47  ]  (Table  7.5 ). When comparing 
the Denver postinjury MOF score with the SOFA score, the 
SOFA score is very sensitive but not as speci fi c as the Denver 
MOF score, whereas the Denver postinjury MOF score is 
more speci fi c and less sensitive than the SOFA score when 
dealing with the trauma population. This distinction is impor-
tant when analyzing epidemiologic data as more sensitive 
scores will have a higher incidence of MOF, while a more 
speci fi c score will have a higher mortality rate  [  48–  50  ] . 
Regardless of what score is used to evaluate the various physi-
ologic and clinical parameters, it is an underlying theme in all 
organ failure scores, that as the number of organ systems that 
are affected increase, so does the mortality  [  51,   52  ] . Moreover, 
these scoring systems were developed to quantify the severity 
of illness and the risk of mortality in ICU patients. These prog-
nostic scores will not tell how a patient will respond to therapy 
and are best utilized to predict outcomes in certain homoge-
nous groups of patients. Additionally, these scores are unable 
to provide details regarding how a patient will respond to treat-
ment. However, they can be repeatedly assessed to evaluate a 
patient’s progress and used to identify patients for enrollment 
and to assess morbidity in clinical trials  [  53  ] .    

   Clinical Presentation, Evaluation, 
and Diagnosis 

 The common clinical manifestations leading to multiple 
organ dysfunction are included in the ACCP-SCCM guide-
lines and can fall anywhere within the continuum of SIRS 
to MOF. These most commonly include alterations in body 
temperature (hyper or hypothermia), tachypnea or hypocar-
bia, tachycardia, leukocytosis, leukopenia or bandemia, 
hypotension, thrombocytopenia or coagulopathy, and 

   Table 7.3    MOF risk factors   

 Risk factors for MOF 
 • Hypotension 
 • Trauma 
 • Ischemic bowel 
 • Pancreatitis 
 • Advanced age >65 
 • Shock 
 • Infection 
 • Obesity 
 • Alcohol abuse 
 • Transfusion of blood products 
 • Injury severity score ISS >25 
 • Immunosuppression 
 • Base de fi cit >8 
 • Genetic factors 
 • Lactate >2.5 
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   Table 7.4    SOFA score. MOF is de fi ned as a score  ³ 4 with involvement of  ³ 2 organ systems   

 SOFA score 

 System  Grade 0  Grade 1  Grade 2  Grade 3  Grade 4 

 Respiratory PaO2/FiO2  >400  <400  <300  <200 with respiratory 
support 

 <100 with respiratory 
support 

 Coagulation platelets 
(Ã-103/mm 3 ) 

 >150  <150  <100  <50  <20 

 Liver bilirubin (mol/l)  <20  20–32  33–101  102–204  >204 
 Cardiovascular  No hypotension  MAP <70 mmHg  Dopamine >5 or any 

dobutamine dose 
 Dopamine >5 or 
epi_0.1 

 Dopamine >15 
or epi >0.1 

 Renal creatinine (mol/l)  <110  110–170  171–299  300–440  >440 
 Central nervous system Glasgow 
Coma Scale 

 15  13–14  10–12  6–9  <6 

   Table 7.5    Denver postinjury multiple organ failure score   

 Denver postinjury multiple organ failure score 

 Dysfunction  Grade 0  Grade 1  Grade 2  Grade 3 

 Pulmonary PaO2/FiO2 ratio  >250  250–200  200–100  <100 
 Renal creatinine (mol/l)  <159  160–210  211–420  >420 
 Hepatic total bilirubin (mol/l)  <34  34–68  68–137  >137 
 Cardiac  No inotropes  Only 1 ionotrope at small 

dose 
 Any ionotrope at moderate 
dose or >1 agent at small dose 

 Any ionotrope at large 
dose or >2 agents at 
moderate doses 

  The MOF score is the addition of the worst value for the day for each organ system. MOF is de fi ned as score >3  

 alterations in mental status  [  54  ] . Fever is the most common 
 presenting symptom of sepsis and should be an impetus for 
further evaluation the patient as well as identi fi cation of a 
source. Elderly patients with sepsis or those that are immu-
nosuppressed may not mount a febrile response or con-
versely may be hypothermic  [  55  ] . In sepsis, common sites 
of infection are the pulmonary, gastrointestinal, and uri-
nary tract systems. Other nosocomial causes of sepsis are 
intravenous catheter infections, ventilator-associated pneu-
monia, and sinusitis. As approximately 20% of patients 
will not have an identi fi able source, noninfectious etiolo-
gies for SIRS should be considered  [  56  ] . These may include 
surgery, trauma, hematoma, subarachnoid hemorrhage, 
venous thrombosis, pancreatitis, myocardial infarction, 
transplant rejection, thyroid storm, acute renal or adrenal 
insuf fi ciency, lymphoma, tumor lysis syndrome, transfu-
sion reaction, opiates, benzodiazepines, anesthetic related 
malignant hyperpyrexia, and neuroleptic malignant 
 syndrome  [  57  ] . 

 A thorough physical examination should include a head-
to-toe exam as well as inspection of indwelling catheters, a 
rectal exam, and examination of all wounds, including those 
under casts/ fi xation devices. Potential atypical causes of sep-
sis should be given consideration when an obvious source is 
identi fi ed. These potential causes of sepsis include sinusitis, 
meningitis, septic joint, acalculous cholecystitis, septic 
thrombophlebitis, deep muscular abscess, or a viral infec-
tion. Corresponding laboratory values based on the suspected 
differential diagnoses should be obtained. 

 Infections leading to sepsis can also arise in surgical sites 
from the skin to the deep muscle layers. Physical examina-
tion should be repeated if no source is identi fi ed. An investi-
gation of all organ systems should be thorough and systematic. 
Subtle  fi ndings of end organ hypoperfusion such as altered 
mental status, tachypnea, hypoxia, hypotension, oliguria 
may be missed if the physician does not have a high index of 
suspicion and an incomplete exam is performed; i.e., failure 
to remove a dressing to inspect a wound. Failure to investi-
gate thoroughly can lead to a delay in diagnosis and increased 
morbidity and mortality. Physical examination should 
include a rapid review of the patient’s hemodynamic condi-
tion and should include continuous monitoring. Patients in 
shock should have arterial catheters placed for blood pres-
sure monitoring. Persistent clinical signs of SIRS may sug-
gest ongoing in fl ammation or infection. In addition to the 
patient’s hemodynamic status, clinical signs of poor end 
organ perfusion, such as change in mental status, low urine 
output, mottling, and poor capillary re fi ll, should be taken 
into consideration and used to guide resuscitation  [  58  ] . 
Initiation of resuscitation should take place immediately 
upon recognition of SIRS or sepsis symptoms and should not 
wait for transport to the next level of care. 

   Laboratory Evaluation 

 While no laboratory value will diagnose sepsis or MOF, they 
may assist in narrowing the differential diagnosis, localizing 



98 S. Gordy and M.A. Schreiber

the source and guiding appropriate antibiotic therapy. 
Laboratory studies should include a complete blood count 
with differential, chemistry pro fi le, arterial blood gas with 
lactic acid, prothrombin time and partial thromboplastin 
time,  fi brinogen, and urinalysis  [  59  ] . Utilizing lactic acid 
level trends to guide resuscitation has been shown to be help-
ful in septic patients. For prognostication purposes, resolu-
tion of lactic acidosis with resuscitation efforts is associated 
with improved outcomes  [  60  ] . 

 Pan cultures of the urine, blood, and sputum should be 
collected. The SCCM guidelines recommend that one pair of 
blood cultures be obtained at the onset of symptoms and 
another set obtained again at 24 h  [  12  ] . When taking blood 
cultures, two sets of blood cultures should be drawn from 
peripheral sites. If this is not possible, then one set should be 
drawn peripherally and the other from a recently inserted 
central catheter after careful cleansing of the port site. Every 
effort must be made to draw the  fi rst cultures before the ini-
tiation of antimicrobial therapy. They can be drawn consecu-
tively or simultaneously, unless there is suspicion of an 
endovascular infection, in which case separate peripheral 
blood draws separated by timed intervals can be drawn to 
demonstrate continuous bacteremia  [  61  ] . 

 Based on physical exam, additional body  fl uids may be 
sampled if the patient exhibits localized symptoms of infec-
tion. For example, cerebrospinal  fl uid, pleural  fl uid, joint 
aspiration, and ascites can all be sampled to localize the 
source of infection and help guide antibiotic therapy. 
Radiographic images should be tailored to the most likely 
source. If plain  fi lms are nondiagnostic, CT scans can assist 
in elucidating a suspected source and used to guide therapy, 
for example abscess drainage.   

   Pathophysiology 

 The pathophysiology of MOF is at best a nebulous interac-
tion of multiple in fl ammatory mediators. Our understanding 
of this process and the innumerable interactions is in its 
infancy. A complete discussion of the immunology of this 
process is beyond the scope of this chapter as entire books 
have been dedicated to this task  [  62–  64  ] . This section high-
lights some salient points regarding the pathophysiology of 
MOF. 

 Initially, SIRS was thought to be an overwhelming, 
uncontrolled response to infection. While MOF frequently is 
the end point of the spectrum of SIRS and severe sepsis, 
severe in fl ammation is also a mitigating factor and can result 
in the same endpoint of organ failure. This indicates overlap 
in the pathophysiology between in fl ammation and infection. 
The progression to MOF from SIRS from either cause is 
likely the result of an unbalanced interaction between the 

pro and anti in fl ammatory mediators. In most patients, the 
initial SIRS response is physiologically followed by a com-
pensatory anti-in fl ammatory response syndrome (CARS). 
This acts to limit the SIRS response so that it is not 
 counterproductive. The subsequent balance between the pro-
in fl ammatory (SIRS) and anti-in fl ammatory (CARS) 
response has been referred to as the mixed antagonistic 
response syndrome or MARS  [  36  ] . If the balance of these 
two systems is disturbed the in fl ammatory response becomes 
systemic and deregulated. The result is whole-body activa-
tion of the in fl ammatory response, with resultant disruption 
of normal cellular metabolism and microcirculatory perfu-
sion. Both of these responses, if unchecked can result in 
complications, the former leading to MOF and the later sec-
ondary infections. At the site of injury, endothelial cells and 
leukocytes coordinate the local release of mediators of the 
in fl ammatory response, including cytokines interleukins, 
interferons, leukotrienes, prostaglandins, nitric oxide, reac-
tive oxygen species, and products of the classic in fl ammation 
pathway. It is this usually functional biologic response that 
becomes unregulated and leads to MOF  [  65  ] . 

 In 1996, Moore and colleagues recognized MOF is not 
necessarily related to an infectious process and follows a 
bimodal distribution. Early MOF is now de fi ned as organ 
failure that develops within 72 h of the initial diagnosis of 
sepsis (Table  7.6 ). Late MOF was de fi ned as organ failure 
that develops after 72 h after the initial diagnosis of sepsis 
 [  66  ] . When compared to the late MOF group, patients with 
early organ failure died sooner, had more cardiac dysfunc-
tion and had greater evidence of hyper in fl ammation. In con-
trast, patients with late MOF were older, had greater evidence 
of hepatic failure, and were more likely to have an infection 
as a “second hit”  [  67  ] .  

 Multiple theories exist regarding the cause for MOF and 
it is likely that these pathways overlap to cause initially organ 
insuf fi ciency that, unless reverses, ultimately leads to failure. 
Four overlapping categories have been proposed to the com-
plex pathophysiology of MOF. These are the cytokine 
hypothesis, the microcirculatory hypotheses, the gut hypoth-
esis and the two-hit hypothesis  [  63  ] . 

   Table 7.6    Risk factors for early and late MODS   

 Risk factors for early MODS <72 h 
of injury 

 Risk factors late MODS >72 h 
after injury 

 • ISS > 24  • Age > 55 
 • SBP < 90  • >6 units of blood transfused 

within 12 h of injury 
 • >6 units of blood transfused 

within 12 h of injury 
 • Base de fi cit >8 mEq/l within 

 fi rst 12 h of injury 
 • Lactate > 2.5  • Lactate > 2.5 mmol/l within 

12–24 h of injury 
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   The Cytokine Hypothesis of MOF 

 In the cytokine hypothesis, the immune response to infection 
or in fl ammation results in excessive or prolonged activation 
or stimulation of mediators. These include interactions 
between polymorphonuclear neutrophils (PMNs), endothe-
lial cells, and macrophages. PMN stimulation results in 
“priming” of the neutrophil and can lead to overzealous pro-
duction, surface expression, and liberation of cytokines  [  68  ] . 
These mediators often have an exaggerated response and the 
products of these cascades exert damaging local and sys-
temic effects. A temporal relationship between cytokine pro-
duction and time of injury was recognized. Cytokines 
predictive of MOF in trauma patients include inducible pro-
tein (IP)-10, macrophage in fl ammatory protein (MIP)—1B, 
interleukin (IL) IL-10, IL-6, IL-1Ra, and eotaxin  [  69  ] . 
Several lines of evidence support the central role of 
in fl ammatory cells in the pathogenesis of lung and systemic 
organ injury. Tumor necrosis factor (TNF) has been consid-
ered one of the most potent pro-in fl ammatory cytokines 
identi fi ed in SIRS and sepsis. Administration of TNF to 
experimental animals creates the hemodynamic and meta-
bolic observations consistent with SIRS. Analysis of cytokine 
serum biomarkers has shown that patients with MOF show a 
biphasic elevation of IL-6 and signi fi cantly higher soluble 
TNF receptor (sTNF-R) concentrations  [  70  ] . Activation of 
leucocytes and their subsequent inappropriate sequestration 
in organs appears to additionally be one of the key events in 
the development of early MOF. Once activated, leukocytes 
have the capacity to release their cytotoxic factors including 
nitric oxide and lysosomal granules, which aid in polymicro-
bial killing. These factors can cause necrosis and in fl ammation 
of organs such as the lung despite a lack of an infectious 
stimulus  [  71  ] . Additionally, PMN stimulation provokes 
endothelial and epithelial injury through up-regulation of 
adhesion molecules on these cells. This prompts changes in 
the cell wall, increased permeability cell swelling and culmi-
nates in cellular dysfunction. Neutrophil elastase is a key 
marker of severity of injury and has also been found to be a 
prognostic marker  [  72  ] .  

   The Microcirculatory Hypothesis of MOF 

 The microcirculatory hypothesis proposes that organ injury 
is related to ischemia or vascular endothelial injury  [  73  ] . 
Some authors have speculated that even though adequate 
blood  fl ow may reach the various tissue beds, there may be 
an inability of the mitochondria or cells to take up or use the 
delivered oxygen and substrate. Although prolonged tissue 
hypoperfusion and hypoxia leads to inadequate adenosine 
triphosphate (ATP) generation and potentially irreversible 
cell damage, this shock period is not long enough in most 

clinical conditions for that to occur. This damage is relieved 
by reperfusion and thus pro-in fl ammatory factors and oxy-
gen radicals are introduced and lead to injury  [  74  ] . In vitro 
studies have found that nitric oxide (NO) up-regulates the 
production of pro-in fl ammatory cytokines (TNF-alpha, IL-8 
and prostaglandins) and can lead injury of the lung, and 
intestine. Additionally, the superoxide anion and hydrogen 
peroxide can interact with NO and form peroxynitrite, which 
is toxic to cells  [  72  ] . During shock, these mediators, such as 
reactive oxygen species, are released to destroy the offend-
ing bacteria and to inactivate toxins. The unintended effects 
are that when unregulated, they also result in damaging the 
patient’s organ systems  [  75  ] .  

   Gut Hypothesis of MOF 

 The gut is considered an immunologically active organ and a 
main in the burden of infection-induced systemic 
in fl ammation  [  76  ] . Gut barrier dysfunction can occur for a 
variety of reasons including trauma, shock, infection, and 
malnutrition. It is proposed that, as a result of the loss of the 
gut barrier function, intestinal bacteria and endotoxin cross 
the mucosal barrier and lead to exposure of the intestinal 
immune cells. The production of gut-derived toxins and 
in fl ammatory products reach the systemic circulation through 
the intestinal lymphatics, leading to SIRS, ARDS, and MOF 
 [  68  ] . These translocating bacteria are phagocytosed by intes-
tinal immune cells and contribute to the intestinal 
in fl ammatory response. Some of these translocating bacteria 
or their toxic products are trapped in the intestinal lymph 
nodes, causing in fl ammatory reaction  [  72  ] . This hypothesis 
is supported by the demonstration of circulating levels of 
endotoxin in the peripheral blood of critically ill patients 
with sepsis and SIRS. Reports of endotoxemia in these criti-
cally ill patients, even without clinical or microbiologic evi-
dence of infection with gram-negative organisms supports 
the potential role of translocation in the production of MODS/
MOF  [  36  ] . The phenomenon of bacterial translocation, how-
ever, is not suf fi cient to explain the development of MODS 
in ICU patients. The development of MODS in these high-
risk patients is likely due to intestinal injury and the resultant 
in fl ammatory cascade that reaches the systemic circulation 
via the intestinal lymphatics  [  77  ] .  

   Two-Hit Phenomenon in MOF 

 The phrase “two-hit phenomenon in MOF” is used to describe 
the biologic phenomenon in which an initial insult primes 
the host such that on a second or subsequent insults, the 
host’s response is greatly ampli fi ed. Primers to the subse-
quent insult can be infection, shock, in fl ammation, or trauma. 
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Despite the decreasing incidence of MOF, the rate of PMN 
priming has not changed. PMN priming increases elastase 
release, IL-8 production, L-selectin expression, and CD-18 
expression, and delays apoptosis. This is evident by a lack of 
change in the incidence of early lung dysfunction postinjury, 
which is a surrogate marker of PMN priming  [  78  ] . The tim-
ing of the second hit phenomenon was shown in laboratory 
experiments evaluating abdominal compartment syndrome 
(ACS). If subjects had early decompressive laparotomy 
(<2 h) or late (>18 h), they had a lower mortality than those 
having a decompressive laparotomy at 8 h. This correlates 
with the clinically identi fi ed time frame of the development 
of postinjury ACS, which manifests 8–12 h window after 
trauma. Severely injured patients who develop ACS have a 
fourfold increase in their chance of developing MOF com-
pared to the non-ACS patients with similar demographics, 
shock parameters and injury severity  [  24  ] . These insults 
prime the immune system to mount an exaggerated response 
when exposed to a second physiologic insult. Botha described 
the observation that the  fi rst hit primes and activates PMNs 
within 3–6 h after injury. This primer creates a vulnerable 
window during which a second insult activates excessive 
cytokine release. This second hit results in an elevated risk of 
developing MOF  [  79  ] . This exaggerated immune response 
then results in end organ injury  [  80  ] . In summary, MOF 
results from an excessive host response to an infectious or 
in fl ammatory stimulus. Any or all of the aforementioned 
hypotheses can coexist and each overlaps with the other. The 
cytokine, endovascular, and systemic storm that ensues 
thereafter, predisposes to additional infections and can lead 
to organ failure  [  45  ] . 

 The temporal series of events in MOF is usually predict-
able and is independent of the etiology. Multiple studies have 
demonstrated that the respiratory system is usually the  fi rst 
to fail and is the most commonly affected  [  15  ] . This is typi-
cally followed by hepatic, intestinal, and renal failure, in that 
order. As the number of organ systems affected increases 
from 1 to 4, the mortality increased from 21 to 100%  [  81  ] . 
Hematologic and myocardial failures are usually later mani-
festations of MOF, whereas the onset of central nervous sys-
tem alterations can occur either early or late  [  24  ] . 
Physiologically, these patients are hyper metabolic and they 
have a hyper dynamic circulation, which is characterized by 
an increased cardiac output and a decreased systemic vascu-
lar resistance. This classical sequential pattern of organ fail-
ure may be modi fi ed, however, by the presence of preexistent 
disease or by the nature of the precipitating clinical event. 
For example, renal failure may precede hepatic or even pul-
monary failure in patients with intrinsic renal disease or in 
patients who have sustained prolonged periods of shock, 
whereas hepatic or myocardial failure may be an early or 
even the initial manifestation of this syndrome in the patient 

with cirrhosis or myocardial damage  [  82  ] . The exact sequence 
of organ failure, however, is not always predictable and can 
be in fl uenced by the patient’s preexisting morbidities as well 
as their acute process. However, as the number of organs that 
fails increases from one to four, the mortality rate progres-
sively increases from 30 to 100%  [  27  ] .   

   Multiple Organ Failure by System 

   Pulmonary Dysfunction 

 The sequence of organ dysfunction is predictable and the 
lung is usually the  fi rst organ to show signs of failure. Initial 
pulmonary insuf fi ciency and renal impairment are followed 
by circulatory failure and then metabolic dysfunction and 
liver failure. Respiratory failure can range from mild hypoxia 
and tachypnea to ARDS  [  83  ] . ARDS is de fi ned as a P 
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ratio lower than 200 mmHg in association with bilateral  fl uffy 
pulmonary in fi ltrates and a pulmonary capillary wedge pres-
sure lower than 18 mmHg  [  84  ] . Increased capillary permea-
bility and neutrophil in fl ux are the earliest pathologic events 
in ARDS. As the acute in fl ammatory process resolves, fur-
ther lung injury results both from the process of repair, which 
involves  fi brosis and the deposition of hyaline material, and 
from further lung trauma, resulting from positive pressure 
mechanical ventilation  [  85  ] . ARDS may occur within a few 
days of admission or after the development of SIRS and sep-
sis. Sepsis-induced ARDS is associated with the highest mor-
tality rates. Additionally, the data suggests that approximately 
40% of patients with severe sepsis develop ARDS. Historically, 
10–12 ml/kg tidal volumes were commonplace and resulted 
in alveolar damage due to over distention. Parenchymal 
injury appears to be due primarily to oxidative damage from 
the activated neutrophils in the lung. Endotracheal intubation 
and a controlled mode of ventilation are the mainstays of sup-
port for respiratory failure. Lung protection ventilation strate-
gies, with low tidal volumes (4–6 ml/kg) for patients with 
ARDS, are recommended and showed a decreased mortality 
from 40 to 31%. Due to the smaller tidal volumes, patients 
typically will have a rise in carbon dioxide  [  86  ] . This permis-
sive hypercapnia has been shown to have a protective effect 
in critically ill patients  [  87  ] . Some patients with refractory 
hypoxemia may require alternative therapies such as extra-
corporeal membrane oxygenation (ECMO), high-frequency 
oscillation, or inhaled nitrous oxide.  

   Gastrointestinal and Hepatic Dysfunction 

 The gastrointestinal tract is a crucial component of the SIRS 
response. Shock is associated with obligatory gut ischemia 
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due to vasoconstriction. With resuscitation efforts, reperfu-
sion results in a local in fl ammatory response that can set the 
stage for ACS. ACS is a syndrome that occurs either 
 primarily or secondarily  [  88  ] . Primary ACS occurs in 
patients undergoing damage control laparotomy. The pres-
ence of laparotomy pads, blood products and resuscitation 
 fl uid increases the pressure in the abdomen to a tipping 
point, usually 25 mmHg. Secondary ACS occurs after a non-
abdominal injury that requires massive transfusion. The 
products of resuscitation result in edematous bowel and  fl uid 
sequestration and the same impaired end-organ perfusion 
 [  89  ] . This pressure elevation is higher than the mesenteric 
and splanchnic arterial beds resulting in ischemia. 
Respiratory physiology is impaired due to elevated peak 
pressures and vena cava compression results in impaired 
cardiac  fi lling. This constellation of symptoms requires an 
investigative clinician. Once the diagnosis is made, the 
abdominal pressure is usually relieved by emergent laparo-
tomy. Clinical studies have clearly documented the poor 
outcome of patients developing ACS and the frequent asso-
ciation of ACS and MOF  [  90  ] . 

 Risk factors for hepatic insuf fi ciency include perfusion 
de fi cits, persistent foci of dead or injured tissue, an uncon-
trolled focus of infection, the presence of the respiratory dis-
tress syndrome, and preexisting  fi brotic liver disease  [  91  ] . In 
patients with septic shock, transaminitis is a common labora-
tory  fi nding in patients. The catecholamine, norepinephrine 
induces injury to hepatocytes by activating adrenergic recep-
tors on Kupffer cells. In turn, norepinephrine enhances 
chemokine and NO production, resulting in mitochondrial 
damage  [  50  ] . This process is usually transient and limited to 
a laboratory abnormality that corrects once the patient is 
resuscitated. However, if hemodynamics are not restored, a 
secondary hepatic dysfunction may occur and can lead to 
bacterial product spillover, ampli fi ed in fl ammation and may 
lead to MOF and death  [  92  ] .  

   Renal Dysfunction 

 Acute renal failure is a common dysfunction in patients with 
sepsis. It confers its own mortality risk and when it develops 
in association with MOF  [  93  ] . In a recent review by Wohlauer 
et al. early acute kidney injury was present in 2.13% of 
severely injured patients and was associated with a 78% 
MOF incidence and 27% mortality. Both rates were higher 
than those associated with early heart, lung, or liver failure 
 [  94  ] . The causes of renal dysfunction are multifactorial and 
can be due to inadequate perfusion, nephrotoxic medica-
tions, acute tubular necrosis, contrast induced nephropathy, 
ACS, and obstruction. Activation of the renin–angiotensin sys-
tem may contribute to reduced perfusion as vasoconstriction 

exacerbates ischemia. This is clinically manifested as oligu-
ria (<30 ml/h) or anuria and as an increased serum concen-
tration of creatinine and urea  [  83  ] . The vasoconstrictive 
shunting due to compensatory mechanisms or concomitant 
vasopressors agents can exacerbate the injury and results in 
further nephron ischemia. Additionally, TNF has been shown 
to be directly injurious to nephrons by inducing apoptosis 
 [  50  ] . Treatment is aimed at identifying the source and provi-
sion of supportive care. Moreover, up to 70% of patients with 
severe sepsis require some form of renal replacement therapy 
 [  57  ] . While intermittent and continuous hemodialyses are 
equivalent, continuous dialysis avoids the hemodynamic 
instability often seen with intermittent dialysis  [  95  ] . The 
typical indications for dialysis are volume overload, refrac-
tory acidosis, uremia, and electrolyte derangements.  

   Cardiovascular Dysfunction 

 Myocardial depression is a well-recognized manifestation 
of organ dysfunction in sepsis. Due to the lack of a gener-
ally accepted de fi nition and the absence of large epidemio-
logic studies, its frequency is uncertain. Cardiac dysfunction 
in sepsis is characterized by decreased contractility, 
impaired ventricular response to  fl uid therapy, and ventric-
ular dilatation. Cardiac echocardiograms suggest that 
40–50% of patients with prolonged septic shock develop 
myocardial depression, as de fi ned by a reduced systolic 
and diastolic ejection fraction. Additionally, peroxynitrite 
has a direct damaging effect on myocyte mitochondria and 
causes reduced contractility  [  96  ] . Troponin elevation is 
also seen and correlates to the severity of illness and dys-
function  [  50  ] . Sepsis-related changes in circulating volume 
and vessel tone inevitably affect cardiac performance. The 
principle hemodynamic pro fi le shows elevated cardiac out-
put, but  substantially reduced systemic vascular resistance 
 [  97  ] . Mitochondrial dysfunction, another feature of sepsis-
induced organ dysfunction, will also place the cardiac 
myocytes at risk of ATP depletion. However, clinical stud-
ies have demonstrated that myocardial cell death is rare 
and that cardiac function is fully reversible in survivors. 
Hence, functional rather than structural changes seem to be 
responsible for intrinsic myocardial depression during sep-
sis  [  98  ] . Current studies support that myocardial depres-
sion is due to a complex underlying physiopathology with 
a multiple overlapping pathways. Cytokine release and cir-
culation such as TNF-alpha, IL-1, and endothelin-1 directly 
inhibit myocyte contractility contributing to the overall 
cardiac dysfunction  [  99  ] . Nitric oxide production addition-
ally has a complex role in sepsis-induced cardiac dysfunc-
tion and may have a deleterious as well as a bene fi cial role 
 [  100  ] .  
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   Endocrine Dysfunction 

 Endocrine abnormalities are common during sepsis and MOF 
and include hyperglycemia and insulin resistance. Hyperglycemia 
is common in critically ill patients, with approximately 90% of 
patients treated in an ICU developing blood glucose concentra-
tions >110 mg/dl  [  101  ] . Historically, hyperglycemia was not 
treated until the blood glucose level rose above 200 g/dl. In a 
randomized controlled study, Van den Berge and colleagues 
used insulin infusions to maintain tight control of blood sugars 
in critically ill surgical patients. The strictly controlled group 
had their blood glucose maintained between 80 and 110 g/dl. 
The more liberal threshold was only treated at >180 g/dl. A 
mortality bene fi t, from 8 to 4.6%, was identi fi ed in the surgical 
patients that had strict control of their blood sugar. This survival 
bene fi t was largely related to a reduction in deaths due to MOF 
 [  102  ] . Due to tighter control utilizing insulin drips, patients were 
noted to more episodes of hypoglycemia requiring treatment. 
Subsequently, follow-up studies have shown that hypoglycemia 
is an increased risk factor for mortality  [  103  ] . Conversely, the 
Normoglycemia in Intensive Care Evaluation-Survival Using 
Glucose Algorithm Regulation (NICE-SUGAR) study reported 
increased mortality with a tight blood sugar control approach 
 [  104  ] . Recent meta-analyses do not support intensive glucose 
control for critically ill patients and more moderate recommen-
dations to target a blood glucose concentration between 144 and 
180 mg/dl (8–10 mmol/l) are now in effect  [  105  ] . 

 In addition to hyperglycemia, a relative state of adrenal 
insuf fi ciency is common in critically ill patients  [  50  ] . This is 
de fi ned as an abnormally low level of the patient’s endoge-
nous cortisol at the time of physiologic stress. In response to 
hypotension and following trauma or surgery, circulating cor-
tisol concentrations should exceed 25  m (mu)g/dl. Marik et al. 
discovered that 70% of ICU patients had inappropriately low 
levels of cortisol. This low level of cortisol can result in a 
blunted response to hypoglycemia and hypotension  [  106  ] . 
The Surviving Sepsis Campaign suggests giving intravenous 
hydrocortisone to adult septic shock patients after their 
hypotension is identi fi ed to be poorly responsive to  fl uid 
resuscitation and vasopressor therapy. If one suspects adrenal 
insuf fi ciency, corticosteroids should be administered without 
waiting on results of a cosyntropin stimulation test  [  107  ] .  

   Hematalogic Dysfunction 

 Thrombocytopenia is the most common hematalogic dys-
function and is present in 20% of patients and is associated 
with an increased mortality  [  108  ] . The causes are multifacto-
rial but include bone marrow suppression from sepsis, 
sequestration, consumption and heparin induced thrombocy-
topenia (HIT). As critically ill patients are often immobilized 
and mechanically ventilated, they are at elevated risk for 

deep vein thromboses. If no contraindication exists, critically 
ill patients should be on daily chemical thromboprophylaxis. 
This chemical prophylaxis can lead to HIT by production of 
antibodies against the heparin-platelet factor 4 complex. The 
antibody-platelet complex is then removed prematurely from 
the circulation leading to thrombocytopenia  [  109  ] . 

 Anemia is also a common  fi nding in patients who are criti-
cally ill. The etiology is usually multifactorial and can result 
from direct inhibition by cytokines, de fi ciency of erythropoietin, 
blunted erythropoietic response, acute blood loss, nutritional 
de fi ciencies, as well as renal insuf fi ciency  [  110  ] . Leukocytosis 
is also common within hours after injury or the onset of sepsis. 
Typically, the number of leukocytes markedly increases and the 
number of lymphocytes and monocytes decreases. This post 
injury leukocytosis is primarily due to increased PMN numbers, 
and several studies have shown a link between high number of 
PMNs during the  fi rst hours after injury and an increased risk of 
organ failure and mortality  [  79  ] .  

   Neurologic Dysfunction 

 Central nervous system (CNS) dysfunction occurs in as 
many as 70% of critically ill patients. The brain plays a 
pivotal role in sepsis, acting as both a mediator of the 
immune response and a target for the pathologic process. 
Sepsis-associated encephalopathy is associated with 
increased mortality and morbidity  [  111  ] . Its pathophysiol-
ogy remains insuf fi ciently elucidated, although there is 
evidence for a neuroin fl ammatory process sequentially 
involving endothelial activation, blood–brain barrier 
alteration and cellular dysfunction and alteration in neu-
rotransmission  [  112  ] . Increased permeability to cytokines, 
neuroamines, and endotoxemia have all been implicated 
in septic encephalopathy  [  113  ] . It is dif fi cult to quantify 
neurologic impairment as there are no speci fi c biomarkers 
of neuronal injury and bedside evaluation of cognitive 
performance is dif fi cult in an ICU  [  114  ] . The Glasgow 
Coma Scale is frequently utilized by organ failure scoring 
systems to evaluate the severity of a patient’s neurologic 
failure but sedatives and analgesics can make this score 
unreliable. New delirium in a critically ill patient should 
raise the suspicion of the physician to the possibility that 
this is the  fi rst presentation of infection.   

   Treatment 

   Initial Resuscitation 

 Current strategies are aimed at preventing organ failures and 
supporting failing organ systems in critically ill patients. 
Once MOF has developed, therapies are aimed at supporting 
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failed organ systems and preventing secondary example 
infection. Currently there is no speci fi c pharmacotherapy for 
ARDS or MOF. 

 A crucial component in preventing the progression of sep-
tic shock to MOF is early recognition and expeditious imple-
mentation of goals of therapy. Initial resuscitation should 
include establishing intravenous access and prompt initiation 
of  fl uid resuscitation. Rivers et al. in a study of patients with 
severe sepsis and septic shock found that early goal-directed 
therapy, directed toward attaining a SvO 

2
  >70%, conferred a 

substantial reduction in mortality from 46.5 to 30.5%. This 
study also demonstrated the importance of the urgency of 
resuscitation and that it should be started as soon as it is rec-
ognized, whether it is in the emergency department or the 
hospital ward. Studies in which aggressive resuscitation was 
delayed until after transfer to the ICU failed to show improved 
outcome or a reduction in MODS  [  115  ] . Patients should be 
admitted to an ICU that is conducive for invasive hemody-
namic monitoring and frequent reassessment. 

 Vascular access with two large bore intravenous (IV) 
catheters is adequate for initiating resuscitation but if hemo-
dynamic compromise is present, central venous access 
should be established. The optimal type of  fl uid is an ongo-
ing controversy in the critical care literature, but crystalloid 
should be given at an initial bolus of 20 ml/kg of ideal body 
weight. Fluids should be bolused to attain a goal central 
venous pressure (CVP) of 8–12 mmHg, MAP >65 mmHg, 
urine output >0.5 ml/kg/h, and a SvO 

2
  >70% (Table  7.7 ). 

Recognition of the sequelae of each IV  fl uid should be rec-
ognized and tailored to the patient’s speci fi c pathophysiol-
ogy, i.e., resultant hyperchloremic acidosis with normal 
saline administration  [  50  ] . If hypotension is still present after 
the CVP goals are attained, vasopressor assistance should 
also be initiated.  

 The Surviving Sepsis Campaign established resuscitation 
and management bundles that emphasize the prompt initia-
tion of therapy for sepsis. The resuscitation bundle describes 
tasks that should begin immediately, and must be accom-
plished within the  fi rst 6 h of presentation for patients with 
severe sepsis or septic shock (Table  7.8 ).  

 Some items may not be completed if the clinical condi-
tions described in the bundle do not apply, but clinicians 
should assess their patients for them. The goal is to perform 
all of the indicated tasks 100% of the time within the  fi rst 6 h 
of identi fi cation of severe sepsis. The management bundle 
provides evidence-based goals that similarly must be com-
pleted within 24 h for patients with severe sepsis, septic 
shock and/or lactate >4 mmol/l (36 mg/dl) (Table  7.9 ). For 
patients with severe sepsis, as many as four bundle elements 
must be accomplished within the  fi rst 24 h of presentation. 
Again, some items may not be completed if the clinical con-
ditions described in the bundle do not apply but a high index 

of suspicious by physicians should exist to rule them out. 
The goal is to perform all indicated management tasks, 100% 
of the time, within the  fi rst 24 h of presentation  [  12  ] .  

 Along with the aforementioned endpoints of resuscita-
tion, measurement of blood lactate has also been used as a 
means to assess prognosis and is inversely proportional to 
survival  [  116  ] . As the lactate concentration increased from 
2.1 to 8 mM/l, the estimated probability of survival 
decreased from 90 to 10%  [  117  ] . Abramson et al. also 
revealed the importance of lactate clearance and survival 
following traumatic injury. If a patient’s lactate normalized 
(lactate <2 mmol/l) within 24 h their survival rate was 75% 
versus 14% if the lactate level did not return to normal by 
48 h  [  118  ] .  

   Table 7.7    Endpoints of resuscitation   

 Endpoints of resuscitation 
 • Central venous pressure (CVP) of 8–12 mmHg 
 • Mean arterial pressure (MAP) >65 mmHg 
 • Urine output >0.5 ml/kg/h 
 • SvO2 >70% 

   Table 7.8    Sepsis resuscitation bundle: must be completed within the 
 fi rst 6 h of presentation   

 Sepsis resuscitation bundle 
 • Measure serum lactate 
 • Obtain blood cultures prior to antibiotic administration 
 • Administer broad-spectrum antibiotic within 3 h of ED 

admission and within 1 h of non-ED admission 
 • Treat hypotension and/or elevated lactate with  fl uids 
 • In the event of hypotension and/or serum lactate >4 mmol/l: 

 – Deliver an initial minimum of 20 ml/kg of crystalloid or an 
equivalent 

 – Apply vasopressors for hypotension not responding to initial 
 fl uid resuscitation to maintain mean arterial pressure (MAP) 
>65 mmHg 

 • In the event of persistent hypotension despite  fl uid resuscitation 
(septic shock) and/or lactate >4 mmol/l: 
 – Achieve a central venous pressure (CVP) of >8 mmHg 
 – Achieve a central venous oxygen saturation (ScvO2) >70% 

or mixed venous oxygen saturation (SvO2) >65% 

   Table 7.9    Sepsis management bundle: must be completed within 24 h   

 Sepsis management bundle 
 • Administer low-dose steroids for septic shock in accordance with 

a standardized ICU policy. 
 • The prior Drotrcogin alfa (rhAPC) recommendation is 

discontinued 
 • Maintain glucose control lower limit of normal, but <180 mg/dl 

(10 mmol/l) 
 • Maintain a median inspiratory plateau pressure (IPP) <30 cm 

H 
2
 O for mechanically ventilated patients 
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   Vasopressors 

 Once  fl uid resuscitation has been initiated and hemodynamic 
monitoring established, if the patient’s MAP remains 
<65 mmHg, vasopressor therapy should be initiated. The 
Surviving Sepsis Campaign Guidelines (SSCG) recommends 
norepinephrine or dopamine as the  fi rst line vasopressor 
agents. Due to a relative de fi ciency of vasopressin in septic 
shock, consideration should be given to adding a low dose 
vasopressin drip (0.04 units/min), which may assist in cor-
recting refractory hypotension  [  119  ] . Additionally, the SSCG 
guidelines regarding vasopressors also recommend using 
epinephrine as an alternative if blood pressure is poorly 
responsive but it should not be used as a  fi rst line agent. 
Volume resuscitation should be occurring simultaneously 
but if hypotension is refractory, vasopressors should be initi-
ated to maintain MAP > 65.  

   Source Control and Antibiotic Therapy 

 Once the suspicion for SIRS or sepsis is present, a thorough 
physical exam, laboratory studies and radiographic evaluation 
of the patient should ensue to identify the causative agent. 
Ongoing sources of infection are known to “prime” the host 
immune system so that a second insult can cause an exagger-
ated systemic in fl ammation ultimately culminating in MOF 
 [  53  ] . Laboratory values that should be sent were mentioned 
earlier. Indwelling catheters should be inspected for signs of 
infection or outright removed if the clinical suspicion is high. 
A positive blood culture from a centrally placed catheter is 
considered infected if the culture becomes positive at least 2 h 
before the peripherally obtained culture does  [  120  ] . Antibiotics 
should be administered within 1 h of suspicion of sepsis and 
the urgency should be conveyed to the ICU pharmacist to 
assist in expediting the administration of the antibiotics to the 
patient. A study by Kumar et al. demonstrated that patients 
had a survival rate of 79% if antibiotics were given within 1 h 
of the development of hypotension. Conversely, the same 
study showed a decrease in survival of 7.6% for every hour 
antibiotic administration was delayed  [  121  ] . This illustrates 
the importance of having a high index of suspicion and initiat-
ing antimicrobial therapy. According to the SSCG antibiotics 
should be broad spectrum and active against bacterial/fungal 
pathogens. Therapy should be limited to 7–10 days unless a 
mitigating circumstance is present and once susceptibilities 
return, de-escalation of therapy is appropriate. 

 Should a surgical source of infection be identi fi ed, utiliza-
tion of damage control techniques is appropriate to prevent 
further injury. Originally described in trauma patients as an 
abbreviated laparotomy, this involves making a decision, to 
address only the critical issues at the  fi rst surgery and to 
return the patient to the ICU for further resuscitation  [  122  ] . 

Depending on the intracavitary  fi ndings, a conscious deci-
sion to leave bowel in discontinuity or to leave the abdominal 
wall open may be made with a planned returned once the 
patient is further resuscitated. This technique has been used 
in trauma and emergency general surgery and should be con-
sidered for any surgical patient with ongoing resuscitation 
needs or who has preexisting or is at risk for, acidosis, coagu-
lopathy and hypothermia.  

   Corticosteroids 

 Relative adrenal insuf fi ciency is often seen in septic shock 
due to what is hypothesized as suppression of the hypotha-
lamic-pituitary-adrenal axis. The debate regarding the bene fi t 
of giving corticosteroids is ongoing and multiple studies have 
had con fl icting results. Annane et al. performed a multicenter, 
double-blind, placebo-controlled trial study that administered 
hydrocortisone plus  fl udrocortisone to patients with septic 
shock  [  123  ] . This landmark study showed improved survival 
in patients and decreased vasopressor requirements. In con-
trast, the Corticosteroid Therapy of Septic Shock (CORITCUS) 
trial was a multicenter, randomized, double-blind, placebo-
controlled trail that also evaluated the use of hydrocortisone 
in patients with septic shock. This study failed to show a mor-
tality bene fi t but did show a statistically signi fi cant bene fi t of 
faster shock reversal  [  124  ] . Despite the ongoing controversy 
and presence of multiple con fl icting studies, the current 
Surviving Sepsis Guidelines recommendations include 
administering corticosteroids to septic patients if hypotension 
is refractory to  fl uid resuscitation and vasopressor initiation. 
Cosyntropin (ACTH) stimulation test is not required and clin-
ical suspicion of adrenal insuf fi ciency should be the impetus 
to start steroids rather than waiting on the stimulation test to 
be resulted. Once the patient’s vasopressor requirements have 
subsided, the steroid therapy may be weaned  [  105  ] .  

   Activated Protein C 

 Activated protein C (APC) directly inhibits clotting factors 
Va and VIIIa and restores the  fi brinolytic system by blocking 
plasminogen activator inhibitor. In sepsis, there is decreased 
production of APC resulting in a procoagulant state  [  125  ] . 
APC also has anti-in fl ammatory effects that include limiting 
leukocyte chemotaxis and reducing thrombin production. 
However, the levels of endogenous APC are depleted during 
sepsis  [  50,   126  ] . In 2001, the protein c worldwide evaluation 
in severe sepsis (PROWESS) study found that when patients 
with APACHE scores >25 received activated protein C for 
sepsis; they had a relative and absolute risk reduction of 19.4 
and 6.1%, respectively  [  127  ] . The PROWESS study also 
demonstrated that patients that received APC had a statisti-
cally signi fi cant increase in serious bleeding events. (3.5% 
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vs. 2.0%) In 2004, the  fi rst SSCG included the use of dretrec-
ogin alfa on patients at high risk of death, APACHE II  ³ 25, 
sepsis-induced MOF, septic shock, or sepsis-induced ARDS 
and no absolute contraindication related to bleeding risk or 
relative contraindication that outweighs the potential bene fi t 
of activated protein C  [  128  ] . The 2008 guidelines suggested 
that consider its use in the patients that met the previous cri-
teria but that it should not be used on patients with a low risk 
of death. Of note in 2011, a Cochrane review in 2011 and 
2012 found no evidence to suggest that APC reduced the risk 
of death in any patient  [  129  ] . Moreover, heightened risk of 
bleeding precluded its use and the drug was pulled from the 
market  [  130  ] .  

   Nutrition 

 The past few decades have led to considerable interest 
regarding nutritional support of critically ill patients. Sepsis 
and organ failure are hypermetabolic states and increase the 
patient’s metabolic demand. If the caloric needs are not met 
by supplemental nutrition, muscle breakdown and weakness 
can ensue. The intestinal tract is now recognized as an 
immune organ and the intact intestinal wall acts as a barrier. 
It has been recognized that loss of this barrier can potentially 
lead to bacterial translocation, progressive shock and ulti-
mately organ failure. The use of enteral nutrition is known to 
reduce infectious complications in subpopulations of patients 
with trauma and burns  [  131  ] . No single formula matches 
every patient’s needs thus formulas should be tailored to 
match the pathophysiology of the individual patient. 
Formulas containing linoleic acid, antioxidants, and omega-3 
fatty acids may reduce the incidence of organ failure in 
patients with acute lung injury and may reduce mortality 
rates in mechanically ventilated patients  [  132,   133  ] . Arginine 
and glutamine containing formulas have shown bene fi t in 
trauma and burn patients  [  134,   135  ] . Arginine containing 
formulas, however, may be detrimental to patients with sep-
tic shock  [  136  ] . 

 Current guidelines strongly recommend early use of 
enteral nutrition, with parenteral nutrition being reserved for 
patients in whom enteral nutrition fails to provide suf fi cient 
nutrition  [  137  ] . While enteral feeding is preferred, ileus due 
to ongoing infection or in fl ammation may prohibit enteral 
feeding. In these patients, parenteral nutrition is the preferred 
option.  

   Innovative Therapies 

 The overlap of in fl ammatory cells, cytokines, endothelial 
cells, and organ systems offers numerous potential locations 
to intervene by enhancing or blocking speci fi c receptors and 

halt the damaging effects of the deregulated immune system. 
Potential targets for therapy have been anti-endotoxin anti-
bodies, anti-tumor necrosis factor monoclonal antibodies, 
interleukin-1 receptor antagonists, antioxidants, dialysis, and 
activated protein C  [  82  ] . A better understanding of the 
dynamic of interactions at the cellular level is needed to direct 
therapy and more research is ongoing. Thus far, supportive 
care is the mainstay once sepsis has progressed to MOF.   

   Conclusion 

 MOF remains a major cause of morbidity and mortality in 
the trauma and surgical ICUs. Due to improvements in rec-
ognition of sepsis and early institution of therapy, the inci-
dence of MOF has decreased. Further research is needed to 
obtain a better understanding of the pathophysiology of this 
disease and how the inciting event progresses to organ fail-
ure. This understanding will afford more potential targets for 
therapy. Thus far there is not one “magic bullet” therapy and 
the mainstay of critical care should be prompt recognition of 
SIRS and the sequelae of sepsis, expeditious treatment, and 
prevention of end organ damage.      
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         Introduction 

 Acute lung injury (ALI) is a spectrum of pulmonary insuf fi ciency 
ranging from minor and easily correctable hypoxemia to severe 
refractory respiratory failure or acute respiratory distress syn-
drome (ARDS). The American-European Consensus 
Conference on ARDS in 1994 de fi ned ALI as “a syndrome of 
in fl ammation and increased permeability that is associated with 
a constellation of clinical, radiologic, and physiologic abnor-
malities that cannot be explained by, but may coexist with, left 
atrial or pulmonary capillary hypertension”  [  1  ] . The resultant 
pulmonary insuf fi ciency can be an indirect result of a systemic 
in fl ammatory state (circulating in fl ammatory mediators caus-
ing reactivity and edema in the lung parenchyma), or a direct 
result of a localized release of in fl ammatory mediators from a 
process affecting the lung parenchyma such as blunt chest 
trauma, toxic inhalation, aspiration, or pneumonia. Factors 
increasing a patient’s likelihood of developing ALI are those 
that predispose a patient to massive in fl ammation, as well as 
increasing age, preexisting need for mechanical ventilation, 
smoke inhalation, massive transfusion, and drug overdose. 

 Pulmonary insuf fi ciency of shock, trauma, and sepsis can be 
a frustrating challenge for physicians caring for postsurgical or 
post-trauma patients. The overall incidence of ALI in hospital-
ized patients is estimated to be 86.2 cases per 100,000 person 
years. Its development leads to increased immediate and long-
term health care costs. In the acute period, the associated costs 
of ALI are the result of an increase in ventilator days, and both 
intensive care unit (ICU) and hospital lengths of stay. Patients 
with ALI spend a median of 5.3 days on the mechanical ventila-
tor, 7.8 days in the ICU, and 14.0 days in the hospital  [  2  ] . Long-
term costs are those associated with disability following severe 
ALI including those related to the care of post-traumatic stress 

disorder, asthma, and impairment in pulmonary function, cogni-
tive dysfunction, and prolonged rehabilitation. Although mor-
tality from severe acute respiratory failure is decreasing, it 
remains substantial with estimates ranging from 34 to 64% and 
it is often secondary to multi-organ failure (MOF) rather than a 
direct result of pulmonary insuf fi ciency  [  3  ] .  

   Clinical Presentation 

 ALI is a disease of acute, diffuse lung in fl ammation that can 
arise secondary to a variety of clinical insults. It can be the 
direct result of local pulmonary injury such as lung contu-
sion, aspiration of gastric contents, or pneumonia, or it can 
result indirectly from an extra-pulmonary process such as 
gram-negative sepsis, shock, or acute pancreatitis. A combi-
nation of atelectasis and the physiologic response of the lung 
parenchyma to in fl ammation results in mild to severe pulmo-
nary insuf fi ciency. Surgical patients are especially at risk for 
respiratory insuf fi ciency due to a combination of hypoventi-
lation (either due to over-narcotization or splinting second-
ary to postoperative pain) and a pro-in fl ammatory state. 
Whatever the inciting factor, the progression of ALI begins 
with in fi ltration and sequestration of in fl ammatory cells 
within the lung interstitial and alveolar spaces. These 
in fl ammatory cells, as well as the pulmonary parenchymal 
cells, release a variety of in fl ammatory mediators, cytokines, 
and toxic metabolites which result in the manifestations of 
ALI—vascular leakage of proteinaceous exudate,  fi brin 
deposition, coagulation, and atelectasis. Further discussion 
of the in fl ammatory mediators and clinical phases of ALI is 
provided in the “ Pathophysiology ” section of this    chapter. 

 The primary pulmonary pathology associated with the 
clinical presentation is atelectasis and acute, non-cardiogenic 
pulmonary edema. Atelectasis results initially from hypoven-
tilation and then progresses due to both decreased compli-
ance and increased  fi broproliferation of collagen and scarring 
of the lung parenchyma. Secondarily, decreased surfactant pro-
duction leads to poor gas exchange, decreased  compliance, and 
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a tendency towards atelectasis. Pulmonary edema is a result 
of the increased permeability of the alveolar-capillary mem-
brane secondary to the localized and systemic release of 
in fl ammatory mediators. In combination, edema and atelecta-
sis lead to worsening pulmonary compliance resulting in the 
restriction of oxygenation and ventilation. 

 Following the establishment of edema and atelectasis within 
the lung parenchyma, clinical signs and symptoms of ALI begin 
to develop. The clinical presentation of ALI is one of the hypox-
emic respiratory failures as compared to hypercapnic respira-
tory failure. There are  fi ve broad categories of hypoxemic 
respiratory failure: decreased FiO 

2
 , hypoventilation, shunt, ven-

tilation/perfusion (V/Q) mismatch, and diffusion limitation. The 
hypoxemia of ALI is primarily that of shunt with a component 
of diffusion limitation. Hypoxemia stimulates the carotid body 
chemoreceptors resulting in the activation of the sympathetic 
nervous system. This leads to a constellation of clinical signs 
including tachycardia, diaphoresis, systemic vasoconstriction, 
and tachypnea, which causes the initial hypocapnia. As 
in fl ammation increases, airway resistance increases and lung 
compliance decreases secondary to edema and airway constric-
tion. This leads to decreased expiratory  fl ow, decreased func-
tional residual capacity, and increased intrinsic positive 
end-expiratory pressure (PEEP). The patient increases his or her 
work of breathing in order to compensate for the increased air-
way resistance and decreased pulmonary compliance. 
Eventually, the patient begins to suffer respiratory muscle 
fatigue which results in the propagation of atelectasis and air-
trapping. As carbon dioxide (CO 

2
 ) is trapped in the alveoli and 

the patient hypoventilates due to fatigue, this results in the 
hypercapnia characteristic of progressive pulmonary 
insuf fi ciency. Therefore, in ALI, hypercapnia is a secondary 
problem that arises late in the course of respiratory failure. 

   Pathophysiology 

 In fl ammation is part of the body’s normal response to patho-
gens or injury that results in leukocyte recruitment and acti-
vation, vasodilatation, and increased vascular permeability. 
The clinical presentation of atelectasis and diffuse non-car-
diogenic pulmonary edema that is characteristic of ALI and 
ARDS results from excessive activation and dysregulation of 
the physiologic in fl ammatory response. Increased transcrip-
tion and release of in fl ammatory mediators from sites of 
injury or infection as well as from within the lung paren-
chyma lead to the progression of ALI to ARDS. This section 
provides a discussion of factors that contribute to the clinical 
presentation of ALI, an overview of certain molecular com-
pounds that have been shown to play a role in the progression 
of ALI, as well as a short overview of the inciting factors in 
transfusion-related acute lung injury (TRALI)—a similar but 
distinctly different entity in the spectrum of ALI. 

   Atelectasis 
 Postsurgical patients and patients who have sustained 
 traumatic injury are at a signi fi cant risk for atelectasis 
because of their impaired ability to maintain adequate 
inspiratory volumes. Alveolar collapse leads to activation of 
alveolar macrophages and the release of locally and systemi-
cally acting cytokines such as interleukin-1 (IL-1). Collapse 
of alveoli also results in a pro-coagulant state within the lung 
parenchyma and the development of microthrombi within 
the pulmonary vasculature. Tissue factor is present in alveo-
lar macrophages and endothelial cells and increased produc-
tion is readily induced by bacterial endotoxin in a model of 
sepsis and ALI  [  4  ] . Tissue factor is the initiator of the extrin-
sic pathway of coagulation, the end product of which is 
 fi brin. Alveolar  fi brin deposition is characteristic of ALI and 
represents a derangement of normal wound healing and a 
loss of  fi brinolytic function. Increased translocation of pro- 
coagulant factors and in fi ltration of  fi broblasts into the inter-
stitial and alveolar space lead to increased collagen 
deposition. Examination of the bronchoalveolar lavage 
(BAL)  fl uid in patients with ARDS demonstrates increased 
amounts of  fi brin and pro-coagulant factors that remain ele-
vated for several weeks following the initial injury  [  4  ] . 

 Accelerated remodeling of intracellular and extracellular 
 fi brin deposits results in impaired gas exchange and decreased 
pulmonary compliance. Coagulation and  fi broproliferation 
with collagen deposition result in scarring of the lung paren-
chyma and the propagation of atelectasis. This response is 
usually transient but organization and remodeling can occur, 
leading to permanent scarring of the lung parenchyma, and 
chronic impairment in lung function.  

   In fl ammatory Cytokines 
 The body’s response to injury and infection involves the 
transcription and release of numerous cytokines that act both 
locally and systemically leading to acute in fl ammation. 
Several of these cytokines have been shown to play a speci fi c 
role in the pathophysiology of ALI. These cytokines include 
IL-1, interleukin-8 (IL-8), tissue necrosis factor-alpha 
(TNF- a ), transforming growth factor-beta (TGF- b ), throm-
boxane A2, and thrombin (Table  8.1 ).  

 The predominant form of IL-1 in humans is IL-1 b . 
Interleukin-1 b  is released from alveolar macrophages in 
response to atelectasis and acts locally on endothelial and 
vascular epithelial cells to promote in fl ammation, increased 
vascular permeability, and apoptosis. IL-1 b  is considered to 
be the central mediator of in fl ammatory injury in ALI. 

 IL-8 is a neutrophil chemoattractant and activating agent 
that results in neutrophil degranulation, increased respiratory 
burst activity, and increased neutrophil aggregation by up 
regulation of adhesion molecules  [  5  ] . In response to IL-8 and 
cytokine induction, neutrophils readily cross into the pulmo-
nary parenchyma during many types of in fl ammatory states 
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including sepsis, ischemia/reperfusion injury, hemorrhage, 
and hypovolemic shock. The aggregation and activation of 
neutrophils within the lung parenchyma is an important con-
tributor to the development of ALI. The necessity of neutro-
phil activation to the development of ALI has been 
demonstrated by experiments in which neutrophils are elimi-
nated before injury occurs  [  6  ] . It is further demonstrated by 
the attenuation of the severity of ALI in neutropenic patients 
as compared to patients with normal leukocytes. Acute neu-
trophilic alveolitis is de fi ned as an increased concentration of 
neutrophils in the alveolar  fl uid leading to in fl ammation and 
increased leakage of  fl uid between epithelial tight junctions 
 [  6  ] . Neutrophils also release proteases into the alveolar  fl uid 
that in normal wound healing function in cell growth, remod-
eling, and    repair; however, in ALI excessive activity can 
result in cell death and tissue injury. One of these proteases, 
neutrophil elastase, degrades collagen and elastin resulting 
in the breakdown of the endothelial vascular barrier. 

 TNF- a  is released from both macrophages and endothelial 
cells of the lung in response to bacterial endotoxin and IL-1. 
Its systemic effects include the induction of fever and up reg-
ulation of catabolic processes resulting in cachexia. The pri-
mary action of TNF- a  in ALI is the regulation of immune 
cells and induction of in fl ammation through the increased 
transcription and release of other in fl ammatory mediators 
such as IL-1 and nuclear factor-kappa B (NF- k B [kappa 
beta]). NF- k B is a transcription factor that acts on enhancer/
promoter regions that are located on genes known to produce 
cytokines as well as other immunoregulatory molecules  [  6  ] . 

 TGF- b  is generated in response to tissue injury. Of its 
three isoforms, it is TGF- b 1 that is present in its inactive 
form in endothelial cells and contributes to the progression 
to  fi brosis in ALI. The activation of TGF- b  signaling path-
ways results in induction of many genes including those that 
contribute to  fi brosis after lung injury, increased endothelial 
cell permeability, and decreased ion and  fl uid transport con-
tributing to increased pulmonary edema  [  7,   8  ] . All cells in 
the body have receptors for TGF- b  and activation of these 
receptors results in a signaling pathway that modulates the 
transcription of genes for pro-in fl ammatory factors such as 

TNF- a  and IL-1 by a protein kinase-linked mechanism. 
Other functions of TGF- b  include the increased transcription 
and expression of integrins that result in increased transmi-
gration of  fi broblasts, macrophages, and neutrophils into 
sites of in fl ammation  [  8  ] . 

 Platelets play a key role in in fl ammation associated with 
ALI. Neutrophil activation results in the sequestration of plate-
lets within the lungs. These activated platelets release throm-
boxane A2, which is a pro-in fl ammatory cytokine. 
Thromboxane A2 is a derivative of arachidonic acid through 
the action of cyclooxygenase that contributes to thrombosis of 
the microvasculature by increasing the activation and aggrega-
tion of platelets. Activated platelets also release prostaglan-
dins, prostacyclins, and leukotrienes—all of which play a role 
in acute in fl ammation and increased vascular permeability. 

 Thrombin is not only a pro-coagulant factor but also acts 
to propagate lung injury in ALI by regulation of cellular con-
traction, thus increasing vascular permeability, increasing 
the expression of in fl ammatory mediators, and increasing 
chemotaxis and transendothelial migration of neutrophils 
and other in fl ammatory cells  [  9  ] .  

   Non-cardiogenic Pulmonary Edema and Endothelial 
Layer Disruption 
 Development of pulmonary edema results from changes in 
oncotic pressure across the endothelial–epithelial membrane. 
An increase in the leakage of proteins into the interstitial and 
alveolar space results in  fl uid shifts and the accumulation of 
exudative edema  fl uid within the airways. The usual barrier 
function is maintained by a single layer of vascular endothe-
lial cells that are joined together by proteins called adherens 
that form tight junctions between cells. This single cell layer 
forms the basis for gas exchange as well as regulates perme-
ability to water and electrolytes. In fl ammatory mediators 
cause dysfunction in this barrier by disrupting adherens. 

 Calcium diffusion across the cell membrane and through 
disrupted tight junctions results in propagation of in fl ammatory 
signals across gap junctions and also functions in the activa-
tion of myosin light-chain kinase (MLCK). Increased expres-
sion of MLCK contributes to the rearrangement of actin and 
increased actin–myosin interactions that result in contraction 
of cells, increased permeability to proteins and  fl uids, and 
increased transmigration of neutrophils into the alveoli. 
MLCK knockout models result in decreased pulmonary 
edema and reduced nitric oxide, reactive oxygen species, and 
vascular permeability implicating an interaction between 
MLCK and paracrine signaling pathways in ALI  [  10  ] . 

 Nitric oxide release from endothelial cells and neutrophils 
is also increased in response to in fl ammation. Nitric oxide is 
a potent vasodilator and at high concentrations is toxic to 
endothelial cells. Nitric oxide synthase expression is increased 
in response to pulmonary in fl ammation and sepsis  [  11  ] .  

   Table 8.1    Cytokines in acute lung injury   

 Cytokine  Action 

 IL-1 b  (beta)  Increased vascular permeability and apoptosis of 
epithelial cells 

 IL-8  Increased neutrophil aggregation and activation 

 TNF- a  (alpha)  Induction of in fl ammation, cachexia, and increased 
transcription of cytokines 

 TGF- b  (beta)  Increased transcription of pro-in fl ammatory cytokines 
and integrins 

 TXA2  Increased aggregation and activation of platelets 
 Thrombin  Increased vascular permeability, increased expression 

of cytokines, increased recruitment of in fl ammatory 
cells 
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   Apoptosis 
 Endothelial cell dysfunction alone does not result in pulmo-
nary edema, but a combination of endothelial dysfunction 
with disruption of the epithelial cell layer results in massive 
pulmonary edema characteristic of ARDS and life-threaten-
ing hypoxemia. The epithelial layer provides a substantial 
barrier to the accumulation of  fl uid within the airspace and 
also functions in the active clearance of  fl uid by the up regu-
lation of Na/K-ATPase. In the acute in fl ammatory phase sev-
eral factors favor apoptosis of epithelial cells including 
decreased surfactant, increased TGF- b , and increased activ-
ity of angiotensin-converting enzyme leading to increased 
production of angiotensin II. 

 Normally there is a balance between pro-apoptotic and anti-
apoptotic factors within the lungs. Fas and fas ligand (FasL) are 
regulators of apoptosis in epithelial cells. Increases in the expres-
sion of Fas have been demonstrated in experimental models of 
lung in fl ammation secondary to exposure to endotoxin. Increases 
in the amount of FasL in the BAL  fl uid of patients with ALI are 
associated with a poor prognosis  [  12  ]  and survivors of ALI have 
been demonstrated to have signi fi cantly lower levels of FasL in 
BAL  fl uid samples compared to non-survivors  [  13  ] . Caspase-3 
is an executioner protein that is upregulated in Fas-mediated 
apoptosis  [  13  ] . Jo2 is a potentiator of Fas that favors epithelial 
cell apoptosis, neutrophilic in fl ammation, and increased perme-
ability in experimental models of ALI  [  12  ] . 

 The over-expression of Her 2, a tyrosine kinase receptor 
expressed in pulmonary epithelial cells, has also been shown 
to play an active role in epithelial cell barrier disruption. 
Activation of Her 2 through interactions with IL-1 by A disin-
tegrin and metalloproteinase 17 (ADAM 17) and neuroregulin-
1-dependent mechanism during in fl ammation results in barrier 
disintegration in an experimental model of ALI  [  14  ] . 

 Injury to the epithelial barrier has three direct conse-
quences: (1) it contributes to alveolar  fl uid accumulation 
through loss of barrier function; (2) the damage to type II 
pneumocytes leads to loss of adequate surfactant production; 
(3) and disorganized repair leads to  fi brosis and scarring  [  8  ] . 
Loss of the epithelial layer through apoptosis results in 
edema, hemorrhage, and increase in proteinaceous  fl uid 
accumulation within the remaining alveoli.  

   Transfusion-Related Acute Lung Injury 
 Although the clinical presentation of TRALI is nearly identi-
cal to other forms of ALI there are a few key differences in 
the pathophysiology. Patient-related risk factors for TRALI 
include recent surgery, active infections, and hematologic 
malignancies. A two-hit theory of in fl ammatory response to 
transfusion has been proposed as a mechanism for TRALI 
 [  15  ] . The  fi rst event involves priming of neutrophils to induce 
ALI in response to the major histocompatability complex 
(MHC) class I antibody by bacterial endotoxin, sepsis, or 
even stress of surgery. The second hit develops in response to 
anti-leukocyte antibodies contained within the blood products 

with resultant activation of neutrophils and aggregation 
within the lung parenchyma in a manner similar to other 
forms of ALI. This theory is supported by the fact that donor-
related risk factors include plasma from donors exposed to 
class I antibodies, including plasma from female donors who 
may have been exposed to antibodies during pregnancy. For 
this reason most blood banking centers restrict plasma dona-
tions to male donors and as a result, the incidence of TRALI 
has signi fi cantly decreased.    

   Diagnosis 

 The diagnosis of ALI is made based on the consensus criteria 
established by the American-European Consensus Committee 
shown in Table  8.2 . Additionally, for TRALI, the patient must 
develop ALI within 6 hours of receiving blood products.  

 Experimentally, researchers have utilized positron emis-
sion tomography (PET) in the diagnosis of ALI. PET scan-
ning has been shown to be useful in delineation of several of 
the pathophysiologic characteristics of ALI and can be used 
to elucidate the heterogeneity of diseased lung parenchyma. 
Currently there are three areas of pathophysiologic interest 
that have been elucidated using PET scanning: the aggrega-
tion of activated neutrophils within the diseased lung paren-
chyma,  fl uid movement and vascular permeability, and 
ventilation and perfusion. Because the metabolic activity of 
neutrophils can be measured using  fl uorodeoxyglucose ( 18 F) 
 [  16  ] , PET scanning can be used to localize aggregates of 
activated neutrophils within the lung parenchyma in patients 
with ALI. Fluid movement and vascular permeability can be 
measured using radiolabeled transferrin. Finally, ventilation 
and perfusion can be measured using radiolabeled nitrogen 
(inspired and intravenous, respectively)  [  17  ] . Although it is 
of signi fi cant interest to investigational researchers, PET 
scanning is not currently utilized clinically.  

   Management 

 When managing ALI, it is important to have a systematic 
approach with the goal of improving oxygenation and pulmo-
nary compliance while diminishing morbidity and ultimately 
improving survivability. The management of ALI in surgical 
patients begins with the prevention of the causative factors 
that contribute to its development, most notably atelectasis 
and systemic in fl ammatory response syndrome (SIRS). 

   Table 8.2    Diagnostic criteria for ARDS   

 American-European consensus committee diagnostic criteria for ALI 
and ARDS 

 PaO 
2
 /FiO 

2
  <300 (ALI) or <200 (ARDS) 

 Absence of cardiogenic pulmonary edema 
 Diffuse bilateral patchy in fi ltrates on chest radiograph 



1138 Acute Lung Injury in the Acute Care Surgery Patient

   Basic Principles 

 As noted previously, atelectasis is a common problem in 
surgical patients due to the compounding effects of 
 preoperative pulmonary conditions and postoperative pain. 
Thus adequate management of postoperative pain is of par-
amount importance, as is maintaining adequate lung vol-
umes for oxygenation but without inducing barotrauma. 
Appropriate pain control includes early identi fi cation of 
patients who may bene fi t from epidural analgesia, appro-
priate usage of patient-controlled analgesia, and early tran-
sition to oral analgesia to provide steady-state pain control. 
Other conditions that can limit chest wall excursion and 
exacerbate atelectasis include abdominal compartment 
syndrome, rib fractures, and burns to the thorax. Appropriate 
intervention would include early decompressive  laparotomy, 
rib fracture plating, and escharotomy as indicated. 
Prevention of atelectasis in surgical patients can also be 
accomplished through appropriate training in incentive 
spirometry (IS) and early involvement of the respiratory 
therapist for patients determined to be at high risk based on 
the type of surgery and preoperative pulmonary comorbidi-
ties. Respiratory therapists can provide additional recruit-
ment maneuvers to awake, spontaneously breathing patients 
that result in improvement in the functional residual capac-
ity (FRC) with improved oxygenation and ventilation. 
These maneuvers serve as an adjunct to IS or as a replace-
ment in patients unable to adequately perform IS due to 
cognitive or physical limitations. Intermittent positive pres-
sure breathing (IPPB) with systems including the Acapella 
valve (Smith Medical, St. Paul, MN) and EZPAP (Smith 
Medical, St. Paul, MN) makes IPPB easier for patients to 
perform and tolerate. These devices each contains an 
inspiratory valve and expiratory resistance dial and results 
in hyperin fl ation of the lungs, thus increasing lung  capacity. 
Respiratory therapists can also provide chest physiotherapy 
with the goals of improving respiratory ef fi ciency, expan-
sion of the lungs, strengthening of the respiratory muscles, 
and elimination of secretions. 

 Trauma and sepsis are the most common causes of SIRS 
in the acute care surgery patient. Early goal-directed therapy 
for sepsis is paramount in preventing ARDS. Risk factors for 
the development of ALI in patients with sepsis due to infec-
tious extra-pulmonary processes are delayed goal-directed 
resuscitation and delayed antibiotic treatment. Appropriate 
identi fi cation of the etiology of sepsis and therapy tailored to 
provide adequate source control is of utmost importance. 
Identi fi cation of patients presenting with clinical signs and 
symptoms of systemic in fl ammation and appropriate initia-
tion of treatment at the earliest time point has been associ-
ated with improved outcomes. The de fi nition of SIRS is 
outlined in Table  8.3 . The treatment of SIRS is directed at the 
inciting cause as well as appropriate supportive care that may 

include broad-spectrum antibiotics, appropriate  fl uid resus-
citation, and close cardiac monitoring as indicated whether 
by invasive means (pulmonary artery catheterization) or non-
invasive means (cardiac and inferior vena cava ultrasound, 
impedance…), as well as early, appropriate source control.  

 The prevention of MOF is the main indicator of survivabil-
ity in ARDS. Numerous studies have concluded that death in 
ARDS is directly attributable to MOF rather than refractory 
hypoxemia, and that improvement in oxygenation does not 
necessarily predict a better outcome. A large international 
study determined that disease severity and MOF were the 
strongest independent predictors of death from ARDS  [  18  ] . 

 In patients presenting with mild hypoxemia and risk fac-
tors for ALI, appropriate administration of noninvasive ven-
tilatory support is indicated. This can include continuous 
positive airway pressure (CPAP) and bilevel positive airway 
pressure (BiPAP) as appropriate. However careful monitor-
ing of patients undergoing these interventions is important as 
rapidly progressive and treatment-refractory hypoxemia is 
most often imminent. These interventions may also be con-
traindicated in patients with recent upper gastrointestinal 
anastomoses if nasogastric decompression cannot be ade-
quately maintained.  

   Standard Mechanical Ventilation Using 
a Lung Protective Strategy 

 Paramount to the treatment of ALI and ARDS is support with 
mechanical ventilation. Although invasive mechanical ventila-
tion is often necessary for adequate oxygenation in cases of 
ALI and ARDS, it can exacerbate pulmonary parenchymal 
injury and complicate the care of patients. Shear forces associ-
ated with high-lung-volume ventilation cause damage to alve-
olar epithelial cell membranes leading to disruption and 
necrosis. Spillage of intracellular contents into the extracellu-
lar milieu potentiates the in fl ux of in fl ammatory cells and 
cytokines in the pulmonary parenchyma. This repeated over-
distention of the alveolar units and shearing injury due to volu-
trauma and barotrauma is known as ventilator-induced lung 
injury (VILI), which can exacerbate both ALI and MOF by 
increasing the release and dissemination of in fl ammatory 
mediators within the body and may increase translocation of 

   Table 8.3    Systemic in fl ammatory response syndrome (SIRS)   

 Diagnosis of the systemic in fl ammatory response syndrome 

  Any two of the following:  
 Temperature <36 °C or >38 °C 
 Heart rate >90 bpm 
 Respiratory rate >20 bpm 
 WBC <4,000/mm 3  or <12,000/mm 3  
 Or >10% bands 
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bacteria from the lungs into the systemic circulation. The pre-
vention of VILI has become the cornerstone of what is known 
as lung-protective ventilation for patients with ALI (Table  8.4 ). 
Lung-protective ventilation as described by the ARDS Net 
lung protective strategy  [  19  ]  is de fi ned by low tidal volumes, 
limited inspiratory plateau and peak pressures, and adequate 
PEEP to prevent cyclic opening and closing of lung units, thus 
ameliorating lung stretch and resultant shear injury. PEEP and 
FiO 

2
  should be adjusted to keep the PaO 

2
  between 50 and 

80 mmHg. The fraction of inspired oxygen should ultimately 
be kept below 60% to prevent absorption atelectasis and oxy-
gen toxicity with resultant free radical injury.  

   Low Tidal Volume 
 The reduction in tidal volumes for patients on mechanical 
ventilation in order to prevent complications from ARDS 
was initially resisted by many clinicians. This was due to 
concern for patient comfort (compensatory tachypnea), as 
well as the resultant hypercapnia and respiratory acidosis. 
The ARDS Net trial de fi nitively demonstrated the morbidity- 
and mortality-reducing bene fi ts of a low-tidal-volume venti-
latory strategy. This was a multicenter randomized controlled 
trial examining the outcomes of 6 ml/kg tidal volumes versus 
12 ml/kg tidal volumes. Overall, patients treated with the 
lower tidal volume strategy had decreased mortality, 
increased ventilator free days, and a decreased rate of MOF 
than their cohorts treated with the higher tidal volume. The 
reduction in tidal volume also seems to be associated with 
improvement in the function of the sodium/potassium ade-
nosine triphosphate (Na/K ATPase) transporter  [  20  ] . This 
results in improved Na and water transport across the epithe-
lial–endothelial cell junction and out of the pulmonary paren-
chyma, resulting in a reduction in pulmonary edema.  

   Limited Inspiratory Peak and Plateau Pressures 
 Mechanical ventilation can be based on either volume or 
pressure controlled parameters. For both strategies, the main-
tenance of plateau pressures below lung injury thresholds is 
important for the prevention of barotrauma. The upper limit 
of inspiratory plateau pressures should be maintained below 
30 mmHg. Complications of barotrauma include migration 
of air into the extra-pulmonary space leading to pneumotho-
rax, pnuemomediastinum, pneumoperitoneum, subcutane-
ous emphysema, and air embolism  [  21  ] .  

   Management of Positive End-Expiratory Pressure 
 Cyclic recruitment/derecruitment of alveoli can lead to 
increased activation of neutrophils, promote additional 
edema secondary to lung epithelial cell injury, and lead to 
increasing loss of FRC  [  20  ] . An open lung strategy focuses 
on the reduction of cyclic recruitment/derecruitment and 
atelectrauma. This is accomplished by utilizing optimal lev-
els of PEEP to prevent collapse of alveoli during exhalation. 
Determination of optimal levels of PEEP using the open lung 
strategy is based on a curve with two in fl ection points: the 
lower in fl ection point is the theoretical critical opening pres-
sure, also known as P  

fl ex
 , and the higher in fl ection point is the 

loss of elastic properties due to overdistention. Setting the 
PEEP just above the P  

fl ex
  should theoretically maintain the 

constant opening of alveoli during exhalation. This will 
result in improvement in the FRC, decreased intrapulmonary 
shunting, and increased oxygenation capacity.   

   Salvage Strategies for Mechanical Ventilation 

 Acute respiratory distress syndrome with refractory hypoxemia 
affects 7–26% of patients with ARDS and may require inter-
ventions in addition to the standard lung-protective ventilatory 
strategy. When patients fail to improve their oxygenation on 
standard lung-protective ventilation, there are additional rescue 
therapies that should be attempted. These include but are not 
limited to alveolar recruitment maneuvers, prone positioning, 
inverse inspiratory/expiratory (I:E) ratios, and airway pressure 
release ventilation (APRV). These interventions should only be 
undertaken at centers with the availability of adequate treat-
ment modalities, and by physicians and ancillary staff who are 
comfortable with these modalities. 

 Before initiation of other strategies it is important to address 
all other factors that may be complicating oxygen delivery in the 
patient. Because adequate oxygen delivery is based on main-
taining cardiac output and an adequate hemoglobin level, these 
measures should be addressed prior to instituting any potentially 
dangerous or costly interventions, especially considering that 
the data related to these interventions is inconclusive. Efforts 
should also focus on reducing the overall oxygen demand by 
addressing systemic in fl ammation and oxygen consumption. 

 Alveolar recruitment maneuvers are postulated to assist in 
the prevention of atelectasis and atelectrauma, thus improv-
ing oxygenation/ventilation and preventing VILI by keeping 
regions of the lung open that would otherwise be collapsed. 
Speci fi c protocols for recruitment maneuvers vary between 
institutions but can include increased PEEP or sustained 
in fl ation at increased pressure (>40 mmHg) for time periods 
of about 20–30 seconds or incremental increases in PEEP 
over a period of several minutes. Studies have shown a clear 
improvement in oxygenation but no bene fi t in mortality. 
Additionally, these bene fi ts do not appear to be sustained 

   Table 8.4    ARDS network lung-protective ventilation   

 ARDS network lung-protective ventilation criteria 

 Tidal volume 6 ml/kg 
 FiO 

2
  <60 mmHg 

 PEEP at an adequate level to keep PaO 
2
  between 50 and 80 mmHg 

 Inspiratory plateau pressures <30 mmHg 
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over time with progressive declines in oxygenation in the 
minutes to hours following the maneuver. As of yet, no study 
has compared recruitment maneuvers to determine which 
protocol is optimal for improving oxygenation. 

 Prone positioning, or kinetic therapy, is thought to improve 
oxygenation by dependent positioning of involved portions 
of the lungs to improve oxygenation. This allows gravity to 
redistribute perfusion/ventilation to the dependent portions 
of the lung. An additional proposed bene fi t of prone posi-
tioning is less compression of the lungs by the heart and 
abdominal organs, and thus less overall lung collapse. The 
greatest bene fi t in oxygenation has been shown in patients 
who are proned for less than 17 hours a day with frequent 
repositioning between the prone and supine positions (every 
few hours), but the bene fi ts tend to diminish as patients are 
returned to the supine position. Although oxygenation may 
improve with prone positioning, mortality has not improved. 
There are also risks associated with prone positioning that 
include inadvertent extubation, pressure ulcers, and dif fi culty 
with positioning. Prone positioning is typically accomplished 
using a specialized bed such as the Rotoprone ™ (KCI, San 
Antonio, TX) and availability of this device may be limited. 

 Inverse I:E ratios of 2:1 can improve oxygenation in 
mechanically ventilated patients. It is postulated to do so by 
increasing the intrinsic PEEP and preventing alveolar collapse 
during exhalation. In its classic form, it was poorly tolerated 
by spontaneously breathing, awake patients, and therefore 
required sedation and sometimes neuromuscular blockade. 
Numerous clinical studies have examined the results of inverse 
I:E ratios as a salvage maneuver for patients unresponsive to 
conventional lung-protective ventilatory strategy, and so far 
the results have been variable with no clear bene fi t shown. 

 APRV is a pressure-limited, time-cycled mode of ventila-
tion that results in short periods of reduction in pressure to 
allow for CO 

2
  clearance. It is a mode based on spontaneous 

breathing against a continued high pressure. This continuous 
recruitment pressure is provided throughout 85–90% of the 
ventilatory cycle. It is equivalent to inverse I:E ratios but is 
useful for patients who are spontaneously breathing and pre-
vents the need for sedation and neuromuscular blockade. It 
can also be used as an alternative to the open lung strategy 
and is felt to allow for more continuity in recruitment. 

   High-Frequency Oscillatory Ventilation 
 High-frequency oscillatory ventilation (HFOV) is considered 
a rescue strategy for patients unable to adequately oxygenate 
using conventional modes of mechanical ventilation. Severity 
criteria for ARDS can be used to determine which patients 
may bene fi t from HFOV and include the following:

   FiO • 
2
  >60% and SpO 

2
  <88% on conventional mechanical 

ventilation with:
   PEEP >15 mmHg   –
  Plateau pressures >30 mmHg   –

  Mean airway pressures >24 mmHg   –
  APRV high pressure >35 mmHg      –

  High-frequency oscillatory ventilation uses a piston-pump • 
oscillating between 3 and 10 Hz to provide inspiratory biased 
 fl ow at 30–60 l/min. The four variables that can be manipu-
lated to improve oxygenation are mean airway pressure, fre-
quency (lower frequency = increased tidal volume), 
inspiratory time (typically 33% total cycle), and  fi nally 
amplitude, which effects chest wall excursion and adequate 
elimination of CO 

2
 . Oxygenation on HFOV is postulated to 

occur by Taylor dispersion and molecular diffusion as mol-
ecules move at differing velocities in and out of alveoli. The 
Multi-Center Oscillatory Ventilation for Acute Respiratory 
Distress Syndrome Trial (MOAT) demonstrated improve-
ment in PaO 

2
 /FiO 

2
  ratio but the difference did not persist past 

24 h  [  22  ] . They also demonstrated a reduction in 30-day all-
cause mortality but no difference in ventilator-free days or 
overall liberation from ventilatory support. An additional 
systematic review completed by Young and colleagues deter-
mined that although there is improved oxygenation and ven-
tilation with HFOV in severely hypoxemic patients refractory 
to conventional ventilatory management, the improvements 
are transient, lasting only 24–48 h. Additional trials have 
failed to duplicate the results of the MOAT trial.     

   Extracorporeal Membrane Oxygenation 
 Extracorporeal membrane oxygenation (ECMO) or extracorpo-
real life support (ECLS) is indicated in cases of acute, severe, 
but potentially reversible cases of ARDS in patients who have 
failed all other methods to improve oxygenation. It is based on 
venovenous or venoarterial life support with membrane oxy-
genation to replace the function of the injured lung. Patients on 
ECMO are continued on mechanical ventilation using conven-
tional lung protective strategy. The goal is to be able to wean 
ECMO to moderate ventilator settings. The 2009 CESAR 
trial (Conventional Ventilatory Support versus Extracorporeal 
Membrane Oxygenation for Severe Adult Respiratory Failure) 
documented decreased mortality for patients with refractory 
hypoxemia and ARDS  [  23  ] . Overall, 67% of patients were suc-
cessfully weaned from ECMO, with an overall 52% survival 
rate. Prior to this study, ECMO in adult patients was considered 
a treatment of last resort as survival in adult patients was based 
solely on case reports. Current survival rates for infants, pediat-
ric, and adult patients on ECMO are stated to be 85%, 74%, and 
52%, respectively. It is necessary for patients on ECMO to 
undergo systemic anticoagulation with heparin. For this reason, 
the risk of ECLS is primarily associated with uncontrolled 
bleeding and the potential of hemorrhagic stroke. Newer, 
smaller, more ef fi cient devices have ameliorated these risks by 
allowing for less profound anticoagulation. Improved results are 
also associated with early identi fi cation of patients who may 
bene fi t from ECMO and careful transport of these patients to 
centers capable of providing ECMO  [  24  ] .   
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   Pharmacologic Adjuncts 

 Numerous pharmacologic adjuncts have been evaluated in 
ARDS including alprostadil  [  25  ] , acetylcysteine  [  26  ] , corti-
costeroids  [  27  ] , inhaled nitric oxide  [  28  ] , and surfactant  [  29  ]  
with only limited mortality bene fi t  [  30  ] . 

 Inhaled nitric oxide results in selective pulmonary vasodi-
lation in well-ventilated segments of the lung. This improves 
perfusion to less diseased portions of the lung and subse-
quently improves oxygenation. A large-scale, randomized, 
placebo-controlled trial carried out in the United States dem-
onstrated improved oxygenation but failed to demonstrate any 
improvement in mortality or decrease in duration of mechani-
cal ventilation  [  28  ] . A follow-up study of ARDS patients sur-
viving low-dose inhaled nitric oxide did show signi fi cantly 
better values for several pulmonary function tests at 6 months 
post treatment than placebo-treated patients  [  31  ] . 

 Similar to nitric oxide, sildena fi l is associated with selec-
tive pulmonary vasodilation but did not improve oxygenation 
in    ARDS  [  32  ] . 

 Trials of NSAIDS to prevent the conversion of arachi-
donic acid to thromboxane A2 and ameliorate in fl ammation 
in the lung parenchyma produced no bene fi t in patients with 
ARDS  [  25  ] . 

 Corticosteroid administration was thought to be bene fi cial 
in combating the in fl ammation that is the predominant caus-
ative factor of lung damage in ALI. It was felt that early miti-
gation of the in fl ammatory process should halt the progression 
of injury. Currently there is no evidence to support this the-
ory. The ARDS Network trial failed to show any improve-
ment in all-cause mortality after a short course of high-dose 
steroid administration, but it did result in improved oxygen-
ation and improved pulmonary compliance with a resultant 
increase in ventilator-free days  [  27  ] . This was, however, 
complicated by an overall increase in 60-day and 180-day 
all-cause mortality in relation to an increase in long-term 
negative effects and infectious complications. Another study 
further demonstrated no bene fi t in all-cause mortality in 
patients with ARDS due to viral pneumonia who received 
corticosteroids, and also found that administration of steroids 
was correlated with an increase in all-cause mortality  [  33  ] . 

 Surfactant de fi ciency is concomitant with ARDS and 
exacerbates atelectasis and atelectrauma. Exogenous surfac-
tant replacement therapy is a standard of care in infants with 
neonatal lung disease, but this has been shown to be of little 
bene fi t in adult patients. So far no surfactant studies have 
shown an improvement in mortality in an adult population 
with ARDS but it is still considered as part of salvage ther-
apy for patients who are failing to improve despite maximi-
zation of other strategies  [  34  ] . 

 Because ARDS is associated with microthrombi and a 
pro-coagulant state with resultant  fi brin deposition and 
 fi brosis,  fi brinolytic therapy has been investigated as a pos-

sible intervention to improve outcomes in ARDS. The 
PROWESS trial (Recombinant Human Activated Protein C 
Worldwide Evaluation in Severe Sepsis) demonstrated 
bene fi t to activated protein C administration in patients with 
severe sepsis, but did not speci fi cally address effects on ALI 
 [  35  ] . The results of this trial have since been repudiated. 

 Intravenous beta-adrenergic agonists are currently under 
investigation for treatment of patients with ARDS. The results 
of the BALTI-1 trial (Beta-agonist in lung injury) showed 
improved clearance of extracellular water in the lungs with 
administration of salbutamol at 15  m g/kg/h over 7 days  [  36  ] . 
Results of the BALTI-2 clinical trial are still pending  [  37  ] . 

 The role of enteral nutrition in patients with ALI has been 
investigated in one of the most recent publications by the 
ARDS Network, known as the EDEN trial  [  38  ] . The EDEN 
trial investigated the difference in outcomes between patients 
with ARDS who received full enteral feedings versus trophic 
feedings. Trophic feedings for up to 6 days did not increase 
the number of ventilator-free days, improve mortality, or 
decrease the number of infectious complications. They were 
associated with less gastrointestinal intolerance (i.e., diar-
rhea). It must be noted that what was considered full enteral 
feedings in this study was only 1,300 kcal per day. 

 The supplementation of enteral nutritional therapy with 
omega-3 fatty acids was considered potentially bene fi cial as 
omega-6 fatty acids are the precursors to pro-in fl ammatory 
cytokines, eicosanoids and leukotrienes, while omega-3 fatty 
acids favor anti-in fl ammatory molecule production. It was 
postulated that a diet rich in omega-3 fatty acids would pro-
vide lung-protective, anti-in fl ammatory, and mortality-reduc-
ing bene fi ts. So far several studies have reported reduction in 
all-cause mortality related to reduced pulmonary capillary 
leakage and reduced neutrophils and pro-in fl ammatory cytok-
ines in BAL  fl uid; however, a large multicenter, randomized 
trial did not support these  fi ndings and found no signi fi cant 
difference in MOF, nosocomial infections, reduction in venti-
latory support days, or all-cause mortality  [  39  ] .   

   Potential Complications 

 A lung-protective ventilation strategy is associated with hyper-
capnia and resultant hypercapnic respiratory acidosis (pH 
7.20–7.30). Permissive hypercapnia may in and of itself be 
lung protective in that it reduces pro-in fl ammatory cytokines 
and neutrophil chemotactic activation, as well as an attenuation 
of in vivo apoptosis  [  40  ] . Acidosis with a pH <7.15 is managed 
medically with infusions of bicarbonate or tromethamine 
(THAM). Complications of hypercapnia can include depressed 
cardiac contractility and increased intracranial pressure. 
In patients with concomitant head injury or who are unable to have 
their mental status assessed due to sedation or neuromuscular 
blockade, intracranial pressure monitoring may be warranted. 
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 The management of patients with ALI centers around pre-
vention of VILI-associated complications by the judicious and 
correct use of mechanical ventilation. The adherence to a lung 
protective strategy prevents most cases of further pulmonary 
compromise by volutrauma, barotrauma, or atelectrauma. The 
most common complication from barotrauma is pneumothorax. 
This is not seen just when ARDS is worsening, but more often 
as ARDS is improving and both PEEP and FiO 

2
  are being 

decreased. Other complications of VILI include increased ten-
dency towards  fi brosis and scarring. Extreme cases of VILI can 
result in bronchopleural  fi stula. This can be extremely dif fi cult 
to manage in the setting of ALI and results in continuous air 
leak into the pleural space. The treatment often necessitates the 
reduction of airway pressures to reduce air leak and favor clo-
sure; however, this can compromise attempts at improved oxy-
genation. Another rare complication of ALI is pulmonary 
ossi fi cation. This is diagnosed as a formation of dense 
calci fi cations in the lung parenchyma that is  fi brosed and is usu-
ally seen as bilateral reticulonodular pulmonary in fi ltrates on 
chest radiographs. This is likely a complication related to hem-
orrhage into the airspace and diffuse  fi brosis. 

 In patients who require prolonged ventilatory support, tra-
cheostomy should be considered. The optimal timing of tra-
cheostomy is debatable, with some physicians favoring 
placement as soon as the need for prolonged ventilator support 
is identi fi ed. This is based on the fact that edema and injury to 
the trachea from endotracheal intubation begin to become appar-
ent within 3–7 days with scarring evident after 7 days of intuba-
tion. However, since this is an elective procedure in most ALI 
patients, it should not be considered until it can be done safely. 
Patients that require high levels of PEEP and/or FiO 

2
  may not 

have the reserve necessary to tolerate tracheostomy placement. 
For each patient, the risks and bene fi ts of the procedure must be 
weighed carefully. For most patients tracheostomy is a well-
tolerated procedure that results in improved patient comfort, 
ability to communicate, and better oral care potentially resulting 
in a lower rate of ventilator-associated pneumonia  [  41  ] . 

 Ventilator-associated pneumonia should be identi fi ed and 
treated early with broad-spectrum antibiotics with de-escala-
tion of antibiotic coverage when the causative agent is 
identi fi ed in order to prevent exacerbation of acute lung 
injury and improve oxygenation.  

   Conclusion 

 ARDS is a highly morbid disease but with improved goal-
directed and systematic care more patients are surviving the 
acute phase of the disease. Current use of lung-protective 
ventilation strategy with permissive hypercapnia has reduced 
overall mortality from 53 to 26%. The majority of patients 
who achieve liberation from mechanical ventilation can 
expect a full and complete recovery of the respiratory  system. 

Some patients with mild to moderate pulmonary  fi brosis 
caused by the  fi broproliferative stage of ALI, or any patient 
with bronchopleural  fi stula, or pulmonary ossi fi cation should 
receive follow-up monitoring of pulmonary function tests. 
Up to 35% of patients with pulmonary  fi brosis become dis-
abled and are unable to return to work for a period of 24 
months following ARDS  [  42  ] . 

 Patients with ARDS may have other chronic problems 
related to neuromuscular weakness and psychological mal-
adjustment. Prevention of physical disability should be a 
goal of clinicians and ancillary staff. Physical therapy inter-
vention with the goal of early mobilization is important in 
maintaining and improving strength necessary to achieve lib-
eration from ventilatory support.      
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         Introduction 

 Nutrition in the surgical patient is a multifactorial, complex 
subject. Beyond the decision to feed enterally or parenterally, 
a surgeon must consider speci fi c patient characteristics that 
interfere with the delivery of nutrients for useful and purpose-
ful digestion and metabolism. The patient with postoperative 
ileus, a previous bowel obstruction, short gut, the trauma open, 
damage-controlled abdomen, or discontinuous bowel, to men-
tion only a few special circumstances, has energy requirements 
beyond what is provided by maintenance or resuscitative 
 fl uids, and these examples comprise situations in which early 
feeding would inherently be of bene fi t. Certainly the patient 
with  fi stulization to the skin deserves focused discussion as 
this patient population, more than the standard surgical patient 
or the disaster, damage-controlled abdomen, has the additional 
complexity of nutrient and digestive component loss. 

 Attention should also be given to the consideration of 
nutritional access as many patients with these special circum-
stances do not have the ability to take food orally. Surgeons 
must decide how they will provide nutrition to their patients 
and many times this requires surgical or endoscopic place-
ment of lines and tubes that can be used to conduct nutrients 
into the body. Timing of feeding and location of feed entry 
into the body are further decisions that the surgeon faces. This 
chapter serves to discuss and present data regarding the dif-
ferences in parenteral, enteral, gastric, and post-pyloric feed-
ing, and includes algorithms for instituting early nutritional 
support in the acute and traumatic patient populations.  

   Rationale for Nutritional Support 

 The rationale for providing nutritional support is to prevent 
acute protein malnutrition, to modulate the immune response, 
and to promote normal gut function  [  1  ] .  

   Types of Nutritional Support 

   Enteral Versus Parenteral 

 In the 1970s total parenteral nutrition (TPN) was introduced, 
but despite its availability, enteral nutrition (EN) was still more 
economical and convenient to provide. However, the practice 
at that time was to hold enteral nutrition until the gut proved to 
be completely functional, which could take days, even more 
than a week, for surgical and trauma patients. By the 1980s 
enough data had been collected to support the use of enteral 
nutrition in these surgical populations. Enteral nutrient provi-
sions were functional and processed effectively in the criti-
cally ill patient with mal-adapted gut mucosa  [  2,   3  ] . In fact it 
was shown in multiple studies that introducing enteral feeds 
into the gut stimulated immunologic response and competence 
 [  4–  7  ] . The 1990s introduced data that TPN may be harmful in 
patients who could otherwise tolerate enteral feeds. There 
were more infections, including catheter-related sepsis, seen 
in the parenteral group  [  8,   9  ] . Meta-analyses con fi rmed that 
early enteral feeding, compared to parenteral nutrition, reduced 
postoperative infections and complications  [  10,   11  ] .  

   Enteral Nutrition 

 Enteral nutrition is the preferred form of nutritional supplemen-
tation in surgical patients who have enteral access  [  12–  14  ] . 
Absolute contraindications to enteral feeds include functional 
complications such as bowel obstruction, peritonitis, progres-
sive ileus, massive gastrointestinal hemorrhage, and gastroin-
testinal ischemia associated with shock and vasopressors. 
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Relative contraindications include proven intolerance to enteral 
nutrition and intolerance associated with short gut syndrome, high-
output  fi stula, pancreatitis, and in fl ammatory bowel disease. 

 Early enteral feeding supports gastrointestinal structure 
and function, and in the critically ill surgical patient can reduce 
gut hyper-permeability, enhance gut blood  fl ow, promote gas-
tric emptying, and stimulate gut-associated immunity. Multiple 
studies have shown tolerance of trophic feeds in critically ill 
and mechanically ventilated patients, and in patients with 
recent bowel surgery  [  15  ] . While there are studies that show 
some increased infectious complications with early goal 
enteral feeds, there is more convincing data to the contrary 
 [  13,   14,   16  ] . Based on 14 Level 2 studies, early enteral nutri-
tion was shown to reduce infectious complications and mortal-
ity and is overwhelmingly recommended in mechanically 
ventilated patients after adequate resuscitation  [  17,   18  ] .   

   Parenteral Nutrition 

 Total parenteral nutrition is appropriate in situations in which 
enteral feeds cannot be used. Its disadvantages include need 
for vascular access, infection of vascular access and associ-
ated bloodstream infection, sepsis, cost, need to monitor elec-
trolytes and adjust formula, and hyperglycemia. Several types 
of amino acid-speci fi c formulas for TPN are available and 
there is evidence to support the use of glutamine for both 
enteral and parenteral nutrition, regardless of the formula 
used  [  19,   20  ] . Glutamine shows decreased complications and 
increased survival when added as a supplement to TPN  [  21  ] . 

 Whenever possible, the gastrointestinal track should be uti-
lized for nutritional support. The algorithm (Fig.  9.1 ) reviews 
the decision process for starting enteral nutrition and for the 
administration of TPN. In general, TPN should be started by 
7–10 days postoperatively if the patient is well nourished at 
baseline and unable to tolerate a regular diet. Critically ill 
patients should be started on TPN if they are unable to achieve 
adequate enteral caloric intake by postoperative days 6–8. 
Unlike enteral feeding, there is no clear bene fi t to early TPN. 
There is equally no difference in outcomes for patients who take 
enteral and parenteral nutrition in combination  [  22  ] . Patients 
with persistent ileus, bowel obstruction, short gut, high-output 
 fi stulas, and malabsorption may all bene fi t from TPN. 
Additionally, patients unable to tolerate enteral nutrition or who 
are at risk for nonocclusive bowel necrosis (hypoperfusion, 
vasopressor, or paralytic requirements) may bene fi t from TPN.  

   Determining Caloric Needs 

 Caloric needs can be calculated using one of many formulas 
such as the Harris–Benedict equation, or measured with indi-
rect calorimetry. 

   Harris–Benedict Equation 
 The Harris–Benedict equation estimates basal energy expendi-
ture (BEE) to determine caloric requirements. The Harris–
Benedict equations are speci fi c to men and women based on 
weight, body mass index (BMI), and height and are as follows:

       

( )
( ) ( )

= + ´

+ ´ - ´

Men : BEE 66 13.7 weight

5 height 6.8 age

        
( )

( ) ( )
= + ´

+ ´ - ´

Women : BEE 665 9.6 weight

1.9 height 4.7 age .

 Weight is in kilograms (kg), height in centimeters (cm), 
and age in years. The BEE represents energy requirements in 
the fasting, resting, and non-stressed state, so it may not be 
completely accurate in trauma or surgical patients. In the 
presence of metabolic stress, the BEE must be multiplied by 
an empirically derived stress factor; this factor may grossly 
overestimate the true caloric needs of the individual and 
remains the source of controversy in using this formula in the 
critically ill. Overestimation of caloric needs results in com-
plications such as overfeeding, hypercapnia, hyperglycemia, 
and hepatic steatosis. The new multiplication constants to 
estimate the stressed caloric needs range from 1.2 to 1.6 
times the BEE. These new recommendations better estimate 
the caloric needs of even the most stressed patient scenarios, 
such as burns.  

   Indirect Calorimetry 
 Indirect calorimetry is a tool used to measure resting energy 
expenditure (REE) and relies on the relationship of oxygen 
consumption and carbon dioxide production. Because of the 
components necessary to calculate the REE, patients should 
be ventilated for best accuracy, although there is support to 
use it even in spontaneously breathing patients. It is recom-
mended that steady state be achieved, de fi ned as a change in 
either parameter of less than 10% over 5 min or more  [  23  ] . 
The REE obtained should then be used to estimate the 
patient’s baseline nutritional goal. Indirect calorimetry may 
be helpful when overfeeding would be undesirable (as in dia-
betes, obesity, or chronic obstructive pulmonary disease), 
underfeeding would be especially detrimental (renal failure, 
large wounds), physical or clinical factors promote energy 
expenditure that deviates from normal, drugs are used that 
may signi fi cantly alter energy expenditure (paralytic agents, 
beta-blockers, corticosteroids), patient response to calculated 
regimens is suboptimal, or body habitus makes energy 
expenditure predictions challenging (morbid obesity, 
quadriplegia). 

 The respiratory quotient is another derivative from the com-
ponents of the indirect calorimetry. The formula is below: 

 Respiratory quotient (RQ) = V 
O2

 /V 
CO2

  = CO 
2
  production/

O 
2
  consumption. 
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  Fig. 9.1    Enteral nutrition protocol algorithm       
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 The RQ is a gross measurement of substrate utilization  [  24  ] . 
When an RQ value  ³ 1 is obtained, CO 

2
  production may be 

increased by one of the two mechanisms: either a high propor-
tion of nonprotein calories are being supplied as glucose (carbo-
hydrates have RQ of 1) or less commonly, the patient is being 
provided excess calories. Failure to wean with a persistently 
elevated PCO 

2
  on an arterial blood gas should prompt measure-

ment of the RQ. An RQ of 0.85 provides optimal utilization, 
while <0.7 suggests gross underfeeding and ketone utilization.   

   Calculating TPN 

 Components of TPN include dextrose, fatty acids, amino 
acids, electrolytes, vitamins, and trace minerals. Dextrose is 
the carbohydrate at a caloric density of 3.4 kcal/g. Dextrose 
solutions of 50 or 70% dextrose are readily available, but any 
carbohydrate percentage and volume can be mixed according 
to the patient’s need. Protein provides 4 kcal/g and is provided 
as amino acids. Standard amino acid solutions contain a bal-
ance of essential and nonessential amino acids and are avail-
able as either 10 g/100 ml or 15 g/100 ml. Fat emulsions are 
2.0 kcal/cm 3  of 20% lipid and are the source of essential fatty 
acids, linoleic, linolenic, and arachidonic acids. The electro-
lyte cations, which include sodium, potassium, magnesium, 
phosphorus, and calcium, are mixed into the TPN solution 
using one of several anions. Acid–base status may be affected 
by the amount of chloride or acetate used in providing sodium 
and potassium. The concentrations of calcium and phosphorus 
are limited to avoid precipitation of a calcium phosphate salt. 
Vitamins included are A, C, D, E, and B vitamins, including 
folate, but not vitamin K, which must be added separately. 
Mineral product is added to provide copper, chromium, man-
ganese, zinc, and selenium. The basic steps in calculating TPN 
are as follows: (1) establish the kilocalories and protein 
desired, (2) select the appropriate amino acid formula and 
quantity, (3) calculate 10% of kcal as lipid emulsion, and (4) 
tally the kcal from amino acids and fat and subtract from goal, 
which is the amount of dextrose kcal needed. Divide this num-
ber by 3.4 to get the grams of dextrose required  [  25  ] .   

   Types of Formulas 

 The primary categories of enteral formulas include polymeric, 
elemental, immune-enhancing, and specialty formulas. 

   Standard Enteral Diet Versus Immune-Enhancing 
Diets 

 Both basic and clinical research suggests that the bene fi cial 
effects of enteral nutrition can be ampli fi ed by supplement-

ing formulas with speci fi c nutrients that exert immune-
enhancing effects, including glutamine, arginine, nucleotides, 
and omega-3 fatty acids. There are numerous prospective 
randomized controlled trials comparing immune-enhancing 
enteral diets to standard enteral diet and most, but not all, 
demonstrate improved outcomes. The majority of trials are 
in trauma and cancer patients, though a few trials include 
mixed intensive care unit (ICU) and septic ICU patients.  

   Pharmaconutrition 

 The concept of pharmaconutrition allows the separation of 
nutritional support from the provision of key nutrients that 
may modulate the in fl ammatory and immune response asso-
ciated with critical illness. This came about after the realiza-
tion that the greatest bene fi t in clinical outcomes was from 
studies utilizing speci fi c nutrients  [  16  ] . This is likely due to 
their effects on the enteric in fl ammatory response and the 
way in which they work to block in fl ammatory stimulation. 
Any event that stimulates a gastrointestinal in fl ammatory 
response and a change in gut perfusion alters the way that the 
gastrointestinal tract utilizes nutrients. Providing intraluminal 
alimentation to stressed mucosa of the gut improves intestinal 
transit  [  26  ] . Pharmaconutrients alone or as supplementation 
have been shown to decrease infectious complications and 
complication-associated length of hospital stay  [  27  ] . 

 Glutamine is the primary fuel source for the enterocyte 
and is preferred to glucose as a fuel source in times of stress 
 [  28  ] . It is released from muscle during the stress response 
and then exploited as a signal mechanism, promoting 
immune regulation and cellular protection, and as a nutrient 
and source of energy  [  29  ] . But in addition, glutamine has 
anti-catabolic and antioxidant properties that enhance its 
use and its receipt at enterocytes. Furthermore it increases 
plasma concentration of arginine  [  30  ] , which will be 
addressed later. Although glutamine can be provided both 
enterally and parenterally, it demonstrates the most bene fi t 
of barrier to infection and control of the immune response 
when given enterally  [  30  ] . Meta-analysis and prospective 
randomized trials for trauma and burn patients showed 
bene fi t of glutamine in these patient populations in terms of 
decreasing infectious complications and enhancing the gut’s 
use of other enteric nutrients  [  31–  35  ] . Based on the avail-
able data, glutamine, despite the administration route, 
appears to lower infectious complications, decrease hospital 
length of stay, and enhance nutrient use in the critically ill 
patient  [  36,   37  ] . Heat-shock proteins, which serve as molec-
ular regulators of denatured proteins, are induced by glu-
tamine, which may be another way in which glutamine 
modulates the cyto-protection and in fl ammatory response 
 [  38–  40  ] . Equally important is the lack of data showing 
adverse effect of using glutamine in either form. 
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 Arginine is another modulator of immune response of the 
enteric system. It is produced both endogenously from glu-
tamine and the urea cycle, and obtained from the diet. When 
there is normal physiology without ongoing stress response, 
arginine serves to enhance immune function, contribute to 
wound healing, and stimulate anabolic hormones.  l -arginine is 
a substrate for nitric oxide, which itself enhances the 
in fl ammatory response.  l -arginine and its pathway to creating 
nitric oxide is a potential target for modi fi cation of immune acti-
vation. Speci fi cally in trauma patients it has been shown that the 
release of IL-4, IL-10, and transforming growth factor beta 
increases arginase I expression, which corresponds to increased 
immune cell arginase activity and decreased plasma arginine 
and citrulline levels  [  41,   42  ] . By shunting arginine use in this 
way, it can no longer be used as a substrate for nitric oxide syn-
thase dimerization and nitric oxide production. Therefore, 
administration of supplemental arginine in the critically ill 
patient may reduce the amount of nitric oxide produced in the 
post-injury period. Arguing against this data is work from 
another group suggesting that arginine supplementation 
increases nitric oxide production, thereby amplifying the sys-
temic in fl ammatory response syndrome (SIRS) response and 
increasing mortality in the trauma or critically ill patient  [  43, 
  44  ] . There exists data supporting and refuting the use of arginine 
supplementation for both enteral and parenteral routes of admin-
istration  [  45–  48  ] . It is clear, however, that arginine supplemen-
tation in elective surgical patients is bene fi cial. A recent 
meta-analysis by Drover et al. demonstrated a signi fi cant 
decrease in postoperative complications and hospital length of 
stay when patients undergoing gastrointestinal surgery received 
pre-, peri-, or postoperative arginine supplementation  [  49  ] . The 
effect was greatest when the supplementation included arginine 
as well as omega-3 fatty acids and nucleotides. 

 Nucleotides play an active role in cellular proliferation and 
immune modulation and are building blocks for several intrin-
sic cellular molecules. They are produced de novo and by sal-
vage pathways. T cell proliferation and appropriate recognition 
of antigen are thought to be dependent on the presence of 
nucleotide because it has been shown that arti fi cial decrease 
in interleukin-2 is corrected by addition of supplemental 
nucleotide  [  50  ] . They are either purine or pyridimine derived 
with a ribose and one or more phosphate groups  [  51  ] . Similar 
to glutamine and arginine, intravenous (IV) and enteral forms 
are available. Infusions of nucleotides decrease bacterial 
translocation and decrease graft rejection  [  50,   52  ] . These ref-
erences also show that parenteral doses of nucleotides, admin-
istered with TPN, decrease associated gut atrophy. 

 Omega-3 fatty acids are the active components of  fi sh oils 
and have signi fi cant anti-in fl ammatory properties  [  53  ] , the 
mechanism of which is likely a combination of functions 
including arachidonic acid displacement from cellular mem-
branes, production of prostaglandins, and reduced activation 
of various nuclear factors  [  54  ] . Speci fi cally, they target and 

down-regulate NF- k B and AP-1  [  54  ]  on the nuclear mem-
brane and they down-regulate iNOS, thereby reducing pro-
duction of nitric oxide. While there are no studies of critically 
ill patients who received only omega-3 fatty acid and no 
additional supplementation, there are three prospective ran-
domized studies that included omega-3 fatty acid in the sup-
plementation package and had a signi fi cant improvement in 
respiratory function of their critically ill patients  [  55–  57  ] . 

 Beyond activation of the immune system, the critically ill 
and traumatic patient suffers damage at the cellular level sec-
ondary to the effects of oxidation-induced injury. Antioxidants 
have been found to catalyze the breakdown of the substances 
that are implicated in causing this damage  [  58  ] . Superoxide dis-
mutase, catalase, and glutathione peroxidase have been identi fi ed 
as antioxidants; cofactors include selenium, zinc, manganese, 
and iron. Supplementation of these substances decreases the 
in fl ammatory response and halts oxidative stress  [  59–  61  ] . 
Similar to nucleotides, it has been shown that the number of 
days on mechanical ventilation and overall mortality can be 
reduced by supplementation of antioxidants and their cofactors 
 [  61–  63  ] . The REDOX trial, a prospective randomized trial com-
paring enteral and parenteral glutamine and antioxidants in criti-
cally ill patients with organ failure, has just been completed. 
Thus far no adverse effects have been identi fi ed  [  58,   64  ] .   

   Optimal Route of Delivery of Enteral Nutrition 

 Access can be divided into gastric (and duodenal) and jeju-
nal with push, endoscopic, radiologic, and surgical options 
all available. For patients to be fed gastrically, a soft, non-
sump nasogastric tube can be placed. There are also blindly 
placed nasojejunal tubes. If blind placement is unsuccessful, 
an endoscopically placed nasojejunal tube is an option. 
Nasojejunal feeding may be done inde fi nitely, but if the need 
for long-term access becomes apparent, either a percutane-
ous endoscopic gastrostomy (PEG) or a PEG with a jejunal 
extension limb (PEG-J) can be placed. For those patients 
identi fi ed as candidates for jejunal feeds and undergoing 
laparotomy, either a standard open jejunostomy or a needle 
catheter jejunostomy (NCJ) can be placed. 

 The largest study examining the safety of needle catheter 
jejunostomies in patients undergoing major elective and emer-
gency abdominal operations documented an incidence of major 
complications of 1% and minor complications of 1.7%  [  65  ] . 
When feeding jejunostomy-related complications in trauma 
patients were reviewed by Holmes et al.  [  66  ]  the overall major 
complication rate was 4%. However, the majority of complica-
tions occurred in patients with a Witzel tube jejunostomy (10%), 
with only a 2% rate with NCJs. In fact, the only difference 
between patients with and without major complications was the 
type of feeding access. Major complications included small 
bowel perforation, volvuli with infarction, intraperitoneal leaks, 
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and nonocclusive small bowel necrosis. The  fi rst three of these 
complications can be minimized by improved technique and the 
latter minimized by more judicious feeding. 

   Gastric Versus Small Bowel Feeding Controversy 

 While gastric and post-pyloric nutrition have been compared, 
statistically no difference is noted in the time to reach caloric 
goal, length of stay in the ICU, or length of ventilator time 
between the two  [  67  ] . There is a consistent delay in initiating 
gastric feeds when compared to post-pyloric feeds in surgi-
cal patients, but again, the ultimate outcomes data do not dif-
fer. In fact gastric feeds and post-pyloric feeds can achieve 
the same caloric supplementation in the same amount of time 
in the critically ill patients  [  68  ] . It has also been shown that 
initiating early enteric feeds (within 36 h) improves survival 
and decreases infectious complications  [  69  ] . 

 If feeds are provided past the ligament of Treitz, enteral 
feeds do not require a hold for return to the operating room 
 [  70  ] . This is important in the surgical population where fre-
quent trips to the operating room might otherwise greatly 
hamper uninterrupted full caloric nutrition in these patients. 
Aspiration during intubation remains a risk for patients who 
have been gastrically fed  [  71  ] . This same risk does not appear 
as evident even for patients who have continuous jejunal tube 
feeds running during their operations. There is no difference 
in aspiration risk in gastric or post-pyloric feeds with respect 
to aspiration risk or residuals  [  72  ] . 

 Additionally the question of gastrointestinal prophylaxis 
in the patient who is ventilated and fed into the small bowel 
is signi fi cant. Gastric pH must be addressed in any patient 
intubated more than 48 h and undergoing non-gastric nutri-
tional support. This is to prevent stress ulceration, which is a 
known complication of ICU patients. Because gastric tubes 
can be placed nasally and blindly by push technique easier 
than jejunal tubes, the natural tendency is toward placing 
nasogastric (NG) tubes for decompression and to pass a 
nasojejunal tube and feed it even if gastric. There may be a 
need for recommendations on post-pyloric feeds in ICU-
level patients secondary to their frequent trips to the operat-
ing room, need for continuous uninterrupted feeds to prevent 
malnutrition, and prevention of aspiration. Equally one could 
argue for gastric feeds with head of bed elevation, which 
might cut the number of stress ulcers and reduce the number 
of procedures and sedation that ICU patients are getting for 
placement of endoscopic tubes.   

   Effectiveness of Nutritional Delivery 

 Once the provision of nutrition has been started at goal, it 
is equally important to measure the effectiveness of that 

nutrition. Several ways of assessing caloric use in the 
 critically ill and surgical patient have been described. 
Updated BMI, 12-h urinary urea nitrogen, prealbumin, and 
C-reactive protein (CRP) levels are obtained weekly after 
recording a baseline measurement and starting nutrition. 
Indirect calorimetry is also available as required for further 
assessment. The urinary urea nitrogen serves to estimate 
the protein need and loss in patients who have a creatinine 
clearance greater than 50 ml/min. A normal range is 6–24 g/
day. A negative result indicates excessive muscle shunting 
for energy. (Total urinary nitrogen is more accurate in the 
critically ill, but is less readily available  [  73  ] . In addition, 
exclude spinal cord-injured patients because loss is tremen-
dous and ongoing  [  74  ] .) 

 CRP is an acute-phase protein that directly correlates with 
injury and ongoing in fl ammatory states. Elevation above 
15 mg/dl indicates that the liver is unable to synthesize other 
types of proteins such as albumin, prealbumin, and transfer-
rin. It therefore can be used to measure whether there is still 
acute in fl ammatory response preventing anabolism, appro-
priate, expected use of nutrients, and healing. 

 Prealbumin has a 2–4-day half-life, and its level indicates 
anabolic activity. Normal response during the critical phase 
would be an increase of 0.5–1 mg/dl/day. 

 Indirect calorimetry measures expired carbon dioxide 
to extrapolate energy consumption in the ventilated patient. 
Patients must be on an FiO 

2
  of less than 60% with a peep 

of less than ten. The usefulness of the measurement is 
apparent for patients where over- or underfeeding would 
be clinically undesirable based on their known medical 
comorbidities  [  75  ] .  

   Consequences of Inadequate Feeding 

 Though the precise caloric requirements for critically ill 
patients is not well de fi ned and is dependent on numerous 
factors, it is well recognized that adequate caloric intake is 
important. In a prospective observational study of critically 
ill patients, an increase of 1,000 cal/day signi fi cantly reduced 
mortality, with the most pronounced effects in those patients 
with a body mass index less than 25 or greater than 35  [  17  ] . 
In a recent study of more than 7,000 ICU intubated patients, 
there was a signi fi cant association between the percent of 
prescribed calories received, and 60-day mortality  [  76  ] . 
Patients receiving more than two-thirds of prescribed calo-
ries were less likely to die than those receiving less than one-
third of prescribed calories. The optimal percent of prescribed 
calories was approximately 80–85%. 

 Early delivery of adequate calories to critically ill surgi-
cal patients, however, can prove challenging. Vasopressor 
use, bowel in discontinuity after damage control surgery, 
and ileus can all impede adequate early delivery of feeds. 
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Nutritional adequacy is de fi ned as the actual 24-h caloric or 
protein intake/prescribed 24-h caloric or protein intake and 
has been studied in the trauma adult and pediatric popula-
tions  [  77  ] . For both patient age groups, adequacy was 
 £ 60%. Therefore early placement of feeding access and a 
focus on the importance of early nutritional delivery are 
paramount. 

 Open abdomens and recent bowel anastomosis are not 
contraindications to early feeding  [  78  ] . In a recent meta-
analysis of early versus traditional postoperative feeding in 
patients with bowel anastomosis, there was a signi fi cant 
reduction in total postoperative complications in patients 
receiving some type of nutritional support (either enteral 
feeds or diets) within 24 h of surgery, even if it was provided 
proximal to the anastomosis  [  79  ] . The use of enteral glu-
tamine during shock may also be safe and is worthy of con-
sideration  [  80  ] . 

 In an attempt to improve nutritional adequacy, the PEP uP 
Protocol has been proposed by Heyland et al.  [  18,   81  ] . In a 
single center feasibility trial, enteral feeds were started at 
25 ml/h, motility and protein supplements were started 
immediately, and the target was a 24-h volume of enteral 
nutrition rather than an hourly rate. If a patient missed feeds, 
“makeup” feeds were provided. They found a signi fi cant 
improvement in caloric and protein delivery, with no increase 
in complications.  

   Parenteral Supplementation of Enteral 
Nutrition 

 If critically ill patients are not receiving adequate enteral 
nutrition and adequate delivery of calories and protein is 
important, the question arises as to whether supplemental 
TPN should be added until full needs are met by the enteral 
route. This was recently investigated by Casaer et al. in a 
prospective randomized multicenter trial  [  82  ] . All patients 
received early enteral nutrition but were randomized to 
either early (<48 h) or late (>day 7) parenteral nutrition. 
Survival was equal between groups but the late parenteral 
group had fewer ICU infections and a greater likelihood of 
being discharged alive. Though the study demonstrated 
that the early use of supplemental TPN is not bene fi cial, 
there were several limitations of the study. The majority of 
patients were not malnourished at ICU admission, the 
severely malnourished were excluded, the patient popula-
tion was that requiring primary cardiac surgery, and 
approximately half the patients were extubated by day 2, 
suggesting that those patients who may have bene fi ted 
from supplemental nutrition were not included in the    study. 
However, until the time supplemental TPN is shown to 
have proven bene fi t, it is not recommended in the surgical 
patient when enteral nutrition can be used.  

   Complications of Nutritional Support 

   Refeeding 

 The refeeding syndrome can occur in any nutritionally 
deplete individual regardless of the manner in which he or 
she is being fed. The syndrome is most frequently seen in 
patients who are alcoholics, have eating disorders, suffer 
from hyperemesis gravidarum, or who have experienced 
excessive, rapid weight loss following bariatric surgery. 
Symptoms are not limited to cardiac arrhythmias, organ fail-
ure, and death. The crux of the syndrome is that fat metabo-
lism, which predominated in the unstressed, starved state, 
now with refeeding, switches to a primarily carbohydrate-
based metabolism. The carbohydrate-based metabolism is 
responsible for a rapid uptake of electrolytes causing intra- 
and extracellular levels to drop quickly creating disturbances 
and related effects. Prevention is by recognizing inherent 
risks and repleting electrolytes before the syndrome can 
ensue. An additional strategy is to start feeds at one-third to 
one-half of goal and increase gradually. Electrolytes should 
be serially checked in high-risk patients.  

   Nonocclusive Mesenteric Ischemia 

 There does not seem to be any decisive data regarding feeding 
the gut for patients on pressor therapy. Based on observational 
data, it appears that if vasopressors are being used for indica-
tions other than fulminant non-septic shock (such as phe-
nylephrine for spinal perfusion), it is of little detriment to feed 
the gut. A nonocclusive pattern would be expected to involve 
the entire length of the bowel, and, if it were from feeds, 
would be expected to begin wherever feeds were initiated. For 
example, if the stomach is the point of nutritional entry, then 
any nonocclusive bowel necrosis would be expected to involve 
the stomach, even despite its robust blood supply. Patchy 
areas may result if the period of ischemia were short. However, 
the data appear to be lacking for de fi nitive recommendations 
in such situations. The mortality for fulminant nonocclusive 
bowel necrosis approaches 50%  [  83  ] .   

   Nutritional Support in Speci fi c Surgical 
Patients 

   Pancreatitis 

 Pancreatitis demands special attention. There is some 
debate in the literature of whether post-ligament of Treitz 
feeding prevents continued in fl ammation. Placement of 
endoscopic or push nasojejunal tubes has allowed the 
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patient with pancreatitis to be fed enterally. There are sev-
eral well-documented populations where outcomes have 
shown a positive bene fi t to enteral feeds as compared to 
nutrition provided by TPN  [  84,   85  ] . Despite previous con-
cern that small bowel enteral feeds would still have some, 
even if minimal, effect on pancreatic stimulation, this has 
proven to be unfounded  [  86  ] .  

   Chylothorax/Chyloperitoneum 

 Although an uncommon phenomenon, chylothorax and even 
chyloperitoneum do require special attention. While overall this 
complication is more likely seen as a result of malignancy or 
operative management of malignancy, at our institution these 
are more often seen in the trauma population, after central line 
placements, with lumbar spine fractures, and iatrogenic. 
Recommendations include attempting nonoperative manage-
ment with dietary modi fi cation and TPN, chest tube drainage to 
quantify the volume, followed by surgical ligation if the output 
continues of 1,500 ml/24-h periods or for more than 2 weeks 
 [  87  ] . When the volume of this problem is uncontrollable, TPN 
or enteral feeds with medium-chain fatty acids seem to be most 
effective in decreasing the output. We typically use elemental 
formulas, such as Vivonex, for several weeks to ensure adequate 
seal of the lymphatic chain. Because the majority of chylothora-
ces seen on our service are secondary to traumatic insult, we are 
less hasty to perform operative management if patients show 
response to dietary modi fi cation. Substantial loss of protein and 
albumin occurs during the leak and this can lead to signi fi cant 
malnutrition and immunologic derangement  [  88,   89  ] .  

   Enterocutaneous Fistulas 

 Enterocutaneous  fi stulas drain bowel content to the atmo-
sphere and are the bane of surgical complication. They are 
thought to be caused by anastomotic failure and breakdown, 
intra-abdominal abscesses, foreign body erosion (for example, 
drains), malignancy, or in fl ammatory processes, and there is 
some data that they can be due to prolonged wound vac usage 
 [  90,   91  ] . They additionally can occur without identi fi able 
cause. The biggest problems associated with them are damage 
and excoriation to the skin, loss of electrolytes and  fl uid with 
dehydration risk, and understanding how to provide effective 
and usable nutritional support  [  92  ] . Spontaneous closure is 
more likely if the output is low, the surrounding bowel is 
healthy, and the  fi stula resulted as a postoperative complica-
tion  [  93  ] . There is no de fi nitive data in the literature regarding 
medications or supplements that will decrease  fi stula output 
and promote ultimate closure; glutamine, use of TPN with 
avoidance of enteral nutrition, and speci fi c dressings have all 
been credited with enabling closure  [  94–  98  ] . Spontaneous 

closure does not occur often, and if does not occur, indicates 
need for planned, delayed, surgical closure  [  99–  101  ] . Mortality 
is directly correlated with output volume and additional related 
complications  [  93  ] . High-output  fi stula is de fi ned as volume 
loss greater than 500 ml per 24-h period. This  fl uid contains 
signi fi cant electrolytes, mimicking the makeup of the speci fi c 
 fl uid in that part of the gastrointestinal system. These electro-
lytes must be accounted for and appropriately replaced to pre-
vent dehydration and complications related to speci fi c 
electrolyte loss  [  102,   103  ] . Signi fi cant albumin wasting is 
associated with increased morbidity and mortality  [  104,   105  ] .  

   Short Gut 

 Short bowel is more associated with the clinical outcomes of 
having insuf fi cient length to perform effective digestion, than 
de fi ned by the actual length, since there is evidence that the 
bowel has some ability to adapt function over time  [  106,   107  ] . 
Providing long- and short-chain fatty acids, immunomodula-
tors, and trophic feeds or elemental formulas may play a role in 
gut adaptation  [  108–  110  ] . It should be noted that the adaptation 
of the bowel includes adaptation of each of the enterocytes, 
overall function, motility, secretion, and absorption  [  111,   112  ] . 
Short bowel implies inadequate length to enable all the neces-
sary components of digestion without the ability to maintain 
nutritional support. It is a spectrum, with some patients still able 
to maintain some degree of enteral support. Less than 100 cm of 
missing length of small bowel is extremely well tolerated; total 
remaining lengths of less than 100 cm are poorly tolerated and 
typically require complete replacement of nutrition by paren-
teral route  [  113  ] . Those with true short bowel are TPN depen-
dent, which of course introduces the risks of line sepsis, 
intra-abdominal sepsis from gut overgrowth, and bowel disuse. 
There is also increased cost of the TPN itself and of hospitaliza-
tion necessary for placement of lines and treatment of infec-
tions. The most likely cause of short bowel is from resection, the 
majority of these cases resulting from resections in childhood 
 [  114,   115  ] . Treatment focuses on nutrition; surgical manage-
ment includes preserving any remaining length, reversing small 
segments to enhance absorption and motility, and intestinal 
transplants  [  116–  122  ] . No surgical intervention has been shown 
to have overwhelming bene fi t.   

   Conclusion 

 The delivery of early, appropriate nutritional support is a 
critical component of the comprehensive care of the surgi-
cal patient. An understanding of the various options for 
enteral nutrition, the indications for enteral versus paren-
teral nutrition, and the complications of the various modal-
ities of nutrition delivery are fundamental for delivering 
optimal care.      



1279 Nutrition in the Surgical Patient

      References 

    1.    Jolliet P, Pichard C, Biolo G, Chioléro R, Grimble G, Leverve X, 
Nitenberg G, Novak I, Planas M, Preiser JC, Roth E, Schols AM, 
Wernerman J. Enteral nutrition in intensive care patients: a practi-
cal approach. Working Group on Nutrition and Metabolism, 
ESICM. European Society of Intensive Care Medicine. Intensive 
Care Med. 1998;24(8):848–59.  

    2.    Piccone VA, LeVeen HH, Glass P. Prehepatic hyperalimentation. 
Surgery. 1980;87:263–71.  

    3.    Enrione EB, Gelfand MJ, Morgan D, et al. The effects of rate and route 
of nutrient intake on protein metabolism. J Surg Res. 1986;40:320–8.  

    4.    McArdle AH, Palmason C, Morency I. A rationale for enteral 
feeding as the preferred route for hyperalimentation. Surgery. 
1981;90:616–23.  

    5.    Mochizuki H, Trocki O, Dominioni L. Mechanism of prevention 
of postburn hypermetabolism and catabolism by early enteral 
feeding. Ann Surg. 1984;200:297–306.  

    6.    Kudsk KA, Carpenter G, Peterson SR. Effect of enteral and paren-
teral feeding in malnourished rats with hemoglobin—E. coli adju-
vant peritonitis. J Surg Res. 1981;31:105–11.  

    7.    Alverdy J, Chi HS, Sheldon GF. The effect of parenteral nutrition 
on gastrointestinal immunity. Ann Surg. 1985;202:681–90.  

    8.    Kudsk KA, Li J, Renegar KB. Loss of upper respiratory tract 
immunity with parenteral feeding. Ann Surg. 1996;223:629–35.  

    9.    Moore FA, Moore EE, Jones TN, McCroskey BL, Peterson VM. 
TEN vs. TPN following major abdominal trauma reduced septic 
morbidity. J Trauma. 1989;29(7):916–24.  

    10.    Mazaki T, Ebisawa K. Enteral versus parenteral nutrition after 
gastrointestinal surgery: a systematic review and meta-analysis of 
randomized controlled trials in the English literature. J Gastrointest 
Surg. 2008;12(4):739–55.  

    11.    Moore FA, Feliciano DV, Andrassy RJ, McArdle AH, Booth FV, 
Morgenstein-Wagner TB, Kellum Jr JM, Welling RE, Moore EE. 
Early enteral feeding, compared with parenteral, reduces postop-
erative septic complications. The results of a meta-analysis. Ann 
Surg. 1992;216(2):172–83.  

    12.    Jansen JO, Turner S, Johnston AM. Nutritional management of 
critically ill trauma patients in the deployed military setting. J R 
Army Med Corps. 2011;157(3 Suppl 1):S344–9.  

    13.    Heyland DK, Dhaliwal R, Drover JW, Gramlich L, Dodek P, 
Canadian Critical Care Clinical Practice Guidelines Committee. 
Canadian clinical practice guidelines for nutrition support in 
mechanically ventilated, critically ill adult patients. JPEN J 
Parenter Enteral Nutr. 2003;27(5):355–73.  

    14.    Gramlich L, Kichian K, Pinilla J, Rodych NJ, Dhaliwal R, Heyland 
DK. Does enteral nutrition compared to parenteral nutrition result 
in better outcomes in critically ill adult patients? A systematic 
review of the literature. Nutrition. 2004;20(10):843–8.  

    15.    Rice TW, Mogan S, Hays MA, Bernard GR, Jensen GL, Wheeler 
AP. Randomized trial of initial trophic versus full-energy enteral 
nutrition in mechanically ventilated patients with acute respiratory 
failure. Crit Care Med. 2011;39(5):967–74.  

    16.    Ibrahim EH, Mehringer L, Prentice D, Sherman G, Schaiff R, 
Fraser V, Kollef MH. Early versus late enteral feeding of mechani-
cally ventilated patients: results of a clinical trial. JPEN J Parenter 
Enteral Nutr. 2002;26(3):174–81.  

    17.    Alberda C, Gramlich L, Jones N, Jeejeebhoy K, Day AG, Dhaliwal 
R, Heyland DK. The relationship between nutritional intake and 
clinical outcomes in critically ill patients: results of an interna-
tional multicenter observational study. Intensive Care Med. 
2009;35(10):1728–37.  

    18.    Heyland DK, Dhaliwal R, Drover JW, Gramlich L, Dodek P, for 
the Guidelines Committee. Clinical practice guidelines for nutri-

tion support in the adult critically ill patient. JPEN J Parenter 
Enteral Nutr. 2003;27:355–73.  

    19.    Weitzel LR, Wischmeyer PE. Glutamine in critical illness: the 
time has come, the time is now. Crit Care Clin. 2010;26(3):515–
25. ix–x.  

    20.    Lu CY, Shih YL, Sun LC, Chuang JF, Ma CJ, Chen FM, Wu DC, 
Hsieh JS, Wang JY. The in fl ammatory modulation effect of glu-
tamine-enriched total parenteral nutrition in postoperative gastro-
intestinal cancer patients. Am Surg. 2011;77(1):59–64.  

    21.    Gif fi ths RD, Jones C, Palmer TE. Six-month outcome of critically 
ill patients given glutamine-supplemented parenteral nutrition. 
Nutrition. 1997;13:295–302.  

    22.    Dhaliwal R, Jurewitsch B, Harrietha D, Heyland DK. Combination 
enteral and parenteral nutrition in critically ill patients: harmful or 
bene fi cial? A systematic review of the evidence. Intensive Care 
Med. 2004;30(8):1666–71.  

    23.    McClave SA, Spain DA, Skolnick JL, Lowen CC, Kieber MJ, 
Wickerham PS, Vogt JR, Looney SW. Achievement of steady state 
optimizes results when performing indirect calorimetry. JPEN J 
Parenter Enteral Nutr. 2003;27(1):16–20.  

    24.    Wooley JA, Sax HC. Indirect calorimetry: application to practice. 
Nutr Clin Pract. 2003;18:434–9.  

    25.   Chen-Maynard D.   http://health.csusb.edu/dchen/368%20stuff/
tpn%20calculation.htm    . Accessed 1 Jun 2012.  

    26.    Grossie Jr VB, Weisbrodt NW, Moore FA, Moody F. Ischemia/
reperfusion-induced disruption of rat small intestine transit is 
reversed by total enteral nutrition. Nutrition. 
2001;17(11–12):939–43.  

    27.    Moore F. Effects of immune enhancing diets on infectious mor-
bidity and multiple organ failure. JPEN J Parenter Enteral Nutr. 
2001;25(2 suppl):S36–43.  

    28.    Kles KA, Tappenden KA. Hypoxia differentially regulates nutri-
ent transport in rat jejunum regardless of luminal nutrient present. 
Am J Physiol Gastrointest Liver Physiol. 2002;283:G1336–42.  

    29.    Wischmeyer PE. The glutamine story: where are we now? Curr 
Opin Crit Care. 2006;12:142–8.  

    30.    Houdijk AP, Rijnsburger ER, Jansen J, et al. Randomised trial of 
glutamine-enriched enteral nutrition on infectious morbidity in 
patients with multiple trauma. Lancet. 1998;352:772–6.  

    31.    Novak F, Heyland DK, Avenell A, Drover JW, Su X. Glutamine 
supplementation in serious illness: a systematic review of the evi-
dence. Crit Care Med. 2002;30:2022–9.  

    32.    Houdijk APJ, Rijnsburger ER, Jansen J, Wesdorp RIC, Weiss JK, 
McCamish MA, Teerlink T, Meuwissen SGM, Haarman HJ, Thijs 
LG, Van Leeuwen PAM. Randomized trial of glutamine-enriched 
enteral nutrition on infectious morbidity in patients with multiple 
trauma. Lancet. 1998;352:772–6.  

    33.    Garrel D, Patenaude J, Nedelec B, Samson L, Dorais J, Champoux 
J, D’Elia M, Bernier J. Decreased mortality and infectious mor-
bidity in adult burn patients given enteral glutamine supplements: 
a prospective, controlled, randomized clinical trial. Crit Care Med. 
2003;31:2444–9.  

    34.    Zhou Y, Jiang Z, Sun Y, Wang X, Ma E, Wilmore D. The effect of 
supplemental enteral glutamine on plasma levels, gut function, and 
outcome in severe burns: a randomized, double-blind, controlled 
clinical trial. JPEN J Parenter Enteral Nutr. 2003;27:241–5.  

    35.    Conejero R, Bonet A, Grau T, Esteban A, Mesejo A, Montejo JC, 
Lopez J, Acosta JA. Effect of a glutamine-enriched enteral diet on 
intestinal permeability and infectious morbidity at 28 days in criti-
cally ill patients with systemic in fl ammatory response syndrome: 
a randomized, single-blind, prospective, multicenter study. 
Nutrition. 2002;18:716–21.  

    36.    Estivariz CF, Grif fi th DP, Luo M, et al. Ef fi cacy of parenteral 
nutrition supplemented with glutamine dipeptide to decrease hos-
pital infections in critically ill surgical patients. JPEN J Parenter 
Enteral Nutr. 2008;32(4):389–402.  

http://health.csusb.edu/dchen/368%20stuff/tpn%20calculation.htm
http://health.csusb.edu/dchen/368%20stuff/tpn%20calculation.htm


128 R. Kozar and D.A. Schwartz

    37.    Grif fi ths RD, Allen KD, Andrews FJ, Jones C. Infection, multiple 
organ failure, and survival in the intensive care unit: in fl uence of 
glutamine-supplemented parenteral nutrition on acquired infec-
tion. Nutrition. 2002;17(7–8):546–52.  

    38.    Wischmeyer PE, Kahana MD, Wolfson R, Hongyu R, et al. 
Glutamine induces heat shock protein and protects against endo-
toxin shock in the rat. J Appl Physiol. 2001;90:2403–10.  

    39.    Hartl F. Molecular chaperones in cellular protein folding. Nature. 
1996;381:571–80.  

    40.    Musch MW, Hayden D, Sugi K, Strasu D, Chang EB. Cell-speci fi c 
induction for hsp72-mediated protection by glutamine against oxi-
dant injury in IEC 18 cells. Proc Assoc Am Physicians. 
1998;110(2):136–9.  

    41.    Ochoa JB, Bernard AC, O’Brien WE, Griffen MM, et al. Arginase 
1 expression and activity in human mononuclear cells after injury. 
Ann Surg. 2001;233:393–9.  

    42.    Popovic P, Zeh HJ, Ochoa JB. Arginine and immunity. J Nutr. 
2007;137:1681S–6.  

    43.    Heyland DK, Samis A. Does immunonutrition in patients with sep-
sis do more harm than good? Intensive Care Med. 2003;29:667–71.  

    44.    Sato N, Moore FA, Kone BC, Zou L. Differential induction of 
PPAR- g  by luminal glutamine and iNOS by luminal arginine in 
the rodent post ischemic small bowel. Am J Physiol Gastrointest 
Liver Physiol. 2006;290:G616–23.  

    45.    Hua TC, Moochhala SM. In fl uence of L-arginine, aminoguanidine, 
and NG-nitro-L-arginine methyl ester (L-name) on the survival 
rate in a rat model of hemorrhagic shock. Shock. 1999;11:51–7.  

    46.    Daughters K, Waxman K, Nguyen H. Increasing nitric oxide pro-
duction improves survival in experimental hemorrhagic shock. 
Resuscitation. 1996;31:141–4.  

    47.    Fukatsu K, Ueno C, Maeshima Y, Hara E, Nagayoshi H, Omata J, 
Mochizuki H, Hiraide H. Effects of L-arginine infusion during 
ischemia on gut perfusion, oxygen tension, and circulating myel-
oid cell activation in murine gut ischemia/reperfusion model. 
JPEN J Parenter Enteral Nutr. 2004;228:224–31.  

    48.    Jacob TD, Ochoa JB, Udekwu AO, Wilkinson J, Murray T, Billiar 
TR, Simmons RL, Marion DW, Peitzman AB. Nitric oxide pro-
duction is inhibited in trauma patients. J Trauma. 1993;35:590–7.  

    49.    Drover JW, Dhaliwal R, Weitzel L, et al. Arginine supplementa-
tion in surgical patients. J Am Coll Surg. 2011;212:385.  

    50.    Kulkarni AD, Rudolph FB, Van Buren CT. The role of dietary 
sources of nucleotides in immune function: review. J Nutr. 
1994;124(8 Suppl):1442S–6.  

    51.    Cosgrove M. Perinatal and infant nutrition. Nucleotides. Nutrition. 
1998;14(10):748–51.  

    52.    Iwasa Y, Iwasa M, Ohmori Y, Fkutomi T, Ogoshi S. The effect of 
the administration of nucleosides and nucleotides for parenteral 
use. Nutrition. 2000;16:598–602.  

    53.    Furst P, Kuhn KS. Fish oil emulsions: what bene fi ts can they 
bring? Clin Nutr. 2000;19(1):7–14.  

    54.    Razzak A, Aldrich C, Babcock TA, Saied A, et al. Attenuation of 
iNOS in an LPS-stimulated macrophage model by omega-3 fatty 
acids is independent of COX-2 derived PGE2. J Surg Res. 
2008;145:344–50.  

    55.    Singer P, Theilla M, Fisher H, et al. Bene fi t of an enteral diet 
enriched with eicosapentaenoic acid and gamma-linolenic acid in 
ventilated patients with acute lung injury. Crit Care Med. 
2006;34(4):1033–8.  

    56.    Pontes-Arruda A, Aragao AM, Albuquerque JD. Effects of enteral 
feeding with eicosapentaenoic acid, gamma-linolenic acid, and 
antioxidants in mechanically ventilated patients with severe sepsis 
and septic shock. Crit Care Med. 2006;34:2325–33.  

    57.    Gadek JE, DeMichele SJ, Karlstad MD, et al. Effect of enteral feed-
ing with eicosapentaenoic acid, gamma-linolenic acid, and antioxi-
dants in patients with acute respiratory distress syndrome. Enteral 
Nutrition in ARDS Study Group. Crit Care Med. 1999;27:1409–20.  

    58.    Heyland DK, Dhaliwal R, Day AG, Muscedere J, et al. Reducing 
Deaths due to Oxidative Stress (The REDOXS Study): rationale 
and study design for a randomized trial of glutamine and antioxi-
dant supplementation in critically-ill patients. Proc Nutr Soc. 
2006;65:250–63.  

    59.    Forceville X, Vitoux D, Gauzit R, Combes A, et al. Selenium, 
systemic immune response syndrome, sepsis and outcome in criti-
cally ill patients. Crit Care Med. 1998;26:1536–44.  

    60.    Goode HF, Cowley HC, Walker BE, Howdle PD, Webster NR. 
Decreased antioxidant status and increased lipid peroxidation in 
patients with septic shock and secondary organ dysfunction. Crit 
Care Med. 1995;23:646–51.  

    61.    Nathens AB, Neff MJ, Jurkovich GJ, et al. Randomized, prospec-
tive trial of antioxidant supplementation in critically ill surgical 
patients. Ann Surg. 2002;236:814–22.  

    62.    Collier BR, Giladi A, Dossett LA, et al. Impact of high-dose anti-
oxidants on outcomes in acutely injured patients. JPEN J Parenter 
Enteral Nutr. 2008;32:384–8.  

    63.    Heyalnd DK, Dhaliwal R, Suchner U, Berger M. Antioxidant 
nutrients: a systemic review of trace elements and vitamins in the 
critically ill patient. Intensive Care Med. 2005;31:327–37.  

    64.    Heyland DK, Dhaliwalm R, Day A, et al. Optimizing the dose of 
glutamine dipeptides and antioxidants in critically ill patients: a 
phase I dose- fi nding study. JPEN J Parenter Enteral Nutr. 
2007;31:109–18.  

    65.    Myers JG, Page CP, Stewart RM, Schwesinger WH, Sirinek KR, 
Aust JB. Complications of needle catheter jejunostomy in 2,002 
consecutive applications. Am J Surg. 1995;170(6):547–51.  

    66.    Holmes JH, Brundage SI, Hall RA, Maier RV, Jurkovich GJ. 
Complications of surgical feeding jejunostomy in trauma patients. 
J Trauma. 1999;47(6):1009–12.  

    67.    Marik PE, Zaloga GP. Gastric versus post-pyloric feeding: a sys-
tematic review. Crit Care. 2003;7(3):R46–51.  

    68.    Boivin MA, Levy H. Gastric feeding with erythromycin is equiva-
lent to transpyloric feeding in the critically ill. Crit Care Med. 
2001;29(10):1916–9.  

    69.    Marik PE, Zaloga GP. Early enteral nutrition in acutely ill patients: 
a systematic review. Crit Care Med. 2001;29:2264–70.  

    70.    Moncure M, Samaha E, Moncure K, et al. Jejunostomy tube feed-
ings should not be stopped in the perioperative patient. JPEN J 
Parenter Enteral Nutr. 1999;23(6):356–9.  

    71.    Heyland DK, Drover JW, MacDonald S, Novak F, Lam M. Effect 
of postpyloric feeding on gastroesophageal regurgitation and pul-
monary microaspiration: results of a randomized controlled trial. 
Crit Care Med. 2001;29:1495–501.  

    72.    Esparza J, Boivin MA, Hartshorne MF, Levy H. Equal aspiration 
rates in gastrically and transpylorically fed critically ill patients. 
Intensive Care Med. 2001;27(4):660–4.  

    73.    Konstantinides FN, Konstantinides NN, Li JC. Urinary urea nitro-
gen: too sensitive for calculating nitrogen balance studies in surgical 
clinical nutrition. JPEN J Parenter Enteral Nutr. 1991;15:189–93.  

    74.    Rodriguez DJ, Clevenger FW, Osler TM, et al. Obligatory nega-
tive nitrogen balance following spinal cord injury. JPEN J Parenter 
Enteral Nutr. 1991;15(3):319–22.  

    75.    McClave SA, Snider HL. Understanding the metabolic response to 
critical illness: factors that cause patients to deviate from the expected 
pattern of hypermetabolism. New Horiz. 1994;2(2):139–46.  

    76.    Heyland DK, Cahill N, Day AG. Optimal amount of calories for 
critically ill paitents: depends on how you slice the cake. Crit Care 
Med. 2011;39(12):2619–26.  

    77.    Kozar RA, Dyer C, Bulger E, Mourtzakis M, Wade CE, Heyland 
DK. Elderly trauma patients: highest risk, fewest calories. JPEN J 
Parenter Enteral Nutr. 2011;35:S26.  

    78.    Kozar RA, McQuiggan MM, Moore EE, Kudsk K, Jurkovich G, 
Moore FA. Postinjury enteral tolerance is reliably achieved by a 
standardized protocol. J Surg Res. 2002;104(1):70–5.  



1299 Nutrition in the Surgical Patient

    79.    Osland E, Yunus RM, Khan S, Memon MA. Early versus tradi-
tional postoperative feeding in patients undergoing resectional 
gastrointestinal surgery: a meta-analysis. JPEN J Parenter Enteral 
Nutr. 2011;35(4):473–87.  

    80.    McQuigan M, Kozar RA, Moore FA. Enteral glutamine during 
active shock resuscitation is safe and enhances tolerance. JPEN J 
Parenter Enteral Nutr. 2008;32(1):28–35.  

    81.    Heyland DK, Cahill NE, Dhaliwal R, Wang M, Day AG, Ahmed 
A, Aris F, Muscedere J, Drover JW, McClave SA. Enhanced pro-
tein-energy provision via the enteral route in critically ill patients: 
a single center feasibility trial. Crit Care. 2010;14:R78.  

    82.    Casaer MP, Mesotten D, Hermans G, et al. Early versus late par-
enteral nutrition in critically ill adults. N Engl J Med. 
2011;365(6):506–17.  

    83.    Marvin RG, McKinley BA, McQuiggan M, Cocanour CS, Moore 
FA. Nonocclusive bowel necrosis occurring in critically ill trauma 
patients receiving enteral nutrition manifests no reliable clinical 
signs for early detection. Am J Surg. 2000;179(1):7–12.  

    84.    Banks PA, Freeman ML, And the Practice Parameters Committee 
of the American College of Gastroenterology. Practice guidelines 
in acute pancreatitis. Am J Gastroenterol. 2006;101:2379–400.  

    85.    Kumar A, Singh N, Prakash S, Saraya A, Joshi YK. Early enteral 
nutrition in severe acute pancreatitis: a prospective randomized 
controlled trial comparing nasojejunal and nasogastric routes. J 
Clin Gastroenterol. 2006;40(5):431–4.  

    86.    Corcoy R, Ma Sanachez J, Domingo P, et al. Nutrition in patients 
with severe acute pancreatitis. Nutrition. 1988;4:269–75.  

    87.    Marts BC, Naunheim KS, Fiore AC, Pennington DG. Conservative 
versus surgical management of chylothorax. Am J Surg. 
1992;164:532–5.  

    88.    Bell JD, Marshall GD, Shaw BA, et al. Alterations in human tho-
racic duct lymphocytes during thoracic duct drainage. Transplant 
Proc. 1983;15:677–80.  

    89.    Machleder HI, Paulus H. Clinical and immunological alterations 
observed in patients undergoing long-term thoracic duct drainage. 
Surgery. 1978;84:157–65.  

    90.    Medeiros AC, Aires-Neto T, Marchini JS, Brandao-Neto J, 
Valenca DM, Egito ES. Treatment of postoperative enterocutane-
ous  fi stulas by high-pressure vacuum with a normal oral diet. Dig 
Surg. 2004;21:401–5.  

    91.    Berry SM, Fischer JE. Classi fi cation and pathophysiology of 
enterocutaneous  fi stulas. Surg Clin North Am. 1996;76:1009–18.  

    92.    Lloyd DA, Gabe SM, Windsor AC. Nutrition and management of 
enterocutaneous  fi stula. Br J Surg. 2006;93(9):1045–55.  

    93.    Campos AC, Andrade DF, Campos GM, Matias JE, Coelho JC. A 
multivariate model to determine prognostic factors in gastrointes-
tinal  fi stulas. J Am Coll Surg. 1999;188:483–90.  

    94.    Meguid MM, Campos AC. Nutritional management of patients 
with gastrointestinal  fi stulas. Surg Clin North Am. 
1996;76:1035–80.  

    95.    Hyon SH, Martinez-Garbino JA, Benati ML, Lopez-Avellaneda 
ME, Brozzi NA, Argibay PF. Management of a high-output post-
operative enterocutaneous  fi stula with a vacuum sealing method 
and continuous enteral nutrition. ASAIO J. 2000;46:511–4.  

    96.    Spiliotis J, Vagenas K, Panagopoulos K, Kalfarentzos F. 
Treatment of enterocutaneous  fi stulas with TPN and somatosta-
tin, compared with patients who received TPN only. Br J Clin 
Pract. 1990;44:616–8.  

    97.    Haffejee AA. Surgical management of high output enterocutane-
ous  fi stulae: a 24-year experience. Curr Opin Clin Nutr Metab 
Care. 2004;7:309–16.  

    98.    Ysebaert D, Van Hee R, Hubens G, Vaneerdeweg W, Eyskens E. 
Management of digestive  fi stulas. Scand J Gastroenterol Suppl. 
1994;207:42–4.  

    99.    Reber HA, Roberts C, Way LW, Dunphy JE. Management of 
 external gastrointestinal  fi stulas. Ann Surg. 1978;188:460–7.  

    100.    Lynch AC, Delaney CP, Senagore AJ, Connor JT, Remzi FH, Fazio 
VW. Clinical outcome and factors predictive of recurrence after 
enterocutaneous  fi stula surgery. Ann Surg. 2004;240:825–31.  

    101.    Hill GL. Operative strategy in the treatment of enterocutaneous 
 fi stulas. World J Surg. 1983;7:495–501.  

    102.    Foster III CE, Lefor AT. General management of gastrointestinal 
 fi stulas. Recognition, stabilization, and correction of  fl uid and 
electrolyte imbalances. Surg Clin North Am. 1996;76:1019–33.  

    103.    Gonzalez-Pinto I, Gonzalez EM. Optimising the treatment of 
upper gastrointestinal  fi stulae. Gut. 2001;49 Suppl 4:iv21–31.  

    104.    Altomare DF, Serio G, Pannarale OC, Lupo L, Palasciano N, 
Memeo V, et al. Prediction of mortality by logistic regression 
analysis in patients with postoperative enterocutaneous  fi stulae. 
Br J Surg. 1990;77:450–3.  

    105.    Fischer JE. The pathophysiology of enterocutaneous  fi stulas. 
World J Surg. 1983;7:446–50.  

    106.    Jeppesen PB. Clinical signi fi cance of GLP-2 in short bowel syn-
drome. J Nutr. 2003;133:3721–4.  

    107.    Wilmore DW, Byrne TA, Persinger RL. Short bowel syndrome: 
new therapeutic approaches. Curr Probl Surg. 1997;34:389–444.  

    108.    Jeppesen PB. Glucagon-like peptide-2: update of the recent clini-
cal trails. Gastroenterology. 2006;130(2 Suppl 1):S127–31.  

    109.    Wilmore DW, Lacey JM, Soultanakis RP, Bosch RL, Byrne TA. 
Factors predicting a successful outcome after pharmacologic 
bowel compensation. Ann Surg. 1997;226:288–93.  

    110.    Seetharam P, Rodrigues G. Short bowel syndrome: a review of 
management options. Saudi J Gastroenterol. 2011;17(4):229–35.  

    111.    Thompson JS, Quingley EM, Adrian TE. Factors affecting out-
come following proximal and distal intestinal resection in the dog: 
an examination of the relative roles of mucosal adaptation, motil-
ity, luminal factors and, enteric peptides. Dig Dis Sci. 
1999;44:63–74.  

    112.    Schmidt T, Pfeiffer A, Hackelsberger N, Widmer R, Meisel C, 
Kaess H. Effect of intestinal resection on human small bowel 
motility. Gut. 1996;38:859–63.  

    113.    Niv Y, Charash B, Sperber AD, Oren M. Effect of octreotide on 
gastrostomy, duodenostomy, and cholecystostomy ef fl uents: a 
physiological study of  fl uid and electrolyte balance. Am J 
Gastroenterol. 1997;92:2107–11.  

    114.    Thompson JS. Comparison of massive vs. repeated resection lead-
ing to the short bowel syndrome. J Gastrointest Surg. 
2000;4:101–4.  

    115.    DiBaise JK, Young RJ, Vanderhoof JA. Intestinal rehabilitation 
and the short bowel syndrome: Part 1. Am J Gastroenterol. 
2004;99:1386–95.  

    116.    Grant D, Abu-Elmagd K, Reyes J, Tzakis A, Langnas A, Fishbein 
T, et al. 2003 Report of the intestine transplant registry: a new era 
has dawned. Ann Surg. 2005;241:607–13.  

    117.    Thompson JS, Pinch LW, Young R, Vanderhoof JA. Long term out-
come of intestinal lengthening. Transplant Proc. 2000;32:1242–3.  

    118.    Thompson JS, Langnas AN. Surgical approaches to improving 
intestinal function in the short bowel syndrome. Arch Surg. 
1999;134:706–11.  

    119.    Thompson JS, Langnas AN, Pinch LW, Kaufman S, Quigley EM, 
Vanderhoof JA. Surgical approach to short bowel syndrome. 
Experience in a population of 160 patients. Ann Surg. 
1995;222:600–7.  

    120.    Thompson JS. Surgical approach to the short bowel syndrome: 
procedures to slow intestinal transit. Eur J Pediatr Surg. 
1999;9:263–6.  

    121.    Thompson JS. Strategies for preserving intestinal length in short 
bowel syndrome. Dis Colon Rectum. 1987;30:208–13.  

    122.    Panis Y, Messing B, Rivet P, Cof fi n B, Hautefeuille P, Matuchansky 
C, et al. Segment reversal of the small bowel as an alternative to 
intestinal transplantation in patients with short bowel syndrome. 
Ann Surg. 1997;225:401–7.      



131L.J. Moore et al. (eds.), Common Problems in Acute Care Surgery, 
DOI 10.1007/978-1-4614-6123-4_10, © Springer Science+Business Media New York 2013

         Introduction    

 One of the primary roles of the kidneys is to  fi lter waste 
material from the blood. The inability of the kidneys to do 
this leads to renal failure. Acute renal insuf fi ciency (ARI) is 
de fi ned as the sudden onset (<48 h) of impaired kidney func-
tion. This is represented by a rise in the serum creatinine or a 
decrease in the urine output. The serum creatinine serves as 
a useful biomarker for measuring the  fl ow rate of  fl uids 
through the kidneys, termed the glomerular  fi ltration rate 
(GFR). As the clearance of creatinine and GFR decrease, the 
serum creatinine correspondingly increases signifying 
impaired renal function. The most common formula used to 
estimate    GFR is the Cockcroft–Gault formula:

( ) ( )
( )

140 Age Weight kg
GFR [0.85 if Female]

72 Serum creatinine mg/dL

− ×
= ×

×     

   Classi fi cation 

 Initial classi fi cation systems simply divided ARI into two 
groups: oliguric or non-oliguric. Oliguric ARI is de fi ned 
as having a urine output of less than 0.5 mL/kg/h or 5 mL/
kg/day. While ARI with an elevated serum creatinine and 

near-normal urine output is called non-oliguric. Patients 
with non-oliguric ARI generally fair better and have a 
lower mortality rate than patients with oliguric ARI  [  1  ] . In 
an attempt to better differentiate the various stages of ARI, 
the Acute Dialysis Quality Initiative (ADQI) group devel-
oped the RIFLE criteria (Table  10.1 )  [  2  ] . RIFLE stands for 
risk, injury, failure, loss, and end-stage renal disease, and 
represents progression of the disease. The staging is based 
on changes in the serum creatinine or urine output. Another 
similar classi fi cation system for acute renal failure also 
based on the serum creatinine and urine output is the Acute 
Kidney Injury Network (AKIN) criteria. While some stud-
ies have shown no difference between the two systems, 
others show that the RIFLE criteria are more robust and 
have an increased sensitivity of ARI detection during the 
 fi rst 48 hours in the intensive care unit (ICU)  [  3,   4  ] .   

   Epidemiology 

 Acute renal insuf fi ciency usually presents as a complication of 
other disease processes and not as the primary disease. The 
reported incidence of ARI is 5–10% in all hospitalized patients 
and ~30% in critically ill patients  [  3,   5  ] . Some identi fi ed risk 
factors for developing ARI include the following:
    1.    Elderly (>65 years of age)  
    2.    Male gender  
    3.    Comorbid conditions (i.e., obesity, chronic obstructive 

pulmonary disease [COPD])  
    4.    Infection  
    5.    Major surgeries, especially cardiac surgery  
    6.    Cardiogenic shock  
    7.    Hypovolemia  
    8.    Nephrotoxic medications  
    9.    Cirrhosis     

 Since ARI is most commonly a secondary injury, its mor-
tality rate varies widely, and therefore re fl ects the mortality 
rate of the underlying primary disease. In general, two organs 
failing have a 50% mortality rate, three organs—80%, and  fi ve 
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organs—100%  [  6  ] . A large multicenter prospective study 
reported a 60% mortality rate in ICU patients who developed 
ARI  [  7  ] . Several studies have documented an association 
between the RIFLE classi fi cation of ARI and in-hospital mor-
tality: 9–27% in the at risk group, 11–30% in the injury group, 
and 26–40% in the failure group  [  8,   9  ] . Some identi fi ed risk 
factors for mortality in ARI include the following:
    1.    Elderly (>65 years of age)  
    2.    Male gender  
    3.    Comorbid conditions (i.e., obesity, chronic obstructive 

pulmonary disease [COPD])  
    4.    Oliguric ARI  
    5.    Sepsis  
    6.    Non-renal organ failure (heart, lungs, liver…)  
    7.    Mechanical ventilation      

   Etiology 

 The pathophysiology of ARI can be divided into three cate-
gories based on anatomy: prerenal, renal (parenchymal), and 
postrenal (obstructive). A combination of imaging and serum 
and urine studies can be utilized to differentiate between 
these categories. The urine sodium concentration and frac-
tional excretion of sodium (FE 

Na
 ) are particularly useful in 

differentiating renal parenchymal injury from prerenal and 
postrenal pathologies, which is further discussed later in this 
chapter. The FE 

Na
  formula is:

( ) ( )Na Na Cr Cr NaFE / 100U P U P= × × ×

where  U  
Na

  = urine sodium,  P  
Cr

  = plasma creatinine,  U  
Cr

  = urine 
creatinine, and  P  

Na
  = plasma sodium. 

   Prerenal Etiologies 

 Prerenal azotemia is caused by a decrease in renal perfusion and 
accounts for 30–60% of inpatient ARI  [  10  ] . There is no intrinsic 
renal disease but rather a systemic factor that decreases GFR. 
Most prerenal causes involve low  fl ow states or shunting of the 
blood  fl ow away from the kidneys (Table  10.2 ). A decrease in 

renal perfusion results in activation of the renin-angiotensin-
aldosterone system. Angiotensin II increases glomerular 
 fi ltration pressure by constricting the efferent arteriole, and also 
increases the proximal reabsorption of sodium, while aldoster-
one increases the distal reabsorption of sodium. Actions of these 
hormones not only preserve renal blood  fl ow, but also help with 
the diagnosis since they decrease urine sodium concentration to 
less than 20 mmol/L and the FE 

Na
  to less than 1%. Once pre-

renal pathophysiology is established, clinical suspicion should 
guide the further differentiation between the numerous causes 
of prerenal ARI. Treatment includes reversing the underlying 
cause of renal hypoperfusion and is discussed    later in this 
chapter.   

   Renal (Parenchymal) Etiologies 

 Primary renal azotemia is caused by injury to the renal paren-
chyma either by ischemia or cytotoxic drugs and occurs in 
~50% of inpatient ARI  [  10  ] . Some of the causes of renal 
parenchymal injury are presented in Table  10.2 . The most 
common cause of renal (parenchymal) disease is acute tubu-
lar necrosis (ATN), which is also the most common cause of 
ARI in general. As the name suggests, tubular function is 
impaired due to death and sloughing off of the renal tubular 
epithelial cells. The sloughed off cells obstruct the renal 
tubules reducing GFR, the process known as tubule-glomer-
ular feedback. Tubular sodium reabsorption is also reduced, 
increasing the urine sodium concentration to greater than 
40 mmol/L and the FE 

Na
  to greater than 2%. 

 A urinalysis is most helpful in differentiation of renal 
azotemia from prerenal and postrenal causes of ARI. 
Tubular epithelial cells and casts in the urine are pathogno-
monic for ATN. Urine sediments with red cells and red cell 
casts are suggestive of glomerulonephritis or vasculitis. 
White cell casts are suggestive of acute interstitial nephritis 
(AIN) or infection. Finally, pigmented casts suggest myo-
globinuria. Renal biopsy can be used to determine the cause 
of renal insuf fi ciency, but due to its invasive nature should 
only be used if other methods are inconclusive and 
identi fi cation of a speci fi c cause is necessary to direct 
treatment.  

   Table 10.1    The RIFLE criteria   

 RIFLE criteria for ARI 

 GFR criteria  Urine output criteria 

 Risk  1.5× baseline serum creatinine or GFR decreased >25%  <0.5 mL/kg/h × 6 h 
 Injury  2× baseline serum creatinine or GFR decreased >50%  <0.5 mL/kg/h × 12 h 
 Failure  3× baseline serum creatinine or GFR decreased >75% or 

serum creatinine >4 mg/dL or acute rise of >0.5 mg/dL 
 <0.3 mL/kg/h × 24 h or anuria × 12 h 

 Loss  Loss of kidney function × 4 weeks 
 ESRD  Loss of kidney function × 3 months 

   RIFLE  risk, injury, failure, loss, and end-stage renal disease  
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   Postrenal (Obstructive) Etiologies 

 Postrenal (obstructive) azotemia is caused by the obstruc-
tion of urine  fl ow distal to the renal tubules. Just like in pre-
renal azotemia, there is no intrinsic kidney disease, which 
leads to a similar urine sodium concentration and FE 

Na
  as in 

prerenal disease. Postrenal azotemia accounts for ~10% of 
inpatient ARI  [  10  ] . Obstruction can either be renal or extra-
renal in origin (Table  10.2 ). Renal obstruction includes 
crystal formation from ethylene glycol poisoning, uric acid 
nephropathy from tumor lysis syndrome, and light chain 
diseases including multiple myeloma. Nephrolithiasis rarely 
causes obstructive azotemia unless there is only one func-
tioning kidney. Extrarenal causes include prostatic disease, 
urethral stricture, and pelvic or retroperitoneal masses. 
Renal and pelvic ultrasound are the mainstay imaging stud-
ies for the diagnosis of postrenal azotemia. Consultation 
with a urologist may be warranted to discuss treatment 
options.   

   Diagnosis and Management 

 The initial diagnostic evaluation involves identifying prere-
nal and reversible causes of ARI. Commonly, ARI  fi rst pres-
ents as low urine output in a patient who recently had a 
signi fi cant systemic injury such as surgery, trauma, infec-
tion, or shock. Decreased urine output is not seen in patients 
with non-oliguric ARI and while they have better outcomes, 
they are also not detected as often. Clinical suspicion based 
on known risk factors should lead a clinician to follow the 
serum creatinine. An acute rise in serum creatinine (>0.5 mg/
dL) suggests ARI and the need to investigate and treat the 
cause. A sudden onset of anuria in a patient with a urinary 
catheter suggests obstruction of the catheter. Flushing or 

changing the catheter may resolve the anuria. After a 
con fi rmed report of oliguria, the initial diagnostic tests that 
should be ordered include the following:
    1.    Urinalysis  
    2.    Serum creatinine concentration  
    3.    Serum sodium concentration  
    4.    Urine creatinine concentration  
    5.    Urine sodium concentration  
    6.    Basic electrolytes     

 A FE 
Na

  less than 1% signi fi es prerenal    or postrenal dis-
ease, while a value greater than 2% signi fi es a renal cause, as 
previously mentioned. The exception is seen with myoglobi-
nuria, where the FE 

Na
  is less than 1%, while still being a renal 

parenchymal cause. Another caveat is that the recent use of 
loop diuretics (i.e., furosemide) makes the FE 

Na
  calculation 

inaccurate. Microscopic analysis of urine sediments can help 
to further classify causes of renal azotemia. More speci fi c 
testing can be done based on clinical suspicion. 

 Since early treatment is so important with ARI, the diag-
nosis and management often occur simultaneously. Fluid 
support is the  fi rst option for most causes of ARI. This typi-
cally involves a 500–1,000 mL crystalloid bolus or a 250–
500 mL albumin containing bolus. This should occur while 
diagnostic testing is underway. The purpose of  fl uid support 
and resuscitation is to  fl ush out toxins and prevent further 
renal injury. While a euvolemic state is preferred, if the  fl uid 
status of a patient is not known it may be better to be volume 
overloaded. This avoids end-organ hypoperfusion that may 
lead to irreversible ischemia. Volume overload does have its 
sequelae, including pulmonary edema and its associated 
risks. It is also relatively contraindicated in patients with 
critical aortic stenosis where additional volume may lead to 
heart failure. 

 A large variety of resuscitation  fl uids is available for 
use in the hypovolemic patient. Colloids may be more 

   Table 10.2    Acute renal insuf fi ciency etiologies   

 Pre-renal  Parenchymal  Post-renal 

 Hypovolemia  ATN  Prostatic disease 
 Hypotension  AIN  Urethral stricture 
 Decreased cardiac output  Glomerulonephritis  Pelvic or retroperitoneal mass 
 Raised intra-abdominal pressure  Vasculitis  Nephrolithiasis (rare) 
 Aortic stenosis  Nephrotoxins (aminoglycosides, 

amphotericin, cisplatin…) 
 Crystals (ethylene glycol, uric acid, 
light chain disease…) 

 Mechanical ventilation  Sepsis 
 Medications (Ketorolac, ACEi, ARB…)  Trauma 

 Major surgery (AAA repair) 
 Renal allograft rejection 
 Contrast 

   ACEi  angiotensin converting enzyme inhibitors,  ARB  angiotensin II receptor blockers,  ATN  acute tubular necrosis,  AIN  acute interstitial nephritis, 
 AAA  abdominal aortic aneurysm  
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effective in keeping  fl uids in the intravascular space and 
therefore may be preferred. However, several studies have 
documented that some colloid solutions may be harmful to 
the kidneys. A meta-analysis evaluating nephrotoxicity of 
colloid solutions revealed that several hydroxyethyl starch 
(HES) containing solutions are nephrotoxic, while albu-
min containing colloids are not  [  11  ] . Furthermore, several 
subsequent meta-analyses have revealed that both starches 
and dextrans can exacerbate a renal insult  [  12,   13  ] . 
Therefore, crystalloids should be the  fi rst choice of resus-
citation  fl uids until we gain a better understanding of col-
loid related renal injury. 

 Response to the  fl uid challenge needs to be assessed. If 
the patient responds with an appropriate increase in urine 
output but remains under-resuscitated,  fl uid boluses should 
be continued until the patient is euvolemic. If more invasive 
monitoring of the volume status is needed, central venous 
pressure (CVP) monitoring can be performed. In addition to 
patients with renal hypoperfusion,  fl uid resuscitation has 
also been shown bene fi cial in myoglobinuria, contrast-
induced nephropathy, and in patients exposed to nephrotoxic 
drugs and drugs that cause tubular crystal precipitation  [  8  ] . If 
a patient is euvolemic but is hypotensive with a mean arterial 
pressure (MAP) of less than 65 mmHg, inotropes such as 
norepinephrine may be used to improve cardiac output and 
renal perfusion. Historically, low dose (“renal dose”) dop-
amine (2  m g/kg/min) was used to increase urine output by 
serving as a renal vasodilator. More recent evidence suggests 
that it is not effective, may actually be harmful, and thus 
should not be used  [  14,   15  ] . 

 Once the cause of ARI is determined and the patient is 
 fl uid resuscitated, speci fi c management of the underlying 
cause, especially in reversible conditions, should be 
addressed. Some of the speci fi c management options 
include stopping offending agents such as ketorolac, angio-
tensin converting enzyme (ACE) inhibitors, angiotensin II 
receptor blockers (ARB), and antibiotics such as aminogly-
cosides and amphotericin. The use of loop diuretics such as 
furosemide was once thought to be bene fi cial by delaying 
the need for renal replacement therapy (RRT). Now RRT is 
not viewed as being a failure of medical therapy, but as 
merely another treatment option. Even though loop diuret-
ics have been shown to convert oliguria to diuresis, allow-
ing for improved control of electrolyte abnormalities and 
volume overload without increased mortality, there is still a 
lack of strong evidence for the role of diuretics in critically 
ill patients  [  16,   17  ] . Furthermore, several studies suggest 
that diuretic use might actually delay proper RRT leading 
to worse outcomes  [  17–  19  ] . Therefore, a nephrologist 
should be consulted early in the process to reduce compli-
cations of ARI and to quickly initiate RRT when 
necessary. 

   Renal Replacement Therapy 

 Early RRT is now considered to be an effective strategy in 
managing ARI. It takes over the kidneys’ function by remov-
ing toxins and establishing electrolyte, acid–base, and  fl uid 
balances. Indications for RRT include the following:
    1.    Volume overload refractory to medical therapy  
    2.    Metabolic acidosis  
    3.    Severe hyperkalemia (>6.5 mmol/L)  
    4.    Uremia (encephalopathy, pericarditis, myopathy, neuropathy…)  
    5.    Dialyzable toxins (salicylate, ethylene glycol…)     

 In critically ill patients, ARI has been associated with 
increased mortality  [  20  ] . However, the optimal RRT has not 
yet been established. Renal replacement therapy has different 
modes, intensity, and even timing. The choice of RRT mode, 
intermittent hemodialysis (IHD) versus continuous renal 
replacement therapy (CRRT), is determined by the needs of 
the patient. Intermittent hemodialysis is preferred either in 
stable or recovering patients or in those who cannot tolerate 
the anticoagulation required for CRRT. Continuous renal 
replacement therapy on the other hand is for patients who 
cannot tolerate  fl uid shifts such as hemodynamically unstable 
patients or those with intracranial swelling  [  8,   21,   22  ] . 

 The intensity of CRRT is also debatable with some studies 
documenting improved survival with high dose, while others 
showing no bene fi t  [  23–  25  ] . A recent meta-analysis identi fi ed 
 fi ve studies that compared low dose (<35 ml/kg/h) versus 
high dose (35–45 ml/kg/h) CRRT. The combined results show 
no difference in 28 day survival  [  26  ] . However, when looked 
at individually, two studies showed improved survival in the 
high dose group and three showed no survival bene fi t. 

 The timing of the initiation of RRT is similarly unclear. A 
recent systematic review identi fi ed 15 studies that had a wide 
range of de fi nitions of “early” and “late” RRT initiation peri-
ods based on the onset of oliguria, increasing blood urea lev-
els, RIFLE criteria, hyperkalemia, or simply ICU admission 
 [  27  ] . While the conclusion of the systematic review was that 
early RRT might be bene fi cial, a wide heterogeneity in 
de fi nitions and poor quality of studies does not allow for any 
concrete recommendations.  

   Nutrition in Acute Renal Insuf fi ciency 

 As with any injury, renal insults cause the secretion of cata-
bolic factors; therefore, in order to facilitate recovery, adequate 
nutritional support is required. While there is a lack of strong 
evidence, the American Society for Parenteral and Enteral 
Nutrition (ASPEN) guidelines recommend the use of enteral 
nutrition when possible  [  28  ] . If parenteral nutrition is required, 
a standard amino acid formulation should be used in ARI. 
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Due to a high catabolic state in ARI, the protein needs are usu-
ally in the 1.8–2.5 g/kg/day range and should be replaced 
accordingly to avoid a negative protein balance  [  28–  30  ] .  

   Speci fi c Etiologies and Their Management 

   Hepatorenal Syndrome 

 Acute renal insuf fi ciency from hepatorenal syndrome (HRS) 
is typically seen in advanced cirrhosis or acute liver failure. 
The exact reason why liver failure causes prerenal azotemia is 
not fully appreciated, but may be partially due to the reduced 
ability of the liver to metabolize vascular mediators including 
prostaglandins and endotoxin that result in renal hypoperfu-
sion. Hepatorenal syndrome presents in a typical prerenal 
fashion with oliguria, a rise in the serum creatinine, and a 
normal urinalysis. These patients typically have a low albu-
min secondary to their liver failure. Numerous studies have 
shown improved outcome in patients treated with vasopressin 
analog and albumin containing solutions  [  31,   32  ] . Ultimately 
improving hepatic function, up to and including liver trans-
plant, is the only way to resolve the associated ARI.  

   Contrast-Induced Nephropathy 
 Radiocontrast dye is recognized as the third leading cause of 
ARI and the leading iatrogenic cause in hospitalized patients. 
A meta-analysis of 40 studies documented an incidence of 6% 
following contrast computed tomography (CT) scans, with 
1% of all patients who received a CT scan having persistent 
decline in renal function  [  33  ] . Risk factors to contrast-induced 
nephropathy include preexisting renal disease, diabetes melli-
tus, and the use of large volumes of dye. Clinically, patients 
present with an acute rise in the serum creatinine within 48 h 
of the contrast exposure. Levels peak after 5 days before 
returning to baseline in 7–10 days. Some patients, especially 
the ones with risk factors, experience permanent reduction in 
kidney function. Besides supportive care with  fl uids to prevent 
further kidney injury, there is no proven treatment option. 
There are several agents that have been used in an attempt to 
prevent contrast-induced nephropathy such as N-acetylcysteine, 
statins, and adenosine receptor antagonists. While all three 
agents have been shown to be bene fi cial in numerous meta-
analyses, the studies used in the analyses had signi fi cant weak-
nesses  [  34–  36  ] . In addition, in the case of N-acetylcysteine, 
when studies analyzed were limited to those that had alloca-
tion concealment, double blinding, and were intention-to-treat, 
there was no bene fi t in pretreatment  [  36  ] .  

   Rhabdomyolysis 
 The causes of muscle injury leading to rhabdomyolysis 
include major trauma, especially crush injuries with com-
partment syndrome, vascular embolism with reperfusion 

injury, medications (i.e., statins), prolonged seizures, and 
many other mechanisms that can cause damage to muscle 
tissue. The breakdown of muscle cells releases myoglobin, 
which is toxic to the renal tubules causing azotemia. 
Clinically, the urine appears reddish brown with pigmented 
granular casts. Creatine kinase (CK) is also released from 
damaged muscle cells along with myoglobin and is markedly 
elevated in the serum. Electrolyte imbalances include hyper-
phosphatemia and hyperkalemia secondary to their release 
from injured muscle cells. Treatment includes aggressive 
 fl uid resuscitation to achieve urine outputs of more than 100–
200 mL/h if tolerated by the patient. Bicarbonate can be used 
to alkalinize the urine to reduce renal toxicity by improving 
solubility of the myoglobin. Electrolyte imbalances should 
be corrected. If supportive therapy is not enough, RRT should 
be considered.    

   Complications and Outcomes 

 Complications usually stem from not recognizing ARI. The 
kidneys serve many functions, and loss of those functions 
can result in dire and acute consequences including:
    1.    Uremia from the buildup of waste nitrogen compounds  
    2.    Metabolic acidosis from the failure to reabsorb bicarbon-

ate and excrete hydrogen ions  
    3.    Electrolyte imbalance and the loss of osmolality 

regulation  
    4.    Loss of blood pressure regulation from the failure of the 

renin-angiotensin-aldosterone system  
    5.    Loss of hormone regulation including erythropoietin      

   Conclusion 

 After ARI is recognized and the cause is identi fi ed, treating 
the underlying cause and  fl uid support to prevent further kid-
ney injury are the goals of management. If the insult was 
transient, the kidneys should be able to recover most of their 
pre-insult function. However, renal function may take weeks 
to months to recover requiring long-term supportive care 
including RRT and nutritional support in the meantime. The 
risk factors for permanent loss of kidney function are the 
same as the risk factors for mortality. The result is end stage 
kidney disease requiring life-long RRT or renal transplant. 

   Algorithm 

     1.    Clinical presentation of low urine output (<0.5 mL/kg/h) 
after a major systemic insult  

    2.    Con fi rm oliguria and initiate a crystalloid (500–1,000 mL) 
or colloid (250–500 mL)  fl uid bolus  



136 C.-I. Wu et al.

    3.    Check urinalysis, serum and urine sodium concentrations, 
serum and urine creatinine concentrations, and basic 
electrolytes  

    4.    Calculate the FE 
Na

  and determine the volume status of the 
patient, and correct the electrolytes if necessary  

    5.    Assess the response to the  fl uid bolus, continue  fl uid 
resuscitation if necessary  

    6.    If euvolemic but hypotensive, initiate inotropes to main-
tain the MAP greater than 65 mmHg  

    7.    Identify the etiology of the ARI: prerenal, renal, or 
postrenal
   (a)    Prerenal

   Identify the underlying cause of ARI and correct if • 
possible (stop offending agents, treat hypovolemia/
hypotension, reverse non-renal organ failure)  
  Supportive care with normalization of the electro-• 
lytes and acid–base balance  
  RRT as needed     • 

   (b)    Renal
   Identify the underlying cause of ARI with further • 
diagnostic studies and treat (stop offending agents, 
pretreat with N-acetylcysteine for radiocontrast 
dye, antibiotics for sepsis…)  
  Supportive care with normalization of the electro-• 
lytes and acid–base balance  
  RRT as needed (including dialyzable toxins such • 
as salicylates or ethylene glycol)     

   (c)    Postrenal
   Identify the underlying cause with renal and pelvic • 
ultrasound  
  Consult urology if necessary  • 
  Supportive care with normalization of the electro-• 
lytes and acid–base balance  
  RRT as needed         • 

    8.    Long term supportive care including nutritional support 
and RRT  

    9.    Acute renal insuf fi ciency conversion to ESRD leads to 
life-long RRT and evaluation for renal transplant           
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         Introduction 

 Infections of surgical incisions are a common complication of 
surgery, occurring in about 3% of all surgical procedures and 
in up to 20% of patients who undergo emergency intra-ab-
dominal operations  [  1  ] . In 1992, the US Centers for Disease 
Control and Prevention (CDC) changed the terminology from 
wound infection to surgical site infection (SSI) to differenti-
ate infections of surgical incisions from infections of trau-
matic wounds  [  2  ] . Surgical site infections can cause substantial 
morbidity to patients by failure of incisions to heal, incisional 
hernias,  fi stulae, recurrent pain, and dis fi guring scars; addi-
tionally, SSIs may bring about further infectious complica-
tions such as bacteremia. This morbidity also creates a 
substantial  fi nancial burden to hospitals and patients  [  3  ] . The 
development of SSIs is also used increasingly as a perfor-
mance measure in recent government and insurance “pay for 
performance” initiatives, such that surgeons and hospitals 
with higher rates of SSI will be receiving lower reimburse-
ments. For all of these reasons, surgeons must be aware of all 
measures to prevent and treat SSI effectively. 

 Surgical site infections have been occurring since the 
inception of surgery. The  fi rst description of purulent drain-
age from incisions or wounds was from Hippocrates, who 
described operations performed for both elective and emer-
gency indications. Early surgeons considered the discharge 
of pus from wounds (“laudable pus”) as the beginning of a 
healing process that was allowed to occur by secondary 
intention. Progress in this  fi eld started in the mid-nineteenth 
century, when Pasteur, Semmelweis, and Lister became pio-
neers of infection control by introducing bacteriology and 
the germ theory of disease, asepsis, and antiseptic surgery, 

respectively. Ignaz Semmelweis, who practiced obstetrics in 
Vienna in the mid-nineteenth century, was the  fi rst to recognize 
the importance of hand hygiene, especially when going from 
dissecting cadavers to examining parturient women. He also 
was the  fi rst to soak his instruments in an antiseptic solution. 
Although his peers failed to adopt these measures, the rate of 
postpartum endometritis (“child-bed fever”), which was 
extremely high for other practitioners, decreased markedly 
in his patients to an estimated 5%  [  4  ] . Because deep or exten-
sive soft tissue infections carried mortality rates as high as 
70–80%, elective surgery did not become a practical option 
until the mid-twentieth century, when developments in the 
 fi elds of microbiology and pharmacology led to major 
advancements in perioperative care  [  5  ] . Whereas SSIs are no 
longer prohibitive for elective surgery, they remain among 
the most common complications in surgical patients and cre-
ate undue morbidity and cost  [  6  ] .  

   Clinical Presentation 

 Surgical site infections are de fi ned by the CDC as infections 
of surgical sites that occur within 30 days of the operation 
(within 1 year if implants are emplaced). These are classi fi ed 
into super fi cial incisional, deep incisional, and organ/space 
infections (Table  11.1 ). Super fi cial incisional SSI involves 
the skin and subcutaneous tissue of the incision down to (but 
not including) muscle fascia. Deep incisional SSI involves 
the fascia and the immediate sub-fascial space but not include 
intra-cavitary spaces. Organ/space infections are intra-cavi-
tary and affect organs or spaces that are related to the opera-
tion performed. An individual infection is classi fi ed by its 
deepest extent. Numerous factors determine whether a patient 
will develop an SSI, and understanding the pathophysiology 
of the infection process is fundamental to understanding the 
diagnosis, prevention, and treatment of SSIs.  

 Every surgical incision, no matter the wound class, has 
bacteria that are present and can be cultured at the conclusion 
of the procedure. Inoculation of the surgical site occurs 
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inevitably during surgery, either inward from the skin or out-
ward from the tissues being operated on (e.g., surgery upon a 
hollow viscus). However, the presence of bacteria does not 
predict infection by itself, and other clinical parameters 
amplify microbial effects. The pathophysiology of SSIs is 
related to several factors, including the following: the inocu-

lum, the presence of adjuvants (e.g., suture material, pros-
thetic devices, devitalized tissue, blood), bacterial virulence 
factors, the microenvironment of the surgical site (e.g., oxy-
genation, perfusion), antibiotic prophylaxis, and host factors. 

   The Inoculum 

 Surgical site infections are nearly always the consequence of 
contamination that occurs at the time of the operation, and 
infection is most closely linked to the number of bacteria that 
contaminate the surgical site. Classic studies have demon-
strated that greater numbers of bacteria, the greater the likeli-
hood of infection; the “magic number” of 10 5  organisms/g of 
tissue has been the commonly recognized threshold  [  7  ] . 
However, this threshold is not valid across all types of microor-
ganisms or different strata of host responses and can be reduced 
dramatically by the presence of adjuvants, and therefore is not 
practical for routine monitoring or everyday decision making. 

 Contamination of the surgical site with bacteria occurs 
from multiple sources, including the patient’s skin, the organ 
or tissue being operated upon, airborne organisms, and even 
the surgical team. Wounds are classi fi ed by the amount of 
contamination of the incision into clean, clean-contaminated, 
contaminated, and dirty (Altemeier classi fi cation). Clean 
surgical procedures involve the skin and subcutaneous and 
musculoskeletal soft tissues (e.g., breast, hernia, orthopedic 
joint replacement procedures), and have the lowest incidence 
of SSIs. Clean-contaminated procedures involve the con-
trolled opening of a hollow viscus, including the respiratory, 
genitourinary, or gastrointestinal tract. In contaminated pro-
cedures, bacteria are introduced into a normally sterile tissue 
or body cavity, but are not present for a long enough time to 
establish an infection (e.g., penetrating abdominal trauma, 
unintentional enterotomy, open extremity fractures). Dirty 
procedures are performed to control an established infection 
(e.g., colon resection for complicated diverticulitis), and 
have the highest rate of SSI. Contaminated and dirty proce-
dures carry an independent risk of SSI. 

 Operative procedures that enter a normally colonized area 
of the body allow contamination of the surgical site with 
organisms that are speci fi c to the area’s colonizing  fl ora. 
Procedures involving only the skin and subcutaneous tissues 
result in lower inocula because the mechanical preparation 
of the surgical site should minimize the number of bacteria 
present. However, colonic bacterial density may exceed 
10 10  organisms/g of feces. Bacterial contamination occurs of 
the surgical site even with meticulous preparation and surgi-
cal technique. Hence, colon operations have clearly higher 
rates of SSI than inguinal hernia procedures. A classic tech-
nique to decrease SSIs following high-risk procedures is to 
leave the incision open at the original procedure and then 
allow the wound to heal by secondary intention or attempt 

   Table 11.1    Centers for Disease Control and Prevention    de fi nitions of 
surgical site infection (SSI)   

  Super fi cial incisional SSI  
 Infection occurs within 30 days after the operation 
 •  and  infection involves only skin or subcutaneous tissue of the 

incision 
 •  and  at least  one  of the following: 

 – Purulent drainage, with or without laboratory con fi rmation, 
from the super fi cial incision 

 – Organisms isolated from an aseptically obtained culture of 
 fl uid or tissue from the super fi cial incision 

 – At least one of the following signs or symptoms of infection: 
pain or tenderness, localized swelling, redness, or heat  and  
super fi cial incision is deliberately opened by surgeon,  unless  
incision is culture-negative 

 – Diagnosis of super fi cial incisional SSI by the surgeon or 
attending physician 

  Deep incisional SSI  
 Infection occurs within 30 days after the operation if no implant is 
left in place or within 1 year if implant is in place and the infection 
appears to be related to the operation 
 •  and  infection involves deep soft tissues (e.g., fascial and muscle 

layers) of the incision 
 •  and  at least  one  of the following: 

 – Purulent drainage from the deep incision but not from the 
organ/space component of the surgical site 

 – A deep incision spontaneously dehisces or is deliberately 
opened by a surgeon when the patient has at least one of the 
following signs or symptoms: fever (>38°C), localized pain, 
or tenderness, unless site is culture-negative 

 – An abscess or other evidence of infection involving the deep 
incision is found on direct examination, during reoperation, 
or by histopathologic or radiologic examination 

 – Diagnosis of a deep incisional SSI by a surgeon or attending 
physician 

  Organ/space SSI  
 Infection occurs within 30 days after the operation if no implant is 
left in place or within 1 year if implant is in place and the infection 
appears to be related to the operation 
 •  and  infection involves any part of the anatomy (e.g., organs or 

spaces), other than the incision, which was opened or manipu-
lated during an operation 

 •  and  at least  one  of the following: 
 – Purulent drainage from a drain that is placed through a stab 

wound into the organ/space. 
 – Organisms isolated from an aseptically obtained culture of 

 fl uid or tissue in the organ/space. 
 – An abscess or other evidence of infection involving the organ/

space that is found on direct examination, during reoperation, 
or by histopathologic or radiologic examination. 

 – Diagnosis of an organ/space SSI by a surgeon or attending 
physician. 
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delayed primary closure in a few days (usually on or after the 
fourth day). Small randomized trials have demonstrated that 
delayed primary closure decreases the SSI rate, but this tactic 
should only be employed in dirty or infected cases as it 
increases the time to wound closure and, if the wound cannot 
be closed, may subject the patient to delayed wound healing 
and prolonged postoperative care  [  8–  10  ] .  

   Bacteria and Virulence Factors 

 The microbiology of SSI depends on the nature of the opera-
tion. Most SSI are caused by gram-positive cocci that are com-
mensal skin  fl ora  [  11  ] , including  Staphylococcus aureus , 
coagulase-negative staphylococci (usually  S. epidermidis ), and 
 Enterococcus  spp.; antibiotic prophylaxis for most cases should 
emphasize coverage of these organisms. The likelihood of 
gram-negative bacilli causing SSI is increased after head and 
neck surgery (if pharyngo-esophageal structures are entered), 
thoracic surgery (if tracheobronchial or esophageal structures 
are entered), gastrointestinal surgery, or infra-inguinal surgery 
of any type. Colorectal surgery and surgery of the female geni-
tal tract are at risk for SSI caused by obligate anaerobic bacteria 
(e.g.,  Bacteroides fragilis ), as well as some gram-positive colo-
nists (e.g.,  Enterococcus  spp.,  Streptococcus  spp.). The biliary 
tract harbors  Escherichia coli ,  Klebsiella  spp., and enterococci. 
Any of these potential pathogens may contaminate the surgical 
site, and infection occurs commonly with microbes that are 
most likely to contaminate a given procedure. 

 Patients who are chronic carriers of  S. aureus  are at 
increased risk of SSI  [  12  ] , and surgeons who harbor  S. aureus  
have increased rates of SSI among their patients. The staphy-
lococcal carrier state may af fl ict as many as 30% of normal 
individuals  [  13  ] , but nearly all carriers are colonized with 
relatively sensitive strains. The methicillin-resistant carrier 
state has also been described but remains unusual (<5% of 
the US population)  [  13  ] . Topical 2% mupirocin ointment 
applied to the nares of patients who are chronic carriers of 
 S. aureus  may reduce the increased incidence of SSI that is 
characteristic of chronic staphylococcal carriage, and may be 
useful in patients with previous methicillin-resistant 
 Staphylococcus aureus  (MRSA) infection  [  14  ] , but is inef-
fective when applied to the general population. In a recent 
randomized trial of cardiac surgery patients, decontamina-
tion of the nasopharynx and oropharynx with 0.12% chlor-
hexidine gluconate reduced signi fi cantly the proportion of 
patients with  S. aureus  nasal colonization ( p  < 0.001)  [  15  ] . 
Topical chlorhexidine reduced the overall postoperative 
infection rate by 6.4% (95% con fi dence interval [CI] 1.1–
11.7%,  p  < 0.01), lower respiratory tract infections by 6.5% 
(95% CI 2.3–10.7%,  p  < 0.01), and the risk of deep incisional 
SSI by 3.2% (95% CI 0.9–5.5%,  p  < 0.01). The bene fi t of 

pharyngeal decontamination has not been replicated in 
abdominal surgery. 

 Virulence factors vary among bacterial species, such that 
organisms with more potent virulence characteristics may 
require smaller inocula to cause infection. Virulence factors 
include structural components of the bacterial cell, secreted 
products of bacteria, and resistance of bacteria to antibiotics 
that shield the pathogen from prevention and treatment. The 
prototypical virulence factor of gram-negative bacteria is 
lipopolysaccharide (LPS), or endotoxin. Endotoxin is located 
in the outer membrane of gram-negative bacteria, and con-
tains a potent Lipid A moiety that stimulates many compo-
nents of the innate and adaptive host responses  [  16  ] . It is 
toxic to host tissues and generally enhances virulence by 
activating several mediator cascades. The Enterobacteriacae 
are the most common endotoxin-associated bacteria. 

 Other bacterial species elaborate speci fi c virulence fea-
tures. The peptidoglycans of gram-positive bacterial cell 
walls activate host immunity in a manner analogous to LPS. 
Gram-positive cocci also elaborate exotoxins and numerous 
proteases that destroy tissue and facilitate invasion. 
 Streptococcus pyogenes  has a cell surface M-protein capsule 
that resists phagocytosis by neutrophils  [  17  ] . A number of 
different M-proteins exert differential effects upon virulence; 
strains lacking the M-protein component lose the potential to 
cause infection  [  18  ] .  Bacteroides fragilis  has a polysaccha-
ride capsule that retards phagocytosis  [  19  ] . This capsular 
material appears to still incite abscess formation even when 
the bacterium itself has been heat-killed. Because  Bacteroides  
spp. are obligate anerobes, they are usually associated in a 
synergistic relationship to cause infection with aerobic 
pathogens (well documented, in the case of enterococci), 
which consume oxygen from the microenvironment and 
thereby promote strict anaerobiosis. 

 Other virulence factors are exotoxins, products secreted 
by gram-positive bacteria. For example,  S. aureus  elaborates 
the exotoxin coagulase  [  20  ] . Coagulase activates the coagu-
lation cascade and creates a  fi brin-rich local environment in 
soft tissue, which protects the organism from phagocytosis 
by host neutrophils. Another much-discussed exotoxin is the 
Panton–Valentine leukocidin (PVL), which is associated 
with community-associated methicillin-resistant  S. aureus  
(CA-MRSA)  [  21  ] . The PVL exotoxin is a potent leukocidin. 
Interplay among the bacteria, the exotoxin, and the liquefac-
tive necrosis of neutrophils results most commonly in a dra-
matic local soft tissue infection with a black central eschar 
(Fig.  11.1 ). Infection with this organism will likely be 
observed with SSIs in addition to community-acquired soft 
tissue infections  [  22  ] . Other examples of exotoxins include 
streptococcal superantigens associated with necrotizing soft 
tissue infections and toxic shock-like syndrome  [  23  ] . Toxic 
shock toxins produced by some strains of  S. aureus  may 
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cause a fulminant shock syndrome associated with surgical 
packing in open wounds  [  24  ] .  

 Antibiotic resistance should also be considered a viru-
lence factor, as the increasing prevalence of resistant organ-
isms in both the community and the hospital become a larger 
problem in SSI prevention and management. Beta-lactamase 
production has reduced dramatically the susceptibilities of 
vast numbers of bacteria. Mutations change the bacterial cel-
lular phenotype with changes in porin proteins  [  25  ]  and other 
structural changes of the cell that mediate resistance. 
Carbapenemase activity has been detected in a variety of 
organisms, including  E. coli ,  Acinetobacter baumannii ,  K. 
pneumoniae , and other Enterobacteriaceae. Of note, MRSA, 
although usually not resistant per se to vancomycin, may be 
associated with treatment failures due to inability to reach 
high-enough concentrations when the minimum inhibitory 
concentration (MIC) exceeds 1 mcg/mL. Isolates of MRSA 
with vancomycin MIC 1 mcg/mL are at high risk for treat-
ment failure, and MRSA with MIC  ³  2 mcg/mL should be 
treated routinely with an alternative agent to vancomycin 
because bactericidal drug concentrations cannot be achieved 
with nontoxic doses  [  26,   27  ] .  

   Microenvironment of the Surgical Site 

 The foundation of any strategy to decrease the risk of SSI is 
proper patient preparation and sound surgical technique  [  28  ] . 
Disruption of skin integrity provides a portal of entry for 
pathogenic organisms and represents the most important 
etiologic factor for most skin and soft tissue infections  [  29  ] . 
Local factors predisposing to infection within the surgical 
incision also affect the ability of bacteria to overcome host 
defenses. Local factors predisposing to infection include soft 
tissue trauma    (including thermal injury from exuberant use 

of electrocautery), animal or human bites, burns, wound con-
tamination, diminished perfusion (e.g., peripheral vascular 
disease), obesity, poor hygiene, presence of a foreign body, 
or venous insuf fi ciency and stasis  [  30  ] . 

 Surgeons have attempted to decrease the inoculum size at 
the site of surgery by hair removal and antiseptic showering. 
The routine removal of hair has been questioned as a potential 
cause of SSIs by causing unnecessary breaks in the skin (by 
shaving in particular). Several randomized controlled trials 
(RCTs) have examined hair removal with clipping, shaving, 
or depilatory agents, and no hair removal. In a meta-analysis, 
shaving with razors increased SSIs over clipping (relative risk 
[RR] 2.02, 95% CI 1.21–3.36) or depilatories (RR 1.54, 95% 
CI 1.05–2.24)  [  31  ] . By contrast, neither dispensing with hair 
removal altogether nor hair removal immediately prior to sur-
gery had an effect on SSIs. Antiseptic showering has been 
studied in two prospective, randomized, controlled trials  [  32,   33  ] . 
Although bacterial counts were reduced, there was no lower-
ing of the rate of SSI in those who showered with the antisep-
tic. Showering might be useful in certain high-risk patients or 
where the institutional SSI rate is high; if done they should be 
repeated, as cumulative bene fi t may accrue. 

 Surgeon hand antisepsis has been studied as a potential 
way to decrease SSIs, whether by alcohol hand-rub or tradi-
tional surgical scrub techniques with soap and water. Most 
studies have examined bacterial load (colony-forming units, 
CFUs) as the endpoint rather than the clinical endpoint of 
SSI  [  34  ] . One equivalence study, which examined SSI rates 
as the primary endpoint after aqueous alcohol hand rub versus 
traditional hand scrub in 4,387 patients  [  35  ] , found no differ-
ence in SSI rates between groups (hand-rubbing 2.44% ver-
sus hand-scrubbing 2.48%, for a difference of 0.04%, 95% CI 
−0.88% to +0.96%). Compliance is better and cost is lower 
for hand-rubbing solutions  [  35,   36  ] , which is now the primary 
method of hand antisepsis for many centers. Chlorhexidine–

  Fig. 11.1    A local soft tissue 
infection with a black central 
eschar       
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alcohol preparations for hand scrubbing are superior to 
povidone–iodine for reducing CFUs recovered from skin. 

 Chlorhexidine–alcohol also appears to be superior to 
iodine-based preparations for patient skin preparation. A RCT 
of preoperative skin preparation with chlorhexidine–alcohol 
scrub versus povidone–iodine in clean-contaminated surgery 
found that the rates of super fi cial and deep incisional SSIs 
were signi fi cantly lower in the chlorhexidine–alcohol group 
(4.2% versus 8.6% for super fi cial SSIs,  p  = 0.008; 1% versus 
3% for deep incisional SSIs,  p  = 0.05)  [  37  ] . There was no dif-
ference in organ-space SSIs. A meta-analysis, which included 
the aforementioned study in addition to eight other random-
ized controlled trials comparing povidone–iodine and chlor-
hexidine ( n  = 3,614 patients), concurred with these 
observations  [  38  ] . A cost–bene fi t model in the same study 
estimated a net cost savings of $16–26 per case  [  38  ] . 

 Incisional hematoma is another important local risk fac-
tor for SSIs. In addition to being impenetrable to neutro-
phils, hemoglobin is a rich source of ferric iron, making the 
hematoma a fertile environment for bacterial growth  [  39  ] . 
Foreign bodies provide a nonbiological surface for adher-
ence of microbes, and pose a functional challenge to phago-
cytosis. In addition, foreign bodies such as mesh, drains, 
and other implants are potential nidi for infection and for-
mation of dif fi cult-to-treat bio fi lms. The classic studies of 
Elek and Conen  [  40  ]  have demonstrated the dramatic reduc-
tion in inoculum size that is required to cause soft tissue 
infection when a mere silk suture is present. Tissue isch-
emia or damage from electrocautery becomes a haven for 
contaminants from the surgical procedure. Dead space 
within the incision accumulates serum and provides a locale 
where microbes are inaccessible by neutrophils. These 
adjuvant effects enhance microbial proliferation, reduce the 
inoculum necessary, and inhibit host defenses, which in 
turn result in clinical infection.  

   Antibiotic Prophylaxis 

 Antimicrobial prophylaxis is a key step in the prevention of 
SSI, but not a panacea. Prophylaxis was shown by Polk and 
Lopez-Mayor in their seminal 1969 RCT to reduce the SSI 
rate following colectomy from more than 30% to 5%  [  41  ] . 
However, prophylaxis only protects the incision itself, and 
only during the period of time when it is open. If not admin-
istered properly, antibiotic prophylaxis is ineffective and puts 
the patient at risk for other complications, such as drug reac-
tions or superinfection such as  Clostridium dif fi cile  infection 
(CDI). Four principles guide the administration of the appro-
priate antimicrobial agent for prophylaxis: (1) safety, (2) an 
appropriate narrow spectrum that covers relevant pathogens, 
(3) little or no reliance upon the agent for therapy of infec-
tion so that resistance is not promoted, and (4) administra-

tion within 1 h before surgery and for a de fi ned, brief period 
of time thereafter (ideally a single dose, but no more than 
24 h)  [  42  ] . According to these principles,  fl uoroquinolones 
or carbapenems should not be used for surgical prophylaxis. 
However, in prophylaxis for colon surgery,  fl uoroquinolones 
have been endorsed by the Surgical Care Improvement 
Project (SCIP) for penicillin-allergic patients, and ertapenem 
has also been recommended  [  43  ] . 

 Antibiotic prophylaxis is indicated for most clean-con-
taminated and contaminated (or potentially contaminated) 
operations. An example of a clean-contaminated operation 
where antibiotic prophylaxis is usually not indicated is 
elective laparoscopic cholecystectomy  [  44–  46  ] . Three sep-
arate meta-analyses have been performed examining antibi-
otic prophylaxis for elective laparoscopic cholecystectomy 
 [  44–  46  ] . The most recent of these, by the Cochrane col-
laboration, included 11 randomized clinical trials (1,664 
patients) at low anesthesia risk, with few comorbidities and 
low risk of infection. There was no difference between anti-
biotic prophylaxis and no prophylaxis in the proportion of 
SSIs (odds ratio [OR] 0.87, 95% CI 0.49–1.54), or extra-
abdominal infections (OR 0.77, 95% CI 0.41–1.46)  [  46  ] . 
However, antibiotic prophylaxis is indicated for high-risk 
biliary surgery; high risk is conferred by age >70 years, 
diabetes mellitus, or a recently instrumented biliary tract 
(e.g., bile duct stent). 

 Elective colon surgery is a clean-contaminated procedure 
where preparatory practices are in evolution  [  47,   48  ] . The use 
of antibiotic prophylaxis in colorectal surgery has been shown 
consistently to be bene fi cial in RCTs when the antibiotic is 
administered prior to the incision and the regimen demon-
strates appropriate activity against colonic  fl ora  [  41,   49–  52  ] . 
A Cochrane meta-analysis of prophylaxis of colorectal sur-
gery reported results of 182 trials, including 11 RCTs com-
paring any regimen to placebo, clearly showing a decrease in 
risk of SSI with any appropriate prophylaxis regimen (RR 
0.30, 95% CI 0.22–0.41)  [  53  ] . However, there is no consensus 
as to which regimen is best. Oral antibiotic regimens, stan-
dardized in the 1970s by the administration of nonabsorbable 
neomycin and erythromycin base in addition to mechanical 
cleansing, reduced the risk of incisional SSI further to its 
present rate of approximately 4–8%  [  48  ] . Currently, oral anti-
biotic prophylaxis is often omitted, due to the belief that no 
additive bene fi t exists beyond parenteral antibiotic prophy-
laxis. Current SCIP guidelines for antibiotic prophylaxis of 
elective colon surgery recommend regimens including oral 
prophylaxis alone, parenteral prophylaxis alone, or the com-
bination  [  47  ] . However, oral prophylaxis alone likely is not as 
effective as parenteral prophylaxis. Song and Glenny  [  54  ]  
examined oral antibiotics alone compared with oral/systemic 
antibiotic prophylaxis ( fi ve trials), and found a higher SSI rate 
with oral prophylaxis alone (OR 3.34, 95% CI 1.66–6.72), 
although the CI was wide. However, there may be bene fi t to 
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the combined use of oral and parenteral prophylaxis; Lewis 
et al. performed a meta-analysis of 13 RCTs of systemic 
versus combined oral and systemic prophylaxis, and showed 
signi fi cant bene fi t for the combined approach (RR 0.51, 95% 
CI 0.24–0.78)  [  48  ] . Mechanical bowel preparation in colon 
surgery is also currently controversial. A 2009 Cochrane 
meta-analysis of 13 RCTs compared bowel preparation to no 
bowel preparation for 4,777 participants undergoing elective 
colorectal surgery. Patients received no bene fi t from mechani-
cal bowel preparation, as the rates of anastomotic leak and 
SSI were similar in both groups  [  55  ] . 

 Antibiotic prophylaxis of clean surgery has been also been 
controversial. Where bone is incised (e.g., craniotomy, sterno-
tomy) or a prosthesis is inserted, antibiotic prophylaxis is gen-
erally indicated. Some controversy persists with clean surgery 
of soft tissues such as breast or hernia. Meta-analysis of RCTs 
shows some bene fi t of antibiotic prophylaxis of breast cancer 
surgery without immediate reconstruction  [  56,   57  ] . The use of 
antibiotic prophylaxis for elective open groin hernia surgery 
with or without mesh has also been controversial. A variety of 
small studies have been performed which showed no bene fi t 
of antibiotics  [  58–  60  ] . However, a 2007 meta-analysis sug-
gested that there may be a bene fi t to antibiotic prophylaxis in 
elective groin hernia repairs if mesh is used, with infection 
rates of 1.4% and 2.9% in the prophylaxis and control groups, 
respectively (OR 0.48, 95% CI 0.27–0.85). If mesh was not 
used, the difference was less pronounced (3.5% versus 4.9%, 
OR 0.71, 95% CI 0.51–1.00)  [  61  ] . 

 Arterial reconstruction with prosthetic graft is an example 
of clean surgery where the antibiotic prophylaxis is warranted 
because the susceptibility to infection is high. These cases are 
high-risk due to the presence of ischemic tissue and the infra-
inguinal location of many incisions. One recent meta-analysis 
 [  62  ]  identi fi ed 35 RCTs for prevention of infection after 
peripheral arterial reconstruction, with 23 speci fi cally exam-
ining prophylactic systemic antibiotics. Prophylaxis reduced 
the risk of SSI by approximately 75%, and early graft infec-
tion by about 69%. There was no bene fi t to prophylaxis for 
more than 24 h, of antibiotic bonding to the graft material 
itself, or preoperative bathing with an antiseptic agent com-
pared with un-medicated bathing. Placement of closed suc-
tion drains also does not decrease the rate of SSIs  [  63  ] . 

 Given that most SSIs are caused by gram-positive cocci, 
the antibiotic chosen should be directed primarily against 
staphylococci for clean cases and high-risk clean-contami-
nated biliary and gastric surgery. A  fi rst-generation cepha-
losporin is preferred almost always; clindamycin may be 
used in cases of penicillin allergy  [  42  ] . If gram-negative or 
anaerobic coverage is required, a second-generation cepha-
losporin or a combination of a  fi rst-generation agent plus 
metronidazole is the regimen of  fi rst choice. Single agent 
prophylaxis is often preferred in institutions due to ease of 

administration. Vancomycin prophylaxis is generally appro-
priate only in institutions where the incidence of MRSA 
infection is high (>20% of all SSIs caused by MRSA) or if a 
patient is a known carrier of MRSA. 

 Parenteral antibiotic prophylaxis should be given within 
30–60 min prior to incision  [  64  ] . Antibiotics given sooner 
are ineffective, as are agents that are given after the incision 
is closed. However, compliance with this guideline in the 
USA has been poor. A 2001 nationwide audit of prescribing 
practices in the USA indicated that only 56% of patients who 
received prophylactic antibiotics did so within 1 h prior to 
the skin incision  [  42  ] ; timeliness was documented in only 
76% of cases in a 2005 audit in US Department of Veterans 
Affairs (VA) hospitals  [  43  ] . Most inappropriately timed  fi rst 
doses of prophylactic antibiotic occur too early  [  42,   43  ] ; 
changing institutional processes to administer the drug in the 
operating room can improve compliance with best prac-
tices  [  43  ] . Even though SCIP speci fi es a 24-h limit for pro-
phylaxis, preoperative single-dose prophylaxis (with 
intraoperative re-dosing, if indicated) is equivalent to multi-
ple doses for the prevention of SSI  [  65  ] . Antibiotics with 
short half-lives (e.g., cefazolin or cefoxitin) should be re-
dosed every 3 (for cefoxitin) to 4 h (for cefazolin) during 
surgery if the operation is prolonged or bloody  [  66  ] . As SCIP 
reporting becomes linked to hospital payments, compliance 
with these guidelines has improved, but there is no de fi nitive 
evidence that SSI rates have declined as a result. 

 Prolonged antibiotic prophylaxis is both pervasive and 
potentially harmful. Antibiotics should not be given to “cover” 
indwelling drains or catheters, in irrigation  fl uid, or as a sub-
stitute for poor surgical technique. As a result of ischemia 
caused by surgical hemostasis, antibiotic penetration into the 
incision immediately after surgery is questionable until neo-
vascularization occurs (24–48 h). However, recent US data 
show that only 40% of patients who receive antibiotic pro-
phylaxis do so for less than 24 h  [  42  ] .  Clostridium dif fi cile  
infection follows disruption of the normal balance of gut 
 fl ora, resulting in overgrowth of the enterotoxin-producing  C. 
dif fi cile   [  67  ] . Although virtually any antibiotic may cause 
CDI (even a single dose), prolonged antibiotic prophylaxis 
increases the risk. Prolonged prophylaxis also increases the 
risk of nosocomial infections unrelated to the surgical site, 
and encourages the emergence of multi-drug-resistant (MDR) 
pathogens. Both pneumonia and vascular catheter-related 
infections have been associated with prolonged prophylaxis 
 [  68,   69  ] , as has the emergence of SSI caused by MRSA  [  70  ] .  

   Host Factors 

 In the majority of procedures, the host manages effectively 
the inoculum of bacteria and all of the other parameters that 
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favor infection. It is almost certain that genetic variability 
among patients leads to increased susceptibility to infection: 
an intrinsic difference in the capacity to generate an 
in fl ammatory response, differences in phagocytic ef fi ciency, 
or differences in speci fi c immune response. Whereas the 
exact mechanisms of host defense impairment are not 
de fi ned, it is clear that each host variable is impactful in some 
way on the probability of infection. However, quantifying 
the risk of individual patients and the risk associated with 
each variable has remained elusive. 

 The relationships among the surgical site, microbes, and 
host defenses describe the overall risk of SSI. Acquired prob-
lems of host defense have been associated by statistical infer-
ence in subpopulations of patients that appear to have higher 
rates of SSIs than others. These variables include age, obe-
sity, corticosteroids, systemic chronic illness, or immuno-
compromised states, malnutrition, low serum albumin 
concentration, tobacco smoking, uncontrolled diabetes mel-
litus, and ischemia secondary to vascular disease or irradia-
tion  [  71–  79  ] . Scott et al. showed that age and albumin 
concentration were most predictive of SSI in a cohort of 
more than 9,000 patients from a single community hospital 
 [  80  ] . A low serum albumin concentration is a surrogate 
marker for a wide range of comorbid conditions that render 
the patient immunocompromised or impaired nutritionally. 
Patients who are malnourished should be considered for pre-
operative enteral feeding or, if necessary, total parenteral 
nutrition (TPN) if extensive surgery is planned. The Veterans 
Affairs Cooperative study on preoperative nutritional sup-
port demonstrated fewer complications other than catheter-
related infections in those patients who were malnourished 
and given an average of 9 days of preoperative TPN  [  81  ] . 
More recently, supplemental enteral nutrition reduced the 
risk of SSI in malnourished patients  [  82,   83  ] . Impaired lymph 
 fl ow may also be a potential risk factor for SSI, with axillary 
or inguinal lymphadenectomy. These are now used less com-
monly for the regional treatment of cancer, having been sup-
planted by sentinel node biopsy. Transitory physiological 
states may also increase the risk of SSI; examples include 
severe injury, shock, blood transfusion, hypothermia, 
hypoxia, and hyperglycemia. 

 The length of the preoperative hospital stay was consid-
ered historically a risk factor for SSI, but has become less so 
as outpatient surgery is performed increasingly. Bacterial 
colonization with often-MDR nosocomial organisms occurs 
routinely within 72 h of hospitalization. Such patients should 
have their microbiologic history reviewed prior to an opera-
tion so that a rational decision can be made about the choice 
of agent for prophylaxis. In patients who have had infections 
with MDR microbes, antibiotics should be used that are 
potent against the bacteria demonstrated previously. Existing 
infection should be treated before elective surgery is under-
taken, as the presence of a concomitant infection even at a 

remote site increases the risk of SSI. Colonization by MRSA 
often leads to infection by the same organism, especially in 
elderly patients, dialysis patients, and nursing home residents. 
These patients should be given an antibiotic active against 
MRSA for prophylaxis. Use of agents with treatment ef fi cacy 
against MRSA may also be helpful in institutions with a high 
rate of MRSA SSIs.  

   Risk Strati fi cation for Surgical Site Infections 

 It is important to consider these factors (bacteria, host, and 
surgical site factors) to stratify an individual’s risk for SSI. 
The CDC guidelines formulate the risk of SSI as the size of 
the bacterial inoculum (contamination) multiplied by bacte-
rial virulence, the product being divided by host resistance; 
however, this is not of much use clinically  [  84  ] . The Study on 
Ef fi cacy of Nosocomial Infection Control (SENIC) assessed 
the effectiveness of various measures in the years 1976–1988 
 [  85  ] . Four parameters were independent markers of a higher 
risk of SSI: Abdominal surgery, surgery lasting longer than 
2 h, a contaminated or dirty procedure, and more than three 
diagnoses at the time of discharge. This predictive method 
proved to be more accurate than the long-standing practice 
of surgeons of making risk predictions on the basis of their 
clinical experience. A similar attempt to identify factors pre-
dictive of SSI was the National Nosocomial Infection 
Surveillance (NNIS) study  [  86–  88  ] , begun in 1970 and con-
tinuing to the present time as the National Healthcare Safety 
Network (NHSN). This risk factor index score remains in 
wide usage. The three important factors identi fi ed were an 
American Society of Anesthesiologists (ASA) score of 3 or 
more on a 5-point scoring system, a contaminated or dirty 
procedure, and an operation lasting longer than the 75th per-
centile of the average duration for that procedure. The NNIS 
system may be used to formulate a risk categorization index 
ranging from 0 to 3, where 1 point each is assigned for an 
ASA score of 3 to 5 points, a contaminated or dirty incision, 
and prolonged operating time  [  87,   88  ] . The risks for SSI 
associated with different index scores are: 0 = 1.5%; 1 = 2.9%; 
2 = 6.8%; and 3 = 13%  [  87  ] . A modi fi cation subtracts one 
point for laparoscopic procedures, so that the  fi nal index 
score ranges from −1 to 3 points  [  89  ] .   

   Diagnosis 

 Despite their often nonspeci fi c appearance and paucity of 
symptoms, SSIs remain a clinical diagnosis based on history 
and physical examination. Infection is the result of microbial 
proliferation in tissue, which in turn activates the in fl ammatory 
cascade. This local in fl ammatory response produces the clas-
sic clinical  fi ndings of rubor (erythema), dolor (pain), calor 
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(heat), and tumor (swelling). These manifestations of 
in fl ammation provide the physical evidence for the diagnosis 
of infection, and are often accompanied by increasing wound 
pain, lack or stagnation of clinical recovery, or malaise. 
Surgical control of the infectious source remains the crucial 
diagnostic and therapeutic maneuver. Often times, this can 
be achieved by simply opening and draining the infected 
incision in super fi cial incisional SSIs. However, deep inci-
sional SSIs may require thorough surgical debridement and 
open wound care to resolve the infectious process, whereas 
organ/space SSIs usually require percutaneous drainage of 
formal intracavitary reoperation. In select cases, a small 
intracavitary abscess (<5 cm diameter) may respond to anti-
biotic therapy alone, but the clinical response must be 
adjudged with diligence. 

 The presenting complaints depend on the depth of infec-
tion. Typical complaints include localized pain that worsens 
upon physical activity and contact to the affected area. Instead 
of steady clinical improvement postoperatively, patients with 
a developing SSI often begin to worsen clinically on postop-
erative day 4 or 5. Rare early SSIs include infections caused 
by beta-hemolytic streptococci or  Clostridium  spp., and may 
manifest as early as postoperative day 1 or 2. Streptococcal 
infections cause pain and local wound erythema, whereas 
clostridial infections drain a grey-colored thin  fl uid and lack 
the characteristic in fl ammatory skin changes. 

 The incision itself is usually the source of increasing pain 
and erythema prior to the discharge of pus. The presenting 
symptoms may appear out of proportion to the clinical  fi ndings, 
especially in deep or necrotizing infections  [  90  ] . Probing the 
wound after partial removal of sutures is simple and allows 
diagnosis and treatment of a super fi cial incisional SSI. 
Alternatively, if the infection only involves the organ/space, 
symptoms speci fi c to that body cavity will usually predomi-
nate, such as prolonged postoperative ileus, persistent respira-
tory distress, neurologic de fi cit, or altered mental status. 

 Culturing the wound by the swab method has been shown 
experimentally to be reliable. Recovery of 10 5  CFU of 
bacteria/g of tissue or mL of  fl uid has been the traditional 
indicator of local infection, whether of the lung, the urinary 
tract, or the surgical incision  [  91  ] . Intraoperative cultures of 
high-risk incisions may also be considered, and the results 
may be used later to guide treatment; these cultures must not 
be utilized as justi fi cation to prolong prophylaxis. In a study 
of 52 open fractures, patients with intraoperative quantitative 
bacterial counts >10 5  CFU/mL had an SSI rate of 50%, 
whereas patients with <10 5  CFU/mL had an SSI rate of 
5%  [  91  ] . Among patients who underwent abdominal hyster-
ectomy, recovery of >10 4  CFU/mL from pelvic  fl uid was 
associated with a subsequent SSI rate of 42%, whereas only 
12% of patients had an SSI when <10 3  CFU/mL were recov-
ered at operation  [  92  ] . In the case of deep incisional SSIs, 
tenderness may extend beyond the margin of erythema, or 

crepitus and cutaneous vesicles or bullae may manifest  [  93  ] . 
With ongoing infection, signs of systemic in fl ammation such 
as fever, tachycardia, hypotension, and altered mental status 
manifest the clinical picture of sepsis/severe sepsis (sepsis 
with organ dysfunction). These clinical  fi ndings usually por-
tend a worse clinical prognosis and are often observed with 
more severe infections that will require surgical intervention 
in order to resolve. 

 Laboratory analysis should include basic hematologic 
and chemistry parameters. Leukocytosis >15,400/microliter 
with simultaneous hyponatremia <135 mEq/L has been 
shown to predict necrotizing infections  [  94  ] . Measurement 
of serum creatine phosphokinase (CPK) concentration can 
be helpful, effectively ruling out myonecrosis if normal, and 
indicating ongoing tissue destruction and the need for further 
debridement if elevated concentrations persist following 
resection of established myonecrosis  [  93  ] . 

 Computed tomography (CT) and magnetic resonance 
imaging (MRI) are more sensitive in detecting small amounts 
of free air and suspicious  fl uid collections in soft tissues than 
plain radiographs, and can be of diagnostic value in cases of 
suspected necrotizing infections, although plain X-rays are 
obtained more easily  [  95  ]  The use of intravenous contrast 
may be helpful to differentiate infected  fl uid collections with 
rim enhancement from simple  fl uid collections, although this 
must be weighed against the risk of contrast-related toxicity 
for the individual patient. The value gained from these 
sophisticated, but time-consuming imaging studies must be 
judged against the risk of rapid clinical deterioration and 
higher mortality  [  96  ] . Suspicion of deep incisional SSI 
should prompt timely transfer to the operating room if necro-
tizing infection is suspected. Treatment for deteriorating 
patients should never be delayed to obtain imaging.  

   Management 

 In general, early clinical recognition, correct assessment of 
the severity of infection and prompt initiation of surgical and 
adjunctive antibiotic therapies are the tenets of appropriate 
treatment (Fig.  11.2 ). The decision to initiate outpatient 
treatment or to admit the patient for more intensive treatment 
with intravenous antibiotics and formal surgical exploration 
under anesthesia is a common clinical challenge. Thorough 
and repetitive clinical examination over time may be accept-
able in the outpatient setting, particularly of compliant 
patients. Inpatient admission or early surgical exploration 
may reduce the risk for sudden clinical deterioration and 
increased morbidity and mortality caused by delayed 
de fi nitive therapy.  

 When faced with a potentially infected incision, the  fi rst 
steps are to remove the sutures, open and examine the 
 suspicious-looking parts of the incision, and decide about 
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further surgical treatment. Partial wound opening with 
healing by secondary intention is adequate for most cases 
of super fi cial incisional SSIs. If the infection is not con fi ned 
to the skin and subcutaneous tissue, urgent formal surgical 
exploration and debridement is essential to obtain local 
control of the infection, remove necrotic tissue, and estab-
lish aerobic conditions. The presence of SSI must also be 
considered in incisions with delayed or failed healing, and 
promote the same decisions as described previously  [  4  ] . 
More severe soft tissue infections with abscess formation 
usually require complete opening of the incision to exam-
ine adequately the integrity of the underlying fascia and to 
determine if there is a deep incisional SSI such as fasciitis 
or myositis. Formal surgical exploration for debridement or 
open drainage is often required for deep incisional SSIs or 
organ/space infection. 

 Escalating resistance among common nosocomial 
pathogens often complicates resolution of apparently sim-
ple infectious complications in the postoperative period, 
and represents a growing challenge for practicing surgeons 
today  [  97  ] . This is particularly true for those patients have 
had a prolonged hospital stay prior to elective surgery, 
such as those who have been trauma victims and require 
antimicrobial therapy for antecedent or concomitant infec-
tions  [  98  ] . These patients are often colonized with MDR 
organisms, highlighting again the importance of careful 
choice of antibiotic for prophylaxis. 

   Super fi cial Incisional SSIs 

 Super fi cial incisional SSIs cause local discomfort, but lead 
to systemic infection only rarely. Super fi cial incisional 
SSIs may be regarded functionally as subcutaneous 
abscesses, and clinical resolution is achieved routinely by 
opening, draining, and irrigating the surgical incision, 
allowing healing by secondary intention. Loculations 
should be broken up mechanically and the incision should 
be packed with moist saline dressings. Stronger emolu-
ments (e.g., acetic acid, sodium hypochlorite) are toxic to 
 fi broblasts and impair wound healing. Adequate opening of 
the incision is the single crucial component in this therapy, 
and must not be compromised for cosmetic reasons; ulti-
mately, incisions may be more likely to form dis fi guring 
scars if they are drained inadequately, due to prolonged 
time to healing and continued in fl ammation at the site. 
Antibiotic therapy is not indicated for super fi cial incisional 
SSI without systemic signs of infection or incisions with 
limited erythema. Antibiotics may be added for associated 
cellulitis beyond 5 cm away from the incision. Surgical 
intervention is limited to complicated infections de fi ned by 
frank abscess formation, skin or subcutaneous tissue necro-
sis, or formation of bullae. Adequate antibiotic therapy will 
lead to clinical resolution in most forms of cellulitis, and 
therefore, debridement should be limited to necrotic areas 
in most circumstances.  

  Fig. 11.2    SSI treatment algorithm        
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   Deep Incisional SSIs 

 In contrast to super fi cial SSIs, which are rather benign, deep 
incisional SSIs are considerably more problematic. Patients 
present with extensive discomfort and usually show systemic 
signs of sepsis. The diagnosis is made clinically in patients in 
whom the infection extends to or below the super fi cial fascia. 
Deep incisional SSI may cause extensive liquefactive necrosis 
of fascia and muscle. Underlying tissue necrosis often extends 
far beyond the obvious limits of cutaneous involvement. If 
this is suspected, the patient should be explored in the operat-
ing room to resect all necrotic tissue. Necrotizing soft tissue 
infection (referred to often as  necrotizing fasciitis ) can be a 
rare, severe variant of deep incisional SSIs and is a dreaded 
complication with mortality rates of up to 50%  [  99  ] . 
Necrotizing fasciitis is a rapidly progressive infection, usually 
with widespread necrosis of the super fi cial fascia. Although 
risk factors include diabetes mellitus, older age, chronic skin 
infection, and intravenous drug abuse, necrotizing fasciitis 
also occurs frequently in young, previously healthy patients. 
Necrotizing fasciitis is often mistaken with cellulitis, as it the 
early stages may only manifest the nonspeci fi c signs of ery-
thema, edema, and fevers (Fig.  11.3 ). According to its patho-
genesis, necrotizing fasciitis is categorized as type I 
(poly-microbial) or type II (mono-microbial). Therapy con-
sists of urgent surgical exploration and debridement beyond 
necrotic areas until viable tissue is found. Affected patients 
should be monitored closely on a surgical intensive care unit 
(ICU), and surgical debridement repeated on a daily basis until 
the incision is entirely viable. In the setting of SSI, the two 
organisms associated with early, necrotizing infections are 
 Streptococcus pyogenes  and  C. perfringens .  

 Severe SSIs, especially their most dangerous forms of 
necrotizing fasciitis or clostridial myonecrosis, are true 

emergencies and need immediate surgical attention. Even 
modest delays can increase patient mortality substantially. In 
a study by Freischlag et al., mortality increased from 32% to 
70% when therapy was delayed more than 24 h  [  100  ] . With 
a suspected diagnosis of necrotizing infection, immediate 
and widespread operative debridement must be undertaken 
without waiting for precise identi fi cation of the causative 
pathogen or even that infection is present. These patients 
often require planned, sequential, repetitive surgical debride-
ments to achieve source control. Empiric broad-spectrum 
antimicrobial therapy is given to cover likely pathogens upon 
initial diagnosis, and the antibiotic regimen should be reas-
sessed following receipt of culture and sensitivity analysis. 
Hyperbaric oxygen therapy has been proposed by several 
authors to decrease mortality in patients suffering from 
necrotizing fasciitis, particularly those from whom clostridia 
are isolated. However, the results of studies on the use of 
hyperbaric oxygen are inconsistent and its use is not recom-
mended routinely  [  101  ] . 

 Commercially available vacuum-assisted closure (VAC) 
devices have gained popularity for the treatment of large 
open or problematic wounds. Experimentally, its value was 
 fi rst appraised by Morykwas and Argenta in a swine model 
in 1997  [  102  ] . These and further animal studies have shown 
that VAC closure optimizes blood  fl ow, decreases local tissue 
edema, and removes excessive  fl uid from the wound bed, 
thereby facilitating the removal of bacteria from the wound. 
Two general mechanisms of action have been proposed: 
Removal of  fl uid, which decreases interstitial edema and 
shortens the distance of diffusion, and mechanical deforma-
tion, which promotes tissue expansion to cover the defect 
 [  102  ] . Moreover, the cyclical application of subatmospheric 
pressure has been suggested to affect the cytoskeleton of 
cells in the wound bed, triggering a cascade of intracellular 

  Fig. 11.3    A case of necrotizing fasciitis of the thigh. ( a ) The skin appears tense and erythematous but could be mistaken for cellulitis. ( b ) Incision 
of this lesion revealed necrotic infected tissue that required wide debridement       
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signals that increases the rate of cell division and subsequent 
formation of granulation tissue  [  103  ] . 

 The value of VAC systems has been described only in small 
case series and cohort studies that relate predominantly to ster-
nal infections following thoracotomy, abdominal wall dehis-
cence, the management of complex perineal wounds, or as a 
method to secure skin grafts  [  104,   105  ] . Despite their use for a 
variety of indications, a lack of well-designed RCTs precludes 
more general recommendations. Future RCTs in patients with 
deep incisional or even super fi cial incisional SSIs are needed 
to delineate better the bene fi ts and cost-effectiveness of VAC 
therapy over standard wound management options. In the long 
term, these patients will often develop large abdominal wall 
defects secondary to debridement of abdominal wall fascia 
and muscle. Temporary abdominal closure with an absorbable 
synthetic mesh followed by skin grafting over large defects 
may be performed. Biologic mesh can be used, but may 
degrade if not covered immediately by skin. Enterocutaneous 
 fi stula is a risk if temporary abdominal closure is delayed or 
not achieved, which can substantially impair wound healing 
and delay or complicate de fi nitive abdominal wall reconstruc-
tion, in addition to local skin irritation and the potential for 
malnutrition. Abdominal wall reconstruction, when the patient 
is ready, is usually a complex undertaking.  

   Organ/Space SSIs 

 Infections occurring intra-cavitary that are related directly 
to a surgical procedure are categorized separately as organ/
space SSIs. This group comprises a multitude of different 
infections, ranging from intra-abdominal or intra-pleural 
infections to spinal abscesses, intracranial infections, or 
osteomyelitis following orthopedic interventions. These 
complications may present with few symptoms other than 
fever, and may mimic incisional SSIs initially and lead to 
inadequate initial treatment. They may also remain occult 
for prolonged periods of time and become apparent only 
when patients resume their previous everyday activities, or 
their normal diet. Diagnostic evaluation usually requires 
some form of imaging to con fi rm the site and extent of 
infection, in addition to empiric broad-spectrum antimicro-
bial therapy. To ensure adequate source control of the infec-
tion, surgical therapy is usually required to drain infected 
organs or body cavities. However, advances in interven-
tional radiology, which has become the standard of treat-
ment for a variety of such infections, provide equivalent 
source control while reducing interventional risk, length of 
hospital stay, and discomfort. 

 Patients with contained or discrete infected collections 
may bene fi t from CT-guided aspiration or drainage for diag-
nosis or therapy. In some instances of discrete organ/space 
SSIs where the incision per se is not involved, percutaneous 

drainage may serve as de fi nitive source control. Reoperation 
is usually indicated in cases of anastomotic leak and clinical 
deterioration. 

 Exudates or drainage specimens from deep incisional SSI 
and organ/space SSI should be sent routinely for cultures 
(including fungi in immune-compromised patients) and sus-
ceptibility testing. However, specimen collection and testing 
may not be indicated (except for epidemiologic purposes) for 
super fi cial incisional SSI if there is no plan to treat with an 
antibiotic (as is usual).   

   Potential Complications 

 Surgical site infections cause considerable morbidity to 
patients as well as a substantial  fi nancial burden to hospitals 
and society. Patients may have dis fi guring scars, recurrent 
complex abdominal wall hernias, and enterocutaneous 
 fi stulas following SSIs  [  106,   107  ] . Af fl icted patients are sub-
jected to additional radiographic procedures and antibiotic 
treatment, with risk of side effects, notably CDI. Patients 
who require long-term antibiotics and venous access are at 
risk for phlebitis, catheter-related infections, and superinfec-
tions. The patient’s overall quality of life may be degraded. 
One case–control study of orthopedic surgery patients with 
and without SSIs  [  108  ]  found that SSI prolonged hospital-
ization by a median of 2 weeks, doubled the rehospitaliza-
tion rate, and increased cost by more than 300%. Using the 
Medical Outcome Study Short Form 36 (SF-36), a standard-
ized quality of life survey, patients reported signi fi cant reduc-
tions in physical functioning and role-physical domains 
1 year after the diagnosis of SSI. Another case–control study 
showed that patients with SSI are twice as likely to die, 60% 
more likely to spend time in the intensive care unit, and  fi ve 
times more likely to be readmitted  [  109  ] . Patients and family 
members also suffer loss of productivity during the time that 
they are ill and hospitalized. 

 The cost of SSIs to patient, institution, and society is note-
worthy. One review suggested that healthcare cost for a 
patient with SSI is, on average, approximately twice the cost 
for a patient without SSI  [  110  ] . However, not all SSIs are the 
same. Whereas many less complex SSIs are associated with 
relatively low cost, the deeper the extent of infection, the 
more costly. One study estimated that super fi cial incisional 
SSIs cost approximately $400, whereas serious organ/space 
infections could cost $30,000  [  111  ] . A study of the Healthcare 
Utilization Project National Inpatient Sample (HCUP NIS) 
in 2009 showed that for 723,490 hospitalizations, 6,891 (1%) 
developed SSI. In this patient population, the length of stay 
increased by 9.7 days and cost increased by approximately 
$20,842 per admission. In addition, 91,613 patients were 
readmitted for SSI treatment  [  112  ] . If this patient sample is 
extrapolated nationally, this would account for over 400,000 
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additional hospital days and incremental hospital cost 
exceeding $900 million. 

 Most experts in this  fi eld believe that vigilant patient care 
and systematic quality improvement protocols can decrease 
the incidence and national burden from SSIs. As a result, 
attempts to create a clinically useful and effective “SSI bun-
dle” are underway. In the National Surgical Infection 
Prevention Collaborative  [  113  ] , infection rates were analyzed 
in approximately 35,000 surgical patients at 56 hospitals over 
a 12-month period. Infection risk in the  fi rst 3 months was 
compared with that in the last 3 months, during which time, 
antimicrobial prophylaxis was supervised closely and normo-
thermia, proper oxygenation, and euglycemia were main-
tained carefully. Appraisal of prophylaxis took into account 
the particular antimicrobial agent chosen and the timing and 
duration of administration. In addition, hair clipping replaced 
preoperative shaving. The initial infection rate of 2.3% 
decreased to 1.7% in the last 3 months of the study. Although 
this may seem trivial, it is a substantial bene fi t considering the 
large number of patients at risk and the large reduction in cost 
of treating SSI. A program initiated at the Mayo Clinic 
decreased SSIs by 57% with systematic institutional interven-
tions such as protocol-driven order sets, a standard preopera-
tive evaluation clinic, compliance monitoring, and reporting 
of outcomes  [  114  ] . Interestingly, the implementation of a 
World Health Organization (WHO) 19-item perioperative 

checklist decreased SSIs in eight distinctive institutions from 
6.2% to 3.4% ( p  < 0.001), even though SSI was not the pri-
mary target of the checklist  [  115  ] . 

 Historically, compliance with prophylaxis guidelines in 
the USA has been poor and variable across hospitals. In 
2005, a study examining the practices of 2,965 acute care 
hospitals noted that only 55.7% of patients received antibiot-
ics within 1 h of incision, and only 40.7% of prophylaxis 
regimens were discontinued within 24 h of surgery end time 
 [  116  ] . A national quality initiative entitled the Surgical Care 
Improvement Project (SCIP) was developed as an effort to 
standardize quality across hospitals and reduce surgical 
complications through performance measurement and qual-
ity improvement. The SCIP focuses on prevention of poten-
tially preventable events: cardiovascular events, SSIs, 
postoperative pneumonia, and venous thromboembolism 
 [  117  ] . When considering SSI prevention measures, SCIP 
examined a variety of performance measures and mandates 
reporting with  fi nancial incentives for compliance, with a 
plan for future penalties for noncompliance  [  118  ] . Each 
year in the Federal Register, updates are made as to which 
SCIP measures will be reported as quality control indicators 
(Table  11.2 )  [  119–  121  ] .  

 The goal of implementing SCIP measures is to improve 
outcomes by focusing on improving compliance with de fi ned 
process measures. To this end, implementation of the SCIP 
has led to improved compliance with processes  [  113  ] . This 
initial study examined 44 hospitals reporting on 35,543 cases 
over a 1-year period, and noted improvement in all SCIP pro-
cess measures studied and a signi fi cant decrease in SSI rate 
from 2.3% to 1.7% from the  fi rst 3 to the last 3 months. 
However, subsequent follow-up studies examining whether 
improved compliance leads to fewer SSIs show mixed results. 
Initial study results are mixed, and  fi ve studies have reported 
that the incidence of SSI has not changed as a result of SCIP 
or SCIP-like interventions despite improved compliance 
 [  122–  126  ] . Currently, there is strong concern among experts 
that the notion that improved processes lead to improved out-
comes is misplaced. 

 Healthcare payers are determined to improve quality and 
lower costs. “Pay for performance” and “value-based pur-
chasing” are payment models that reward physicians and 
hospitals for meeting certain quality measures. On the other 
hand, disincentives are also being used increasing, meaning 
that hospitals with poor outcomes receive lower payments. 
In a proposal addressing value-based purchasing in 2011, the 
Centers for Medicare and Medicaid Services (CMS) sug-
gested that SCIP performance measures be linked to Medicare 
payments so that hospitals with poor performance would 
receive lower payments  [  127  ] . Clearly, such a proposal is 
 fl awed considering that there may be no relationship between 
process improvement and better outcomes. In addition, the 

   Table 11.2    Surgical Care Improvement Project (SCIP)  [  119–  121  ]    

 Title  Process measure 

 SCIP-Inf 1  Prophylactic antibiotic received within 1 h prior to 
incision 

 SCIP-Inf 2  Prophylactic antibiotic selection for surgical patients 
 • Measure added in 2007 

 SCIP-Inf 3  Prophylactic antibiotics discontinued within 24 h after 
surgery end time (48 h for cardiac patients) 

 SCIP-Inf 4  Cardiac surgery patients with controlled 6 AM 
postoperative serum glucose ( £ 200 mg/dL) 
 • Measure added in 2008 

 SCIP-Inf 5  Postoperative wound infection diagnosed during index 
hospitalization 
 • Outcome measure 

 SCIP-Inf 6  Surgical patients with appropriate hair removal 
 • Added in 2008 
 • Retired in 2011due to high overall compliance 

 SCIP-Inf 7  Colorectal surgical patients with immediate postopera-
tive normothermia 
 • Proposed for 2009 but not endorsed 

 SCIP-Inf 8  Short half-life prophylactic administered preoperatively 
re-dosed within 4 h after preoperative dose 
 • Proposed for 2010 but not endorsed 

 SCIP-Inf 9  Removal of postoperative urinary catheter removal by 
day 1 or 2 
 • Newly added for 2011 

 SCIP-Inf 10  Perioperative temperature management 
 • Newly added for 2011 
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CMS has deemed that SSIs following certain elective opera-
tions are “hospital-acquired conditions” for which hospitals 
would not be reimbursed. Currently, these conditions include 
SSI following coronary artery bypass grafting, certain ortho-
pedic procedures, and bariatric surgery for weight loss  [  128  ] , 
but the list of operations is likely to grow.  

   Conclusion 

 Patients who develop SSIs should be monitored carefully until 
the resolution of infection. Patients with open incisions may be 
discharged home with dressing changes supervised by visiting 
nurses and examined in the outpatient setting until healed. Once 
healed, patients with super fi cial or deep incisional SSIs 
involving the abdomen should be examined periodically to 
check for hernias at the site of the infection (the risk is 10–20%, 
even if the fascia is intact initially). Patients with organ/space 
infections who improved with percutaneous drainage should 
have the drains studied with contrast after the output decreases 
to ensure collapse of the cavity before removal of the drains 
(usually at 10–14 days). Patients who develop abdominal wall 
hernias should be evaluated for feasibility of abdominal wall 
reconstruction when stable. Risk and bene fi ts and the patient’s 
overall quality of life and medical health should be considered 
carefully, as these operations are often complex and have con-
siderable recovery considerations. 

 In conclusion, SSI is a common complication; probably 
more than 3% of surgical patients are affected. Although 
many incisional infections are controlled easily, deeper and 
more extensive infections may have devastating long-term 
consequences for the patient’s quality of life. Patient factors, 
including immune function, body temperature, oxygenation, 
glycemic control, the particular surgical procedure per-
formed, and the infecting organism, all interact and eventu-
ally determine whether an SSI develops. Antimicrobial 
prophylaxis should be utilized carefully and appropriately to 
maximize bene fi t and minimize risk. Additionally, good sur-
gical technique should be emphasized; simple local measures 
such as antisepsis, minimal use of electrocautery and 
implanted foreign bodies (e.g., nonabsorbable sutures), and 
prevention of hematoma are also important. Surgeons should 
be vigilant in addressing modi fi able risk factors to help pre-
vent of the development of SSI for every patient.      
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         Introduction 

 Hemorrhage is the leading cause of intraoperative deaths. Many 
cardiovascular and hepatobiliary procedures result in massive 
hemorrhage and postpartum hemorrhage events in labor and 
delivery place the patient at a high risk for mortality. 
Gastrointestinal bleeding from diverticulosis, varices, and ulcer 
disease can result in signi fi cant blood loss requiring massive 
transfusion and resuscitation from hemorrhagic shock. Timely 
and effective transfusion of blood products is of critical in these 
scenarios. The frequency in which blood component products 
are transfused in surgical patients begs for a greater understand-
ing of them. The aim of this chapter is to provide clinicians with 
a discussion of the current literature on the various blood com-
ponent products, their indications, and unique hemostatic condi-
tions in the surgical patient. While the majority of data 
concerning optimal management of acquired coagulopathy and 
hemorrhagic shock resuscitation is based on trauma patients, 
many of the principles can and should be applied to the surgical 
patient (or likely any patient) with profound hemorrhage.  

   The Lethal Triad of Acute Resuscitation 

 The concept of the lethal triad—hypothermia, acidosis and 
coagulation—was  fi rst promoted in the trauma population in 
those undergoing emergency surgery. In an effort to combat 
its development (or at least attenuate its effects), several 
authors began advocating for Damage Control Surgery 
 [  1,   2  ] . However, the principles of Damage Control have 
spread through the trauma centers and into the operating the-
aters and intensive care units  [  3  ] . Central to this concept is 

aggressively and rapidly addressing all three components 
simultaneously, as each greatly affects the other. 

 Hypothermia, a core body temperature of 34–36°C, in the 
trauma patient primarily results from re fl exive peripheral 
vasoconstriction in the hypovolemic patient. This phenome-
non is further exacerbated by rapid infusion of unwarmed 
crystalloid  fl uid during initial resuscitation. This condition 
impairs coagulation factor activity and platelet function, 
such as their ability to produce thromboxane, and must be 
rapidly reversed  [  4  ] . Crystalloid and colloid  fl uids also con-
tribute to hemodilution of clotting factors, further promoting 
ongoing bleeding. Hence, in this situation, early plasma ther-
apy and platelets have been shown to improve outcomes  [  5  ] . 

 Acidosis has been hypothesized to result from hypoperfu-
sion and excess administration of ionic chloride in normal 
saline administration. The acidosis disturbs platelet function 
and morphology, reduces coagulation factor complex activ-
ity, and degrades  fi brinogen. Approximately 25% of trauma 
patients present with abnormal coagulation parameters, and 
these have been associated with poorer outcomes in these 
patients. The three conditions previously mentioned contrib-
ute to poor clot formation and aggravated coagulopathy  [  4  ] . 

 Evidence exists supporting increased survival upon rapid 
treatment of initial coagulopathy  [  5,   6  ] . Preemptive strategies 
have been shown to actually reduce coagulopathy and the 
number of overall transfusions required to treat the patient  [  7, 
  8  ] . However, challenges to implementation include time limi-
tations of laboratory-guided component therapy since the 
results of the tests are not immediate. Another dif fi culty is 
that once it has been determined that the patient should receive 
plasma, it may take another 30–45 min to thaw and deliver the 
products  [  5  ] . As such, hospitals should have in place a thawed 
plasma program, keeping adequate numbers of “universal” 
and type-speci fi c thawed plasma available for immediate 
release. Plasma thawing protocols exist to avoid this issue and 
are discussed in later sections. In acutely bleeding patients, 
massive transfusion protocols are often activated in order to 
ef fi caciously restore blood volume and hemostasis and thawed 
plasma is critical to their success  [  5,   6  ] .  
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   Massive Transfusion Protocols 

 A massive transfusion (MT) is de fi ned as more than ten units 
of red blood cells (RBC) in 24 h  [  5  ] . A massive transfusion 
protocol (MTP) is the standardization of the delivery and 
transfusion of RBC, plasma, and platelets in predetermined 
and prede fi ned ratios as facilitated by a surgical or medical 
team. In the patient requiring immediate resuscitation, a typ-
ical MTP will call for six to ten units of RBC, with a ratio of 
RBC to plasma and platelets in 1:1:1 to 1:1:2 fashion. This 
protocol and release of products will continue based on 
ongoing bleeding (Fig.  12.1 ). These assessments are gener-
ally implemented “blind,” with subsequent releases guided 
by routine coagulation laboratory studies as well as throm-
boelastography (TEG)  [  9  ] .  

 Even before the transfusions take place, MTPs call for the 
rapid mobilization of blood components by having AB 
thawed plasma and group O RBC  [  10  ] . A type and screen 
should be drawn as soon as possible to allow for the transi-
tion from universal products to type-speci fi c ones. The 
ef fi cacy of an MTP also lies in its early implementation as 
well as identi fi cation of patients who would bene fi t from 
such an intervention. Criteria for activation include labora-
tory values, anatomic injuries, and mechanism of injury. 
Several authors have demonstrated that the transfusion of 

uncross-matched RBCs is an independent predictor of 
substantial hemorrhage and the transfusion of multiple units 
of RBC, plasma, and platelets  [  10,   11  ] . As such, when one is 
requesting uncross-matched product for transfusion, the 
institution’s MTP should be activated. 

 Prior to the advent of MTPs, resuscitation protocols for 
severely injured patients began with large volumes of crystal-
loid followed by RBC transfusions. Later on, plasma, plate-
lets, and cryoprecipitate were administered if the patient had 
survived the operating theater and then only based on labora-
tory values and the opinion of anesthesiologists and transfu-
sion specialists. These guidelines recommended transfusions 
at prothrombin time ratio of >1.5, platelet counts of <50 × 10 9 /L, 
 fi brinogen level <1.5–2.0 g/L or after a predetermined volume 
loss. This approach relied on a reactive strategy where the cli-
nician was constantly “catching up” with values representing 
an earlier hemodynamic state of the patient  [  12  ] . 

 While this standard resuscitation method is adequate for 
patients who are not in shock or not bleeding, studies have 
demonstrated that it does not suf fi ce for the subset of patients 
who have sustained serious injuries, are coagulopathic or in 
shock  [  5  ] . One reason is that the coagulopathy is addressed 
after a time lapse since the original laboratory values were 
obtained. Other reasons for the suboptimal results of this 
method are due to the ratios of each blood component 

  Fig. 12.1    An example of a massive transfusion protocol. Adapted from reference  [  5  ]        
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product infused. Speci fi cally, evidence exists that demon-
strates that large volume of crystalloid  fl uids is associated 
with increased hemorrhage and lower survival rates  [  13  ] . It 
has been hypothesized that this effect is due to insuf fi cient 
replenishing of hemostasis factors, and the complex coagul-
opathy of dilution, consumption of factors, and  fi brinolysis is 
not adequately addressed. MTPs also offer the advantage of 
reducing intraoperative crystalloid use and hence, reducing 
opportunities for hemodilution. 

 Damage control resuscitation (DCR) expands on the MTP 
process and calls for low-volume resuscitation, sparing the 
patient of resuscitation with  fl uids such as crystalloids and 
colloids that are low in hemostasis factors  [  14  ] . Instead, DCR 
adheres to transfusion of blood products in a ratio of plasma 
and platelets to red blood cells consistent with that which is 
being lost to hemorrhage. It also involves more permissive 
hypertension, and acting preemptively on the hypovolemic, 
hemorrhaging patient. DCR is also supported by  fi ndings 
from the US Army’s Institute of Surgical Research, which 
demonstrated improvement in outcomes in severely bleeding 
patients who were transfused in ratios of products similar to 
whole blood. Civilian trauma data has also shown that RBC 
to plasma ratio between 3:2 and 1:1 lead to reduced 30-day 
mortality and increased odds of survival  [  5  ] . Fox et al. found 
that patients undergoing vascular surgery with DCR had 
improved revascularization and graft patency. Their results 
demonstrated that recombinant VIIa, whole blood, fresh fro-
zen plasma (FFP), platelets, cryoprecipitate and minimal 
crystalloid prevented early graft failures  [  15  ] . 

 While there is a wealth of data in the trauma population, 
less data is available regarding coagulopathy in the severely 
bleeding patient in other surgical specialties. It is, however, 
important to consider the underlying pathology responsible 
for exsanguination, such as in obstetric patients, as well as 
related comorbidities, such as uremia, pharmacologic antico-
agulation, in assessing for need of blood products  [  5  ] . For 
instance, Kılıç et al.’s review of resuscitation in patients with 
gastrointestinal bleeding found that 1:1:1 ratios of pRBCs, 
FFPs, and platelets reduced dilutional coagulopathy, simi-
larly to trauma patients  [  16  ] . Patients undergoing open thora-
coabdominal aortic aneurysm repair are also vulnerable to 
coagulopathy due to systemic heparinization, hypothermia, 
and left-heart bypass with a centrifugal pump  [  17  ] . As well, 
several authors have noted its bene fi t in the vascular popula-
tion  [  15,   18,   19  ] . Mell evaluated 168 patients with ruptured 
abdominal aortic aneurysm who had massive hemorrhage in 
the perioperative period. Their  fi ndings showed reduced 
30-day mortality in patients who were transfused 1:1 RBC to 
plasma ratios. These patients also experienced lower rates of 
colonic ischemia. The value of this study is that the average 
age of patients was 73 years, much older than the average 
trauma patient, demonstrating applicability of MTPs in dif-
ferent patient age populations  [  19  ] . 

 Lastly, evidence on MTPs has focused on the acutely 
bleeding surgical patient, and less is known about patients in 
other surgical settings. Due to the less emergent nature of 
such settings, it is likely that MTPs are activated more reac-
tively, and it may have a different effect on patient outcome 
 [  5  ] . However, some groups have shown that those patients 
receiving less than massive transfusion levels may still 
bene fi t from higher plasma to red blood cell ratios  [  20  ] . 
Wafaisade and colleagues demonstrated decreased mortality 
rates in such patients.  

   Thawed Plasma Protocols 

 Because of the nature of frozen plasma, transfusion delays of 
45 min occur as units are thawed and prepared. Young and 
colleagues surveyed members of the University Health 
System Consortium, consisting of 107 academic medical 
centers and 232 af fi liated hospitals and found that only 60% 
of participating hospitals had thawed plasma suf fi cient for 
the  fi rst cycle of their MTP. This problem delays the critical 
availability of plasma in the initial phase of resuscitation. 
Reviews of plasma, cryoprecipitate and platelet transfusions 
alongside massive blood transfusion protocols have demon-
strated that earlier use of plasma and platelets in trauma 
patients have decreased the incidence of coagulopathy  [  21  ] . 
Unfortunately, by the time one or more blood volumes have 
been lost, plasma may still be unavailable in the absence of a 
thawed or liquid plasma program. Hence, protocols have 
been established to reduce wastage of products and use them 
for patients in an ef fi cacious manner  [  22  ] .  

   Blood Component Products: Red Blood Cells 

 Red blood cells are the component of choice used to restore 
hemoglobin levels in resuscitation. More than 30% of inten-
sive care unit (ICU) patients receive RBC transfusions and 
more than 40% are transfused during hospitalization  [  23  ] . 
The Cardiovascular Health Study found that anemia is asso-
ciated with increased mortality in elderly patients, emphasiz-
ing the importance of treatment  [  24  ] . However, correction of 
anemia in surgical patients has not been readily studied, and 
its bene fi ts remain controversial. 

 In their review, Englesbe et al. note that there is not yet a 
consensus of in what degree of anemia can RBC transfusions 
offer a bene fi t  [  25  ] . They discuss the current  fi ndings by vari-
ous studies, which have found that survival was not increased 
when postoperative patients were transfused to correct a 
hematocrit of 25%, and similarly, while studies favor trans-
fusion in cardiac patients with a hematocrit of 33% or less, a 
true bene fi t remains to be seen. Hence, they recommend 
making the decision to transfuse using a host of physiological 
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measures and evaluation of the patient’s compensatory abil-
ity, not only the hematocrit. They have used a trigger of a 
hematocrit of 16% for initiating transfusion when the patient 
has excellent compensatory ability, and 21% when this is not 
the case  [  25  ] . The 21% trigger should also be employed in 
stable elderly patients without tachycardia or hypoxia. 
Otherwise, their investigations have not yet shown bene fi ts 
in strati fi cation of surgical patients by specialty or proce-
dures. One surgical population that has been studied with 
regards to transfusion is patients undergoing infrarenal 
abdominal aortic aneurysm surgery. A meta-analysis of ran-
domized controlled trials demonstrated that intraoperative 
autotransfusion in these patients decreased the allogeneic 
blood transfusion requirement  [  26  ] . 

 High quality evidence, notably Hébert et al.’s, exists to sup-
port conservative triggers for RBC transfusion in critically ill 
patients  [  27  ] . This multicenter randomized, controlled, clini-
cal trial of 838 critically ill patients compared the outcomes of 
patients who were transfused at hemoglobin levels of less than 
7.0 g/dL and those who were transfused at hemoglobin levels 
below 10.0 g/dL. Their study ultimately found that the more 
restrictive trigger of 7.0 g/dL was superior to the liberal one 
and patients experienced improved 30-day survival rates. Of 
note, of the various patient populations studied, this improve-
ment was not found to be signi fi cant in patients with acute 
myocardial infarction and unstable angina  [  27  ] . 

 It is important to be mindful of false triggers for transfu-
sion, such as anemia due to hemodilution, commonly seen in 
patients receiving  fl uids during prolonged hospital stays. 
A peripheral hematocrit is not enough to determine the 
patient’s red blood cell levels, and calculations of total blood 
volume, red blood cell volumes, and normalized hematocrit 
are necessary  [  28  ] . Van et al. report that relying on peripheral 
hematocrit alone resulted in overdiagnosis of anemia in 
23.8% of analyses, and this  fi nding can lead to unnecessary 
transfusions. Blood Volume Analyzers are one option that 
has been shown to separate anemia due to hemodilution 
compared to other sources such as surgical bleeding  [  28  ] . 

 In patients with prolonged hospital stays and critically ill 
patients, it is important to keep in mind anemia due to phlebot-
omy for various laboratory testing and other needs  [  23  ] . Between 
40 and 240 ml of blood per day is collected from ICU patients, 
with surgical patients generally on the higher end. Hence, the 
conservation of blood and reducing unnecessary blood draws is 
key to preventing a need for pRBC transfusions. 

   Erythropoetin 

 Because RBC transfusions are associated with certain 
risks that are discussed in a later section, it is important to 
also consider possible alternatives or treatments that 
reduce transfusion requirements, such as epoetin alfa. 

Silver et al.’s randomized, double-blind, placebo-controlled 
trial investigated the role of epoetin alfa, a recombinant 
erythropoietin, in reducing the RBC transfusion require-
ment of long-term acute care patients, thereby reducing 
risks associated with transfusions [  29  ] . Their  fi ndings 
showed that treatment with epoetin alfa signi fi cantly 
increased hemoglobin concentration and the odds ratio for 
receiving an RBC transfusion compared to patients on the 
placebo arm was 0.28  [  29  ] . Additionally, Vincent et al.’s 
randomized, double-blind, placebo-controlled study dem-
onstrated that a once weekly dose of epoetin alfa aug-
mented the erythropoietin response  [  30  ] . Knight et al.’s 
review found that patients with cancers of various organs 
who did not have anemia, most due to correction with 
epoetin alfa, required less transfusions and experienced 
more quality of life  [  31  ] . However, epoetin alfa is limited 
by its delayed onset at 5–7 days. As for its effects on mor-
tality, Corwin et al. conducted a prospective, randomized, 
placebo-controlled trial of 1,460 medical, surgical, or 
trauma patients  [  32  ] . Weekly injections of epoetin alfa 
were shown to decrease mortality at day 29 and day 140, 
especially in trauma patients compared to placebo. 
However, epoetin alfa was associated with an increase in 
thrombotic events, and did not affect the number of 
patients who received a transfusion of RBCs  [  32  ] .  

   Iron Supplementation 

 Iron sucrose has also been investigated as a possible adjunct 
to RBC transfusions in order to reduce transfusion require-
ments. To answer this question in colorectal cancer surgery 
patients, Edwards et al. conducted a randomized prospective 
blinded placebo-controlled trial of 60 patients  [  33  ] . Patient 
outcomes, which were assessed using change in hemoglobin 
levels, serum iron markers, transfusion rate, length of hospi-
tal stay and perioperative events, were found to be unchanged 
by the addition of 600 mg of iron sucrose  [  33  ] .   

   Blood Component Products: Plasma 

 Plasma is an acellular blood product consisting of clotting 
factors involved in coagulation and  fi brinolysis, as well as 
proteins involved in immune reactions and maintenance the 
oncotic balance of blood. Plasma can be obtained from sepa-
ration of whole blood or unique plasma donations from a 
donor using plasmapheresis. Common indications for plasma 
are reversal of warfarin-induced anticoagulation, massive 
transfusion in trauma and surgery, procedures with limited 
bleeding or risk thereof, liver disease with coagulation factor 
de fi ciencies, single coagulation factor de fi ciency, and throm-
botic thrombocytopenic purpura (TTP)  [  34  ] . 
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 Historically, plasma transfusions have been associated 
with various side effects including transfusion related acute 
lung injury (TRALI)  [  35  ] . However, these complications have 
been dramatically reduced with blood donation centers tran-
sitioning to male only and/or nulliparous female donors  [  36  ] . 

 Norda et al. studied two types of plasma: thawed plasma 
and liquid plasma (never frozen). Liquid plasma is an AABB 
approved product and may be stored at 2–6°C for up to 26 
days. Both of these types of plasma have been considered 
clinically equivalent. As for their individual components, 
liquid plasma has been shown to contain levels of Factor V 
and von Willebrand factor at levels 70% or greater. However, 
studies have noted that C1 esterase inhibitor (C1INH) was 
consumed by day 14 in 22% of plasma products due to cold-
induced contact activation  [  37  ] . In order to avoid this effect 
that places patients at risk for inadequate perfusion, some 
institutions have introduced a maximum storage time of 
7 days for nonfrozen plasma  [  37  ] . 

 Murad et al.’s meta-analysis of 37 studies on adults trans-
fused with plasma compared with nontransfused controls 
demonstrated that in the setting of massive transfusions in 
trauma patients, transfusion may be associated with increased 
survival and decreased multiorgan failure. However, they 
also noted increased mortality in patients who received 
plasma not part of a massive transfusion protocol. This 
 fi nding may be due to the unbalanced ratio of transfusion of 
products, unlike in mass transfusion protocols, which call for 
1:1 transfusion of RBCs and plasma. In addition, plasma 
transfusion was associated with increased risk of developing 
TRALI, and by itself did not reduce transfusion requirements 
 [  34  ] . Their  fi ndings, in the  fi rst comprehensive meta-analysis 
and systematic review of plasma transfusion outcomes, high-
light the need of assessing each patient’s indications for 
plasma. The maturation of this  fi eld will be needed to 
strengthen the  fi ndings, which the authors did note were sub-
ject to survivor biases in some studies. However, none of 
these studies involved the use of plasma in patients with 
hemorrhagic shock. In this population of patients, the inci-
dence of multi-organ failure has been shown to be lower than 
comparison cohorts (most likely as a result of less overall 
transfusions in the higher plasma group)  [  13,   14  ] .  

   Blood Component Products: Platelets 

 The purpose of platelet transfusions is to avoid spontaneous 
hemorrhage, which can occur at very low platelet levels, 
especially in patients who are already hemorrhaging or have 
various platelet de fi ciencies and abnormalities of function. 
Along with plasma and  fi brinogen, platelets are key in 
achieving hemostasis in the obstetric patient with post-par-
tum hemorrhage  [  38  ] . Approximately 50,000 cells/L of 
platelets are necessary in order to achieve adequate hemostasis. 

In addition to the total number of platelets, their quality is 
also important to overall hemostatic function. A patient’s 
platelets must be ef fi cacious, that is, remaining in circulation 
and completing its physiological role in clot formation  [  39  ] . 
This ef fi cacy can be assessed by various modalities, from the 
traditional laboratory coagulation studies to the more recent 
thrombelastograms (TEG), also known as thromboelastogra-
phy, and this topic is covered in the last section.  

   Blood Component Products: Cryoprecipitate 

 Cryoprecipitate consists of von Willebrand factor/VIII com-
plex, factor XIII, and  fi brinogen. It is used to supplement 
plasma transfusions with  fi brinogen, especially in patients 
with  fi brinogen levels of less than 100 mg/dL, the level at 
which hypo fi brinogenemia results in bleeding  [  5  ] . It is named 
cryoprecipitate because single units of plasma are rapidly 
frozen to −30°C and are slowly thawed overnight to 4°C, 
causing many clotting factors such as  fi brinogen to precipi-
tate out of the solution  [  35  ] . Indications for cryoprecipitate 
include factor VII de fi ciency, congenital or acquired 
hypo fi brinogenemia, disseminated intravascular coagula-
tion, and massive transfusion. 

 Unlike plasma, virus-inactivated cryoprecipitate is not yet 
available, and studies on the ef fi cacy of SD FFP and MB FFP 
have not shown a bene fi t  [  35  ] . The complications of cryopre-
cipitate are similar to those of plasma, with a slightly lower 
occurrence of complications associated with higher volumes 
of plasma, such as TRALI and hemolysis  [  35  ] .  

   Blood Component Products: Whole Blood 

 The practice of using whole blood is largely uncommon 
due to the separation of blood components for targeting 
speci fi c de fi ciencies currently supported by evidence-
based medicine. Decision-making for each transfusion 
requires laboratory testing, and each product must care-
fully be stored and transported to the site of need. When 
this is not possible, such as in acute settings with limited 
resources, whole blood transfusions can adequately resus-
citate certain patients. Grosso et al. recount a case of col-
lecting whole blood from hospital personnel donors in a 
US  fi eld surgical hospital in Kosovo  [  40  ] . This whole 
blood was used to treat exsanguinating coagulopathy in an 
acutely bleeding patient. The advantage of whole blood is 
its ability to increase hemoglobin levels, similarly to red 
blood cells, and its ability to restore blood volumes, simi-
larly to crystalloids  [  40  ] . Because of its physiological 
ratios of each blood component, it may hold an advantage 
over individual blood component transfusions, but more 
work is necessary to substantiate this idea.  



160 A. Streiff and B.A. Cotton

   Blood Component Products: Recombinant 
Activated Factor VII 

 Recombinant activated factor VII (rFVIIa), originally devel-
oped for use in hemophilia A and B patients, has recently 
been explored in various off-label uses, such as stemming 
acute bleeding alongside standard replacement therapy. 
Mayo et al. demonstrate the use of a coagulopathy score that 
they found to be statistically correlated to rFVIIa response 
and survival in 13 trauma patients in Israel  [  41  ] . This  fi nding 
was a turning point in the understanding of rFVIIa indica-
tions due to its previous contraindication in coagulopathy. 
Other uses for rFVIIa are factor VII de fi ciency, thrombocy-
topenia, functional platelet disorders, von Willebrand dis-
ease, intracranial bleeding, and reversal of warfarin overdose, 
liver disease, and transplantation. However, little evidence is 
currently available to support these uses  [  41  ] .  

   Transfusion-Related Complications 

 Before entering the discussion on complications related to 
transfusions, the dif fi culty of study design to answer such 
questions must be appreciated. There are ethical obstacles to 
randomizing patients to transfusion and non-transfusion 
arms. Hence, many trials show patients who received more 
blood component transfusions fared worse than patients who 
did not, but this may be entirely because of the condition of 
the patients that necessitated the transfusions  [  25  ] . Khorana 
et al.’s retrospective cohort study of 504,208 patients hospi-
talized with cancer demonstrated that RBC and platelet 
transfusions were associated with increased mortality, as 
well as venous and arterial thrombotic events  [  42  ] . However, 
it is unclear if this is a causal relationship. 

 As with large-scale introduction of exogenous elements 
to the body, immune reactions can develop, a sequela that is 
notorious in blood products. This complication is particu-
larly devastating in severely ill patients. The most notorious 
of these immune reactions are hemolytic reactions. In order 
to prevent this event, it is important to cross-match patient 
and donor blood whenever possible. The most common 
cause of hemolytic reactions due to transfusion of an incor-
rect match is clerical error. Hemolytic reactions in blood 
transfusions occur because each individual carries antibodies 
against the blood group (A or B) that it does not express 
endogenously. Hence, when products containing anti-A or 
anti-B antibodies in plasma, such as plasma, are transfused 
to patients of A, B, or both blood groups, the donor antibod-
ies stage an attack on the patient’s red blood cells. Allergic 
reactions are another common immune-mediated complica-
tion of transfusions. Severely anaphylactic reactions are 
more common after plasma compared to RBC transfusion 

 [  35  ] . Patients present with wheeze, hypotension, tachycar-
dia, laryngeal edema, and urticarial rash. 

 TRALI is de fi ned as acute lung injury occurring within 6 h 
of transfusion with a blood product, with most commonly 
reported cases occurring due to FFP  [  43  ] . TRALI is the most 
common cause of death due to transfusion  [  35  ] . TRALI is char-
acterized by respiratory insuf fi ciency, not limited to but includ-
ing tachypnea, cyanosis, dyspnea, and acute hypoxemia  [  43  ] . 
Unfortunately, the occurrence of TRALI in critically ill patients 
who received a blood transfusion is estimated to be around 
25% and increases with each subsequent transfusion, has a 
mortality rate of approximately 40%, and it is the most com-
mon transfusion-related complication  [  16  ] . Eighty- fi ve percent 
of patients with bleeding varices receive blood transfusions, 
and the trigger for transfusions is much debated. In patients 
with gastrointestinal bleeding, TRALI is further exacerbated 
by the presence of end-stage liver disease. Proposed mecha-
nisms for this phenomenon have included antibody-mediated 
reactions, but these  fi ndings are not de fi nitive and many are 
subject to selection bias due to no screening in the asymptom-
atic population  [  43  ] . Autopsies and animal models have sug-
gested hyperactive PMN involvement, since mass in fi ltration 
was noted  [  43  ] . A two-event model has also been proposed, 
with the  fi rst event dictated by the clinical health of the patient 
and the second event by the quality (affected by storage, donor 
immunologic components) of the blood product  [  43  ] . The 
treatment of TRALI is aggressive respiratory support and ven-
tilation in more severe cases, such as in critically ill patients 
 [  43  ] . Practices to reduce the risk of TRALI include prestorage 
leukoreduction as well as avoiding the use of old blood prod-
ucts, de fi ned as older than 14 days for RBCs and older than 
2 days for platelet concentrates. Another prevention strategy is 
using only male donors or donors who have never been preg-
nant due to look back studies showing fewer TRALI events in 
blood donations from those populations  [  16  ] . Eder et al. dem-
onstrated that preferential distribution of plasma from male 
donors reduced the reported number of TRALI cases  [  44  ] . 

 Transfusion-associated immunomodulation refers to the 
immunosuppression resulting from the introduction of for-
eign antigens via blood products to the host  [  25  ] . The exact 
mechanism of this effect has not yet been elucidated, but 
plasma components, white blood cells (WBCs), metabolic 
products from storage processes are thought to play a role. 
This effect may be responsible for the immunosuppressive 
effects of transfusions on severely ill patients. 

 Transfusions can cause sensitization to HLA antigens, 
creating a unique problem in potential kidney transplant 
patients. Studies have demonstrated increased sensitiza-
tion of patients on a kidney transplant waiting list after 
transfusion, rendering them unsuitable candidates for liv-
ing donation. Their only remaining alternative once this 
has occurred is to wait for a cadaveric graft, which takes 
up to four times longer, and may never receive a transplant. 
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Hence, non-life-sustaining transfusions should be avoided 
in potential kidney transplant recipients  [  25  ] . 

 Red blood cell transfusion is an independent predictor of 
systemic in fl ammatory response syndrome (SIRS), ICU 
admission, mortality, and length of hospital stay, and the 
development of multiple organ failure (MOF)  [  45  ] . In par-
ticular, the age of the blood plays an important role, with 
increased age of RBCs resulting in increased instances of 
MOF. RBCs are not alone in this adverse event. A multi-
center prospective cohort study demonstrated that FFP was 
independently associated with increased risk of MOF and 
acute respiratory distress syndrome (ARDS) of 2.1% and 
2.5%  [  46  ] . The same study found, however, decreased risk of 
MOF per unit of cryoprecipitate, and platelets were not found 
to be associated with MOF or ARDS  [  46  ] . 

 In addition to MOF, blood transfusions are notorious in 
lay media for their association with infectious agents. In their 
review of the current literature, Englesbe et al. found that 
patients who received transfusions compared to those who 
did not experienced signi fi cant increase nosocomial infec-
tion rates, and each additional pRBC transfused correlated to 
increased infection risk  [  25  ] .  Staphylococcus aureus  is the 
most commonly transmitted bacterial pathogen  [  16  ] . 
Bacterial pathogen in blood products arise mainly from 
donor skin, and platelets are especially prone to these con-
taminants  [  35  ] . However, bacterial infections are less com-
mon than viral infections in blood transfusions. 

 Despite increased screening and testing, each RBC transfu-
sion is associated with a risk for viral infections such as hepatitis 
 [  29  ] . Virus risks in the UK in FFP have been estimated at 1 in 
8 million for HIV, 1 in 30 million for HCV and 1 in 900,000 for 
HBV  [  35  ] . Since up to 50% of adult donors are cytomegalovirus 
(CMV) carriers, there is a risk of transmission of this virus to 
patients, especially the immunosuppressed, transplant patients 
and neonates  [  35  ] . Compared to viral causes, bacterial, endo-
toxin and prion contamination rates are more rare  [  35  ] . In order 
to avoid this deleterious complication, virus-inactivated prepa-
rations of plasma exist, such as methylene blue and solvent-
detergent treated products. While these options may offer 
increased viral protection, they have been associated with loss 
of clotting factors  [  35  ] . The most stringent testing protocols and 
sensitive tests may not ever eradicate the risk of infectious agent 
transmission due to several reasons. First, new pathogens of 
unknown methods of spread are constantly emerging and may 
not actively be screened for in its early emergence, such as 
human immunode fi ciency virus (HIV) and West Nile virus. 
Another obstacle in prevention is the incubation period of patho-
gens before seroconversion of blood  [  29  ] . 

 Prion diseases transmitted by transfusion has been a con-
cern in the UK, following the bovine spongiform encephal-
opathy (BSE) epidemic. Unfortunately, no screening test for 
this condition has been established, and the occurrence of 
prion diseases in blood products in the UK is largely 

unknown. In order to avoid transfusions with prion disease, 
plasma has been imported from the USA since 2002 for 
pediatric transfusions  [  35  ] . 

 Another concerning complication is the loss of ef fi cacy in 
stored blood, and the adverse effects it causes. These conse-
quences of the storage process are known as a storage lesion. 
With current technology, the shelf life of red blood cells cannot 
be extended further than its physiological shelf life of 120 days, 
and 35 and 42 days is the limit of viability in whole blood and 
adenine-saline preservation, respectively  [  29  ] . Even this length 
of shelf-life results in counterproductive transfusions. 
Speci fi cally, RBC products older than 2 weeks have been shown 
to not improve oxygen uptake in septic patients. In fact, RBCs 
of that age have been associated with higher mortality, increased 
adverse events, extended hospital stay, and electrolyte imbal-
ances. This reduction in ef fi cacy may be due to decreased ability 
of the older RBCs to unload oxygen  [  29  ] . Another proposed 
mechanism is that since stored RBCs have depleted nitric oxide, 
this may have a vasoconstrictive effect, leading to thrombosis 
and the observed increases in venous and arterial thrombotic 
events in patients with increased pRBC and platelet transfusions 
 [  42  ] . The question is how realistic it is to maintain strict storage 
age in a  fi nite and scarce resource such as blood. A double-
blind, prospective randomized pilot study demonstrated that 
controlling the storage age of RBCs in transfusion compared to 
the current standard of care is feasible and results in decreased 
exposure to older blood  [  47  ] . More evidence is needed to deter-
mine precisely the cut off age of RBCs in their ef fi cacy and 
availability. In stored platelets, it has been estimated that the 
recovery rate of 5-day old platelets is about 50%, with many 
nonviable platelets being sequestered into the spleen  [  21  ] . For 
these reasons, there is some concern that platelet counts per-
formed immediately after transfusion do not provide an accu-
rate picture of platelet function  [  21  ] . 

 Given the complications listed previously, a discussion of 
known preventative measures is warranted. Transfusion with 
RBCs that have not been leukoreduced has been associated 
with increased risk of multiple organ failure and degenerating 
leukocytes may cause RBC toxicity. Furthermore, nationwide 
leukoreduction protocols in Canada were shown to lower 
mortality rates  [  29  ] . Currently, in the USA, leukoreduction is 
not a standard practice despite evidence of bene fi t, and addi-
tional work is required to determine effects on outcome in 
various patient populations, such as ICU patients  [  29  ] . 

 Hospitalized patients receiving transfusions are already in a 
vulnerable state of health, and when transfusion-related adverse 
events occur, it is most regrettable. With institutional triage pro-
tocols and transfusion guidelines, such unnecessary harm can 
be avoided, and cost reduction of a limited and precious resource 
can be achieved  [  48  ] . Protocols and scoring systems, such as the 
Emergency Transfusion Score (ETS), have been successfully 
shown to triage patients in need of transfusions and those for 
whom it would be unnecessary  [  49  ] .  
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   Special Populations 

   The Anticoagulated Patient and the Patient 
Receiving Platelet Inhibitors 

 There are many considerations to address in the management 
of an anticoagulated surgical patient, such as reversing anti-
coagulation fully before operation, in order to avoid bleeding 
complications. In the nonelective setting, such as life-threat-
ening hemorrhage or emergent surgical indications, this pro-
cess must be sped up, using prothrombin complex concentrate 
(PCC)  [  50  ] . Unlike FFP, PCC can be administered without 
the need for cross-matching or thawing, has more predictable 
concentrations of clotting factors, and has been shown to 
reverse warfarin-related coagulopathy. The clotting factors 
are also in high concentrations, approximately 25 times that 
of plasma, decreasing the volume of PCC needed. In addition, 
the INR is rapidly corrected, taking about 15 min  [  50  ] . 

 Anticoagulated patients and patients using antiplatelet agents 
are especially vulnerable to coagulopathies, which may develop 
during resuscitation. Kılıç et al.’s  fi ndings recommend using 
individualized treatment, providing the de fi cient blood compo-
nent as per laboratory value de fi ciency  [  16  ] . In addition, patients 
who are overly anticoagulated with warfarin may also be treated 
with PCC containing vitamin K dependent factors  [  16  ] . 

 Due to the teratogenocity of warfarin, pregnant patients 
requiring anticoagulation receive heparin as the preferred 
drug for preventing pulmonary embolism or in thrombopro-
phylaxis in atrial  fi brillation  [  51  ] . Insertion of a venal caval 
 fi lter is another option. 

 In the surgical patient, it is important to discontinue aspi-
rin and reversible platelet inhibitors such as clopidogrel 10 
and 7 days respectively before an operation to avoid bleeding 
complications  [  50  ] . However, risks of thrombotic events in 
discontinuation of these agents in cardiovascular surgeries 
have been noted  [  50  ] . Because of these risks with anticoagu-
lated patients and patients receiving antiplatelet agents, it is 
important to weigh the bene fi ts of the surgery against these 
risks, among others.  

   Obstetrical and Gynecological Patients 

 Obstetric patients are one subpopulation of actively bleeding 
surgical patients that can easily confuse the provider. Their 
generally young age may lead one to dismiss some vital sign 
changes or lab values, while alterations of their physiology in 
response to pregnancy often results in the misinterpretation of 
critical  fi ndings. During pregnancy, blood becomes less vis-
cous in order to increase oxygen carrying capacity while mini-
mizing increased cardiac load as much as possible. Intravascular 
volume, and more speci fi cally, plasma volume increases 

proportionately more than red cell volume, creating a “physi-
ologic anemia of pregnancy”  [  51  ] . Fibrinogen, von Willebrand 
factor and factors VII, VIII, IX, X, XII are synthesized more 
frequently while levels of factors XI and XIII and platelets 
decrease  [  38  ] . Levels of factor II decrease, yet interestingly, 
prothrombin time (PT) and partial thromboplastin time (PTT) 
remain unaffected  [  51  ] . Mechanical obstruction of the uterus 
on the inferior vena cava and other vessels encourage stasis 
and the formation of thrombi. The summation of these effects 
result in a net hypercoagulable state  [  51  ] . 

 The utero-placental circulation has increased activity of 
both coagulation and  fi brinolysis, contributing to increased 
levels of  fi brin degradation products such as  d -dimer, espe-
cially in the third trimester  [  38  ] . This effect may contribute 
to the hemostatic challenges in obstetric patients. 
Anti fi brinolytics such as tranexamic acid and aminocaproic 
acid can be used to treat hyper fi brinolysis. In fact, tranexamic 
acid has been shown to reduce blood loss after elective cae-
sarean section and vaginal delivery  [  38  ] . Plasma and cryo-
precipitate contain  fi brinogen and may be used to replenish 
 fi brinogen in states of hypo fi brinogenemia (<180 mg/dL). 

 Post-partum hemorrhage (PPH) is a major cause of obstet-
ric mortality that may require peripartum hysterectomy and is 
the most common cause of maternal mortality worldwide. 
PPH, in general, is not associated with underlying coagulation 
disorders but rather acute events related to placenta abnormali-
ties, trauma from large births or instrumentation, or uterine 
atony  [  38  ] . In addition to rapid surgical intervention, hemato-
logic management of PPH includes rapid volume replacement 
and blood transfusions. These patients are likely to bene fi t 
from management strategies similar to that for acutely injured 
patients who are in shock from hemorrhage. 

 In obstetrical patients, rFVIIa has also been found to con-
trol and decrease hemorrhage. Segal et al.’s observation of 
three patients with PPH, hypovolemic shock, and DIC who 
received massive transfusions suggests that rFVIIa may be 
bene fi cial adjunctive therapy after the completion of hysterec-
tomy  [  52  ] . The therapeutic effect of rFVIIa may be due to its 
binding of tissue factor at the site of vessel injury and forming 
a complex, activating platelets and facilitating  fi brin clot for-
mation  [  52  ] . However, these  fi ndings have not been consistent 
in the current literature, and especially because of the expense 
of rFVIIa, the decision to administer this to the patient must 
involve a thorough consideration of the bene fi ts, if any  [  38  ] .  

   The Non-hemorrhaging Surgical Patient 

 Intensive care unit (ICU) patients are another patient popula-
tion that frequently receives blood transfusions in order to 
correct their anemia, which has been shown by a large body 
of work to indicate worse prognosis  [  29  ] . These patients are 
anemic due to sepsis, occult blood loss, hemorrhage, 
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decreased production and functional iron de fi ciency. ICU 
patients with low hemoglobin levels are more likely to suffer 
from complications such as sepsis, and they are more likely 
to experience delayed weaning from ventilator support. The 
decision to transfuse such patients should weigh the bene fi ts 
and the risks of blood transfusions, especially given the 
patients’ increased susceptibility to infections, iatrogenic 
events and increased metabolic demands  [  53  ] . Vincent et al.’s 
multicenter prospective observational study of 1,136 patients 
demonstrated that ICU patients frequently received transfu-
sions, with a transfusion rate of 37% during their stay. The 
patients who received transfusions also experienced a higher 
mortality rate, prolonged hospital stay, and decreased organ 
function  [  53  ] . There is also evidence suggestive of increased 
transfusions in patients with hemoglobin levels higher than 
the generally accepted trigger value of 8 g/dL. Speci fi cally, 
Vincent et al. found that in under 30% of cases, patients with 
hemoglobin levels greater than 9 g/dL received blood trans-
fusions  [  53  ] . Hence, future work is needed to recommend 
strict hemoglobin cut offs for transfusion.   

   Thrombelastography and TEG-Guided Therapy 

 In the acute trauma setting, conventional coagulation testing 
(CCT), which consists of prothrombin time, international nor-
malized ratio (INR), partial thromboplastin time, and platelet 
count, is used to assess coagulation status. This approach, how-
ever, is limited by slow results, incomplete characterization of 
the coagulation abnormality, and poor prediction of patient out-
come. Furthermore, CCTs, which are riddled with delays from 
time to arrival in the laboratory and duration of testing, end up 
re fl ecting the coagulation state of the patient after 30–45 min of 
interventions and resuscitation  [  54  ] . Since CCT only examines 
plasma factors, the integral role of platelets and their function is 
ignored. In addition, the CCT assesses only the extrinsic path-
way, intrinsic pathway, and platelet count, painting an incom-
plete picture of the pathologies of clotting in the severely 
exsanguinating patient. These de fi ciencies are addressed by 
thrombelastography (TEG), a test that creates a dynamic, graphi-
cal representation of the coagulation characteristics of a blood 
sample from initial clot formation to  fi brinolysis. Since speci fi c 
coagulation components have speci fi c disturbances on TEG, this 
test reveals diagnostic as well as therapeutic information  [  55  ] . 

 The procedure involves obtaining an uncitrated whole blood 
sample, activation of the specimen with kaolin and spinning the 
sample in a thrombelastograph machine within 4–5 min in order 
to avoid clotting  [  55  ] . If this timeframe cannot be achieved, a 
“reversal” method can be used, where citrate is used to avoid clot-
ting until the sample has arrived at the laboratory, at which point, 
the citrate will be “reversed” using calcium chloride as per manu-
facturer instructions. While this method has been shown to affect 
TEG results, it has not been shown to be inferior to the standard 

method and may be used in centers where 4–5 min from sample 
collection to running the TEG is not realistic  [  55  ] . 

 Rapid TEG differs from conventional TEG in its addition 
of tissue factor to the blood sample and kaolin, accelerating 
activation of the clotting cascade. This modi fi cation makes it 
well suited for the trauma setting since its results are avail-
able much earlier, namely under 20 min, compared to kaolin 
TEG and CCTs, which can take over 30 min, without 
sacri fi cing accuracy  [  55  ] . 

 Interpreting the results involves analyzing each of the 
sequential measurements (Fig.  12.2 ). Reaction time, or R-time, 
in TEG is the time until initial clot formation. It is also known 
as activated clotting time (ACT) in r-TEG in order to denote 
intentional anticoagulant agents in the sample. Factor 
de fi ciency or severe hemodilution can prolong reaction time 
or ACT. Next,  k -time represents the time needed to reach 
20-mm clot strength, and has a normal range of 1–2 min. The 
-angle, normally between 66 and 82°, represents the rate of 
clot formation. In platelet de fi ciency or hypo fi brinogenemia, 
where one of the two key components of clots are missing, the 
 k -time is increased and the -angle is decreased. Oshita et al.’s 
linear regression analysis of 36 samples from healthy individ-
uals reported that MA and  k -time were linearly related to 
platelet count  [  56  ] . The maximal amplitude (MA) of the trac-
ing represents platelet contribution to clot strength (normal 
range 54–72 mm). It is decreased in states of platelet dysfunc-
tion and hypo fi brinogenemia. The  G -value represents overall 
clot strength, including platelet function as well as enzymatic, 
and is decreased in hypocoagulable states (normal 5.3–
12 K dynes/cm 2 ). The LY30 is the percent of amplitude reduc-
tion at 30 min after the MA, and is elevated in hyper fi brinolytic 
states (normal range 0.0–7.5%)  [  55  ]  (Figs.  12.3  and  12.4 ).    

 The use of r-TEG is further facilitated by advanced soft-
ware that displays the r-TEG tracing as the test is being per-
formed, providing physicians with “real time” results. Cotton 
et al. report that early r-TEG parameter tracings (ACT,  k -time 
and  r -value) appeared within 5 min while later values (-angle, 
MA) were seen within 15 min, compared to CCT panels, 

  Fig. 12.2    The various sequential and parallel measurements of TEG 
and ROTEM  [  4  ]        
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which were not available until 48 min  [  55  ] . Installation of 
graphical software in the trauma bay, operating room and 
shock-trauma intensive care unit computers can further facil-
itate the rapid access to TEG results  [  55  ] . 

 TEG data results compare well to the previous standard, 
CCTs. In 2011, Cotton et al. conducted a pilot study of 272 
patients to investigate the role of rapid thrombelastography 
(r-TEG) in (1) assessing speed of results, (2) correlation with 
CCT  fi ndings, and (3) predictability of early transfusions of 
pRBCs, plasma, and platelets  [  55  ] . Their  fi ndings demonstrated 
that graphical r-TEG is available within minutes, an improve-
ment compared to CCTs. They also demonstrated that ACT, 
 r -value and  k -time strongly correlated with PT, INR, and PTT. 
MA and -angle strongly correlated with platelet count, and 
ACT,  r -value, -angle and MA were predictive of pRBC, plasma 
and platelet transfusions within the  fi rst 2 h of arrival. In fact, 
an ACT > 128 predicted massive transfusion in the  fi rst 6 h and 

an ACT < 105 predicted patients that did not receive transfu-
sions in the  fi rst 24 h  [  55  ] . In addition, comparison of TEG and 
CCT in cardiopulmonary bypass patients found that TEG mea-
sures were useful surrogates for CCT values  [  57  ] . Because of 
the speed of their availability and predictive ability, integrating 
TEG results in MTPs can strengthen decision-making and 
management of patients and improve patient outcomes. 

 A wide array of evidence exists in surgical patients in sup-
port of TEG’s ability to predict prognosis, and in some 
instances, guide therapy that improves it. Table  12.1  is an 
example of TEG-guided protocol with such an aim. Platelet 
dysfunction in cardiopulmonary bypass patients has been 
attributed to microvascular bleeding, and TEG has been used 
in the setting of cardiac surgery as a predictor of worsening 
patient outcomes due to this mechanism  [  17  ] . Solomon et al. 
demonstrated that  fi brinogen clot elasticity assessed by TEG 
correlated to  fi brinogen concentration in cardiopulmonary 
bypass patients  [  58  ] . TEG has been found to predict the risk 
of postoperative bleeding, and has been used to direct des-
mopressin therapy and FFP transfusion requirement in car-
diopulmonary bypass patients  [  17  ] .   

 TEG has been shown to be useful in liver surgery, especially 
in transplantation. Unlike other surgeries, liver surgery poses the 
additional problem of increased risk of coagulation factor 
de fi ciencies due to hepatic dysfunction and lack of synthesis. 
TEG-guided transfusion algorithms in this area have been shown 
to reduce the transfusion requirements in such patients  [  17  ] . 

 However, Ogawa et al.’s prospective observational study 
of 26 patients undergoing cardiac surgery did not  fi nd a 
signi fi cant correlation between TEG measures and volume of 
intraoperative and total transfusions. Despite these  fi ndings, 

  Fig. 12.3    TEG tracings in hypercoagulation abnormalities. (a) Platelet 
hypercoagulability. (b) Cascade hypercoagulability. Adapted from 
 reference  [  62  ]        

  Fig. 12.4    TEG tracings in hypocoagulation abnormalities. (a) 
Decreased coagulation factors or heparin (b). Thrombocytopenia or 
decreased platelets (c). Fibrinolysis. Adapted from reference  [  62  ]        

   Table 12.1    Thrombelastography treatment algorithm for actively 
bleeding patients implemented at Rigshospitalet, University of 
Copenhagen, Denmark  [  4  ]    

 TEG parameter  Treatment 

  R  (11–14 min)  2× plasma or 10 ml/kg 
  R  > 14 min  4× plasma or 20 ml/kg 
 MA (46–50 mm)  1 PC or 10 ml/kg 
 MA < 46 mm  2 PC or 20 ml/kg 
 Angle <52°  2× plasma or  fi brinogen 
 Ly30 >8%  Tranexamic acid 

   R  reaction time,  alpha angle  clot dynamics,  MA  maximal amplitude,  Ly30  
lysis in percent 30 min after MA is reached,  plasma  fresh frozen plasma,  PC  
platelet concentrate  

 Treatment algorithm based on r-TEG values implemented at the Texas 
Trauma Institute, University of Texas Health Science Center-Houston  [  63  ]  

 ACT >128 sec  Plasma and RBCs 
 k-time >2.5 min  Cryoprecipitate (or  fi brinogen) and plasma 

  a -angle <60 deg  Cryoprecipitate (or  fi brinogen) and plasma 

 mA <55 mm  Platelets and cryoprecipitate (or  fi brinogen) 
 LY30 >3%  Tranexamic acid (or aminocaproic acid) 
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Ronald et al.’s literature search and appraisal of 170 studies 
on the topic found otherwise  [  59  ] . They investigated throm-
boelastography in cardiac surgery patients and found 14 stud-
ies that provided the best evidence. Their synthesis concluded 
that TEG can guide transfusion therapy algorithms and result 
in decreased blood component requirements. 

 In orthopedic surgery patients, TEG was used in a pro-
spective study to identify disturbed  fi brin polymerization as 
a pathological mechanism in dilutional coagulopathy, and to 
rescue this state with  fi brinogen administration  [  60  ] . 

 However, TEG has been found to be less sensitive for 
certain categories of platelet inhibition. In addition, hemo-
statis point of care tests such as PFA-100 and TEG are 
affected by nonopiod analgesic drugs. Scharbert et al.’s 
crossover, double-blinded, placebo controlled study dem-
onstrated that in low back pain patients scheduled for 
invasive pain therapy, cytochalasin  d -modi fi ed throm-
boelastometry had a low sensitivity for detecting platelet 
inhibition by diclofenac  [  61  ] .  

   Conclusion 

 There are hemostatic states unique to the surgical patient as 
a result of medications such as warfarin, perioperative 
bleeding especially in high bleeding risk surgeries, and 
emergent surgical indications such as trauma. Various 
mechanisms affect coagulation cascades in these patients, 
and techniques from the standard coagulation tests to TEG 
are currently available. These have shown mostly success 
in predicting the course of the patient and guiding therapy. 
The therapeutic options include various blood product 
components, ranging from whole blood to concentrations 
of individual factors. Using physiological ratios of pRBCs, 
FFP, and platelets have improved patient survival in the 
massively hemorrhaging patient. However, like all power-
ful therapy, they are associated with adverse effects. 
Preventative options, such as decreasing storage lengths 
and screening for infectious agents have drastically reduced 
these risks. Lastly, administering these products in a rapid 

  Fig. 12.5    Example of a practice management guideline for managing anemia in the ICU patient       
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and directed fashion would not be feasible without in-house 
triage and massive transfusion protocols. These algorithms 
include steps that must be taken to smooth out logistics of 
urgent transfusions, such as anticipating adequate thawing 
times of FFPs and collaborating with blood banks to cross-
check appropriateness of each order (Fig.  12.5 ).       
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         Introduction 

 An understanding of airway management skills and concepts 
is essential for any clinician. Maintaining a patent airway is 
a prerequisite for successful ventilation and oxygenation, 
and even a temporary lapse in airway patency can lead to 
permanent, potentially fatal consequences. The  fi rst success-
ful attempt at creating an arti fi cial airway dates to 1667, 
when Robert Hooke inserted a narrow-lumen tube into a 
dog’s trachea and then manually insuf fl ated the dog’s lungs 
using a bellows. The need for airway pro fi ciency combined 
with technological advancement in  fi elds such as laryngos-
copy allowed physicians to improve the standard of care in 
airway management after World War I, and by the mid-
1920s, most patients were intubated under direct laryngo-
scopic vision. The basic fundamentals of airway management 
have remained largely unchanged since that time. This chap-
ter discusses basic airway skills such as proper patient posi-
tioning and mask ventilation. It will also describe how to 
conduct a focused airway examination and give a short over-
view of how to proceed if a dif fi cult airway is encountered. 
Surgical airway techniques and their complications will also 
be covered in detail.  

   Airway Anatomy 

 It is important to have a clear understanding of the functional 
anatomy of the airway, as illustrated in Fig.  13.1 . The airway 
begins with the mouth and nasal cavity. The tongue  fi lls the 
 fl oor of the oral cavity and extends posteriorly into the 
oropharynx. In unconscious and/or paralyzed patients, the 
tone of these attaching tongue muscles can become impaired, 
allowing the tongue to fall back into the pharynx and obstruct 
the airway. Anteriorly, the palate divides the oral and nasal 
cavities into two distinct entities; these cavities merge poste-
riorly to form the pharynx. The pharynx acts as a conduit 
connecting the oral and nasal cavities to the esophagus and 
larynx inferiorly. The pharynx serves as part of both the 
digestive and respiratory systems, and has two inferior open-
ings: the esophageal opening and the laryngeal opening. For 
the purposes of securing an airway, there are three speci fi c 
anatomic considerations: 
    1.     The size and orientation of the pharyngeal openings . The 

laryngeal opening is the smaller of the two hypopharyn-
geal openings, and lies on the anterior aspect of the phar-
ynx. Conversely, the esophageal opening is larger and 
closer to the terminal, inferior aspect of the hypopharynx. 
This arrangement of the two openings allows pharyngeal 
contents to more naturally progress down into the esopha-
gus as opposed to the larynx. Thus, a tube blindly inserted 
into a patient’s mouth is more likely to enter the esopha-
gus than the airway.  

    2.     The epiglottis . The epiglottis is a cartilaginous  fl ap that is 
attached to the entrance of the larynx. Its function is to 
cover the laryngeal opening during swallowing and pro-
tect against aspiration. During normal respiration, the epi-
glottis points upwards and out of the way of the laryngeal 
opening, allowing air to pass easily into the larynx. During 
swallowing, elevation of the hyoid bone draws the larynx 
upwards, rolling the epiglottis into a more horizontal 
position. In this position, the epiglottis covers the laryn-
geal opening and protects against aspiration. During lar-
yngoscopy, the practitioner uses the laryngoscope to “lift” 

      Obtaining a Surgical Airway       

     Tanner   Baker ,      Spencer   Skelton ,      Krista   Turner ,   
and    Hassan   Aijazi         

  13

    T.   Baker ,  M.D.   (*)
     Department of General Surgery ,  University of Texas Health Science 
Center ,   Houston ,  TX ,  USA  

      S.   Skelton ,  M.D.  
     Department of General Surgery ,  The Methodist Hospital ,
  Houston ,  TX ,  USA  

      K.   Turner ,  M.D., F.A.C.S.   (*)
     Department of Surgery ,  Weill Cornell Medical College, The Methodist 
Hospital ,   6550 Fannin St, SM 1661A ,  Houston ,  TX   77030 ,  USA    
e-mail:  kristaturnermd@hotmail.com  

     H.   Aijazi ,  M.B.B.S.  
     Department of Anesthesiology ,  University of Texas at Houston 
Medical School ,   Houston ,  TX ,  USA    



172 T. Baker et al.

the epiglottis out of the way, allowing direct visualization 
of the glottic opening.  

    3.     The axes of the oral cavity in relation to the pharynx and 
larynx . The orientation of the axes of the oral cavity, phar-
ynx, and larynx, as seen in Fig.  13.2 , is misaligned with 
respect to each other. In order to successfully visualize the 
vocal cords, the three axes must be maximally aligned, 
allowing the airway practitioner to see directly from the 
mouth to the glottis. This is done by positioning the 
patient in the “snif fi ng” position, which is discussed later 
in the chapter.       

   Airway Assessment 

 Just as it is important to conceptualize what a “normal” air-
way looks like, it is important to recognize that the airway is 
subject to anatomical variation. Patients with such “dif fi cult 
airways” are a signi fi cant cause of anesthesia-related mor-
bidity and mortality  [  1  ] . It is important to attempt to predict 
which patients might present dif fi cult airways, and to take 
extra precautionary measures in these patients. 

   History 

 Airway assessment begins with a solid history of potential 
airway-related concerns. The patient and or family should be 
questioned regarding history of previous dif fi cult intubation 

or history of sleep apnea or snoring. If previous anesthetic 
records are available, they should be referenced for any indi-
cation of a dif fi cult intubation or airway.  

   The Airway Examination 

 After taking a detailed history, the next step is to complete a 
detailed airway examination. Some of the more important 
points to assess are described as follows.
    1.     Visibility of uvula . The most commonly used method of 

assessing airway dif fi culty is the modi fi ed Mallampati 
test (MMT) as denoted in Fig.  13.3 . Dr. Seshagiri R. 
Mallampati created the original Mallampati test in 1983, 
which was later modi fi ed by Samsoon and Young in 1987. 
Mallampati hypothesized that the size of the base of the 
tongue is an important factor in predicting dif fi cult laryn-
goscopy and that a large tongue would cramp the oropha-
ryngeal space. The MMT is conducted while the patient is 
sitting upright with his or her mouth fully open and tongue 
extended as far as possible. Intubation becomes progres-
sively more dif fi cult as the score increases. MMT scores 
of I–II generally indicate a good chance of being able to 
easily visualize the glottic opening, while MMT scores of 
III–IV predict a more dif fi cult laryngoscopy.   

    2.     Thyromental distance . This is the distance measured from 
the superior aspect of the thyroid cartilage to the mentum 
while the neck is fully extended. A thyromental distance 
of greater than 7 cm generally predicts a straightforward 
intubation, whereas a distance of less than 6 cm may pre-
dict dif fi culty. A short thyromental distance is associated 
with an anterior larynx, meaning that it is at a more acute 
angle to the hypopharynx. This can make aligning the 
axes of the larynx and the pharynx more dif fi cult. A shorter 
thyromental distance also allows for less mandibular 
space for the tongue to be compressed into by the laryn-
goscope blade.  

  Fig. 13.1    Upper airway anatomy. Reproduced with permission from 
  http://training.seer.cancer.gov/head-neck/anatomy/overview.html           

  Fig. 13.2    This picture shows the misaligned axes of the oral cavity 
(OA), pharynx (PA), and larynx (LA). Stone DJ, Gal TJL. Airway man-
agement. In: Miller RD, editor: Anesthesia. 4th ed. New York: Churchill 
Livingstone; 1994, p. 1408       

  

http://training.seer.cancer.gov/head-neck/anatomy/overview.html
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    3.     Range of motion of head and neck . The ideal position 
for intubation is with the neck  fl exed and the head 
extended at the atlanto-occipital joint. Any restriction 
in neck movement or contraindication to moving the 
neck can prevent optimal neck positioning and greatly 
affect the ease of laryngoscopy. Normal neck mobility 
is assessed by asking the patient to sit with his or her 
head upright and mouth open as wide as possible. At 
this point the maxillary teeth should be parallel to the 
 fl oor. The patient is then asked to tilt his or her head 
back as far as it goes. The angle that the maxillary teeth 
make to their original position is measured, and should 
be 35° or greater. The patient is then asked to fully  fl ex 
his or her neck, at which point his or her chin should 
touch his or her chest wall.  

    4.     Neck length and thickness . In general, patients with lon-
ger and slimmer necks have greater neck mobility and 
present easier subjects for laryngoscopy. Conversely, 
patients with shorter, thicker, and more muscular necks 
present greater dif fi culty. While the neck is being exam-
ined, other indications of dif fi cult airway can be assessed, 
such as discoloration (which could indicate previous neck 
radiation and tissue scarring) and stigma of a previous tra-
cheostomy (which could indicate tracheal stenosis).  

    5.     Length of upper incisors, interincisor distance . The length 
of the upper incisors should be compared to the sur-
rounding teeth. The examiner should then ask the patient 

to open his mouth as wide as possible, and the distance 
between the upper and lower incisors measured. An 
interincisor distance of less than 4.5 cm (or about three 
 fi ngerbreadths) signi fi es a potentially dif fi cult intuba-
tion. Long upper incisors and a narrow interincisor gap 
restrict the laryngoscope’s range of movement within 
the mouth. A small interincisor gap can also present a 
greater risk of complications such as tooth injury and 
bleeding.  

    6.     Relation of maxillary and mandibular incisors during nor-
mal jaw closure . In this test, the patient is asked to close his 
or her mouth while the practitioner observes the relation-
ship of the upper and lower incisors. Normally the upper 
and lower incisors should be mostly opposed, or at least 
very close to each other. The more anteriorly the upper 
incisors lie in relation to the lower incisors, the more likely 
it is that dif fi culty will be encountered during intubation.  

    7.     Foreign bodies . Foreign objects include dentures, tongue 
rings, and loose teeth that can be damaged or dislodged 
during airway manipulation. If dislodged, these objects 
can aspirate into the airway and cause obstruction or 
infection. Try to remove any such foreign objects prior to 
attempts at intubation. If they cannot be removed (for 
example a loose tooth), document the object and con fi rm 
its presence after the airway maneuver is performed. If the 
object is missing after intubation, perform a chest X-ray 
to con fi rm its location.       

  Fig. 13.3    Mallampati classi fi cations. Modi fi ed with permission from Finucane BT, Tsui BCH, Santora AH (eds). Principles of airway manage-
ment. 4th ed. (ISBN: 978-0-387-09557-8). New York, NY: Springer; 2011       
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   Basic Airway Skills 

 These basic airway skills can be useful whether preparing to 
intubate a patient for surgery or attempting to ventilate a 
patient with an emergently compromised airway. This part of 
the chapter is dedicated to explaining these skills and the 
concepts behind them. 

   Head Tilt–Jaw Lift Maneuver 

 The basic goal of this technique is to manipulate the patient’s 
airway to provide the clearest path for air fl ow. With the patient 
supine, place one hand on the patient’s forehead and the other 
hand under the patient’s chin. The hand on the patient’s fore-
head should be used to tilt the patient’s head back so that it is 
extended at the neck as well as the atlanto-occipital joint. Use 
your second hand to protrude the patient’s mandible upward 
and away from the head. This position widens the pharyngeal 
openings and helps to move the tongue out of the pharynx and 
back into the oral cavity. It is important to note that  this tech-
nique should be avoided in any patient with a possible C - Spine 
injury . It is important to have a high suspicion of C-Spine 
injury, because moving an injured C-Spine may further dam-
age the spinal cord and cause permanent debilitation. When a 
C-Spine injury is possible, it is better to open the airway using 
a jaw thrust maneuver instead.  

   Jaw Thrust Maneuver 

 This has a similar effect as the head tilt–chin lift maneuver 
in terms of widening the airway and ensuring that the tongue 
does not occlude the oropharynx. Instead of tilting the head, 
both hands are focused on protruding the mandible. Use 
your hands to grip the angles of patient’s mandible, with one 
hand on either side of the mandible. Your thumbs should be 
on the patient’s chin, positioned slightly below his or her 
lower lip. Your other four  fi ngers should be at the angle of 
the mandible. Use these four  fi ngers to push the patient’s 
mandible upward and away from his or her head. Use your 
thumbs to pull the patient’s chin out slightly so that his or 
her mouth is partially open.  

   Foreign Body Obstruction 

 If the head tilt–chin lift and jaw thrust techniques fail at 
establishing a patent airway, then a foreign body may be 
obstructing the airway. In a partial obstruction the patient 
will still be passing some air, but a whistling or wheezing 
sound might be heard with each breath, and the patient might 

be coughing. If the airway is only partially obstructed and 
the patient is still moving some air, do not interfere. Let the 
patient try to cough and allow the body’s natural re fl exes to 
expel the foreign body. 

 Patients presenting with complete obstruction will not be 
able to cough or make any sound. They will often present 
with the “universal choking sign,” clutching at their throat to 
indicate they are choking. Perform the Heimlich maneuver 
until the foreign body is expelled or the patient loses con-
sciousness. If the patient is unconscious, it is important  not  
to blindly stick a  fi nger into his or her mouth to search for a 
foreign body, as this could lodge a foreign body deeper into 
the pharynx. Instead, carry out chest compressions and give 
breaths as you would during normal cardiopulmonary resus-
citation (CPR). After each round of compressions and 
breaths, open the patient’s mouth to look for a foreign object. 
If a foreign object is visible, then attempt to use a  fi nger to 
carefully remove it from the patient’s mouth. If nothing is 
visible, then proceed with another round of CPR.   

   Airway Equipment and Techniques 

 The following equipment is available in most operating rooms 
and in an increasing number of intensive care settings. 

   Oropharyngeal and Nasopharyngeal Airways 

 These are small, often soft plastic or rubber devices that can 
be used to maintain an airway once it has been established by 
the preferred techniques of repositioning, head tilt–chin lift 
and jaw thrust. Occasionally oropharyngeal (OP) and 
nasopharyngeal (NP) airway devices are used to supplement 
these airway-opening maneuvers if the initial maneuvers 
prove unsuccessful at maintaining a patent airway. 

 The OP airway is inserted upside down into the mouth, 
with the peak of the device’s arch facing downwards towards 
the tongue. Once it has been inserted about halfway into the 
mouth, it is  fl ipped 180° and simultaneously inserted deeper 
into the pharynx. This maneuver helps to lodge the tip of the 
airway behind the tongue, securing it in place. It is important 
to note that  OP airways are only indicated in unconscious 
patients . This is because they commonly elicit the gag re fl ex, 
which can lead to vomiting or aspiration. If an arti fi cial air-
way is indicated in a conscious patient, a nasal airway should 
be used instead, as it does not elicit the gag re fl ex. 

 The nasopharyngeal airway (or nasal trumpet) is a thinner 
device that has a horn or a ring shape at its proximal end. 
Nasal trumpets also come in a variety of sizes. Nasal trumpets 
are usually 2–4 cm longer than the OP airway indicated in the 
same patient. Before a nasal trumpet is used it should be well 
lubricated. Continuous, gentle pressures should be applied to 
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slowly guide the trumpet along the  fl oor of the nasal cavity. 
Although nasal trumpets are better tolerated in conscious 
patients, they also present a higher risk of bleeding and 
epistaxis. NP airways are contraindicated in patients present-
ing with basal skull fractures, as there is a risk of penetrating 
through the fracture directly into the cranial vault. It is also 
important to note that most patients have at least mild devia-
tions in their nasal septums, which means that the nasal cavity 
on one side is wider than the other. If resistance is encoun-
tered while placing a nasal trumpet, attempt to insert it into 
the other nostril, or change to a smaller diameter tube.  

   Mask Ventilation 

 If a patient can be adequately ventilated using a face mask, 
they are at very little risk of becoming hypoxic and the practi-
tioner is afforded time to determine how to establish a more 
secure airway. It is important to note that  mask ventilation is 
contraindicated in patients with airway obstruction . These 
patients require more invasive measures to secure a patent air-
way. Face masks are designed to create an airtight seal over the 
nose and mouth. Different sized masks are available, the best 
mask being the one that creates the best seal over the patient’s 
face. An appropriately sized mask covers the patient’s nose 
and mouth in a way that the nasal bridge is covered superiorly 
but the mask does not go over the chin inferiorly. It is impor-
tant to keep a “best- fi tting” mask next to a patient’s bed so that 
it is immediately available in emergent situations. 

 There are two different mask ventilation techniques: ven-
tilating with one person, and ventilating with two people 
when the assistant knows how to perform a jaw thrust. With 
one-person ventilation, the patient is positioned so the head is 
semi- fl exed at the neck and the ear is in the same plane as the 
sternal notch. This is possible by placing the patient’s head on 
a towel or a pillow. The mask is gently placed over the 
patient’s nose and mouth and held in position using the non-
dominant hand, whereas the dominant hand is used to venti-
late. The best seal is created using the “E-C technique,” named 
as the thumb and index are held in a C shape over the mask, 
while the three remaining  fi ngers form an E on the angle of 
the patient’s mandible. This technique allows you to use all 
 fi ve  fi ngers to accomplish three seal-creating goals simultane-
ously: push the mask onto the patient’s face, tilt his or her 
head back slightly, and lift his or her jaw. When two people 
are available for ventilation and the airway assistant is adept 
at using the jaw thrust maneuver, the role of the primary air-
way manager is similar to what they would do on their own. 
The nondominant hand is placed on the mask, and the domi-
nant hand used to squeeze the bag. The role of the airway 
assistant is to use both of his or her hands to assist in lifting 
the jaw to open the airway. This allows the primary ventilator 
to focus more on creating a seal than lifting the jaw. 

   Dif fi cult Mask Ventilation 
 Dif fi cult mask ventilation (DMV) is de fi ned as inability to 
maintain SpO 

2
  > 92%, or reverse signs of inadequate ventila-

tion. It can be due to an inadequate mask seal, excessive gas 
leak, excessive resistance to the  fl ow of gas, or mechanical 
obstruction. The MOANS mnemonic can be remembered to 
predict dif fi culties in mask ventilation:

    • M ask seal: The main problems leading to a dif fi cult seal 
are facial deformities such as nasal or mandibular frac-
tures, or micrognathia. Patients with facial hair present 
dif fi culties in creating an adequate seal.  
   • O besity: Patients with body mass index (BMI) of greater 
than 26 are more dif fi cult to ventilate. It is critical to opti-
mize positioning in these patients.  
   • A ge: Patients older than 55 years may have problems due 
to decreasing neck mobility.  
   • N o teeth: Edentulous patients pose dif fi culties due to dis-
tortion of normal facial contours. This can often be over-
come by placing an OP airway to give the mouth more 
structure.  
   • S noring: Patients with obstructive sleep apnea are likely 
to have obstruction at the hypopharynx and base of tongue. 
OP, NP, and supraglottic airways should be immediately 
available for these patients.    
 If good ventilation is not possible using two people, an 

OP or NP airway should be considered. A mask ventilation 
attempt should not be considered failed until it is performed 
by two people with the use of suf fi ciently large arti fi cial air-
ways, especially since any subsequent step in such a patient 
would be much more invasive.   

   Endotracheal Intubation 

 Although mask ventilation commonly ensures adequate ven-
tilation and oxygenation, it is not a feasible option to use 
over-prolonged periods of time. Endotracheal intubation is 
considered the gold standard of maintaining an airway as it is 
secure, accessible, and much less invasive than a surgical air-
way. Although endotracheal intubation has become a routine 
part of the management of patients in the operating room 
(OR), emergency room (ER), and intensive care unit (ICU), 
it is not a procedure free of complications. Visualizing the 
vocal cords to insert a tube through them requires certain 
measures of training and skill. The task becomes easier with 
a proper understanding of the underlying principles. 

   Preparation 
 Before a patient is put under general anesthesia and given 
a muscle relaxant, the physician should be fully prepared 
for intubation. This means checking that all the neces-
sary equipment is available and functioning, and that 
backup equipment is available in case of equipment failure. 



176 T. Baker et al.

The physician must consider potential dif fi culties in intu-
bating a particular patient and plan backup strategies in 
case intubation proves dif fi cult. When performing an intu-
bation the following equipment should be available:

   Two laryngoscope handles.  • 
  A variety of laryngoscope blades including curved and • 
straight blades of the required size, a size above required, 
and a size below.  
  Endotracheal (ET) tubes of an appropriate size, a size above • 
required, and a size below. Generally, size 7 ET tubes are 
appropriate for women and size 8 tubes for men.  
  Oxygen supply.  • 
  Stylet.  • 
  Oral and nasal airways.  • 
  Functioning suction apparatus.    • 
 Both laryngoscopes should be checked to ensure functional-

ity, including battery power and bulb function. The endotracheal 
tubes should be assessed to ensure that the lumen is patent and 
the cuff is functioning. The patient should be given 100% oxy-
gen via face mask for 3–5 min, or three maximal inhalation 
breaths. Appropriate drugs should be drawn and labeled.  

   Positioning 
 Positioning should be accomplished before preoxygenation 
is begun. The patient should be laid supine, with the head 
towards the top of the head and on a shallow pillow. The 
practitioner should be positioned at the top of the bed. Adjust 
the bed according to your height so that you are at a comfort-
able level and not hunched over the patient. A comfortable 
level for intubation is when the patient’s head is at the level 
of your xiphoid process. One of the obstacles to intubation is 
the misalignment of the axes of the oral cavity, pharynx, and 
larynx. In order to create a direct line of sight from the mouth 
to the glottis, the practitioner must place the patient in the 
“snif fi ng” position. This is accomplished by  fl exing the 

patient’s neck, and then extending the head at the atlanto-
occipital joint as demonstrated in Fig.  13.4 .   

   Direct Laryngoscopy 
 Once the equipment has been checked and the patient 
pre-oxygenated, administer sedation and a muscle relaxant. 
Once the patient is properly positioned, pick up the laryngo-
scope with your left hand. With the laryngoscope in your left 
hand, slightly open the patient’s mouth using your right hand. 
Insert your right hand between the patient’s teeth at the right 
angle of the mouth, and use your thumb and middle  fi nger to 
pry the patient’s mouth wide open. This is called the scissors 
technique. Introduce the laryngoscope into the right side of the 
oral cavity and gently move the laryngoscope blade to the left 
side of the mouth, sweeping the tongue to the left. Advance the 
blade until you see the white epiglottic cartilage. The laryngo-
scope is now positioned according to which blade is being 
used: curved blades (Macintosh) should be lodged into the val-
lecula, between the epiglottis and the root of the tongue; straight 
blades (Miller) are positioned posteriorly to the epiglottis. 

 Once the blade is appropriately positioned, lift the patient’s 
tongue and mandible using the laryngoscope. This is done by lift-
ing the entire laryngoscope up and away from you at a 45° angle. 
Imagine you are lifting towards the opposite side of the room, 
where the roof meets the wall. If done correctly, the patient’s head 
may lift slightly from the table. Take care not to hurt the teeth as 
you carry out this maneuver. You should now be able to see the 
vocal cords. Slide the ET tube between the vocal cords once visu-
alized. Advance the tube 2–3 cm after crossing the glottic open-
ing. If a stylet was in place, ask an assistant to remove the stylet 
while you hold the laryngoscope and tube in place. Slowly with-
draw the laryngoscope from the patient’s mouth, taking care to 
avoid the teeth and hold the tube in place. Now in fl ate the cuff on 
the tube using a 10 ml syringe, and attach the connector piece of 
the tube to the ventilator’s circuit.  

  Fig. 13.4    ( a ) Flexing the neck aligns the pharyngeal and laryngeal 
axes more closely. This is usually accomplished by putting a pillow 
under the patient’s head. ( b ) Extending the patient’s head at the atlanto-

occipital joint serves to align the oral axis with the two other axes. Stone 
DJ, Gal TJL. Airway management. In: Miller RD, editor. Anesthesia. 
4th ed. New York: Churchill Livingstone: 1994, p. 1408       
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   Ensuring Tube Placement 
 Once the cuff has been in fl ated, it is essential to assess correct 
tube placement. Observe the patient’s chest to see if it rises and 
falls with each breath. Then use a stethoscope to auscultate the 
patient’s chest to make sure that breath sounds are equal on 
both sides. If breath sounds are present on the right side only, 
suspect right main stem bronchial intubation; de fl ate the tube’s 
ET cuff, pull the tube back 1 cm, rein fl ate the cuff, and reassess 
ventilation. The gold standard of checking for correct tube 
placement is observing CO 

2
  waveforms on a capnograph. An 

esophageal intubation is easy to miss, and the practitioner must 
remain vigilant and use multiple means of detecting error to 
make sure that correct positioning is established.    

   Surgical Airway 

 Long-term endotracheal intubation carries an increased inci-
dence of acute and chronic complications such as an increased 
rate of ventilator-associated pneumonias, as well as injury to 
the mucosal surface of the trachea and larynx leading to post-
intubation stenosis. Tracheotomy originates from Greek and 
translates into “cutting the trachea,” such that tracheostomy 
is the surgical creation of an opening in the trachea through 
the anterior neck bringing the tracheal mucosa in continua-
tion with the skin  [  2  ] . While prolonged respiratory failure is 
probably the most common reason for performing a tracheo-
stomy, other indications such as decreased level of con-
sciousness, impaired protective re fl exes, and trauma victims 
with severe physiologic derangements are also indications. 

 Tracheostomy affords several advantages over traditional 
endotracheal intubation such as (1) easier oral care, (2) earlier 
patient mobilization, (3) improved patient comfort, (4) reduced 
need for sedation, (5) more effective cough re fl ex and pulmo-
nary toilet, (6) lower airway resistance and decreased work of 
breathing, (7) enhanced patient communication efforts, (8) 
reduced long-term complications from translaryngeal intuba-
tion, (9) less sinusitis, and (10) reduced incidence of acciden-
tal extubation  [  3–  5  ] . Unfortunately, tracheostomy too has 
associated risk and complications, the most common of these 
being tracheal stenosis and hemorrhage, in addition to stomal 
infections, and pneumothorax. Additional disadvantages 
include (1) the invasive nature of the operation, (2) procedural 
cost, and (3) occasional severe long-term complications such 
as tracheomalacia, tracheal stenosis, and tracheoinnominate 
 fi stula (TIF). The incidence of these procedure-related compli-
cations has been reported to be anywhere between 3.5 and 
36%  [  6,   7  ] . Only about 10–25% of patients requiring ventila-
tor support ever receive a tracheostomy as part of their critical 
care management  [  8  ] . Proposed indications for tracheostomy 
include the following: (1) failed trials of extubation/weaning 
attempts, (2) requiring prolonged mechanical ventilation, (3) 
need for tracheal access to remove thick pulmonary secretions, 

(4) airway protection and prevention of aspiration, (5) upper 
airway obstruction bypass, and (6) trauma or surgery to the 
face and neck region  [  5  ] . 

   Early Versus Late Tracheostomy 

 The timing of tracheostomy in a ventilator-dependent patient 
has been a subject of debate, and there is considerable variation 
in the timing and incidence of tracheotomy. A consensus con-
ference on arti fi cial airways management in mechanically ven-
tilated patients made recommendations that tracheostomy 
should be performed after 3 weeks of endotracheal intubation 
 [  9  ] . While this timetable is still in practice, observational studies 
have reported earlier tracheostomy to be associated with better 
patient outcomes  [  6,   10  ] . However, there is a discrepancy in 
results obtained from randomized trials comparing early versus 
late tracheotomy and the duration of mechanical ventilation, 
incidence of ventilator-associated pneumonias, and mortality. 
The de fi nition of “early” in these studies has been reported as 
performing a tracheotomy procedure anywhere within 2–16 days 
ventilator dependency  [  4,   11  ] . Currently common practice dic-
tates that tracheotomy should be performed after 2 weeks of 
endotracheal intubation or in patients clinically suspected to 
require longer than 2 weeks of ventilator support. This has been 
supported by the American College of Chest Physicians guide-
lines on ventilator weaning  [  12  ] .  

   Open Versus Percutaneous Tracheostomy 

 Open surgical tracheostomy (ST) has traditionally been the only 
technique available, but within the last 15 years numerous meth-
ods of percutaneous tracheostomy have come into clinical prac-
tice. Currently, there are six different methods of performing 
percutaneous tracheostomy with the Ciaglia percutaneous tra-
cheostomy (PT) being the most commonly utilized  [  13  ]  
(William). The percutaneous technique offers several advantages 
over the open approach, such as smaller skin incisions, less tissue 
trauma, and a lower incidence of wound infection and bleeding. 
Percutaneous tracheostomies can also be performed in the ICU 
by nonsurgical staff, adding additional bene fi ts in not having to 
transfer patients to the operating room. The debate whether ST is 
better than PT is hindered by the paucity of good randomized 
trials, many of which lack suf fi cient power, clearly de fi ned crite-
ria for complications, and poor long-term follow-up. A recent 
meta-analysis comparing the two techniques showed signi fi cantly 
fewer wound infections and scarring in the percutaneous group 
but was associated with more decannulation complications  [  13  ] . 
No differences were seen in terms of false passage, hemorrhage, 
or death. Considering all complications, there was a trend towards 
favoring percutaneous tracheostomy over the open approach. 
Similar comparison between the two methods performed 
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between 1985 and 1996 revealed more perioperative complica-
tions in the percutaneous groups (10% vs. 3%) and more postop-
erative complications with the open technique (10% vs. 7%) 
 [  14  ] . In contrast, Freeman et al. showed no signi fi cant differ-
ences in overall complication rates but with less perioperative 
complications such as bleeding and infection in patients who 
received a percutaneous tracheostomy  [  6  ] .  

   Cricothyroidotomy 

 Less commonly performed, cricothyroidotomy can be a lifesav-
ing maneuver when faced with the scenario when orotracheal or 
nasotracheal intubation is unsuccessful in a patient who is oth-
erwise not able to ventilate or oxygenate. This procedure essen-
tially involves placing a tube through a surgically created 
incision in the cricothyroid membrane. While this procedure 
only accounts for 1% of all intubations in the emergency room 
setting, it continues to be a lifesaving intervention for failed air-
way treatment  [  15  ] . Certain conditions may necessitate crico-
thyroidotomy such as massive hemorrhage, obstructing lesions, 
and an array of traumatic injuries. No absolute contraindications 
exist as maintaining oxygenation is the primary goal; however, 
traumatic tracheal or laryngotracheal injury should be viewed 
with caution. The procedure is not recommended in children. 
Cricothyroidotomies are rarely kept in place, but serve as a 
bridge to oxygenate/ventilate critical patients until more 
de fi nitive airway management can be achieved. Several early 
complications have been observed such as bleeding, laceration 
to the tracheal cartilage, cricoid cartilage, and tracheal rings, 
perforation of the posterior trachea, extratracheal passage of the 
tube into a false tract, and infection.   

   Procedural Description 

 Before attempting any airway maneuver, the essential equip-
ment must be readily available. The airway cart should consist 
of the necessary drugs for induction and sedation as well as 
paralytic agents. The mainstay of the cart however is the ET 
tube and should be available in several different sizes. Both 
Miller (straight) and Macintosh (curved) laryngoscopes should 
be included in any set as well as additional bulbs and handles 
with well-charged batteries. While endotracheal intubation will 
suf fi ce in many situations, the need for a surgical airway may 
eventually become necessary or even needed emergently. 

   Open Tracheostomy 

 Performing an open tracheostomy requires proper patient posi-
tioning, where the shoulders are elevated with a shoulder roll 
and extension of the neck (unless there is cervical spine instability). 

The skin of the anterior neck is sterilely prepped and any hair is 
removed with clippers. A vertical incision, 2–3 cm in length, is 
made over the second tracheal ring just below the cricoid carti-
lage. Care is taken not to violate anterior neck veins or the thy-
roid isthmus. The platysma is divided and any bleeding is 
controlled with ties and electrocautery. The strap muscles of 
the neck are displaced laterally, parallel to the long axis of the 
trachea. If the thyroid isthmus overlies the second and third 
tracheal rings, it must be mobilized to clear space for tracheos-
tomy placement. Blunt dissection is used to clear the pre-tra-
cheal fascia off of the second and third tracheal rings. 

 Tracheal entry is facilitated by either complete removal of 
the anterior tracheal ring, creating a stoma, or creation of a 
rectangular  fl ap with a portion of the tracheal ring still intact. 
When the ring is removed, stay sutures are placed laterally on 
the trachea at the level of the stoma to provide countertraction 
as the tracheostomy tube is inserted. These sutures can then be 
used to secure the tracheostomy tube in position. The newly 
created  fi stula is considered unstable for several days and dis-
lodgement of the tube frequently results in the inability to rein-
sert it. If the  fl ap method is used, the inferior anterior ring is 
incised in a U-shaped fashion and the  fl ap is sutured to the 
skin. This is done by sharp dissection of the pre-tracheal fas-
cia, entering the trachea along its inferior margin of the second 
ring. Two lateral incisions are made creating an inverse 
U-shaped  fl ap that can then be sutured to the skin. This method 
is believed to be superior to the ring resection technique in 
recanulation; however no studies have con fi rmed this.  

   Cricothyroidotomy 

 This procedure can be performed with as little as a #11 scal-
pel, tissue forceps, and a hemostat or Trousseaus dilator. 
Additionally, adequate lighting and a good suctioning device 
are paramount to performing a successful emergent cricothy-
roidotomy as it is essentially a blind operation in many 
instances and bleeding can profuse. With the aforementioned 
equipment and experience, cricothyroidotomy is greater than 
90% effective in establishing an adequate airway  [  16  ] . The 
greatest impediment to the procedure is delayed recognition 
that it should be performed in the  fi rst place. 

 The procedure is initiated by prepping the skin of the ante-
rior neck and identi fi cation of external landmarks such as the 
thyroid and cricothyroid cartilages. The site of endotracheal 
tube insertion occurs between these two cartilaginous struc-
tures, within the cricothyroid membrane. Using the nondomi-
nant hand, the trachea and larynx are stabilized followed by 
making generous vertical incision over the area between the 
thyroid and cricothyroid. Sharp dissection is continued down 
through the pre-tracheal fascia and the cricothyroid membrane 
is entered through a horizontal incision. The membrane inci-
sion can then be dilated with forceps of a hemostat to facilitate 
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easier endotracheal tube passage. To assist in inserting the 
tube, tracheal hooks can be used to elevate the trachea. Care 
should be taken to avoid inadvertent puncture of the balloon 
cuff as the hooks have sharp points. The index  fi nger of the 
stabilizing hand is used to guide ET insertion to a depth of 
5 cm over a rigid stylet. Alternatives to traditional surgical cri-
cothyroidotomies have become commercially available which 
employee the use of a guidewire passed through the membrane 
by needle puncture. The ET can then be passed by the Seldinger 
technique over a dilator into the airway. These maneuvers may 
expedite airway securement and lessen the degree of expertise 
required in performing such critical airway management.  

   Needle Cricothyroidotomy 

 In a last effort to provide temporarily lifesaving oxygenation 
and ventilation after failed tracheal intubation or when surgi-
cal expertise is lacking, transtracheal jet ventilation can be 
performed through a needle cricothyroidotomy. Identi fi cation 
of external landmarks is the same as when performing a sur-
gical cricothyroidotomy. A large-bore catheter (14–16 gauge) 
is attached to a syringe  fi lled with saline. The cricothyroid 
membrane is then cannulated with the catheter in a caudal 
direction. Air bubbles upon aspiration of the syringe con fi rm 
tracheal position. The needle is removed and the catheter is 
attached to a jet ventilation system using a Luer lock. Jet 
insuf fl ation should occur at 1 s of inspiration for every 3 s of 
expiration. This is, however, only a temporizing measure as 
ventilation is not occurring and the partial pressure of CO 

2
  

will rise. It does provide roughly an additional 30 min until a 
de fi nitive airway can be achieved once the necessary person-
nel and equipment become available.   

   Complications 

 Tracheostomy can be associated with numerous acute compli-
cations such as hemorrhage, surgical suite infections, pneu-
mothorax, and accidental decannulation. While these 
complications are not limited to the acute setting, several unique 
late complications can occur as well. The most common of 
these late complications is the development of granulation tis-
sue, which may manifest as failure to wean from the ventilator 
or upper airway obstruction with respiratory failure after decan-
nulation  [  17  ] . While other complications occur less frequently, 
up to 65% of patients receiving a tracheostomy experience some 
form of tracheostomy-related complication  [  18  ] . Complications 
may be directly related to the procedure itself, delayed healing 
of the stoma site, cuff pressure, or chemical exposure to gastric 
juice as occurs with gastroesophageal re fl ux and polling of 
secretions above the tracheostomy cuff. These complications 
may not be readily identi fi able due to confounding factors such 

as multi-organ failure, sepsis, shock, loss to follow-up when 
transferred to long-term care facilities, or lack of postmortem 
identi fi cation. Separating out the effects of prolonged endotra-
cheal intubation may also contribute to the development of 
long-term complications in that intubation may be the contribut-
ing factor that leads to such entities such as tracheal stenosis and 
tracheomalacia  [  19  ] . Complication rates, comparing open ver-
sus percutaneous techniques, have shown a lower incidence of 
long-term complications with the percutaneous approach; how-
ever, the percutaneous approach was associated with higher 
perioperative complications  [  14,   20  ] . 

   Tracheal Stenosis 

 Tracheal stenosis results in narrowing of the tracheal lumen at 
or above the stoma site as well as at the site of cuff in fl ation. 
Stomal granulation tissue frequently develops in nearly all 
patients with the result of tracheal narrowing; however, only 
3–12% demonstrates clinically signi fi cant narrowing that 
requires intervention  [  21  ] . This granulation tissue initially is 
soft and vascular and may bleed at the time of tube exchange. 
As it matures, it becomes  fi brous and epithelialized. With the 
development of  fi brosis, the tracheal wall becomes narrowed. 
Risk factors associated with stenosis include stomal infection, 
sepsis, hypotension, advanced age, male sex, use of steroids, 
prolonged placement, and disproportionate excision of ante-
rior tracheal cartilage during the creation of the tracheostomy. 
Diagnosis requires a high index of suspicion. Tracheal steno-
sis may present early in patients still undergoing ventilator 
support, which may present as failure to wean successfully or 
weeks to months after decannulation as dyspnea. In fact, tra-
cheal stenosis may not produce any symptoms until the lumen 
has been reduced by 50–75% as exertional dyspnea and even-
tually stridor at rest  [  19  ] . Diagnostic modalities include radi-
ography such as chest X-ray/computed tomography (CT)/
magnetic resonance imaging (MRI), endoscopic visualization, 
and  fl ow–volume curves showing obstructed patterns. 

 Suprastomal stenosis has particularly been reported to occur 
after percutaneous dilatational techniques, related to guidewire 
injury to the posterior tracheal wall and subsequent develop-
ment of granulation tissue and protrusion into the lumen  [  22, 
  23  ] . Additionally, dilation causes injury to the anterior tracheal 
cartilage/ring fracture with invagination and narrowing of the 
lumen. Stenosis seemed to be less common following the 
Ciaglia technique versus the Griggs technique  [  20  ] . 

 The tracheal cuff also serves as a site for potential tra-
cheal stenosis as a result of ischemic mucosal injury. This 
occurs from high cuff pressure that exceeds capillary perfu-
sion pressure of the tracheal wall as well as from shearing 
forces of the tube/cuff. Prolonged ischemia leads to chondri-
tis and necrosis with the development of  fi brous granulation 
tissue similar to other forms of tracheal stenosis. Risk factors 
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for cuff site stenosis include female sex, older age, prolonged 
tube placement, and excess cuff pressure. 

 Numerous strategies exist to treat tracheal stenosis such as 
laser excision of granulation tissue and bronchoscopic dilata-
tion. Suprastomal granulation tissue can be excised using 
sharp dissection. Other options included tracheal stents and 
tracheal segment resection with primary anastomosis. Despite 
all these therapeutic approaches, the recurrence rate can be up 
to 90%, especially if there is a lengthy stenotic segment that 
requires large amounts of dissection or excision  [  24  ] .  

   Tracheomalacia 

 Tracheomalacia is the weakening of the tracheal wall that 
results from ischemic injury with resultant chondritis and 
necrosis of tracheal cartilage leading to airway collapse fol-
lowing expiration. The trachea is also susceptible to external 
compression. Patients frequently exhibit failure to wean from 
the ventilator or with dyspnea. Again a high index of suspicion 
is required to diagnose and can be appreciated by broncho-
scopic visualization of airway collapse. Treatment depends on 
the extent of airway collapse and airway obstruction. It may 
require placing a longer tube to bypass the affected segment, 
stenting, tracheal resection, or tracheoplasty.  

   Tracheoinnominate Fistula 

 This uncommon yet life-threatening complication only 
occurs in 0.1–1% of tracheostomies performed, usually 
around 7–14 days post procedure. TIF has been reported to 
occur following surgical and percutaneous tracheotomies. It 
is usually fatal if not recognized immediately. Risk factors 
for its development include excessive movement of the tube, 
high pressure in the cuff, excessive neck extension, and 
placement of the tracheostomy below the third tracheal ring 
as it can erode into the innominate artery as it courses near 
the trachea. The innominate artery is the  fi rst branch off the 
aortic arch, which divides into the right common carotid and 
right subclavian arteries 3–4 cm lateral to the trachea. 

 Two main mechanisms are capable of producing pressures 
suf fi cient to cause an erosive process. First, a  fi stula can occur 
between the anterior tracheal wall secondary to mechanical 
force generated by the tube cuff of tube tip. The second mech-
anism involves pressure generated beneath the angulated neck 
of the tracheostomy tube, which can erode through the mucosa 
and into the artery. Low-lying placement is the most obvious 
cause, but even well-placed tubes between the second and 
third tracheal do not prevent TIF occurrence. 

 Diagnosis is based on lag time between tracheostomy 
placement and onset of bleeding. Early bleeding within 48 h 
is typically a result of traumatic puncture of anterior jugular 

and inferior thyroid veins, coagulopathy, local trauma from 
tracheal suctioning, and bronchopneumonia. Massive hemor-
rhage or hemoptysis occurring 3 days to 6 weeks post proce-
dure is TIF until proven otherwise. A sentinel bleed is reported 
to occur in more than 50% who later go on to develop a TIF 
 [  25  ] . Bleeding occurring greater than 6 weeks is not typically 
a result of TIF but from granulation tissue or malignancy. 

 Management of a TIF  fi rst involves minimizing its risk for 
occurring and whether there is active bleeding hindering ade-
quate ventilation. Rigid bronchoscopy can be used to deter-
mine the extent and source of bleeding as well as exclude other 
sources of bleeding and to obtain a blood-free airway. If a self-
terminating sentinel bleed occurs and the main bronchi are 
blood free, then immediate intervention can be delayed to fur-
ther investigate the source of bleeding. If active bleeding is 
ongoing, the potential for airway compromise is imminent. 
Attempts to manipulate the tube should be discouraged as this 
can precipitate loss of the airway. Acute management of active 
bleeding includes overin fl ation of the cuff. If this maneuver 
fails to halt bleeding, one should proceed to endotracheal intu-
bation below the site of bleeding to protect the airway fol-
lowed by digital compression of the artery against the posterior 
manubrium. Bleeding can be temporized in 90% of occur-
rences and allows time to plan surgical intervention  [  26  ] . This 
complication is a surgical emergency and carries a 100% mor-
tality without surgery. A median sternotomy allows access 
where proximal and distal control can be achieved and the 
arterial lumen ligated. No evidence suggests signi fi cant neuro-
logical or vascular compromise with this maneuver  [  27  ] .  

   Tracheoesophageal Fistula 

 An even more unusual complication is that of a tracheoesoph-
ageal  fi stula (TEF), which involves the development of a con-
nection between the trachea and esophagus. This iatrogenic 
complication results from injury to the posterior wall of the 
trachea from excessive cuff pressures or from unknown per-
foration of the posterior wall during placement of percutane-
ous tracheostomies. Patients have an abundance of copious 
secretions as well as recurrent aspiration of food, dyspnea, 
persistent cuff leak, and gastric distension. Repair is surgical 
if patients’ condition allows it; otherwise esophageal stents 
allow for less invasive means to control the  fi stula.   

   Conclusion 

 Airway management is one of the crucial skills required of 
the acute care surgeon. A thorough understanding of the 
anatomy, as well as familiarity with advanced airway 
 techniques, can help ease anxiety when in a pressing situa-
tion and potentially prevent disastrous results. Appropriate 
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timing and method for tracheostomy placement should also 
be considered by the acute care surgeon, as this decision often 
falls to the intensivist caring for the patient. Complications of 
this otherwise straightforward procedure can be devastating, 
so careful technique and planning are paramount.      
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         Introduction 

 The esophagus is a critical component of the human alimen-
tary tract, traversing three domains of the body: the neck, 
chest, and abdomen. It differs from other elements of the 
digestive system in that it lacks an outside serosal layer, and 
is thus both more susceptible to leakage and less tolerant of 
surgical repair. Additionally, with the increasing use of 
endoscopy for both diagnostic and therapeutic purposes, the 
incidence of esophageal perforation is on the rise. As such, 
the management of perforations demands experience and 
pro fi ciency with its anatomic features, surgical approaches, 
and a growing array of available endoscopic modalities. 

 Esophageal leaks are broadly classi fi ed as acute or chronic 
and contained or uncontained. The mortality associated with 
acute extravasation increases with every hour of delay in 
treatment, and carries an overall mortality of 3–67%  [  1  ] . 
This condition is particularly lethal when associated with 
mediastinitis, empyema, or intra-abdominal sepsis, which 
occurs more frequently with perforation of the thoracic or 
abdominal esophageal segments.  

   Etiology 

 Nearly 60% of all cases of esophageal perforation are iatro-
genic in etiology  [  2  ] . A smaller percentage (15%) occur spon-
taneously due to foreign body ingestion (12%), or traumatic 
injury (9%). Table  14.1  presents a full listing of the causes and 

clinical  fi ndings associated with esophageal perforations of 
various etiologies. No de fi nitive correlation between the etiol-
ogy of the perforation and mortality rate has been established; 
however, all ruptures must be promptly addressed. The major-
ity of iatrogenic perforations are the result of endoscopic proce-
dures, with those undertaken for therapeutic purposes harboring 
a greater risk. Furthermore, those patients undergoing pneu-
matic dilation for stricture or achalasia appear to be particularly 
vulnerable. The overall rate of perforation associated with 
endoscopy remains less than 0.1%  [  3  ] . Other iatrogenic causes 
include surgical procedures involving the esophagus and the 
use of Sengstaken–Blakemore or Linton tubes.  

 Spontaneous esophageal perforation, commonly known 
as Boerhaave’s syndrome, results from abrupt increases in 
intraesophageal pressure. It was originally described by 
Herman Boerhaave in 1724, in a pamphlet detailing his post-
mortem observations of Baron de Wassenaer, the Grand 
Admiral of Holland. Though Boerhaave’s syndrome has his-
torically come to be linked with violent emesis following 
unrestrained imbibition or food consumption, the Baron suf-
fered a fatal esophageal rupture as a result of self-induced 
vomiting in an attempt to relieve the discomfort of indiges-
tion  [  4  ] . Spontaneous perforations associated with weight 
lifting, childbirth, seizures, and defecation have been 
reported, and likely bear a similar physiologic origin. 

 The super fi cial course of both the cervical and thoracic 
esophagus renders them susceptible to injury from penetrat-
ing trauma. Additionally, gunshot wounds can also in fl ict 
indirect thermal injury easily missed at initial examination 
that can subsequently become the site of a rupture. Esophageal 
disruption can likewise occur in the setting of blunt traumatic 
injuries. Putative mechanisms include torsive and stretching 
forces, as well as rapid acceleration with injury occurring at 
 fi xed points. Ingestion of caustic materials, broadly classi fi ed 
as acidic or alkaline, can also result in esophageal perfora-
tion. This is most common with alkaline consumption, as 
these agents are both more palatable and cause a liquefactive 
necrosis with a propensity for transmural progression of the 
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injury. Although acid ingestion results in a coagulative necro-
sis with less potential for penetration, perforation can occur. 

 Acute in fl ammation and infection can also lead to perfo-
ration of a weakened esophageal wall, particularly in the 
immunocompromised patient. One noteworthy etiology is 
eosinophilic esophagitis, characterized by unexplained focal 
penetration of eosinophils. Multiple reports of spontaneous 
perforation in this setting exist  [  5,   6  ] .  

   Presentation 

 The clinical signs and symptoms of esophageal perforation 
are largely dependent upon the anatomic location of the 
defect. Fever, tachycardia, tachypnea, dyspnea, shock, and 
leukocytosis are frequently present regardless of the site of 
the injury. Crepitus, indicative of underlying subcutaneous 
emphysema, suggests a perforation in the neck or pyriform 
sinus. Additionally, these patients may describe neck pain of 
varying severity, vocal disturbances classically described as 
a prominent “nasal” tonality, dysphagia, or bleeding through 
the mouth. Perforations of the thoracic or abdominal esopha-
gus often result in vomiting, chest and/or back pain, dyspnea, 
dysphagia, and bleeding. In addition, defects of the intra-

abdominal esophagus commonly cause abdominal pain and 
distention. “Mackler’s Triad” denotes the classic presenting 
syndrome of patients with spontaneous esophageal rupture, 
and includes vomiting, lower chest pain, and subcutaneous 
emphysema. The Anderson Triad, likewise suggestive of 
spontaneous esophageal rupture, includes subcutaneous 
emphysema, rapid respirations, and abdominal rigidity.  

   Evaluation 

 Evaluation of the patient with suspected esophageal perfora-
tion begins with a detailed history and physical examination. 
Particular attention should be given to any recent history of 
instrumentation or trauma to the neck or torso, quantitative 
and qualitative assessment of recent food and liquid consump-
tion, evidence of malignancy such as recent weight loss or 
dysphagia, or any signs of progressing sepsis. Hemodynamic 
instability should be immediately addressed with placement 
of large-bore intravenous catheters and  fl uid administration. 
Once esophageal perforation is suspected, antero-posterior 
and lateral upright chest and abdominal radiographs should 
be obtained without delay. Radiographic  fi ndings suspicious 
for perforation include subcutaneous emphysema, the 

   Table 14.1    Etiologies of esophageal perforations   

 Type  Causes  Clinical  fi ndings 

 Anatomic  External compression from an aberrant right subclavian artery 
 Pyriform sinus  Singing, yelling, trumpet playing, recent endoscopy  Marked mediastinal and cervical subcutaneous 

emphysema 
 Anastomotic  Leakage at or near the site of a surgical anastomosis  History of surgically created esophageal anastomosis 
 Boerhaave’s  Vomiting, straining, retching, weight lifting, hyperemesis, seizures 

causing a full-thickness tear at the gastroesophageal junction 
 Characteristic longitudinal tear on the left side of the 
esophagus, typically in the distal 1/3 segment 
 Mucosal defect typically longer than muscular defect 

 Iatrogenic  Endoscopic: Ablation, dilation, sclerotherapy, instrumentation 
 Surgical: Esophageal surgery, foregut cyst decortication, spine surgery 

 Recent history of surgery or endoscopy 

 Traumatic  Penetrating or blunt trauma to neck or torso  Strong association with neck hyperextension 
 Cancer  Perforation of an esophageal tumor 

 Erosion of surrounding tumor through esophageal wall 
 Gas near or abutting the tumor on imaging 

 Paraesophageal 
hernia 

 Incarceration with necrosis of the distal esophagus  Evidence of left pleural effusion or abdominal  fl uid 
on imaging studies 

 Foreign body  Ingestion of a substance (i.e., chicken bone) that becomes lodged 
 Impaction at a stricture 
 Esophageal webs 
 Eosinophilic esophagitis 

 Upper esophageal impaction at the sphincter 

 Esophagitis  In fl ammation and erosion of ulceration 
 Zollinger–Ellison syndrome 
 Barrett’s ulcer 
 Infection (Candida, Herpes simplex, viruses, CMV) 

 Immunocompromised patient 

 Ingestion  Ingestion of caustic substance 
 Drug ingestion/impaction 

 Tetracycline 
 Potassium 
 Quinidine 
 NSAIDS 
 Sustained-release formulations 

  CMV—cytomegalovirus 
 NSAIDS—nonsteroidal anti-in fl ammatory drugs  
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 presence of pleural effusions, pneumomediastinum, hydro/ 
pneumothorax, and pleural thickening. Radiographs are par-
ticularly useful in the setting of suspected iatrogenic 
perforation, as they may prove diagnostic in up to 80% of 
these patients. Furthermore, radiographs have utility in terms 
of localization of the defect; a right pleural effusion suggests 
a mid-esophageal perforation, while a left effusion portends a 
lower esophageal lesion. 

 The gold standard for diagnosis of perforation is a con-
trast swallow study, done in the presence of the treating sur-
geon. Performed  fl uoroscopically, the patient should be 
oriented obliquely relative to the source and remain in a 
standing, semierect position, which will facilitate the detec-
tion of small leaks (Fig.  14.1  through Fig.  14.5 ). Given the 
risk of severe pneumonitis associated with gastrograf fi n 
aspiration, angiography agents are preferred. Barium use can 
complicate future imaging in the patient due to persistence of 
the substance in the esophagus for several days, and should 
only be used if an obvious perforation is not detected on ini-
tial swallow evaluation with a water-soluble contrast agent. 
Although essential in the initial evaluation of suspected 
esophageal perforation, the false negative rate of contrast 
radiography approaches thirty percent.                  

 Computed tomography (CT) is useful in cases where per-
foration remains suspected in the setting of a non-diagnostic 
swallow study. Additionally, it is the primary diagnostic 
modality in intubated patients or in those in whom a swallow 
evaluation is otherwise not possible, impractical, or negative. 
It is essential to ensure that the endotracheal or tracheostomy 
cuff is in fl ated prior to contrast administration to prevent 

aspiration. Computed tomography offers the advantage of 
more reliable identi fi cation of associated abscesses or  fl uid 
collections. A further consideration is that some contrast 
agents must be diluted prior to CT scan imaging to prevent 
artifact interference with image interpretation. 

 Endoscopy is also a valuable adjunct to diagnosis, and 
can facilitate irrigation and drainage of large perforations 
prior to intervention. As is discussed below, endoscopy is 

  Fig. 14.1    Contrast esophagram of a Boerhaave perforation of the 
esophagus at the gastroesophageal junction resulting in left pleural 
contamination       

  Fig. 14.2    Contrast esophagram of a  fi sh bone perforation of the cervi-
cal esophagus resulting in mediastinal contamination       

  Fig. 14.3    Contrast esophagram of a gastric bypass leak resulting in 
left pleural and abdominal contamination       
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increasingly being used for de fi nitive management of some 
perforations. When being employed in the evaluation for 
esophageal perforation, endoscopy should only be performed 
by an experienced practitioner under general anesthesia in an 
operating room with the patient’s airway protected.  

   Management 

 The principal goals in the management of esophageal perfo-
ration are as follows: complete drainage of extraluminal 
infection, prevention of progressive contamination, restora-
tion of visceral integrity, and provision of nutritional support 
(Fig.  14.6 ). The  fi rst successful surgical repair of an esopha-
geal perforation was reported in 1944  [  7  ] . Since then, sur-
gery has become the mainstay of de fi nitive treatment, 
although this paradigm is being increasingly challenged by 
the advent of esophageal stents  [  8–  10  ] . The primary surgical 
task is to achieve drainage of all contaminated spaces and 

repair leakage when clinically appropriate. Soilage of the 
pleural cavity can be addressed via decortication through an 
open thoracotomy incision or with the use of video-assisted 
thoracoscopic surgery (VATS). Cervical esophageal perfora-
tions are accessed via a left oblique neck incision just ante-
rior to sternocleidomastoid (Fig.  14.7 , #1). In the upper 
two-thirds of the thoracic esophagus, a right posterolateral 
(often muscle-sparing) thoracotomy in the fourth or  fi fth 
intercostal space is required (Fig.  14.7 , #2). If an intercostal 
muscle  fl ap is planned for repair of the esophagus, it can be 
harvested during the exposure. A muscle-sparing approach is 
often preferred when performing open thoracotomy in the 
interest of preserving chest wall musculature for potential 
use later. Perforations in the lower third of the esophagus are 
best accessed through a left posterolateral thoracotomy in 
the sixth or seventh intercostal space (Fig.  14.7 , #3). A verti-
cal midline celiotomy incision or laparoscopic approach 
should be used for perforations of the intra-abdominal esoph-
agus (Fig.  14.7 , #4). Video-assisted thoracoscopic surgery 
should be reserved for early perforations and in those patients 
in whom adequate debridement of infected tissue can be 
ensured utilizing this technique  [  11  ] . Furthermore, thorough 
decortication allowing full expansion of the lung will aug-
ment healing. Tube thoracostomies with a minimum caliber 
tube of 32-french should be placed generously to achieve 
optimum postoperative drainage. Smaller caliber tubes are 
vulnerable to obstruction and should be avoided.   

 Most uncontained esophageal defects, particularly when 
detected early, are amenable to primary repair. This is done 
by closing the esophageal mucosa and muscularis in separate 
layers using 3–0 vicryl or similar absorbable suture. It may 
be necessary to separate the outer components of the inner 
circular and outer longitudinal muscle layers in order to gain 
adequate exposure to the underlying mucosal disruption. The 
thoracic cavity is then  fi lled with saline and the esophagus 
insuf fl ated using an endoscope to assess the integrity of the 
repair, which may be buttressed using a  fl ap. We commonly 
use a pedicled intercostal muscle  fl ap for this purpose, 
although the latissimus dorsi, serratus muscle, pericardial fat 
pad, diaphragm, omentum, or gastric fundus  fl ap are alter-
nate options  [  12  ] . The sternocleidomastoid, rhomboid, or 
pectoralis muscles are available for use in the repair of cervi-
cal esophageal perforations; however, these typically respond 
well to open drainage and often close spontaneously. 
Additionally, some authors have advocated for the use of 
reinforcing  fi brin tissue patches at the time of primary repair, 
although research into the longevity of this approach is ongo-
ing  [  13  ] . Our practice is to bridle a nasogastric tube into 
position with the distal end just above the level of the perfo-
ration at the time of operation. 

 Defects deemed not amenable to repair should be 
resected or stented. These include perforations encom-
passing more than  fi fty percent of the circumference of 
the esophageal wall, or those longer than three  centimeters 

  Fig. 14.4    CT scan of a tracheo-esophageal  fi stula after chemotherapy 
and radiation therapy for esophageal squamous cell carcinoma       

  Fig. 14.5    CT scan of an intrathoracic anastomotic leak after esophagec-
tomy resulting in left pleural contamination       
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as they bear an unacceptable risk of stricture  formation. 
Additionally, attempts at surgical repair are not 
 recommended in those patients with a delayed  presentation 
(>48 h). Alternative management strategies that can be 
considered for delayed perforations include hybrid 
approaches for complicated perforations. These include 
surgical debridement to place buttressing muscle  fl aps 
over the perforation, debride the contaminated area, pro-
vide wide local drainage of infected spaces, and comple-
ment the internal coverage achieved with stenting. It is 
important in this highly selected population for the surgeon 
to monitor for adequate drainage of infected spaces and 
competent sealage of the perforation postoperatively, and to 
proceed  immediately to alternate therapy such as diversion 

oft an  unsalvageable esophagus when either of these is com-
promised. T-tubes can be used to drain perforations deemed 
irreparable, but are an unreliable means of ensuring  fi stula 
control. High cervical defects with insuf fi cient length for 
a diverting esophagostomy may require placement of a 
salivary bypass drainage tube. 

 Placement of a surgical gastrostomy tube at the time of 
operation should be considered in diverted patients and in 
those in whom the need for prolonged gastric drainage is 
anticipated. Additionally, either a gastrostomy or jejunos-
tomy tube offers access for enteral feeding. Considering 
future needs for reconstruction, the gastrostomy tube should 
be placed in such a way that the gastroepiploic artery is not 
injured in an effort to prevent conduit complications. 

  Fig. 14.6    Algorithm for the 
management of esophageal 
perforations       

  Fig. 14.7    Common locations 
of esophageal perforation       
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Laparoscopic placement of the enteral tubes is preferred for 
this reason. If possible, esophagostomies should be created 
on the left anterior chest wall just below the clavicle rather 
than out of the neck incision, as this improves the  fi t and 
function of the ostomy appliance. 

 Postoperatively, the patient must be under continuous 
daily monitoring to ensure continued durability of the inter-
vention. Daily vigilance must be exercised in securing all 
lines and tubes, and these authors advocate the use of bri-
dling for all trans-nasal tubes to minimize inadvertent 
removal. Nutritional support either orally or through a feed-
ing tube is always preferred. Additionally, patients should be 
continued on broad-spectrum antibiotics until they have 
recovered fully from the current infection, typically two 
weeks. Narrowing the spectrum of antibiotic coverage, as is 
typical for any infection, is recommended after a few days or 
once the sensitivities of the offending agent(s) are known. 
Microbes responsible for infections associated with esopha-
geal perforations include  Staphylococcus ,  Pseudomonas , 
 Streptococcus , and  Bacteroides , and adequate coverage for 
each of these species should be provided.  

   Conclusion 

 Re-perforation following complete healing is rare. Persistence 
of a leak after what is considered to be otherwise standard 
therapy should prompt an investigation for the presence of 
cancer or other impediments to normal wound healing. These 
include epithelialization, steroids, retained foreign body, 
poor nutritional status, radiation damage, persistent undrained 
infection, or distal obstruction. Patients who develop any 
symptoms, such as dysphagia, odynophagia, regurgitation, 
or noncardiac chest pain following hospital discharge should 
undergo a contrast swallow evaluation to assess for stricture, 
which occurs in up to 33% of patients  [  14  ] .      
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         Introduction 

 Pneumothorax (PTX), hemothorax (HTX), and empyema are 
the most common pleural-based problems encountered by the 
acute care surgeon. Timely recognition and intervention can 
usually abort what would otherwise be highly morbid disease 
processes. This chapter discusses the presentation, diagnostic 
features, and current treatment strategies for these entities.  

   Pneumothorax 

   Epidemiology 

 Most PTX presenting to the emergency department are due to 
trauma. The incidence of PTX in the trauma population is as 
high as 20% in patients who arrive alive at the trauma center 
 [  1  ] . While penetrating trauma is a source of PTX, the mecha-
nism of injury is more often blunt  [  2  ] . PTX is one of the most 
common injuries seen following blunt vehicular trauma where 
it is usually secondary to displaced rib fractures. Air leaking 
out of the punctured or lacerated lung decreases the negative 
pressure generated upon inhalation and causes the lung to 
collapse. In penetrating trauma, the PTX may also be caused 
by direct injury to the lung from the penetrating object caus-
ing air leakage. Alternatively, there may be entrance of air 
into the pleural space from the outside through the wound 
yielding an open PTX. If a one-way valve is created by a  fl ap 
of lung or chest wall tissue preventing air egress on exhala-
tion, positive pressure may build up shifting the mediastinum 
and impairing cardiac  fi lling resulting in a tension PTX. 

 The second most common cause of PTX, commonly 
referred to as spontaneous PTX, seen in the emergency room 
is a ruptured bleb. The age-adjusted incidence of spontaneous 
PTX is reported to range from 1 to 18 cases per 100,000 popu-
lation per year  [  3  ] . Young adults will present with the rupture 
of an apical congenital bleb, an area of thinned lung tissue 
with abnormal interstitial development. This is far more 
common among young males and is rarely seen after age 
forty. In the middle-aged and older population, blebs result 
from long-standing emphysematous changes related to 
chronic obstructive pulmonary disease (COPD) due to 
tobacco use  [  4  ] . The risk of spontaneous PTX in the smoking 
population is reported to be 20 times higher than the non-
smoking population and is dose dependent  [  3  ] . 

 In the inpatient setting, acute care surgeons may be con-
sulted for iatrogenic PTX. These are most commonly due to 
an attempted central venous catheter placement or other 
invasive procedure. The incidence of PTX after subclavian 
catheterization is reported to be 2.2% and after all invasive 
procedures is reported to be 1.4%  [  5  ] .  

   Clinical Presentation and Diagnosis 

 The trauma victim with PTX will, of course, have an appropri-
ate history of exposure to an injury mechanism. Complaints 
may relate to pain from associated rib fractures or may localize 
to extra-thoracic injuries. The young, otherwise healthy indi-
vidual may not identify primary respiratory symptoms while 
the older person with less pulmonary reserve and possible co-
morbidities may be in extremis from a unilateral simple PTX. 
Vital signs may be relatively normal or reveal sinus tachycar-
dia. Pulse oximetry may be normal or decreased depending 
upon preexisting conditions, extent of PTX and other injuries, 
and splinting due to rib fractures. If a tension PTX is present, 
the patient may be hypotensive due to the impaired cardiac 
 fi lling and demonstrate distended neck veins and a shift of the 
trachea to the contralateral side. Figure  15.1  shows the medi-
astinal shift that occurs with a tension PTX. It should be 
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noted, however, that the absence of these two  fi ndings does 
not rule out a tension PTX. For example, if there is signi fi cant 
concurrent blood loss from other injuries, distended neck veins 
may be absent despite the presence of a tension PTX.  

 The teenager or young adult with a spontaneous rupture 
of a congenital bleb can usually identify the onset of acute 
pain. As these individuals are healthy, they usually complain 
of minimal to no dyspnea  [  6–  8  ] . They are rarely hypoxic. 
Conversely, the middle-aged smoker with COPD and rupture 
of an emphysematous bleb will usually be dyspneic due to 
the acute loss of lung volume on the background of border-
line pulmonary function. Physical examination will reveal 
absent breath sounds on the affected side. Auscultation 
should always be performed in the axilla as transmitted con-
tralateral breath sounds may be falsely interpreted as ipsilat-
eral aeration. The examiner may note chest wall tenderness 
and crepitus due to subcutaneous emphysema. This occurs 
when air leaking from the lung insinuates into the chest wall 
through a tear in the parietal pleura. It is classically manifest 
on exam as “Rice Krispies crunching” under the skin, and, if 
widespread, may cause the patient to appear like the “Stay 
Puft marshmallow man” due to subcutaneous emphysema 
involving the neck and face. 

 The diagnosis of PTX in the trauma setting has tradition-
ally been made on a supine anterior–posterior (AP) chest 
radiograph  [  9  ] . Recently the extended focused assessment 
with sonography for trauma (FAST) exam has been promoted 
as a more sensitive modality for the identi fi cation of PTX, 
especially smaller ones. A recent meta-analysis revealed that 
ultrasound was 86–97% sensitive for detecting traumatic 
PTX as opposed to 28–75% for supine chest radiograph  [  9, 
  10  ] . The normal chest ultrasound will show visceral and 
pleural surfaces “sliding” over one another during respira-
tion. Absence of “sliding” is a sensitive and speci fi c indica-
tor of PTX. In some trauma centers, ultrasound has supplanted 
initial supine radiograph for the diagnosis of PTX  [  9,   11  ] . 
Stable trauma patients without concern for spine injury 
should have an upright posterior–anterior (PA) chest radio-
graph. Many smaller PTX in trauma are seen only on com-
puted tomography (CT) scan of the chest. These are termed 
occult PTX. Stable patients suspected of a non-traumatic 
PTX should still have conventional upright PA and lateral 
radiographs in the radiology suite. 

 Because it is immediately life-threatening, the conventional 
teaching for tension PTX is that if it is suspected on clinical 
grounds, it should be treated without con fi rmatory radiogra-
phy  [  12  ] . The increasing availability of immediate bedside 
ultrasound may alter this practice in the future as more infor-
mation on the ef fi cacy of this modality emerges  [  13,   14  ] .  

   Management 

 All patients who are being seen in consultation for a traumatic 
chest injury should have an appropriate overall trauma evalu-
ation commensurate with the Advanced Trauma Life Support 
(ATLS) practices of the American College of Surgeons and in 
accordance with local institutional practices  [  12  ] . The tradi-
tional initial treatment for all symptomatic traumatic PTX has 
been, and for the most part remains, the placement of a large 
tube thoracostomy tube (32–36 French) in the  fi fth intercostal 
space at the anterior or mid-axillary line with the application 
of suction through a water seal drainage system  [  12  ] . Recently, 
however, there has been a trend to place smaller percutaneous 
tubes by the Seldinger technique in the second intercostal 
space at the anterior axillary line for the evacuation of smaller 
PTX. Though seemingly less traumatic, the use of these so-
called pigtail catheters remains controversial. Small amounts 
of concurrent pleural blood, often unappreciated on semi-
upright chest radiographs after injury, may clog these tubes. 
Fig.  15.2a  shows a subtle left-sided HTX as visualized on the 
initial chest radiograph taken in the trauma bay. However, as 
seen in Fig.  15.2b , the patient had a sizeable posteriorly layer-
ing left HTX. Additionally, pigtail catheters do not have the 
diameter to evacuate large-volume air leaks and often require 
a second tube  [  15  ] .  

  Fig. 15.1    A 43-year-old blunt trauma patient presenting with hypoten-
sion. Tension pneumothorax was not clinically diagnosed as the cause 
of hypotension and this chest radiograph was obtained. The image 
shows left-sided pneumothorax with mediastinal shift to the right caus-
ing vena cava compression and life-threatening hypotension. The 
patient’s vital signs normalized after left-sided needle thoracostomy. 
A chest tube was subsequently placed. Image courtesy of Dr. Timothy 
Emhoff, University of Massachusetts Medical School       
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 Patients who have hemodynamic or respiratory instability 
felt due to a tension PTX should have needle decompression 
of the pleural space using a 14 gauge 2-in. angiocatheter in 
the second intercostal space at the mid-clavicular line while 
preparations are made for thoracostomy tube placement. 
This is an immediate life-threatening condition and should 
be diagnosed on clinical grounds rather than radiographic 
 fi ndings as demonstrated in Fig.  15.1 . Decompression will 
release positive pressure, allowing the mediastinum to return 
to midline and the patient to re-compensate. If the diagnosis 
of tension PTX was correctly made, the patient will improve 
in color and blood pressure almost immediately. A tube tho-
racostomy is then required as previously mentioned to treat 
the simple (non-tension) PTX thus created  [  12,   16  ] . 

 Once the desired thoracostomy tube is placed, lung in fl ation 
should be con fi rmed by chest radiograph, preferably upright, 
and the amount of air leak, if any, should be noted. Failure of the 
lung to in fl ate with a large continuous air leak in the water seal 
chamber may indicate a tracheobronchial injury, which should 
be con fi rmed by bronchoscopy. If present, a second chest tube 
should be considered as the  fi rst maneuver. Thoracic specialty 
consultation should be obtained. The management of this injury 
is beyond the scope of this text. Failure of the lung to in fl ate 
without an air leak indicates mal-positioning of the tube, usually 
in the subcutaneous tissue or occlusion of the chest tube, drain-
age system, or bronchi. The system should be checked and 
bronchoscopy may be indicated. After placement of a thoracos-
tomy tube, trauma patients treated for PTX should have a 
dynamic chest CT or CT angiogram contemplated to assess 
other latent thoracic injuries. It is well recognized that three tho-

racic injuries are identi fi ed on CT for every single injury noted 
on chest radiograph. 

 The increased sensitivity of CT scans will document occult 
PTX. Occult PTX is de fi ned as a PTX noted only on CT scan 
but not evident on conventional chest radiograph  [  2,   17–  20  ] . 
There is an increasing body of evidence and expert opinion that 
occult PTX are extremely unlikely to enlarge and can therefore 
be managed conservatively, as long as they remain stable in size 
and patients remain free of respiratory symptoms attributable to 
the PTX  [  13,   21  ] . Some have reported the successful deferral of 
thoracostomy even in the setting of positive pressure ventilation 
for surgical procedures  [  22  ] . However, the decision to defer tho-
racostomy should be approached cautiously in the multi-trauma 
patient. In this setting, an untreated PTX may create confusion 
when the patient suffers a hemodynamic or respiratory decom-
pensation for unrelated reasons. 

 The spontaneous PTX due to congenital bleb in the young 
patient may be treated with a tube thoracostomy in the sec-
ond interspace at the midclavicular line using a conventional 
tube or a pigtail catheter. The COPD patient with emphyse-
matous bleb rupture may be treated similarly. However, in 
this situation a non-contrast chest CT should generally be 
obtained prior to tube placement (assuming that the patient is 
stable without evidence of tension physiology or respiratory 
compromise) to differentiate PTX from a giant emphysema-
tous bleb  [  6–  8,   23  ] . Placement of thoracostomy tubes into 
giant emphysematous blebs results in a bronchopleural 
 fi stula, which is very dif fi cult to manage. 

 Small iatrogenic PTX due to attempted subclavian central 
venous catheter placement can generally be treated by 

  Fig. 15.2    ( a ) This supine radiograph shows slightly increased opacity 
on the left side. The size of hemothorax was not appreciated until sub-
sequent CT imaging was obtained. ( b ) This CT scan of the chest cor-

responds to Fig.  15.2a  and shows a sizeable left-sided hemothorax that 
was missed on initial supine chest radiograph. Images courtesy of Dr. 
Dennis Coughlin, University of Massachusetts Medical School       
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observation or by placement of an apical pigtail catheter with 
good results since the site of injury is known to be at the 
apex. Larger iatrogenic PTX should receive conventional 
thoracostomy tubes placed in the apical position  [  24  ] . 
Table  15.1  presents pearls for thoracostomy tube placement.  

 Once the chest tube is in place and in fl ation of the lung is 
con fi rmed on radiograph, numerous protocols and guidelines 
exist for tube management  [  25  ] . In general, once the lung is 
in fl ated and pleural surfaces are brought into apposition, the 
air leak should cease. The thoracostomy tube is then left to 
suction for 24–48 h to allow pleural symphysis or sealing to 
occur. Time to sealing will vary with the magnitude of the air 
leak and the patient’s overall nutritional status. The removal of 
the tube from suction, known as placement on “water seal,” is 
generally used to con fi rm healing of the pleural leak. The 
water seal chamber on the drainage system is monitored for 
recurrence of an air leak, and if none is noted a con fi rmatory 
radiograph is done, typically from 3 to 8 h later. However, 
there is very little evidence supporting the duration of time 
necessary on water seal before a radiograph is performed  [  26  ] . 
If a recurrent leak is noted in the drainage system leak cham-
ber, the system is placed back on suction and a radiograph is 
done to con fi rm that the lung remains in fl ated. Suction is con-
tinued another 24–48 h before reattempting water seal. 

 Importantly, the lung may remain in fl ated on water seal 
even when small air leaks are present since a route of egress 
for the air is available. Removal of the tube in this setting will 
lead to a recurrent PTX. Therefore, it is important to identify 
even small leaks in the leak chamber of the drainage system. 
This can be done by checking for air leaks during forced expi-
ration by asking the patient to take deep breaths in and out and 
to cough. If a forced expiratory air leak is identi fi ed the chest 
tube should remain in place until completely resolved. 

 As noted previously, failure of the lung to in fl ate after tube 
thoracostomy with a large air leak should raise concern for 
tracheobronchial injury. However, persistent failure of small 
air leaks to seal despite in fl ated lung or recurrent PTX on water 
seal may present both a diagnostic and therapeutic challenge. 
A CT scan with the thoracostomy tube on suction should be 
done to identify unin fl ated areas of lung that may be contribut-

ing to a persistent air leak. Additional thoracostomy tubes or 
radiologically guided drainage catheters may be required. 
Video-assisted thoracoscopic surgery (VATS) for pleurodesis 
may ultimately be needed     [  27–  30  ] . Surgical pleurodesis 
involves the application of various irritants to the pleural sur-
faces to cause in fl ammatory adhesion of the visceral and pari-
etal pleura and thereby seal air leaks. There is some literature 
advocating very early VATS intervention in persistent air leak 
in trauma patients at 48 h post injury  [  31,   32  ] . As of this writ-
ing, any bene fi t of such an approach for PTX alone has not 
been de fi nitively demonstrated. Figure  15.3  shows a general 
composite algorithm for the management of traumatic PTX.  

 Importantly, with spontaneous PTX due to ruptured con-
genital or emphysematous blebs, the lungs are inherently 
abnormal and sealing of the air leak may take longer than 
48 h or may even fail to occur. When tube thoracostomy fails 
to seal a pleural leak in this clinical setting, surgical interven-
tion, typically VATS with pleurodesis, is required.  

   Complications 

 The most common complication of PTX is respiratory fail-
ure. In the trauma setting, this is usually due to the combined 
effect of the loss of lung volume, pain, and splinting from 
associated rib fractures, burden of associated injuries, and any 
preexisting pulmonary conditions. Consequently, in addition 
to rein fl ating the lung, a thorough approach must be taken in 
ameliorating the concomitant causes of respiratory failure in 
the trauma patient. Failure of lung in fl ation is a rare complica-
tion of conservative management without thoracostomy. This 
usually does not occur unless there is associated pleural blood 
(HTX) causing an in fl ammatory response and resultant 
trapped lung (further described in the next section). 

 The main iatrogenic complications of thoracostomy place-
ment include injury to almost any intrathoracic structure. This 
can be avoided by carefully palpating and exploring with the 
operating  fi nger through the thoracostomy incision prior to 
placing the tube. Adhesions are swept away and placement 
above the diaphragm is ensured. Often chest tube placement 
introduces some degree of additional pain and immobility to 
patients which is not desirable. Consequently, the decision to 
place a tube should be carefully considered in cases of smaller 
PTX. Reasonable respiratory bene fi t should be expected as a 
trade-off for the potential increase in splinting due to the pres-
ence of the tube.  

   Follow-Up 

 There is no evidence that patients who have had traumatic 
PTX in fl ated by a thoracostomy and show full in fl ation on 
“post-pull” radiograph several hours later need any further 
imaging as long as they remain clinically well. Nonetheless, it 

   Table 15.1    Tube thoracostomy placement procedure   

 “Pearls” for tube thoracostomy placement 

 • Enter pleural space using a  blunt  Kelly clamp controlled by two 
hands 

 • Place index  fi nger in pleural space prior to tube placement to 
assess for adhesions 

 • Place the tube attached to clamp. “Free hand” placement always 
fails with tube residing in subcutaneous tissue 

 • Fix the tube with “0” suture material, silk, braided polyester, or 
equivalent. Slightly indent tube with suture to assure  fi rm hold 

 • Failure of lung to in fl ate without air leak means system 
obstruction or bronchial obstruction 

 • Failure of lung to in fl ate with large air leak may indicate central 
tracheobronchial injury. Second tube and/or bronchoscopy 
indicated 



19315 Hemothorax, Pneumothorax, and Empyema

is the customary practice at many institutions to obtain a fol-
low-up radiograph prior to discharge or at clinic visit. Patients 
who have been treated conservatively for small PTX generally 
receive a follow-up radiograph several weeks later to docu-
ment full lung expansion, though the bene fi t of this also 
remains unclear. Recurrences are rare in otherwise healthy 
individuals in either situation. There is no standardized follow-
up for patients with spontaneous PTX due to congenital bleb 
or emphysematous bleb rupture. These patients will generally 
become symptomatic if recurrences occur. They should main-
tain a close relationship with their pulmonologist or thoracic 
surgeon as recurrence rates may be as high as 50%  [  6–  8  ] .   

   Hemothorax 

   Epidemiology 

 The single major cause of HTX for all age groups is trauma, 
usually blunt  [  33  ] . Twenty- fi ve percent of patients with chest 
trauma will be diagnosed with HTX  [  34  ] . Here the typical 

etiologic factor is intercostal vessel bleeding caused by 
fractured ribs, though other sources such as lung parenchyma 
laceration or hilar vascular injuries have been reported. Rare 
non-traumatic causes include pleural malignancy, iatrogenic 
injury, and spontaneous HTX due to pathologic coagulopa-
thy  [  35  ] . For the purposes of this discussion we will be refer-
ring to traumatic HTX unless otherwise speci fi ed.  

   Clinical Presentation and Diagnosis 

 Three initial (acute) clinical presentations are common for HTX, 
each requiring its own approach to management. These include 
(1) immediate HTX with hemodynamic instability, (2) immedi-
ate HTX without hemodynamic instability, and (3) delayed 
HTX, which may appear up to 2 weeks after chest wall injury in 
up to 7% of all patients with rib fractures  [  33,   36,   37  ] . 

 The unstable patient presenting to the trauma bay will 
have an appropriate history of mechanism, for example 
motor vehicle driver with side impact or stab wound to the 
thorax or upper abdomen. They may be hypotensive or 

  Fig. 15.3    Algorithm for the 
management of acute traumatic 
pneumothorax       
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merely tachycardic. Oxygen saturation may be low or normal 
depending upon loss of lung volume, other injuries, and pre-
existing respiratory status. They may complain of dyspnea. 
Physical examination reveals absent breath sounds on the 
affected side. Here, diagnosis is often made by emergent 
placement of the thoracostomy tube and the expression of a 
large amount of blood. 

 The stable patient with HTX may have respiratory or 
pain-related complaints or both. Clinical examination may or 
may not identify decreased breath sounds but there will often 
be chest wall tenderness. Here diagnosis is made by chest 
radiograph, preferably in the semi-upright position. It should 
be remembered that on the supine radiograph, very signi fi cant 
 fl uid collections may yield only a barely detectable increased 
opacity on the injured side (Fig.  15.2 ). These HTX may not 
be suspected until incidentally noted on the lower thoracic 
cuts of an abdominal CT. Several centers have begun to uti-
lize the FAST examination to identify HTX, but the ef fi cacy 
of this has not yet been fully determined  [  38  ] . 

 The patient presenting with a delayed HTX is often in-
hospital or may even have been discharged to home, as this 
acute bleeding may occur up to 2 weeks after initial trauma 
 [  39,   40  ] . The mechanism here is hypothesized to improve 
pain control allowing for increased respiratory excursion that 
then results in a new tear of an intercostal vessel at a fracture 
   site. The incidence of delayed HTX is increased with multi-
ple and displaced rib fractures. Presentation is varied and 
may be predominantly one of blood loss with tachycardia, 
malaise, or overt hemorrhagic shock. Alternatively, it may 
manifest as respiratory symptoms ranging from mild exer-
cise intolerance all the way to respiratory distress. Presentation 
may be very subtle and missed in the patient still incapaci-
tated from distant injuries. For patients on mechanical venti-
lation, the HTX may be a surprising incidental  fi nding on a 
routine chest radiograph.  

   Management 

 In severe or multi-trauma patients, the treatment of HTX, 
like that of any injury, should be prioritized based on the 
principles of ATLS  [  12  ] . If an HTX is suspected or docu-
mented on chest radiograph, a large thoracostomy tube, 36 or 
40 French, is inserted in the  fi fth intercostal space at the pos-
terior or mid-axillary line. If a massive HTX is expected 
based on radiograph or presentation, an autotransfusion 
attachment should be placed in line with the chest drainage 
system to scavenge and return shed blood. This may provide 
an immediate improvement in stability; however, it has not 
been shown to decrease transfusion requirements  [  36  ] . 

 For the unstable patient whose immediate chest tube out-
put is  ³ 1,500 ml, a massive HTX, and who remains unstable, 
immediate thoracotomy remains the treatment of choice 

along with autologous and banked blood resuscitation  [  12  ] . 
This has been based on the rationale that large shed blood 
volumes indicate injury to larger vessels, such as intercostal 
arteries, the internal mammary artery, or more central lung 
vasculature that are less likely to cease bleeding without 
operative control of the vessel in question. For patients with 
large initial thoracostomy outputs who are stable, or readily 
stabilized, VATS is being used successfully in the acute set-
ting by several groups to avoid thoracotomy  [  31,   41  ] . It has 
been shown that this procedure can be safely performed by 
acute care surgeons with the appropriate experience with 
thoracic surgical backup as needed  [  42  ] . Electrocautery and 
clips can be applied thoracoscopically to control moderate 
hemorrhage. The lower morbidity of this procedure may 
make it applicable in the future to patients with lesser but 
still signi fi cant thoracostomy outputs for whom the risk/
bene fi t ratio for full thoracotomy may be unfavorable. 

 Stable patients with lesser immediate chest tube output 
should have complete evacuation of the HTX with tube tho-
racostomy and subsequent lung in fl ation documented on an 
upright chest radiograph. The trauma workup should be 
completed as necessary. This should include chest CT to 
identify signi fi cant thoracic injuries related or unrelated to 
the HTX, especially in the setting of penetrating trauma. The 
chest tube output is monitored hourly and the patient moni-
tored in at least an intermediate care setting. Numerous pro-
tocols exist to trigger surgery in such stable patients based on 
continuing chest tube output. Examples are 250 ml/h for 2 h 
or 125 ml/h for 4 h  [  12,   37  ] . These are not hard-and-fast 
rules, however, and there is no substitute for good surgical 
judgment. Factors to consider when deciding upon interven-
tion, be it by thoracotomy or VATS, include trend in chest 
tube output, patient stability, associated injuries, and the 
patient’s overall health. Sudden cessation of chest tube out-
put during monitoring, particularly if the patient becomes 
unstable, should raise concern for occlusion of the thoracos-
tomy tube and prompt an immediate chest radiograph to 
assess for re-accumulation. 

 Some success has been reported using angiographic 
embolization to control intercostal bleeding or internal mam-
mary artery bleeding in stable patients for whom chest CT 
has shown contrast extravasation or a “blush” indicative of 
arterial bleeding  [  43  ] . More validation is required for use of 
this modality, but over time this may prove applicable to 
stable patients with moderate thoracostomy output. 
Figure  15.4  shows a patient successfully treated with 
angioembolization of the left internal mammary artery for 
HTX sustained due to a fall.  

 Patients with lesser initial chest tube drainage (<1,000 ml) 
and clearing of the chest radiograph who remain unstable 
should be investigated for extrathoracic injuries or non-traumatic 
causes of their shock. Figure  15.5  illustrates a composite of 
algorithms for the management of acute HTX.  
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 In stable patients with radiographic evidence of HTX, the 
question commonly arises as to how much volume of intratho-
racic blood mandates drainage. Several studies have indicated 
that complications can occur with as little as 300–500 ml of 
intrathoracic blood  [  44  ] . In general, almost all traumatic HTX 
that completely opacify the costophrenic angle on plain radio-
graphs should be evacuated as early as possible to prevent 

complications  [  37,   42  ] . In multi-planar CT imaging, this has 
been correlated to the thickness of the lateral pleural  fl uid 
stripe. Evidence suggests that a stripe >1.5 cm in thickness is 
an indication for a drainage intervention  [  45  ] . Table  15.2  illus-
trates pearls for the management of acute traumatic HTX.  

 Retained HTX after initial chest tube drainage is now rec-
ognized as a source of considerable morbidity, requiring late 

  Fig. 15.4    An 88-year-old blunt trauma patient with sterna and rib frac-
tures transferred to trauma center after left-sided chest tube placement 
for hemothorax. ( a ) Shows initial chest X-ray.  White arrow  in ( b ) shows 
contrast extravasation from the left internal mammary artery adjacent to 
bone fragments from the sterna fracture ( circled ).  Dark arrow  in ( c ) 

shows ongoing contrast extravasation at angiography. The patient was 
successfully treated with coil embolization as shown by the  dark arrows  
in ( d ). Image courtesy of Dr. Suvaraju Ganguli and Ms. Stephanie 
Hanson, Massachusetts General Hospital       
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thoracotomy in up to 16.7% of patients with initial thoracos-
tomy tube  [  42,   44–  48  ] . Complications of retained HTX 
include prolonged or permanent loss of lung volume due to 
formation of a restrictive peel ( fi brothorax) and pleural infec-
tion (empyema) in up to 15% of cases  [  49  ] . The volume of 
the retained intrathoracic blood has been shown to directly 
correlate with the risk of empyema  [  50  ] . Prompt and appro-
priate treatment of retained HTX is warranted because even 
mild to moderate loss of lung volume can lead to decreased 
exercise tolerance or to overt respiratory insuf fi ciency in 
patients with pre-injury respiratory dysfunction. 

 An increasing number of groups now intervene early in 
retained HTX using VATS and pleural lavage to liquefy and 

aspirate the clot and early forming peel in the gelatinous phase 
prior to  fi brous organization. High-pressure lavage has been 
shown to be very effective for this purpose  [  47  ] . The time 
frame appropriate for evacuation of retained HTX remains 
debated. Traditionally, a period of three to  fi ve days was felt to 
be appropriate as this was the minimum time for early 
solidi fi cation of the clot and good results have been shown 
with this algorithm. Others believe even earlier intervention 
should be performed for optimal results  [  48  ] . Consequently, a 
tube thoracostomy is placed at admission and clearing of the 
HTX monitored by chest radiograph. If there is failure of 
clearing after 48 h, VATS is performed. Figure  15.6  shows 
evacuation of an early clotted HTX via VATS.  

 Others have addressed the early retained HTX with repeated 
administration of thrombolytic agents such as streptokinase or 
more recently tissue plasminogen activator (TPA) via the tho-
racostomy tube. High rates of success without hemorrhagic 
complications have been reported in small studies  [  51  ] . The 
practical concern here relates to the administration of throm-
bolytics in such a close time frame to major trauma. Life-
threatening hemorrhagic complications have been reported 
 [  52  ] . Administration of thrombolytics is contraindicated in 
patients with other injury sites where even modest bleeding 
would be catastrophic, such as the brain, spinal cord, or globe 

  Fig. 15.5    Algorithm for the 
management of acute traumatic 
hemothorax       

   Table 15.2    Management of acute traumatic HTX   

 “Pearls” for management of acute traumatic hemothorax 

 • HTX greater than 300–500 ml (or those that opacify the 
costophrenic angle on upright CXR) should be evacuated as soon 
as possible 

 • Use a 36–40 Fr thoracostomy tube 
 • Use an in-line auto-transfuser for large HTX in unstable patients 
 • Con fi rm complete evacuation by CXR 
 • Monitor patients with multiple rib fractures for delayed HTX 
 • Early evacuation of retained HTX by VATS ideally within 2 

days, but no later than 5 days 
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of the eye. It is also relatively contraindicated for patients with 
injuries for which surgical hemostasis has not been achieved 
such as pelvic fractures. The optimal dosing and number of 
treatments are yet to be determined. Figure  15.7  outlines an 
algorithm for the management of retained HTX.    

   Empyema 

   Epidemiology 

 Empyema is strictly de fi ned as infection in the pleural space. 
This may range from grossly innocuous free pleural  fl uid in 
which an aspirate shows bacteria to a mature intrapleural 
abscess cavity formed when infection stimulates in fl ammatory 
 fi brous in-growth on the pleural surfaces. This creates a 
“pseudocapsule” between the visceral and parietal pleura. 
The most common location for an empyema in the pleural 
space is dependant and posterior in the phrenic recess, as this 
is where the infected pleural  fl uid will accumulate. 

 A retained HTX is the greatest independent risk factor for 
the development of an empyema in the trauma population 
and the risk correlates directly with the volume of retained 
blood  [  50  ] . Other risk factors include prolonged duration of 
tube thoracostomy, length of intensive care unit (ICU) stay, 
presence of pulmonary contusion, overall injury severity, and 
need for laparotomy  [  53  ] . In the trauma patient, the infecting 
organism is usually  Staphylococcus  species acquired at the 
time of tube placement in blunt trauma or from the penetrat-
ing projectile, skin, or clothing fragments in penetrating 
trauma victims. On occasion, hematogenous spread may 
occur from other infectious sites or from primary bactere-
mias  [  54,   55  ] . The incidence of empyema after traumatic 
HTX is reported to be as high as 4%  [  56  ] . 

 The most common cause of empyema in the non-trauma 
patient is consequent to a bacterial pneumonia that penetrates 
the visceral pleura spilling purulent material into the pleural 
space (parapneumonic empyema). Organisms here are again 
mostly  Staphylococcus  but may also be  Streptococcus , 

  Fig. 15.6    Intra-operative 
photograph of evacuation of an 
early clotted hemothorax with 
video thoracoscopy (VATS). The 
 thick white surface at the top of 
the  fi eld  is the chest wall or 
parietal pleura with a  fi brous 
in fl ammatory peel. The  area on 
the bottom of the  fi eld  represents 
residual hemorrhage adherent to 
the peel on the lung surface 
(visceral peel). The instrument 
pictured is a large-bore suction 
catheter       

  Fig. 15.7    Algorithm for the management of retained hemothorax       
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 Pneumococus , and others. Gram-negative organisms are 
rarely reported. In patients with appropriate risk factors such 
as malnutrition, intravenous drug use, and immune compro-
mise,  Mycobacterium tuberculosis  may also be causative 
 [  57  ] . The incidence of parapneumonic empyema is reportedly 
increasing and was as high as 6 per 100,000 in 2008  [  58  ] . 

 As far back as the 1960s, the natural history of empyema was 
recognized as having three pathologic stages: acute or exuda-
tive, transitional or  fi brinopurulent, and chronic or  fi brous  [  59  ] . 
The exudative phase is de fi ned by outpouring of sterile  fl uid in 
response to in fl ammation. This in fl ammation can be due to a 
pleurisy associated with a pneumonia that has penetrated the 
pleura or to the in fl ammation of a degrading HTX. Classically, 
the  fl uid is thin, with a low cellular content, low lactate dehydro-
genase (LDH) content, and a normal pH and glucose. Critical in 
this phase is the observation that the pleural surfaces are still 
mobile, which is critical to the treatment strategy. 

 The  fi brinopurulent phase is characterized by thicker  fl uid 
due to increased neutrophil content and the beginning of 
 fi brous in-growth into the pleura. This will begin the process 
of trapping the lung that still remains relatively mobile. Due 
to bacterial activity, the pH and glucose begin to fall and 
LDH begins to rise  [  14  ] . 

 The  fi brous phase is marked by development of the pleural 
peel with capillary in-growth and rigid  fi xation of the pleural 
cavity, known as the empyema space. The time to develop-
ment of the  fi brous phase has been noted to be anywhere from 
7 days to 6 weeks after the start of the infectious process. 
Typically at this stage, pleural  fl uid glucose is less than 40 mg/
dl and pH less than 7. However, the absence of these labora-
tory criteria does not rule out the presence of infection. 

 The pathologic stages of empyema may be less relevant 
when a retained HTX is the causative problem as opposed to 
a parapneumonic origin. The process of development of 
empyema here represents a continuum from organizing HTX 
with degrading clot, through contamination, to the develop-
ment of gross pus  [  60  ] . A variable degree of in fl ammatory 
reaction and  fi brous in-growth may occur from the HTX itself 
prior to bacterial contamination or multiplication of existing 
bacteria in the blood medium. Consequently the time course 
of development of empyema in retained HTX is variable. 

 Not uncommonly, purulent-appearing  fl uid evacuated from 
patients with clinical and radiographic manifestations of empy-
ema is found to be sterile. Still, the patient improves after evacu-
ation. This so-called sterile empyema likely represents a systemic 
in fl ammatory response to the degradation of the HTX.  

   Clinical Presentation and Diagnosis 

 Post-traumatic empyema may manifest in the ICU-con fi ned 
patient on a ventilator, in the ambulatory patient on the surgi-
cal  fl oor, or at home after discharge. The presentation in each 

case may differ signi fi cantly. In the ICU setting, the patient 
with a known thoracic injury will show a persistent chest 
opacity on radiograph or develop a new opacity, usually 
associated with signs of infection such as leukocytosis or 
fever. These parameters, however, may only be minimally 
elevated and are often attributed to a plethora of other infec-
tious or noninfectious causes. Often there will be more subtle 
signs of infection in the ICU patient such as glucose intoler-
ance, failure to wean from the ventilator, or failure to achieve 
an anabolic nutritional state. Fulminant septic shock with 
pressor dependence is not a common presentation of empy-
ema  [  60  ] . Radiographic  fi ndings often lead to a CT scan of 
the chest, which may show the classical  fi ndings of a thick-
ened pleural peel of the empyema space, high-density  fl uid, 
often heterogeneous, and possibly loculated air. These fea-
tures combined with high clinical suspicion are felt to be 
most suf fi cient to prompt intervention without initial bacte-
riological    con fi rmation  [  36,   57  ] . The classical  fi ndings may 
be absent, however, particularly if the injury course since 
HTX has been    short. If empyema is still suspected, diagnos-
tic thoracentesis under ultrasound or CT guidance should be 
undertaken. Figure  15.8  shows a right-sided empyema space 
with a well-formed  fi brous pleural peel.  

 In the recovering patient on the surgical  fl oor or already at 
home, an empyema often develops from a missed delayed 
HTX or underappreciated occult HTX. Here general malaise 
rather than respiratory symptoms is the predominant com-
plaint. Hospital vital signs usually reveal low-grade tempera-
ture and/or mild tachycardia. The patient at home may note 
intermittent episodes of rigors or chills. In both cases, chest 
radiograph abnormalities will lead to CT scanning and diag-
nostic thoracentesis if CT  fi ndings are equivocal. 

 Patients with parapneumonic empyema may be sick in-
patients with multiple medical problems who have recently 
had a health-care-associated pneumonia. In this case, the 
transition from pneumonia to empyema may be subtle and 
there may be only a brief period or no period with respira-
tory improvement and resolution of the signs of infection. 
Alternatively, the healthy ambulatory patient with an appar-
ently mild community-acquired pneumonia may also 
develop empyema. In this case, an improvement in infec-
tious and respiratory symptoms with pneumonia may be 
noted prior to apparent recurrence. Finally, in the otherwise 
healthy, ambulatory patient, the initial pneumonia may be 
missed by the patient, or noted as a “bad cold” and he or 
she may primarily present with the malaise and infectious 
symptoms of empyema. 

 Parapneumonic empyema may be as dependent as post-
traumatic empyema or may be localized to the site of the 
pneumonia if the perforating process was effectively walled-
off by the pleural surfaces. Because of this, changes in radio-
graphic  fi ndings may be subtle and may be interpreted only 
as failure of clearance of the pneumonia.  
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   Management 

 Once de fi nitively diagnosed by microbiology, or highly sus-
pected by clinical presentation, all empyemas should be 
evacuated. Concurrently, broad-spectrum antibiotics should 
be started for gram-positive and gram-negative organisms 
with the intent of narrowing spectrum once speci fi c microbi-
ology is obtained. The ultimate goal of treatment is to empty 
the empyema space and fully in fl ate the lung so that the pleu-
ral surfaces are in apposition and recurrence cannot occur. 
Antibiotics are ancillary and will be unsuccessful in curing 
the infection if residual empyema space persists. 

 The interventions required to evacuate empyema depend 
upon the pathologic stage at which the intervention occurs 
 [  36,   53,   61  ] . In the early or exudative phase, tube thoracos-
tomy, either surgically or percutaneously placed, will usually 
evacuate the  fl uid and lead to lung in fl ation. A baseline CT 
scan should be obtained if not already done to assess for 
loculated collections and to prognosticate on the likelihood 
of success of nonoperative management. Visible peel indi-
cates that pathologic stage II or III has been reached. Either 
way, thoracostomy drainage is the  fi rst mode of treatment; 
with the anticipation of thick  fl uid in the advanced stages a 
large surgical tube (32 to 36 French) is desirable. 

 Results are measured by tube output and clearing of the 
chest radiograph. If unsuccessful, thrombolytic dissolu-
tion may be attempted with TPA through the thoracostomy 
prior to surgical intervention as long as there are no con-
traindications such as those previously discussed. TPA is 
pushed through the thoracostomy tube with a syringe and 
the tube is then clamped for several hours as the patient 
assumes various positions to dwell the medication 
throughout the accessible pleural space. If partial improve-

ment is obtained as measured by additional chest tube 
output and radiologic improvement, additional doses can 
be given, though the risk of hemorrhage may increase 
with additional doses  [  62,   63  ] . Several groups have 
reported that this method is highly successful in evacuat-
ing empyema spaces with rare nonlife-threatening hemor-
rhagic complications  [  62,   63  ] . Most patients studied were 
suffering from parapneumonic effusions. Thrombolytics 
are less likely to be successful in the chronic,  fi brous 
phase of an empyema. 

 For patients who have failed thrombolytics or are felt to 
have a thickened chronic cavity unlikely to improve with 
TPA, surgical intervention will be required. Whether VATS 
decortication should be attempted prior to thoracotomy is 
based on the skill set and judgment of the surgeon, the 
duration and radiologic appearance of the empyema space, 
and the patient’s overall condition. In general, chronic 
empyema spaces of long duration with thickened  fi brous 
peels require open thoracotomy for drainage and decortica-
tion. It should also be noted that parapneumonic empeyema 
in association with a badly destroyed lung may require con-
current pulmonary resection in    order to achieve cure. 
Resection in the face of infection raises the risk of bron-
chial stump breakdown. These complex cases should be 
managed by a thoracic surgical specialist. 

 The critical principles of open decortication include full 
release of the peel on the visceral and parietal pleural sur-
faces. The major reason for recurrent empyema is failure to 
completely decorticate the diaphragmatic surface, thereby 
failing to enable full lung expansion. The hilar area should 
not be decorticated as little expansion normally occurs in this 
area and the danger of injury to hilar structures outweighs 
the bene fi ts of the additional minor re-expansion. Optimal 
operative chest tube placement is critical to the outcome of 
decortication. Typically, three tubes are placed. In addition to 
the traditional anterior and posterior apical tubes, a tube, 
often curved, should be placed on the diaphragmatic surface 
to prevent re-accumulation in this location. 

 For patients who are judged to be too unstable or debili-
tated for open thoracotomy, open external drainage may be 
performed if CT indicates that the peel has fully excluded the 
empyema space from the rest of the pleural space. This is 
known as the Eloesser procedure and involves rib excision 
and “maturing” of the empyema space by suturing the thick-
ened pleura to the skin. This creates permanent open drain-
age, which can then be treated by local wound care in a 
number of ways as the space gradually closes  [  64  ] . The mod-
ern Eloesser procedure can be assisted by CT or sonographic 
marking of the borders of the empyema so that optimal 
dependent drainage can be obtained. Figure  15.9  shows a 
typical guideline for empyema management. The reader is 
referred to any of a number of treatises on surgical proce-
dures for empyema  [  65  ] .   

  Fig. 15.8    CT scan showing a large empyema space with a well-
formed, thick  fi brous peel       
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   Complications and Follow-Up 

 The most concerning complication of inadequately treated 
empyema is that of persistent systemic symptoms with bac-
teremia and distant complications. The major surgical com-
plication of concern is also persistent or recurrent infection. 
Signs of infection and persistence or worsening of chest 
opacity should prompt follow-up CT scanning. Small locu-
lated residual empyema spaces are often drainable by a per-
cutaneous radiologic approach. 

 The question often arises as to how long thoracostomy 
tubes draining empyema should remain in situ, whether the 
tubes were placed as the primary treatment or consequent to 
surgical decortication. The classic teaching has been that 
once the empyema space is presumed to be fully walled off 
from the pleural space, tubes should be cut off near the skin 
and opened to air as open drains or “empyema tubes.” They 
are then slowly removed over a number of weeks while the 
empyema space presumably collapses down. Today, follow-
up by modern CT scanning allows the surgeon to identify 
any residual spaces after thoracostomy. If the lung is fully 
in fl ated without residual space, many believe tubes can be 
removed after drainage effectively ceases. 

 The question also arises as to the duration of antibiotic treat-
ment for empyema. Infectious disease specialists will generally 
recommend many weeks of treatment for empyema  [  66  ] . In 
cases where the empyema has been surgically extirpated in its 
entirety and the lung fully in fl ated, many surgeons will treat 
until leukocytosis and temperature are normalized and the 
patient feels well. Other factors that may in fl uence the duration 
of antibiotic treatment are the patient’s overall health and 
immune status and the severity of the bacterial pleurisy noted at 
surgery. Table  15.3  lists pearls in the treatment of empyema.        
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         Introduction    

 The terminology used to describe diaphragmatic hernias may 
be confusing. The  fi rst step is to differentiate hernias through 
the esophageal hiatus from hernias through the diaphragmatic 
musculature. These later type are more commonly congenital 
in nature such as Bochdalek or Morgagni hernias. They may 
also result from traumatic injuries, which may present imme-
diately after the trauma or in a delayed fashion. 

 Hernias that occur through the esophageal hiatus are fur-
ther classi fi ed into four distinct types based upon the location 
of the gastroesophageal (GE) junction and the contents of the 
hernia sac (Fig.  16.1 ). A type I hernia, also known as a slid-
ing hernia, is characterized by an upward dislocation of the 
GE junction and the cardia of the stomach through the atten-
uated phrenoesophageal ligament into the posterior medi-
astinum. A type II hernia is a true paraesophageal hernia, 
which occurs when the fundus herniates through the hiatus 
alongside a normally located GE junction. A type III hernia 
has characteristics of both type I and type II, in that the GE 
junction, cardia, and fundus of the stomach are all intratho-
racic. Because of the combination of these characteristics, 
another name for a type III is a mixed hernia. As the hiatus 
enlarges progressively more stomach herniates into the medi-
astinum. When more than one-third of the stomach is in the 
chest it is de fi ned as a “giant paraesophageal hernia,” whereas 
an “intrathoracic stomach” describes the situation when 

greater than 75% of the stomach has herniated through the 
hiatus. When other organs such as the colon, small bowel, or 
spleen herniate into the chest along with the GE junction and 
stomach, the hernia is classi fi ed as a type IV hernia.  

 Although this anatomic classi fi cation system is accurate 
and easy to use, from a practical clinical standpoint, patients 
are divided into those with sliding hiatal hernias (type I) and 
paraesophageal hernias (types II, III, and IV). As type I her-
nias account for more than 95% of hiatal hernias, they typi-
cally present with symptoms of gastroesophageal re fl ux and 
are typically treated in an elective fashion, whereas symp-
tomatic paraesophageal hernias represent an emergency that 
would more commonly require management by an acute care 
surgeon. Therefore the focus of the remainder of this chapter 
is on the pathophysiology, epidemiology, presentation, eval-
uation, and management of paraesophageal hernias.  

   Pathophysiology 

 The exact etiology causing the attenuation of the phrenoe-
sophageal ligament remains unknown. There is a familial 
occurrence suggesting an autosomal-dominant pattern of 
inheritance and congenital (primary) paraesophageal hernias 
have been described in children. However, paraesophageal 
hernias typically present in old age, suggesting the 
 fi bromuscular degeneration of this ligament as the most com-
mon pathologic etiology  [  1–  5  ] . This deterioration involves the 
thinning of the upper facial layer and loss of elasticity of the 
lower facial layer of this ligament. This results in the mem-
brane stretching up into the posterior mediastinum with 
increased intra-abdominal pressure. Factors that are known to 
increase intra-abdominal pressure have also been associated 
with the development of hiatal hernias to include obesity, 
kyphosis in elderly women, and pregnancy  [  6–  9  ] . Studies on 
the in fl uence of gender have yielded contradictory results  [  9  ] . 

 Once the stomach or other abdominal contents enter the 
hiatus, incarceration and strangulation with subsequent perfo-
ration into the mediastinum may occur. Abdominal contents 
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may volumetrically displace contents in the inferior chest and 
mediastinum resulting in respiratory embarrassment  [  10  ] . 
Vascular engorgement of the gastric wall may also occur 
resulting in severe upper gastrointestinal hemorrhage. Gastric 
volvulus occurs when there is an abnormal rotation of the 
stomach of at least 180 degrees, thereby creating a closed loop 
obstruction. It is most common for the stomach to rotate 
around the longitudinal axis that connects the GE junction and 
the pylorus. When this occurs, the greater curvature of the 
stomach  fl ips up into the chest, dragging the omentum with it. 
This situation is de fi ned as an organoaxial volvulus. A less 
common variant is the mesenteroaxial volvulus, which occurs 
when the rotation is around the axis that runs from the greater 
curvature to the gastric angulus.  

   Epidemiology 

 Because the majority of patients are asymptomatic, the true 
incidence of hiatal hernias remains unknown. While type I 
hernias are thought to be relatively common, types II–IV 
account for only approximately 5% of all hiatal hernias  [  11  ] . 
Of those with paraesophageal hernias, the annual incidence of 
acute symptoms is 0.7–7%, with an annual probability of 
needing emergency surgery of approximately 1%  [  12  ] ; how-
ever, the overall chance of developing acute symptoms and 
incarceration is approximately 30%  [  11,   12  ] . In a 15-year 
Finnish population-based study, the annual rate of hospital 
admission for patients with paraesophageal hernia was 
8.2/1,000,000 with an annual mortality of only 0.6/1,000,000 
 [  13  ] . Of those patients who underwent operative treatment the 
mortality was 2.7%, whereas it was 10% for those presenting 

with a gangrenous stomach  [  13  ] . Given the pathophysiologic 
mechanisms described above, it is not surprising that patients 
presenting with paraesophageal hernias are typically older 
(60–90 years) and have multiple other co-morbidities.  

   Clinical Presentation 

 Acute incarceration of a paraesophageal hernia may occur 
suddenly against a background of nonspeci fi c complaints 
such as postprandial discomfort or dyspepsia. Precipitating 
events are typically related to either the ingestion of a large 
meal or those which increased intra-abdominal pressure such 
as ileus, pregnancy, or parturition. On abdominal examina-
tion, patients have little epigastric tenderness and overall 
have no signi fi cant  fi ndings. 

 The classic constellation of symptoms of incarcerated 
paraesophageal hernia, referred to as Borchardt’s triad, con-
sists of chest pain, retching with an inability to vomit, and 
inability to pass a nasogastric tube. The chest pain is typi-
cally substernal and is caused by acute gastric obstruction, 
which if left untreated will progress to ischemia followed by 
perforation into the mediastinum leading to septic shock and 
ultimately death  [  14  ] . Acute presentations may also be atypi-
cal, leading to diagnostic confusion. Symptoms including 
the acute onset of respiratory collapse due to a grossly con-
taminated thoracic cavity, heart failure, perforation into adja-
cent organs, large-volume upper gastrointestinal hemorrhage, 
and tension gastrothorax have also been described  [  15–  18  ] . 

 While it is of paramount importance for an acute care sur-
geon to recognize the presentation of incarcerated paraesoph-
ageal hernias, these same surgeons are also frequently called 

  Fig. 16.1    Paraesophageal hernia 
types. A type I hernia is 
characterized by an upward 
dislocation of the 
gastroesophageal (GE) junction 
and the cardia of the stomach 
through the attenuated 
phrenoesophageal ligament into 
the posterior mediastinum. A 
type II hernia occurs when the 
fundus herniates through the 
hiatus alongside a normally 
located GE junction. In a type III 
hernia, the GE junction, cardia, 
and fundus of the stomach are all 
intrathoracic. In a type IV hernia, 
other organs such as the colon, 
small bowel, or spleen herniate 
into the chest along with the GE 
junction and stomach       
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upon to evaluate vague abdominal complaints. Although it is 
estimated that 50% of these hernias are asymptomatic, subtle 
 fi ndings may suggest either a chronic or subacute presenta-
tion  [  14  ] . Further complicating the subacute presentation of a 
paraesophageal hernia is the advanced age and associated co-
morbidities of this patient population. For example, iron 
de fi ciency anemia in this population may have a multitude of 
other causes, of which chronic blood loss from Cameron 
ulcers, chronic linear lesions resulting from diaphragmatic 
shear forces in patients with paraesophageal hernias, would 
rank toward the bottom of the list  [  19–  21  ] . After hernia repair, 
the anemia resolves in more than 90% of patients  [  21  ] . 

 Symptoms may also be misattributed to the normal aging 
process. Increasing dyspnea developing over years is a com-
mon symptom in patients with paraesophageal hernias; how-
ever, in a population of elderly patients this cause may be 
overlooked. However, following hernia repair most patients 
note signi fi cant improvement in these symptoms, exercise 
capacity, as well as objective pulmonary function    testing  [  22  ] . 

 Chronic symptoms can be divided into two broad catego-
ries: obstructive and those related to gastroesophageal re fl ux 
disease (GERD). Gastroesophageal re fl ux-type symptoms are 
due to a dysfunctional lower esophageal sphincter and are 
manifest as heartburn, chronic cough, regurgitation of partially 
digested food, and aspiration. These symptoms predominate 
in patients with type 1 hiatal hernias. Those with type III her-
nias may also present with GERD symptoms by virtue of the 
fact that this type mixes the characteristics of both type I and 
type II  [  23  ] . Patients may also describe GERD symptoms that 
are supplanted by more obstructive symptoms. 

 Obstructive symptoms are most prominent in those patients 
with type II, III, and IV paraesophageal hernias. These hernias 
cause an out fl ow restriction at the hiatus when the cardia dis-
tends compressing the distal esophagus or by torsion of the GE 
junction as the stomach displaces into the chest  [  16  ] . Symptoms 
include epigastric pain, postprandial fullness or bloating, chest 
pain, dysphagia, and respiratory complaints. Of these, dysphagia 
and postprandial discomfort are most common, occurring in 
more than 50% of symptomatic patients  [  12  ] .  

   Diagnosis 

 The evaluation of a patient with a suspected paraesophageal 
hernia depends on the acuity of the presentation. Because of 
the vague and variable presentation of these hernias, the goal 
of the diagnostic evaluation is to con fi rm or refute the diagno-
sis, de fi ne the anatomy, rule out associated pathologic pro-
cesses, and determine the presence or the absence of GERD. 
Given that the acute care surgeon is most likely to encounter 
these patients when in crisis, it is important to simultaneously 
perform both diagnostic and resuscitative measures so that if 
surgery is required, the patient can tolerate induction and a 
general anesthetic without physiologic compromise  [  24  ] . 

 Traditionally, paraesophageal hernias were diagnosed via 
an upright chest radiograph, revealing an air- fl uid level 
behind the cardiac shadow. Radiographs may also reveal evi-
dence of ischemia of the gastric wall or perforation mani-
fested as pneumomediastinum or pneumoperitoneum. By 
enlarge, computed tomography (CT) scans have replaced 
plain radiographs as they provide greater detail and are now 
easily obtained in most hospitals. Computed tomography not 
only provides similar information as seen on radiographs, 
but it also provides additional anatomic information as to the 
type and location of the hernia. In a patient who presents in 
extremis, with the appropriate radiographic  fi ndings, no 
additional diagnostic studies are needed. 

 If clinically appropriate, the next most appropriate diagnos-
tic test is an upper gastrointestinal series  [  24  ] . This contrast 
study provides important information as to the anatomic loca-
tion of the esophagus, GE junction, and stomach, and may sug-
gest the size of the diaphragmatic defect. Additionally, complete 
obstruction due to a gastric volvulus or occult perforation may 
be identi fi ed. Currently, this study is considered the gold stan-
dard for the diagnosis of paraesophageal hernias. Similarly a 
contrast CT scan may be used in a similar manner and provide 
the detail needed to plan an operative intervention. 

 Upper endoscopy provides useful information in diagnos-
ing paraesophageal hernias, and most importantly, rules out 
concomitant pathology while de fi ning the anatomy of the 
hernia. The most pertinent  fi nding on endoscopy is the status 
of the gastric mucosa. If ischemia is present, the operative 
approach may change from laparoscopic to open. When 
evaluating anatomic relationships, type 1 hernias can be 
con fi rmed by  fi nding the GE junction and gastric pouch 
above the impression made by the diaphragmatic crura, 
whereas with type II hernias, retroversion of the scope will 
demonstrate a second gastric ori fi ce where the stomach has 
herniated alongside the GE junction and distal esophagus. 
Upper endoscopy in type III hernias may have dif fi culty in 
differentiating from type I hernias; however, it may be sus-
pected if a large gastric pouch is seen above the diaphragm 
with the GE junction entering midway along the side of the 
gastric pouch  [  24  ] . When performing an upper endoscopy, 
care needs to be taken to avoid overin fl ation of the stomach 
to reduce the risk of cardiopulmonary compromise. 

 While not appropriate in patients with an urgent indication 
for surgery, in the more chronic setting, the use of manometry 
in the workup of paraesophageal hernias is controversial. 
Proponents of manometry argue that it provides additional 
information regarding the location of the lower esophageal 
sphincter and the possible need for an esophageal lengthening 
procedure. Those who argue against the routine use of 
manometry note that it adds little information to that provided 
by endoscopy and contrast upper GI series. Manometry is 
also technically dif fi cult in patients with paraesophageal her-
nias and is unable to be completed in more than 50% of 
patients  [  24  ] . Due to the fact that most surgeons routinely 
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perform a fundoplication procedure as part of the hernia 
repair, pH testing has been virtually eliminated from the pre-
operative examination of these patients, so obtaining this 
information does not alter the planned operation. 

 The goals in diagnostic evaluation of a patient for parae-
sophageal hernia are to  fi rst con fi rm the diagnosis, second-
arily de fi ne the hernia’s anatomy, and  fi nally rule out 
associated or concurrent pathology. The acuity of the patient 
dictates if additional evaluation may be undertaken, or if an 
emergent operation must be pursued.  

   Management 

 The optimal management of paraesophageal hernias is less 
well de fi ned. Controversial issues include:
    1.    When to operate on asymptomatic patients  
    2.    Which operative approach to use (thoracic, versus abdom-

inal; laproscopic versus open)  
    3.    The need for the complete excision of the hernia sac  
    4.    The closure of the crural defect  
    5.    The use of mesh  
    6.    An antire fl ux procedure  
    7.    A gastropexy     

 While it is unlikely that an acute care surgeon would be 
required to manage a type I hernia, the mere presence of a 
paraesophageal hernia (types II, III, and IV) has traditionally 
been considered an indication for surgical repair. This view is 
based on the catastrophic complications of bleeding, infarction, 
and perforation that occur as the natural progression of these 
hernias. Clearly, patients with paraesophageal hernias who 
present with evidence of gastric volvulus, acute obstruction, 
ischemia, bleeding, or perforation require immediate surgical 
intervention  [  24,   25  ] . However the management of asymptom-
atic or minimally symptomatic patients with paraesophageal 
hernias is controversial. In their classic report, Belsey and 
Skinner found that nearly 30% (6 of 21) of patients with mini-
mal symptoms whose paraesophageal hernias were managed 
non-operatively died and these deaths occurred without warn-
ing  [  12  ] . If surgery was delayed and was later required on an 
emergent basis, the operative mortality was 19% compared to 
1% for elective repair  [  12  ] . While these  fi ndings are signi fi cant, 
advances in surgical critical care and the overall improved health 
of the elderly have altered this mandate. In a series of 23 patients 
who refused to undergo surgery and were followed for 78 
months, there were no deaths and 83% of these patients had no 
change in their symptoms  [  25  ] . In another study with 15-year 
follow-up, elective hernia repair would have prevented only 
12.5% of deaths  [  26  ] . Unfortunately, studies investigating the 
natural history of paraesophageal hernias consist of very small 
number of patients and are further limited by occurring over 
many years, during which other medical advances have 
occurred. 

 Further complicating this picture is the evolving experi-
ence with laparoscopy  [  27–  30  ] . The general perception that 
laparoscopic repairs are associated with less pain and a more 
rapid recovery has provided additional impetus for those 
who favor an aggressive surgical approach  [  27  ] . However, 
laparoscopic repairs are often more dif fi cult than open 
repairs, particularly for type III hernias. Additionally there is 
an evolving body of evidence that laparoscopic repairs are 
associated with a higher recurrence rate, up to 42%  [  28  ] . 

 When patients present with clear evidence of gastric com-
promise or perforation, it is obviously prudent to proceed with 
open surgery  [  26  ] . For other patients with paraesophageal her-
nias, there are presently no concrete guidelines as to the timing 
of surgery, type of procedure to perform, or what should be 
done in the instance of a recurrence  [  24  ] . Given the limitations 
of the current literature, Fig.  16.2  provides a management algo-
rithm, based on that described by Bawahab et al.  [  31  ] . If and 
when an operation is untaken, the fundamental steps remain the 
same, regardless of a laparoscopic or open approach.  

 Traditionally paraesophageal hernia repairs were per-
formed through a thoracotomy or laparotomy. Advocates of 
the thoracic approach cited the ease of dissecting the con-
tents of the hernia sac and the enhanced ability to fully mobi-
lize the esophagus, thereby decreasing the need for an 
esophageal lengthening procedure. The major disadvantages 
of this approach were increased pain, the risk of pulmonary 
complications, and the need for a thoracostomy tube. There 
was also a potential risk of gastric volvulus occurring after 
the stomach was replaced into the abdomen. 

 The classic open abdominal repair includes excision of 
the hernia sac, reduction of the stomach into the abdomen, 
evaluation of the length of the esophagus, closure of the 
diaphragmatic crura, an antire fl ux procedure, and gas-
tropexy  [  26  ] . Proponents of this approach emphasize the 
ease with which the stomach can be completely mobi-
lized, improved reduction of the gastric volvulus, and rec-
reation of normal anatomy. This approach also allows 
other abdominal procedures such as gastrostomy or ante-
rior gastropexy. While mobilization of the esophagus may 
be more challenging, gastroplasty is still possible. To date, 
there are no randomized trials comparing abdominal to 
thoracic approaches. 

 As experience with advanced laparoscopic techniques 
increases, one would predict that a greater proportion of 
paraesophageal hernias will be approached laparoscopically. 
Overall the fundamental elements of the classic open proce-
dure apply; however, laparoscopic repairs are technically 
more challenging and thus require signi fi cant experience 
with gastrointestinal laparoscopic surgery. In particular, the 
operative time is signi fi cantly longer, a wider dissection is 
required, anatomic restoration is more dif fi cult, and the 
recurrence rate is higher. The speci fi c steps of the laparo-
scopic approach follow, as we perform the procedure. 
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   Sequence for Laparoscopic Paraesophageal 
Hernia Repair 

 The patient should be positioned in the supine position with 
the arms out and a footboard in place. After prepping and 
draping the abdomen, the patient is placed in steep reverse 
Trendelenberg position. The peritoneal cavity is accessed in 
the left mid-clavicular line, 2 cm off the costal boarder. After 
achieving a pressure of 15 mmHg CO 

2
  (20 mmHg CO 

2
  for 

obese patients) a 5 mm trocar is placed in the midline, 14 cm 
below the xyphoid process. A common error is to place this 
camera port in the supra umbilical skin fold as in preparation 
for a cholecystectomy. Placement of the camera port too low 
will make visualization and dissection of the crura posterior 
to the esophagus dif fi cult if not impossible. A Nathanson 
liver retractor is inserted through a sub-xyphoid incision and 
used to hold up the left lobe of the liver. One or two 5 mm 
ports are placed to the left of the camera port. A 10 mm tro-
car is placed in the mid-clavicular line on the right and an 
additional 5 mm is placed lateral to this. 

 The case is begun by assessing the upper abdomen for 
signs of perforation or necrosis of any of the hernia con-
tents. An attempt is then made to reduce the hernia. 
Occasionally this will occur with establishing pneumoperi-
toneum and placing the patient in steep reverse 
Trendelenburg. If the hernia must be reduced, one must be 
careful not to tear the tissues and cause perforation or 
bleeding. Dissection is begun through the gastrohepatic 
ligament extending up to the right crus using an ultrasonic 

dissector or cautery device. Dissection is then carried ante-
riorly. For large type III and IV paraesophageal hernias, 
this should be enough to reduce mostly everything except 
for the fundus of the stomach. Dissection is then started 
high on the greater curvature, taking the short gastric ves-
sels with the ultrasonic dissector. Attempts are made to pre-
serve as much of this blood supply as possible. 

 The dissection is carried up to the left crus of the dia-
phragm and then anteriorly. Utilization of the electrocautery 
hook can facilitate getting into the hernia sac as it curves 
along the diaphragmatic hiatus. Care is taken to identify the 
vagus nerves. This can be quite challenging in the face of a 
chronically thickened hernia sac with possible active 
in fl ammation. Maintaining hemostasis is of utmost impor-
tance. Blood in the operative  fi eld can make identi fi cation of 
the tissue planes even more challenging. Use of esophago-
gastroscopes, oral gastric tubes, and boogies can help to 
identify the anatomy and planes. Once the hernia sac is 
reduced, it is sometimes necessary to resect it using 3.5 mm 
staple loads. The sac can then be placed in an endoscopic bag 
to be removed at the end of the case. 

 If there is concern of gastric ischemia, now is a good 
time to perform an upper endoscopy to examine the 
mucosa. After reducing a large, incarcerated hernia, the 
stomach serosa can appear quite ecchymotic. Endoscopy 
can guide one’s judgment as to if a gastric resection is 
required. The endoscopy will also aid in determining the 
location of the GE junction and its relationship to the crus 
of the diaphragm (critical to assessing esophageal length). 

  Fig. 16.2    Paraesophageal management algorithm       
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To achieve the 2–3 cm of intra-abdominal esophageal 
length required, the esophagus and stomach must be com-
pletely mobilized. Although the use of a 30 degree laparo-
scope can facilitate dissection in the area posterior to the 
GE junction, a 0 degree scope will provide a better view 
of the intrathoracic esophagus. 

 Unintended entrance into the plural space is rarely prob-
lematic and easily repaired. If left open, it rarely causes prob-
lems. Anesthesia may report a rise in the end tidal CO 

2
 . If this 

becomes a problem, decrease the pneumoperitoneum pres-
sure. Anesthesia should then increase the minute ventilation 
and place the patient on 100% oxygen. These same measures 
can be taken if the patient develops subcutaneous gas. 

 If adequate esophageal length is unobtainable, a decision 
must be made as to what direction the operation will go at this 
point. Assessment of the patient’s overall condition, future qual-
ity of life, nutrition status, and age must guide the surgeon’s 
decision as to whether efforts are made to obtain more length 
through extending the length of the operative time, performing 
a Collis gastroplasty, or converting to an open procedure. 

 In a damage control setting, a posterior crural repair 
can be performed using a zero braided permanent suture 
and a feeding gastrostomy inserted. The gastrostomy will 
act as both a gastropexy and as access for enteral nutri-
tion. Closed suction drains can be left in place extending 
into the chest alongside the esophagus. If the patient is in 
good health and there is adequate esophageal length, a 
posterior crural repair should be undertaken. As there 
have been reports of complications such as erosion into 
the esophagus after using prosthetic mesh, we do not use 
prosthetic mesh to repair the crural defect. As for biopros-
thetic meshes, long-term data does not demonstrate a 
reduced recurrence rate when compared to repairs without 
reinforcement. 

 A nissen fundoplication should be performed over a 60 
French boogie. As these patients present emergently and 
no esophageal manomotery has been performed, it is bet-
ter to perform a loose or “ fl oppy” fundoplication so as to 
avoid postoperative dysphagia. This patient population 
can have higher rates of esophageal dysfunction than the 
rest of the population. Although there is some debate 
regarding the necessity of gastropexy, if a fundoplication 
and tension-free crural repair are able to be performed, it 
is our practice to routinely perform a gastropexy. This can 
easily be performed by placing a 2–0 permanent suture 
through the body of the stomach. The needle is then 
removed. Using a suture passer through a small stab 
wound, the two ends are brought up through two places on 
the anterior abdominal wall about 5 mm apart. The abdo-
men is de fl ated and the suture is tied. As there may be 
concern about gastric ischemia and gas bloat, a nasogas-
tric tube should be placed under direct visualization before 
leaving the abdomen.   

   Controversies in Operative Management 

   Esophageal Shortening 

 Despite being a historically documented concern, the true inci-
dence of esophageal shortening in patients with paraesopha-
geal hernias is unknown and controversial  [  32,   33  ] . The most 
important factor associated with esophageal shortening is 
in fl ammation, often associated with chronic GERD and/or 
other in fl ammatory processes such as Crohn’s disease or scle-
roderma. Esophageal shortening may limit the ability to reduce 
the stomach to its normal intra-abdominal position, predispos-
ing to tension with an increased risk of recurrence. Preoperatively 
identifying the shortened esophagus is problematic, as there is 
no de fi nitive test for this; therefore, the most accurate assess-
ment is made in the operating room. When con fi rmed, options 
include further intrathoracic mobilization or a Collis gastro-
plasty. Those who do not believe in esophageal shortening, rea-
son that it only appears shortened secondary to being pushed 
up into the chest by the stomach, which may explain why with 
the enhanced visualization during laparoscopy, esophageal 
shortening is less commonly identi fi ed.  

   Antire fl ux Procedure 

 Only limited data con fi rm the need to perform a fundoplica-
tion; however, this is commonly done as it is felt to help 
anchor the stomach within the abdomen  [  34,   35  ] . Additionally 
the amount of required dissection completely disrupts the 
hiatal mechanism, thereby rendering the GE junction incom-
petent and hence the need to recreate a barrier to re fl ux. 
Proponents of antire fl ux procedures favor a “ fl oppy” fun-
doplication, to decrease the risk of dysphagia. On the con-
trary, some believe that avoiding the fundoplication eliminates 
the potential for postoperative dysphagia, as most patients 
with incarcerated hernias have not undergone manometry. 
This also decreases the operative time in elderly patients 
often with numerous co-morbidities. Others favor selective 
fundoplication in those patients with preexisting GERD. In 
particular, patients with a type III hernia may have re fl ux 
symptoms by virtue of the fact that the GE junction is above 
the diaphragm. In these patients, performance of an antire fl ux 
procedure would be reasonable.  

   Anterior Gastric Fixation 

 Another area of controversy is the necessity of  fi xing the 
stomach to the anterior gastric wall using either a gastropexy 
or placement of a gastrostomy    tube  [  36,   37  ] . Anchoring the 
stomach to the abdominal wall is thought to prevent hernia 
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recurrence. Those who oppose  fi xation claim that re-hernia-
tion is not prevented by  fi xation, as the stomach is pliable 
and merely stretches in response to increased intra-abdomi-
nal pressures. Unfortunately for those who favor  fi xation, 
there are no prospective randomized trials to guide them as 
to which  fi xation technique is superior. Proponents of the 
gastropexy note that it is a simple, fast procedure that adds 
little to the operative time; however, a high rate of recurrence 
has been reported using this technique. Those who favor gas-
trostomy argue that this technique not only provides a solid 
anchoring point but also effectively decompresses the stom-
ach, thereby avoiding the need for a nasogastric tube.  

   Mesh Reinforcement of Crural Repair 

 The need to reinforce the crural repair with mesh remains an 
area of controversy. The failure of the crural closure is a 
common cause for re-herniation; therefore, some surgeons 
favor reinforcement of the crural closure with mesh  [  38,   39  ] . 
While this may decrease recurrence, it is important for the 
acute care surgeon to balance this potential bene fi t with the 
potential risk of mesh complications such as erosion or infec-
tion. Clear indications for placement of a mesh would be if 
the hiatus cannot be re-approximated or if there is concern 
that the crural closure is under tension. Unfortunately, there 
is no consensus in the literature as to the routine use of mesh 
as part of a paraesophageal hernia repair.   

   Postoperative Complications 

 The preceding section discussed controversies in the opera-
tive repair, mostly aimed at preventing recurrence. However, 
the clinical signi fi cance of such a recurrence is unknown. 
The risks and complications of nonoperative management 
have been outlined earlier in this chapter. In brief, the esti-
mated mortality of a known yet untreated paraesophageal 
hernia has been estimated between 16 and 30%, while mor-
tality from operative treatment has been demonstrated around 
3%  [  24  ] . Although incarceration of these hernias is a rela-
tively rare complication, it is preventable; therefore, elective 
repair of symptomatic patients continues to be recommended 
for patients without life-limiting co-morbidities. 

 By virtue of the fact that paraesophageal hernias occur 
most frequently in the elderly many of whom have other 
signi fi cant co-morbidities, acute exacerbation of these repre-
sents the most signi fi cant complication in the postoperative 
period. Because of this concern, the laparoscopic approach 
has been advocated. Unfortunately, recurrence rates for the 
laparoscopic approach range from 0 to 42%  [  27,   28,   30  ] , 
hence the controversy surrounding the routine anterior gas-
tropexy and the use of biologic mesh.  

   Conclusion 

 Overall follow-up after paraesophageal hernia repair is 
similar to other open or laparoscopic procedures. Because 
most patients with paraesophageal hernias are asymptom-
atic, in light of the contradictory data on need for operation 
versus watchful waiting after initial identi fi cation of the 
hernia, monitoring for the development of symptoms is a 
reasonable approach. On the other hand, if the surgeon is of 
the opinion that operative intervention is mandatory if 
identi fi ed, upper gastrointestinal contrast studies performed 
at routine intervals are also not unreasonable. Also given 
the reported higher recurrence rates with laparoscopic pro-
cedures, a lower threshold to actively seek out recurrence 
would be appropriate.      
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         Introduction 

 Peptic ulcer disease (PUD) was not well elucidated as a 
signi fi cant contributor to patient morbidity and mortality until 
the early 1900s. From that time up until the late twentieth cen-
tury, PUD was felt to be caused by stress and dietary factors, 
with treatments focusing on dietary modi fi cation, bed rest, and 
later on, acid suppression and neutralization  [  1–  3  ] . With the 
discovery of  Helicobacter pylori  in the 1980s and the subse-
quent development of improved medical regimens to treat the 
organism and suppress acid production, the incidence of PUD 
has decreased dramatically over the past 30 years  [  4  ] . 
Furthermore, data gathered from multiple countries within the 
same time period reveals a 40–50% global decline in inci-
dence  [  5–  7  ] . In accordance with the trend of successful medi-
cal management, surgeons have seen a steady decline in the 
rate of elective surgery for PUD over the past three decades. 
Procedures that were once common have become a rarity for 
today’s surgical residents to encounter. However, though the 
rate of elective interventions has declined dramatically (80–
97%), the rate of emergency surgery related to PUD has 
remained constant or increased  [  6,   8  ] . Wang et al. reported a 
44% increase in emergent operative interventions related to 
PUD from 1993 to 2006, and in 2006, there were nearly 25,000 
operations performed in the United States alone for perforated 
or bleeding peptic ulcers. With the evolution of therapeutic 
modalities for the treatment of PUD, including pharmaceuti-
cal advancements and endoscopic and therapies, surgical 
interventions have become more salvage in nature. The major-
ity of surgical indications for PUD are now limited to compli-
cations from hemorrhage or perforation that have failed 
medical and minimally invasive interventions. Less frequently, 
surgical interventions are sought for rare causes of PUD such 

as gastrinoma or Zollinger–Ellison  syndrome (ZES), antral 
G-cell hyperplasia, trauma, or burns. Elective operative gastric 
procedures, though rare, are primarily for lesions suspicious 
for malignancy or refractory PUD due to failed medical ther-
apy, patient intolerance, or noncompliance  [  9  ] . Undoubtedly, 
the next generation of acute care surgeons will be called upon 
to manage the urgent and emergent complications of PUD, on 
a much more complicated population of patients, with 
signi fi cantly less experience than generations prior. The goal 
of this chapter is to provide a brief overview of the pathophysi-
ology, epidemiology, and presentation of PUD with a more 
in-depth description of the management and operative tech-
niques as they relate to the acute care surgeon in urgent and 
emergent situations.  

   Epidemiology 

 It is estimated that 1 in 10 Americans are plagued with symp-
toms related to PUD, with an overall 2% prevalence in the 
United States. The majority of patients who endure compli-
cations secondary to PUD are 70 years of age or older, and 
the rate of complications is estimated to be from 2 to 10% 
 [  10–  12  ] . The prevalence of disease is 1.5 times greater in 
men than women. Yet in regard to the rate of perforation, the 
Data from the United States data reveals a rise in the female 
population and an overall decline in the male population  [  7, 
  13  ] . This is thought to be secondary to nonsteroidal anti-
in fl ammatory drug (NSAID) use and smoking patterns  [  14  ] . 
Duodenal ulcers are more common than gastric ulcers, and 
are more likely to be the source of PUD in younger patients. 
However, there has also been an association established 
implicating increased risk of duodenal ulceration with 
chronic lung, liver, and pancreatic disease processes  [  13,   15  ] . 
Gastric ulcers account for only 5% of all PUD, yet more 
operative interventions are needed for gastric ulcers than for 
duodenal ulcers. Additionally, gastric ulcers are more fre-
quently associated with the elderly, and are therefore associ-
ated with a higher mortality rate  [  16,   17  ] . Despite the overall 
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decline in PUD over the past 30 years, the rate of emergent 
operative intervention for bleeding, obstruction, or perfo-
ration has remained relatively unchanged in the United 
States. Moreover, there is data out of European countries that 
may reveal an actual increase in need for emergent operative 
interventions. There is an overall decrease in the prevalence 
of PUD in developed countries due to advances in pharma-
ceutical technology and sanitation that have signi fi cantly 
reduced the  H. pylori  infection rate  [  5,   6  ] . However, when 
considering the increased overall usage of NSAIDS in an 
increasingly older population, the explanation for the relative 
lack of improvement in the frequency of operative interven-
tion becomes evident.  

   Anatomical Considerations 

 Peptic ulcers have characteristic anatomical occurrence pat-
terns. Ninety- fi ve percent of all duodenal ulcerations are 
located within 2 cm of the pylorus in the  fi rst portion, or the 
bulb, of the duodenum. These lesions are almost always non-
malignant disease processes. There are  fi ve different 
classi fi cations of gastric ulcers according to the most com-
monly used classi fi cation system, the Modi fi ed Johnson 
classi fi cation system. Type I ulcers occur along the lesser cur-
vature of the stomach near the incisura angularis, and 60% of 
these are located within 6 cm of the pylorus  [  15  ] . Type II ulcers 
are pre-pyloric gastric ulcers. They occur in association with 
duodenal ulcers and are often referred to as “kissing ulcers.” 
Type III gastric ulcers are located in the antrum or pre-pyloric 
region. Type IV ulcers are located near the gastroesophageal 
junction, on the proximal lesser curvature. Type V ulcers are 
the newest category: lesions that are secondary to NSAID or 
aspirin usage. They can be located anywhere throughout the 
stomach. Ninety- fi ve percent of gastric ulcers are also benign 
in nature. Even giant ulcers, lesions greater than 2 cm, which 
were once thought to be malignant, are now known to be 
benign processes in 90% of patients. Ulcers located in the fun-
dus of the stomach are very rare; however, these lesions should 
elicit concern as most are malignant  [  18  ] .  

   Pathophysiology 

 Although there may be numerous factors that contribute to 
the development of gastroduodenal mucosal breakdown, we 
now recognize that the majority of gastroduodenal ulcer-
ations are caused by  Helicobacter pylori (H. pylori)  infesta-
tion, NSAID use, or a combination of the two. 75% of 
patients with gastric ulcers and 90% of those with duodenal 
ulcers are infected with  H. pylori  yet only 15–20% of people 
colonized with the bacteria will develop PUD in their life-
time  [  14  ] . Greater than half of patients with PUD report 

recent NSAID use  [  18,   19  ] . Additionally, several studies 
have demonstrated a cumulative effect of cigarette smoking 
with H pylori that leads to an increased risk of complicated 
PUD  [  20,   21  ] . The overall mechanism of ulcerogenesis 
results from the inability of the mucosal barrier to protect the 
gastroduodenal mucosa from acidic gastric secretions  [  22  ] . 
There are multiple factors that have been associated with 
mucosal injury and excessive acid secretion including smok-
ing, psychological stress, alcohol, drugs (including aspirin 
and cocaine), and various environmental associations  [  2  ] . 

 The treatment philosophy for PUD was historically “no 
acid no ulcer.” It remains a viable statement since acid sup-
pression is the key management strategy to the promotion of 
healing. Prior to our understanding of the role of  H. pylori  
and NSAIDs in ulcerogenesis, therapy was long-standing 
and consisted of avoidance of known ulcerogenic stimuli 
such as caffeine, smoking, and alcohol along with pharma-
ceutical management to relieve symptoms. Surgical inter-
vention, such as antrectomy and vagotomy for acid 
suppression, was then used if relief was not obtained from 
conservative measures. Pharmaceutical therapy consisted of 
antacids, H2 blockers (introduced in the late 1960s), and 
various oral cytoprotective agents. Proton pump inhibitors 
(PPIs) were not introduced until the late 1980s. In 1984, 
Marshall and Warren published their discovery of “an 
unidenti fi ed curved bacilli in the stomach of patients with 
gastritis and peptic ulcerations,” eventually known as 
 Helicobacter pylori   [  23  ] . Multiple trials over the following 
several years established the etiology of  H. pylori  in PUD. 
Subsequently, evidence demonstrated that a short treatment 
course with antibiotics and antisecretory agents resulted in a 
cure for the majority of ulcers without recurrence  [  24–  27  ] . 
In 1994, the National Institute of Health Consensus 
Conference of fi cially recommended the medical eradication 
of  H. pylori  as the primary therapy for PUD  [  28  ] . 

 It is now understood that  H. pylori  infection results in the 
alteration of gastric acid secretion that is observed in PUD. 
If the infection is localized primarily in the antrum, an 
impairment and alteration in the negative feedback loop 
results in increased acid productivity. The ultimate outcome 
is an increased prevalence of pre-pyloric and duodenal ulcers. 
Patients that have a global infection of the gastric mucosa 
consistently have decreased acid secretion in response to the 
chronic in fl ammation within the gastric body. This leads to 
impaired protective function of the gastric mucosa resulting 
in ulcer formation  [  2  ] . 

 In regard to NSAIDs, as well as aspirin, the mechanism of 
insult is related to the inhibition of prostaglandins by both of 
these classes of drugs. Prostaglandins act to increase mucous 
secretion and bicarbonate production as well as to modulate 
the blood  fl ow to the mucosal tissue  [  29  ] . The inhibition of the 
mucosal defense mechanisms along with decreased blood  fl ow 
and impaired healing leads to the direct correlation of both 
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NSAIDs and aspirin with ulcer formation. In concordance, there 
is an additional synergistic effect that occurs in patients with 
underlying  H. pylori  infection that also take anti-in fl ammatory 
medications. The protective function of the mucosa is further 
weakened leading to increased ulcerogenesis  [  30  ] . The major-
ity of gastric and duodenal ulcers are attributable to one or both 
of these two pathogens in combination. Taking this into 
account, it would be prudent to say that the majority of ulcero-
genesis can be contributed to treatable or avoidable causes that 
can be managed medically  [  31  ] . Therefore, the current surgical 
approach in elective and emergent management of PUD has 
become re fl ective of this treatment philosophy.  

   Medical Management of Peptic Ulcer Disease 

 If PUD is in the differential diagnosis for a patient in accor-
dance with symptoms or the chief complaint, a complete his-
tory and physical should focus on the cause or confounding 
factors associated with the disease process. Medical manage-
ment can then focus on addressing these factors with the 
patient. Patients should be tested for  H. pylori  so that a treat-
ment regimen can be initiated. An esophagogastroduodenos-
copy (EGD) is not mandatory for diagnosis. Serology is the 
test of choice if endoscopy is not required. The urea breath 
test is also an option, but it is used more frequently as a test 
of cure after a treatment regimen has been completed. An 
EGD should be considered for all patients with symptoma-
tology consistent with PUD for evaluation and diagnosis. 
Biopsies can be taken for  H. pylori  histology or culture, or a 
rapid urease assay can be performed. In addition, visualizing 
the location and overall presentation of the ulcerative disease 
helps to address the causative factors, especially if the patient 
uses NSAIDs chronically. Most physicians will presump-
tively treat for PUD with an H2 blocker or PPI in order to 
improve symptoms prior to attaining an EGD to verify the 
diagnosis. If symptoms persist and noninvasive testing is 
pending or inconclusive for  H. pylori , an empiric therapeutic 
regimen is also a reasonable option. Although there are mul-
tiple ways to test or screen for  H. pylori,  the most accurate 
test is with a tissue sample for histology or culture. 

 All NSAIDs and aspirin should be discontinued if the 
patient has an upper GI bleed, a diagnosed ulceration, or if 
PUD is strongly suspected based upon the clinical presenta-
tion. For those who are on aspirin therapy for recent cardiac 
stent placement or other co-morbidities, there should be an 
expedited workup and thorough multidisciplinary evaluation 
of the risks and bene fi ts associated with continued salicylate 
use. In addition, all practices that may be ulcerogenic such as 
smoking, caffeine intake, alcohol consumption, and cocaine 
abuse should be addressed and abandoned if PUD is suspected. 
It is essential that patients understand the importance of life-
style modi fi cation on the progression and resolution of PUD. 

 Acute presentations of PUD, such as pain, bleeding, or per-
foration, should be treated with continuous infusion of an 
intravenous PPI. Upon discharge, these patients should remain 
on an oral PPI or an H2 blocker for at least 3 months. A fol-
low-up endoscopy should then be scheduled to monitor heal-
ing, especially if there is a chronic component to the 
presentation. Depending upon the initial pathology and the 
source of the lesion, healing has usually peaked by 4 weeks. 
Patients who are hospitalized for complications due to PUD, 
those with a repetitive history of PUD, and patients that require 
aspirin or NSAID therapy for other co-morbidities should be 
considered for lifelong maintenance with PPI or H2 receptor 
blocker therapy. Additionally, patients who are noncompliant 
with smoking cessation or alcohol abuse should remain on 
maintenance therapy as well if these behaviors were felt to be 
contributory to their PUD. Misoprostol as well as sucralfate 
are useful as adjuncts to antisecretory therapy. However, these 
drugs should be used only as preventative maintenance ther-
apy, or in conjunction with H2 blockers or PPIs. They should 
not be used as sole therapy in patients who are acutely symp-
tomatic. As previously mentioned, the majority of PUD can be 
attributed to an association with  H. pylori  infection. If  H. 
pylori  has been diagnosed via biopsy or serology, the patient 
should complete a treatment regimen for eradication  [  18,   32  ] . 
There are multiple acceptable regimens  [  33  ]  (see Table  17.1 ).   

   Clinical Presentation of Peptic Ulcer Disease 

 The majority of patients who are diagnosed with PUD com-
plain of pain in the epigastric region. The pain is often 
described as a localized burning, aching, or “gnawing” pain. 
Other symptoms include nausea, vomiting, bloating, anemia, 
and anorexia or weight loss due to decreased oral intake sec-
ondary to symptoms. An extensive and thorough history 
should be elicited from the patient. In particular, the ques-
tioning should focus on previous episodes or symptoms 

   Table 17.1    Treatment regimens for  Helicobacter pylori  (data from 
ref.  (  33  ) )      

 Medications/dose/frequency  Duration 

 PPI + Clarithromycin 500 mg bid + Amoxicillin 
1,000 mg bid 

 10–14 days 

 PPI + Clarithromycin 500 mg bid + Metronidazole 
500 mg bid 

 10–14 days 

 PPI + Amoxicillin 1,000 mg bid then:  5 days 
  PPI + Clarithromycin 500 mg bid + Tinidazole 500 mg bid  5 days 
  Salvage regimens  
 Bismuth subsalicylate 525 mg qid + Metronidazole 
250 mg qid +   Tetracycline 500 mg qid + PPI 

 10–14 days 

 PPI + Amoxicillin 1,000 mg bid + levo fl oxacin 500 mg 
daily 

 10 days 

  PPI = proton pump inhibitor  
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 consistent with PUD, correlation with oral intake, and the 
patient’s association with known ulcerogenic risk factors. An 
aggressive medication history should also be attained with a 
speci fi c focus on NSAIDs, aspirin, antisecretory medica-
tions, consumption and correlation of antacid use, and a 
complete social history including alcohol, tobacco, and sub-
stance abuse as well as recent psychological stressors. 

 Duodenal ulcers characteristically have a cyclic type of 
associated pain. Patients often awake from sleep at night 
with epigastric pain; however it is usually resolved by the 
time they awake. Throughout the day, pain recurs 1–2 h after 
eating a meal and then temporarily dissipates with oral intake 
or antacids. Symptoms worsen and become more constant if 
the ulceration erodes posteriorly into the pancreas. Back pain 
may then also ensue. Pain with palpation during physical 
exam is an inconsistent and unreliable  fi nding. 

 Gastric ulcers usually present with epigastric pain that is 
coupled with oral intake. Patients often complain of pain 
within 30 min of eating, and at times, symptoms can be 
aggravated by oral intake. In spite of this, many patients 
claim to have at least temporary relief of symptoms with oral 
intake or antacids. Symptoms from gastric ulcers can also be 
reliably vague and nonspeci fi c in nature leading to a circu-
itous and extensive differential diagnosis and workup. PUD 
should be a differential diagnosis for any patient with abdom-
inal symptomatology. 

 The most common indications for acute surgical interven-
tion for PUD are bleeding and perforation  [  32  ] . Anemia may 
be the presenting symptom with chronic PUD; however, 
chronic bleeding is rarely managed surgically as most lesions 
will respond to medical management with compliance. Other 
reasons for surgical intervention due to PUD include intrac-
table pain, refractory PUD, gastric outlet obstruction, known 
malignancy, and sequelae secondary to gastrinomas (ZES). 
Since the majority of emergent procedures for PUD involve 
perforation or bleeding, the remainder of the chapter 
addresses surgical management for this population of patients 
as it pertains to the acute care surgeon.  

   Bleeding Peptic Ulcer Disease 

 Sixty percent of all upper GI bleeds are secondary to PUD 
 [  34  ] . Of all deaths that are felt to be attributable to PUD, 
bleeding is the most common cause of mortality. This patient 
population is usually older than 65 years of age with concur-
rent chronic co-morbidities  [  15  ] . Although 80% of UGI 
bleeds are self-limited, there is an overall mortality of 8–10% 
in those that continue to bleed or have recurrent bleeds. 
Recurrent bleeds occur in 20–30% of patients and the mor-
tality after a re-bleed ranges from 10 to 40%. Not surpris-
ingly, the onset of a GI bleed during an unrelated hospital 
stay is associated with a higher mortality rate (33%) than an 

initial bleed outside of the hospital or before admission (7%) 
 [  14,   35  ] . The American Society of Gastrointestinal Endoscopy 
(ASGE) investigated the correlation of eight different dis-
ease co-morbidities with outcomes in patients with upper GI 
bleeding. These included central nervous system, cardiac, 
gastrointestinal, hepatic, pulmonary, neoplastic, renal, and 
psychological stress. The mortality rate for an upper GI bleed 
with no concurrent diagnoses was 2.5%. However, if the 
patient had three coexisting diagnoses, the mortality rate rose 
to 14.6%, and then to 66.7% with six diagnoses  [  36  ] . 

 Due to the signi fi cant amount of blood supply to the 
stomach, 35–40% of gastric ulcers will bleed, but signi fi cant 
hemorrhage is more associated with type II and type III gas-
tric ulcers  [  14  ] . Gastric ulcers are more commonly found in 
older patients. This explains the correlation with increased 
morbidity and mortality in patients with bleeding gastric 
ulcers in comparison to bleeding duodenal ulcers. The duo-
denum, however, also has a generous blood supply from the 
gastroduodenal artery (GDA), which lies just posterior to 
the duodenum. When a duodenal ulceration progressively 
erodes through the duodenal wall and into a branch of the 
GDA, or the artery itself, the resultant bleeding can be sub-
stantial. Fortunately, the majority of duodenal ulcers are 
super fi cial in nature, and most bleeds are self-limited or 
amenable to endoscopic interventions  [  35  ] . In reality, the 
majority of duodenal ulcers will present as minor bleeds 
with guaiac-positive stools or melana. However, approxi-
mately 25% of all upper GI bleeds that present for urgent 
treatment are due to duodenal ulcerations  [  14  ] . 

 Acute upper gastrointestinal bleeding due to PUD pres-
ents as hematemesis, melana, or occasionally hematochezia 
with massive hemorrhage. Not uncommonly, patients will 
present after actively bleeding or possibly with syncope to 
the emergency department with a history of having been 
“found down” at home for some unknown amount of time. 
These patients are frequently hemodynamically unstable due 
to hemorrhagic shock. Aggressive resuscitation and transfu-
sion may be required to stabilize the patient enough to even 
tolerate endoscopy for diagnostic or therapeutic measures. 

 As with any critically ill patient that is hemodynami-
cally unstable, the standard airway, breathing, circulation 
(ABC) algorithm should be followed by verifying a patent 
or secure airway, ensuring adequate oxygenation and venti-
lation, and then focusing on the patient’s circulation and 
hemodynamics. Two large-bore IVs should be attained for 
volume resuscitation with crystalloid or blood products if 
signi fi cant hemorrhage is suspected or known to have 
occurred. If peripheral access is not available, a central 
venous catheter, such as a large-diameter cordis catheter, 
should be placed to better facilitate resuscitation and trans-
fusion. Blood products should be available and transfused 
as necessary, and coagulopathies should be addressed and 
corrected. A Foley catheter is usually placed so that accurate 
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urine output can be monitored to re fl ect kidney perfusion. 
Central venous lines and arterial lines are often placed in 
order to accurately monitor hemodynamic parameters, vol-
ume status, and resuscitation efforts. 

 If the source of bleeding is unclear, an upper GI source 
versus a lower GI source, a nasogastric tube should be 
inserted and a gastric lavage should be performed looking for 
clots or bloody aspirate. Some would advocate irrigation 
with ice water or cold saline solution until the nasogastric 
tube irrigation is clear as the iced irrigation will usually stop 
or slow the bleeding. Although there is no evidence basis 
behind the practice, most practitioners will immediately start 
intravenous PPIs or H2 blockers while resuscitating. Once 
the patient is resuscitated and hemodynamically stable, the 
upper endoscopy can be facilitated. These patients are criti-
cally ill with the potential for instability, regardless of the 
endoscopy  fi ndings. The majority of these patients, and in 
particular the elderly, frail, or those patients with multiple 
co-morbidities, should be monitored in an ICU setting with 
serial hemoglobin monitoring for a minimum of 24–48 h 
after the initial event. 

 Endoscopy is  fi rst-line treatment for all upper GI bleeds, 
especially and including variceal bleeds. Many facilities 
will consult a gastroenterology service; however, many gen-
eral surgeons also have privileges to perform interventional 
endoscopic procedures. A surgical endoscopist would also 
have the advantage of visualizing the anatomy and location 
of the bleed. This would be optimal should endoscopic mea-
sures be unsuccessful and operative intervention become 
necessary. Either way, the surgical team should be present to 
visualize the source of bleeding and the interventions 
attempted for hemorrhage control in order to formulate an 
operative plan. In the hands of a skilled endoscopist, surgi-
cal intervention is only required in 5–10% of bleeding 
ulcers, and many upper GI bleeds will actually stop sponta-
neously  [  31  ] . There are several different scoring systems 
that have been developed to predict the need for intervention 
for control of bleeding. The use of these prognostic scoring 
systems to identify patients at greater risk is one of the rec-
ommendations from the international consensus of recom-
mendations for management of non-variceal upper GI 
bleeding that was published in 2010 in the  Annals of Internal 
Medicine   [  37  ] . Gastroenterologists as well as surgeons 
should be comfortable and familiar with these scoring sys-
tems. Blatchford published a scoring system in  Lancet  in 
2000 that is likely the most referenced. The system uses 
both clinical and laboratory data to help predict the likeli-
hood of need for intervention to attain hemostasis. Patients 
with a score of less than or equal to 3 have a 6% chance of 
requiring intervention for hemostasis, whereas those with a 
score of 6 or higher have a greater than 50% chance of need-
ing endoscopic or surgical intervention for control of hem-
orrhage  [  38  ]  (see Table  17.2  and Fig.  17.1 ).   

 The  fi rst goal of endoscopy is to locate and visualize the 
source of bleeding, and there are many endoscopic tech-
niques used for control of upper GI hemorrhage. There is 
often excessive clot over the lesion, and irrigation is neces-
sary to visualize the mucosa below the clots. This is done 
with caution as not to disturb the clot directly over the 
lesion and the hemostasis that may have already been 
achieved. Indications for endoscopic therapeutic interven-
tion include active bleeding or oozing at an identi fi ed site, 
stigmata of a recent bleed such as a large blood clot, or the 
presence of a visible vessel at the base of the ulceration. If 
the lesion is no longer bleeding, or if it is merely oozing, 
epinephrine is often injected in or around the lesion and the 
surrounding mucosa in order to employ its vasoconstrictive 
properties for assistance with clot formation. Beyond injec-
tion, there are several other methods of direct vessel control 
depending upon the source and location of the bleed. 
Cautery may be used to provide hemostasis, or sclerosing 
agents may be directly injected into the bleeding vessel. 
Clips can be placed directly on a visualized vessel or cir-
cumferentially to address the rich vascularity of the region. 
Banding is more frequently used on variceal bleeds, but can 
also be successful depending upon the source. Most endos-
copists will use epinephrine in association with another 
method of intervention such as clips or cautery. Dual inter-
vention has been shown to improve the success of initial 
endoscopic hemorrhage control and also to decrease the 
incidence of recurrent bleeding  [  39,   40  ] . 

   Table 17.2    Blatchford admission risk markers for peptic ulcer bleed-
ing (adapted from ref.  39  )    

 Admission risk marker  Score component value 

  Blood urea (mg/dl)  
 6.5–8.0 
 8.0–10.0 
 10.0–25.0 
 >25.0 

 2 
 3 
 4 
 6 

  Hemoglobin (g/dl) for men  
 12.0–13.0 
 10.0–12.0 

 1 
 2 

 <10.0  6 
  Hemoglobin (g/dl) for women  
 10.0–12.0 
 <10.0 

 Systolic Blood Pressure (mmHg) 
 100–109 
 90–99 
 <90 

 1 
 6 

 1 
 2 
 3 

  Other markers  
 Pulse > 100 bpm 
 Presentation with melana 
 Presentation with syncope 

 1 
 1 
 2 

 Hepatic disease 
 Cardiac failure 

 2 
 2 

  Scores  ³ 6 have a greater than 50% chance of requiring intervention  



216 S.L. Sixta

 The majority of upper GI bleeds can be initially controlled 
via endoscopic interventions; however, 15–20% of patients 
will experience recurrence of bleeding from the site of ulcer-
ation  [  41  ] . It is the surgical team’s responsibility to evaluate 
the patient and his or her co-morbidities, the cause of bleed-
ing, and any other extenuating factors to decide if and when 
operative intervention is necessary. Historically, many sur-
geons have used a threshold of six transfused units of packed 
red blood cells as the deciding point to proceed with operative 
intervention. The number six certainly de fi nes the need for 
excessive transfusion, but several other factors need to be 
considered along with the patient’s transfusion requirements. 
The location of the ulcer should be in fl uential in the decision 
of whether or not to intervene early. In particular, lesions in 
areas with grossly exposed vasculature, those with abundant 
blood supply such as posterior duodenal ulcers, or ulcers on 
the lesser gastric curvature with extensive in fl ow from the left 
gastric artery may bene fi t from early operative intervention. 

 Many endoscopists routinely perform a second-look 
procedure at 24 h after the initial endoscopic intervention. 
There is also frequently a trend to repeat therapies such as 
cautery or injection of epinephrine in order to prophylacti-
cally treat continued oozing or to reinforce previous inter-
ventions. If the re-bleed is signi fi cant, many practitioners 
will proceed with repeat endoscopic therapeutic interven-
tions. However, if the source was visualized on previous 
endoscopy, operative intervention may be the more prudent 
decision. In a prospectively randomized study performed at a 
high-volume center, Lau and colleagues demonstrated a 75% 
success rate in control of re-bleeds via repeat endoscopic 
intervention. They also found similar mortality rates and 
decreased complication rates when compared to a similar 
group of patients who underwent surgical intervention. 
Additionally, their data recognized two factors that indepen-

dently predicted failure of repeat endoscopic interventions 
for re-bleeding: hypotension and ulcers greater than 2 cm  [  42  ] . 
Elemunzer et al. did a meta-analysis of ten prospective 
studies to assess re-bleeding after endoscopic therapy for 
hemorrhage due to PUD. They found the rate of re-bleeding 
to be 16.4%. The following factors were found to be inde-
pendently predictive of re-bleeding after endoscopic inter-
ventions: pre-endoscopic hemodynamic instability, comorbid 
illness, active bleeding at endoscopy, large ulcer size (>2 cm), 
posterior duodenal ulcerations, and ulcerations on the lesser 
gastric curvature  [  43  ] . Every patient must be individually 
evaluated and the transfusion requirements, hemodynamic 
status, and co-morbidities taken into consideration. However, 
it seems reasonable to proceed with early surgical interven-
tion after the  fi rst endoscopy if the ulcer is greater than 2 cm, 
there is hemodynamic instability, there was extensive hemor-
rhage, the location of the ulcer is concerning (the posterior 
duodenum or the lesser gastric curvature), or the patient is 
greater than 60 years of age and/or has multiple co-morbidi-
ties (Fig.  17.2 ).  

 In complicated patients with intricate surgical or medical 
histories, localizing the source of the hemorrhage and identi-
fying the best method to attain hemostasis may be challeng-
ing. A technetium-99 m tagged red blood cell scan is a 
nuclear study that can identify bleeding at 0.1 ml/min and 
therefore may be bene fi cial in identifying a slow GI bleed. 
The study may be dif fi cult to facilitate as availability may be 
institution dependent, and although it may be somewhat sen-
sitive, it lacks speci fi city in localization of hemorrhage  [  44  ] . 
However, this information can be instrumental at times in 
helping to guide the next stage of clinical intervention. 
Computed tomography angiograms (CTA) have recently 
been used more frequently with lower GI bleeding for source 
localization. Depending upon the patient and the clinical 

  Fig. 17.1    ( a   ) Ulcer in the bulb of the duodenum with overlying clot ( b ) Endoscopic clips used to control hemorrhage from a gastric ulcer       
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scenario, a CTA may be helpful in localizing bleeding in the 
upper GI tract as well. Modern-day multi-detector CT scans 
can detect bleeding at a rate of between 0.35 and 0.40 ml/
min, which is improved sensitivity in comparison to angiog-
raphy. CT scans may be useful for identi fi cation of an upper 
GI bleed; however rarely is there a practical need for the 
expense or the radiation exposure incurred without any 
means of truly effecting prognosis or outcomes. 

 A resource that has become increasingly more utilized in 
critically ill and complicated patients (those with re-bleed-
ing, uncertain endoscopic  fi ndings, or those who are at high 
risk for general anesthesia) is angiography and interven-
tional arterial embolization. Angiography can identify bleed-
ing at a rate of 0.5 ml/min and is less sensitive than a tagged 
RBC scan. However, angiography can be used in conjunc-
tion with  fl uoroscopy to localize the region of bleeding and 
to then embolize the primary blood supply to that region. 
The most common vessel to be embolized in interventional 
procedures for bleeding PUD is the GDA followed by the 
left gastric artery. On average, active bleeding is demon-
strated about 50% of the time leaving 50% of the interven-
tions categorized as empiric therapy. Selective embolization 
is performed primarily using either coils or a gel foam mate-
rial. Although the stomach and duodenum have a rich vas-
cular supply, there is an associated risk of ischemia with any 
embolization procedure to not only the stomach and the 
duodenum but also the pancreas  [  45–  47  ] . Therefore, inter-
ventional radiologic procedures should never be introduced 
as  fi rst-line therapy. All risks and bene fi ts of embolization 

should be thoroughly evaluated in relation to the patient and 
the clinical scenario. Post-procedurally, all patients should 
be monitored closely for any clinical signs of re-bleeding or 
ischemia with telemetry, serial abdominal exams, and serial 
laboratory values including base de fi cits, lactate levels, and 
complete blood counts to monitor for continued bleeding 
and leukocytosis. 

 Regardless of the decision to operate, to repeat endos-
copy, to consult interventional radiology, or to observe 
closely with medical management, the surgical team should 
remain intimately involved in the care of this population of 
patients until they are hemodynamically stable and are toler-
ating oral intake without signs of continued bleeding. 

   Operative Intervention for Bleeding Peptic Ulcers 

 Once the decision has been made to operate on a patient with 
an upper GI bleed, a thorough evaluation of the intraopera-
tive  fi ndings and the clinical scenario will help to guide 
which operation is most appropriate for the patient. With the 
advancements in endoscopic control of enteric bleeds, the 
patients that fail endoscopic management tend to be those 
with the highest risk factors for surgical intervention. Given 
the shift in the population now requiring these procedures, 
the historically indicated procedures for stable elective 
patients may not always be the safest and most appropriate 
intervention. The type of operation performed should ini-
tially be based on the patient’s overall clinical picture and 

  Fig. 17.2    Algorithm for contemporary management of upper GI bleed due to peptic ulcer disease       
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hemodynamic status. In unstable patients, the procedure 
should provide hemostasis within the least amount of time 
under general anesthesia. Additional procedures can be done 
at a later time, if necessary, once the patient has stabilized. 
Other factors that should be considered are the possibility of 
malignancy, coinciding perforation or obstruction, and the 
location of the ulcer. 

 The generalized surgical principles for the treatment of an 
acute bleed secondary to PUD are relatively straightforward. 
The most important goal is obviously hemostasis. The option 
of an antisecretory procedure with respective drainage as 
indicated may then be considered. Oversewing of the ulcer is 
the most common intervention for bleeding duodenal ulcers. 
Bleeding gastric ulcers, although rare, can also be oversewn, 
but they must additionally be biopsied to rule out malig-
nancy. Dependent upon the patient’s clinical presentation, 
the surgeon’s experience, and the patient’s history of PUD, 
medical compliance, and co-morbidities, a highly selective 
vagotomy (HSV) or a truncal vagotomy with drainage proce-
dure may additionally be performed. The third category of 
treatment options includes resection or excision of the ulcer 
which may also involve a vagotomy and a drainage proce-
dure dependent upon the location and indication. 

 Traditionally the decision of whether or not to do an anti-
secretory procedure was dependent upon the location of the 
ulcer. Type II and type III ulcers have classically been cate-
gorized as lesions that evolve secondary to acid hypersecre-
tion. The historical recommendation has always been to 
perform a truncal vagotomy with a gastric emptying proce-
dure. If the pylorus is not resected or bypassed, a pyloro-
plasty would be the necessary alternative. Some would 
advocate the use of a HSV to allow gastric emptying and 
avert the need for pyloroplasty or antrectomy. However, 
given the relative rarity of HSV in modern-day general sur-
gery, the majority of younger surgeons do not have the expo-
sure or experience to perform the procedure with dependably 
successful outcomes. In considering our advances regarding 
 H. pylori  treatment, the pathogenesis of ulcer formation, and 
the use of PPIs for acid suppression, the necessity for antise-
cretory procedures is ambiguous. Truncal vagotomies are 
associated with some level of dumping syndrome, whether it 
is clinically signi fi cant or not. HSV may be associated with 
lesser detrimental effects; however, the procedure is less 
common and certainly more time consuming. The patient’s 
overall state of health, his or her hemodynamic status, and 
the location of the bleed must all be taken into consideration 
when the operative plan is established. 

 Most modern-day damage control surgery for acutely 
bleeding PUD involves either resection or oversewing of 
the ulceration. Patients are then treated postoperatively for 
assumed  H. pylori  with an appropriate regimen including 
PPIs or H2 blockers. In the era of the damage control lapa-
rotomy, resection alone also can be performed, leaving the 

patient in discontinuity with a properly placed nasogastric 
tube for decompression. A second-look laparotomy can 
then be utilized, after the patient is adequately resuscitated, 
for reconstruction or performance of de fi nitive antisecre-
tory and drainage procedures if they are indicated. 
Regardless of the choice of intervention, it should be under-
stood that the majority of patients requiring surgical inter-
vention for bleeding PUD in the current era have very little 
physiologic reserve. Operative interventions should focus 
on expediently addressing the source of the bleeding in 
order to return the patient back to the ICU for resuscitation 
and hemodynamic support.  

   Operative Approach for the Bleeding Gastric 
Ulcer 

   Gastric Resection 
 The procedure of choice for bleeding types I, II, and III 
ulcers (Fig.  17.3 ) is a distal gastric resection inclusive of the 
bleeding ulcer. A Billroth I or Billroth II reconstruction can 
then be performed depending upon the mobility of the duo-
denum. As always, the patient’s hemodynamic status is the 
deciding factor as to whether or not it is appropriate to pro-
ceed forward with a de fi nitive anastomotic procedure. If the 
patient is hypotensive, it would be prudent to do a wedge 
resection, an oversew procedure, or a damage control partial 
gastrectomy with nasogastric decompression and an eventual 
second laparotomy to establish continuity. A wedge resec-
tion can easily be performed if the ulcer is on the greater 
curvature, the antrum, or within the body of the stomach. 
However, resection may be dif fi cult or inappropriate for type 
IV ulcerations, lesions on the lesser curvature, or those more 
proximal to the gastroesophageal junction. Multiple bleed-
ing erosions may require total gastrectomy with eventual 
creation of a Roux-en-Y esophagojejunostomy or esophago-
gastrojejunostomy, depending upon the extent of gastric 
resection that is required to gain hemostasis.  

 Gastric resections, as well as ulcer excisions, are usually 
performed with a gastrointestinal anastomosis (GIA) stapler 
after the stomach is suf fi ciently mobilized and cleared of sur-
rounding attachments. A Kocher maneuver is performed in 
order to mobilize the duodenum for the gastroduodenal anas-
tamosis of a Billroth I procedure. The anastomosis is created 
by removing, or avoiding initial placement of, the staple line 
on the inferior portion of the gastrectomy. The anastomosis 
can then either be handsewn in a two-layer fashion using 
absorbable sutures or stapled with a GIA stapler placed 
through a gastrotomy. 

 If the duodenum is scarred or will not reach the distal 
stomach remnant, a Billroth II will need to be performed. 
There are several complications associated with this proce-
dure including duodenal stump leaks and afferent or efferent 
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limb syndromes. The Billroth I primary anastomosis has less 
incidence of complications, but if there is any tension on the 
anastomosis, a Billroth II is the procedure of choice. The 
proximal duodenum should be transected using either a TA 
stapler or a GIA stapler. Attention should be given to the 
anatomy in regard to the common bile duct, as it lies just 
posterior to this region. Additionally, the thickness and indu-
ration of the duodenal stump should be evaluated. It may be 
necessary to handsew the stump closed to avoid a stump leak. 
Many experienced surgeons would suggest placing an omen-
tal patch over the stump as well. In the case of a friable or 
extremely indurated stump, a lateral duodenostomy tube can 
be placed in a Stamm fashion to the lateral abdominal wall in 
order to decompress the duodenum, although this is recom-
mended only in extreme conditions. There are several ways 
to perform the anastomosis for a Billroth II gastrojejunos-
tomy. The jejunal afferent limb should reach the gastric rem-
nant without any tension, but with no more than 20 cm of 
length from the ligament of Treitz. Placing the jejunum 
through a retrocolic window will decrease tension on the 
mesentery, but antecolic placement is functionally equiva-
lent. There are several methods of constructing the gastroje-
junostomy using staplers, 2 ¢ 0 absorbable sutures, or a 
combination of both. If the anastomosis is handsewn, it 
should be a two-layered anastomosis with an outer layer of 
Lembert sutures and an inner layer of full-thickness absorb-
able sutures.  

   The Oversew Technique 
 Oversewing of a bleeding gastric ulcer is not the ideal proce-
dure, but it may be the most appropriate procedure for a 
high-risk patient. Remember that all gastric ulcers must be 
biopsied if resection is not possible, and therefore, if the 
ulcer is oversewn, a biopsy must be procured. If the location 
of the ulcer is known, a gastrotomy is made to localize the 

lesion. The ulcer is then biopsied and oversewn with absorb-
able sutures to attain hemostasis. The gastrotomy should be 
closed in a two-layer fashion or via a TA stapler. In type IV 
ulcers, those lesions located near the gastroesophageal junc-
tion, oversewing the ulcer is the procedure of choice as this 
region is not readily amenable to wedge resection. The area 
also has a vast blood supply secondary to in fl ow from the left 
gastric artery. The appropriate procedure for a type IV lesion 
then includes oversewing the bleeding ulcer, ligation of the 
left gastric artery to prevent re-bleeding, and a vagotomy and 
drainage procedure (pyloroplasty) if the patient is hemody-
namically stable.  

   Truncal Vagotomy and Pyloroplasty 
 In a stable patient, with straightforward anatomy, a truncal 
vagotomy should be considered for acid suppression as long 
as the procedure does not extensively prolong time spent in 
the operating room. In order to perform a vagotomy, the left 
lateral section of the liver as well as the triangular ligament 
must be mobilized. The esophagogastric junction must be 
retracted inferiorly using gentle tension in order to localize 
the proximal nerves. Once the nerves are localized, they are 
isolated using Penrose drains. Clips are placed proximally 
and distally on each nerve, and a 2 cm long portion of each 
proximal nerve is excised and sent off to pathology for 
veri fi cation. Exposure and extensive mobilization are often 
required for this procedure, and therefore should only be 
pursued in hemodynamically stable patients. If a truncal vag-
otomy is performed, the vagal intervention to the pylorus and 
distal stomach is disrupted. If a bypass procedure is not per-
formed, pyloroplasty is necessary to allow for drainage of 
the gastric contents. The most commonly performed method 
of pyloroplasty is the Heineke–Mikulicz pyloroplasty. The 
pylorus is localized and bovie cautery is then used to create 
a longitudinal full-thickness pyloromyotomy extending from 

  Fig. 17.3    Active arterial 
bleeding from a gastric ulcer on 
the lesser curvature of the 
stomach       
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1 cm proximal to 1–2 cm distal to the pylorus. Traction 
sutures are then placed superiorly and inferiorly and tension 
is applied superiorly and inferiorly to convert the longitudi-
nal incision into a transverse incision. The defect is then 
closed transversely in a double-layer fashion with full-thick-
ness bites using nonabsorbable suture. A Kocher maneuver 
and adequate duodenal mobilization may be necessary in 
order to close the incision without tension.   

   Operative Approach for Bleeding Duodenal Ulcer 

 As with the management of bleeding ulcers, the same prin-
ciples of management apply in regard to an acutely bleeding 
duodenal ulcer. The ulcer can either be oversewn or resected 
in order to achieve hemostasis. The option to perform a vag-
otomy and drainage procedure then also needs to be con-
templated. The most commonly used approach is by creation 
of the pyloromyotomy as previously described. The longitu-
dinal duodenotomy incision is extended another 1 cm as 
needed in order to visualize the duodenal ulcer. As nearly all 
duodenal ulcerations are located on the posterior portion of 
the  fi rst part of the duodenum, this incision should give 
ample exposure. A Kocher maneuver can be performed if 
necessary for exposure and so that the left hand can be used 
to manually control bleeding. The source of bleeding is usu-
ally the gastroduodenal artery. Figure of eight sutures with a 
heavy suture material, such as 3 ¢ 0 silk, should be placed 
superiorly and inferiorly at the base of the posterior duode-
nal ulcer for ligation of the vessel. Several sutures may need 
to be placed before hemostasis is attained. A U-stitch should 
also be placed at the base of the ulcer in order to control any 
possible hemorrhage from the transverse pancreatic arterial 
branches that enter the gastroduodenal artery from the pos-
terior aspect. Once the bleeding has ceased, the ulcer should 
be manipulated in order to verify the stability of the arterial 
ligation. If true hemostasis has been achieved, the longitudi-
nal incision can then be closed transversely in two layers as 
a Heineke–Mikulicz pyloroplasty. A Finney pyloroplasty 
can also be utilized if transverse reapproximation is not 
attainable. If the patient is stable, a truncal vagotomy would 
be the classic next step in management. However, the major-
ity of surgeons, as evident by surveys performed in both the 
United Kingdom and the United States, no longer perform 
vagotomies on these patients  [  7,   48  ] . Although there is no 
level 1 evidence to support the change in practice patterns, 
the transition has come about since the availability of medi-
cal acid suppression with PPIs. 

 The other option for management of a bleeding duodenal 
ulcer is resection. An antrectomy is performed that extends 
distally to the  fi rst portion of the duodenum in order to 
encompass the bleeding ulcer. The surgeon must be acutely 
cognizant of the location of the common bile duct when per-

forming the resection as it can easily be mistaken for thick-
ened tissue within the stapler device. A vagotomy and 
accompanying reconstructive procedure will then also need 
to be performed. A Billroth II is usually the type of recon-
struction used given the shortened length of the duodenal 
stump. However, if it can be attained without tension on the 
anastomosis, a Billroth I would be the procedure of choice. 
The GIA stapler is usually employed for the gastroduodenec-
tomy    procedure. The duodenal stump should be approached 
in the same fashion as previously described including the use 
of an omental patch. Complications from the procedure are 
similar to those previously described for gastric resection 
including duodenal stump leak, dumping syndrome, and 
anastomotic breakdown of the gastrojejunostomy. It is also 
imperative to insure that all of the antrum is resected as 
retained antrum can result in recurrent ulcerative disease. 

 As previously mentioned, the majority of surgeons opt 
to perform the less invasive of the two procedures, the duo-
denotomy and pyloroplasty. There is data from the early 
1990s that supports similar mortality outcomes with either 
method. In 1991, Poxon published data comparing acid 
suppression with histamine blockers in combination with 
oversewing to vagotomy and pyloroplasty or antrectomy 
and found similar mortality rates  [  49  ] . However, the study 
was stopped early due to several re-bleeding episodes in the 
conservative group. In 1993, Millat published a random-
ized controlled study comparing vagotomy and pyloro-
plasty to excision of the ulcer that revealed increased 
incidence of re-bleeding (17% vs. 3%) with the less inva-
sive procedure, though mortality outcomes were similar 
 [  50  ] . In analyzing these studies, it would seem that although 
the mortality outcomes are similar there is an increased 
incidence in re-bleeding with the less invasive method. The 
problem with all of these studies is that they are outdated, 
as all of these results were collected prior to the introduc-
tion of PPIs. Certainly we know that this class of drugs has 
completely changed the management of PUD. The majority 
of surgeons extrapolate the success of the PPIs in acid sup-
pression to their choice in operative management. Many 
will perform the least invasive procedure with the caveat 
that these patients will remain on acid-suppressing medica-
tions. In saying that, there is no known literature to date 
that has analyzed either procedure in combination with 
PPIs. The literature in regard to reoperation for bleeding on 
patients after having received a pyloroplasty and vagotomy 
also comes from the early 1990s prior to the introduction of 
PPIs when the rate of re-bleed was somewhere between 6 
and 17%  [  49,   50  ] . If a patient re-bleeds, endoscopic inter-
vention is usually not an option, especially if the patient is 
in the acute postoperative period. Reoperation carries a 
much higher risk of morbidity and mortality; however if 
resection was not performed during the initial operation, 
this would be an option to achieve hemostasis. It has 
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become increasingly more common to employ the expertise 
of interventional radiology for postoperative hemorrhage 
control with transarterial embolization under  fl uoroscopy. 
There are no studies to date that directly compare operative 
intervention with transarterial embolization; however, there 
is data from two large studies that indicate a 75% success 
rate in controlling recurrent bleeding after duodenostomy 
and oversewing of a bleeding ulcer  [  51,   52  ] .   

   Perforated Peptic Ulcer Disease 

 Perforation is the second most common complication related 
to PUD. The majority of these ulcers tend to occur in the 
region of the pyloric channel or the  fi rst portion of the duo-
denum. Perforation is most common in the duodenal bulb 
(62%), followed by the pylorus (20%), and then the gastric 
body (18%)  [  53  ] . Duodenal ulcer perforations are classically 
located anteriorly or laterally. Although they can occasion-
ally be associated with a concurrent UGI bleed, that is usu-
ally not the case. Most patients who present with perforated 
PUD do not have a history of PUD. The two strongest risk 
factors associated with perforation are a history of PUD and 
the use of NSAIDs  [  54  ] . 

 Patients with perforated PUD present with an acute onset 
of pain. They may have been previously experiencing upper 
GI complaints consistent with PUD. Nonetheless, most 
patients can recall the exact time of perforation due to the 
acuteness of the symptoms. Peritonitis usually ensues over 
the next 2–12 h after perforation. At approximately twelve 
hours, patients will start mounting a systemic in fl ammatory 
response syndrome (SIRS) response with fever, abdominal 
distension, and changes in vital signs such as tachycardia 
and mild hypotension  [  31  ] . As with all surgical disease pro-
cesses, elderly patients often have more complicated presen-
tations. They may present with confusion, lethargy, falls, 
abdominal distension, or vague abdominal complaints. 
Elderly patients and those with concurrent co-morbidities 
often present in septic shock and may require aggressive 
resuscitation for stabilization before the workup for diagno-
sis can even be initiated. 

 In patients that are cooperative, the diagnosis of perfora-
tion can often be attained from a good history and physical 
exam with a correlative upright chest X-ray (CXR) revealing 
free air. Upright  fi lms will reveal pneumoperitoneum under-
neath the diaphragm in 80–90% of perforated patients  [  32  ] . 
If CXR is not con fi rmatory, a CT of the abdomen, preferen-
tially with oral contrast, is diagnostic. Absolute intraopera-
tive  fi ndings of duodenal perforation are not localized in 
10–20% of patients, likely secondary to posterior and retro-
peritoneal perforations  [  55  ] . It is critical to expediently diag-
nose perforations given the extensive enteric spillage and 
resultant peritonitis that can occur. A delay in therapeutic 

intervention beyond 12 h following perforation is associated 
with an increase in mortality and morbidity, and the progno-
sis is improved if addressed operatively within 6 h of perfo-
ration  [  56,   57  ] . All patients should be appropriately 
resuscitated and relatively stable prior to proceeding forward 
with operative intervention. In patients with multiple co-
morbidities, medical optimization is preferential; however, 
often sepsis is the driving force behind the organ dysfunction 
and source control must be obtained prior to resolution. 
Patients should receive intravenous PPIs and broad-spectrum 
antibiotics and antifungals for coverage of gram-negative 
rods, anaerobes, oral  fl ora, and fungus during the preopera-
tive resuscitation, and all ulcerogenic agents should be dis-
continued  [  58,   59  ] . 

 Surgical intervention is nearly always the management 
option of choice for perforation secondary to PUD. 
However, emergency surgery for the perforation is associ-
ated with a 6–30% risk of mortality  [  57  ] . The variables that 
have been associated with an increased mortality include 
age, American Society of Anesthesiologists (ASA) class, 
shock at the time of admission, hypoalbuminemia, elevated 
serum creatinine, and a preoperative metabolic acidosis  [  60  ] . 
Infrequently, nonoperative management can be used on a 
patient who is without hemodynamic compromise or peri-
tonitis with CT  fi ndings of a contained perforation  [  61  ] . 
However, this encompasses no more than 5% of the disease 
population, and the decision to treat medically should be 
done cautiously with a dedicated plan for serial exams and 
hemodynamic monitoring. If the patient does not improve 
within the  fi rst 12–24 h of hospitalization, or if the patient 
exhibits any signs of clinical deterioration, operative inter-
vention should be sought. In 1989, a randomized control 
study was published by Crofts et al. that randomized a total 
of 83 patients to either operative or nonoperative manage-
ment for perforated PUD. Patients that did not improve 
within the  fi rst 12 h with nonoperative management went to 
the OR for surgical intervention. Morbidity and mortality 
rates were similar between both groups; however the length 
of stay for the conservative management group was longer, 
and failure of nonoperative management was more frequent 
in patients older than 70  [  62  ] . Again, this study was per-
formed prior to the introduction of PPIs, but the overall 
message is that older patients have worse outcomes. 
Considering that the majority of patients presenting with 
perforated ulcer disease are either elderly or have multiple 
co-morbidities, the decision to abstain from operative inter-
vention will seldom be an option. 

   Operative Approach for Perforated Gastric Ulcers 

 Perforated gastric ulcers are much less common than duode-
nal perforations, but the mortality rates associated with the 
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diagnosis are much greater. The difference is likely due to 
these patients being older with more chronic co-morbidities 
and typically larger ulcers. This population also tends to have 
delays in seeking medical attention which also leads to 
increased mortality  [  32  ] . 

 Classically, the management options for a perforated 
gastric ulcer include resection, either via a wedge resection 
with vagotomy and pyloroplasty or by a partial gastrectomy. 
For types II and III gastric ulcers, an antrectomy and truncal 
vagotomy are performed with reconstruction by means of a 
Billroth I or Billroth II. The least invasive method of repair 
is via an omental patch. This may also then be paired with a 
vagotomy and pyloroplasty. Patch repair is a viable option 
for gastric perforations as long as the ulcer is appropriately 
biopsied. Considering that an antrectomy with vagotomy 
and reconstruction carries an associated 20% incidence of a 
post-gastrectomy or post-vagotomy syndrome, this may be 
the better option depending upon the overall clinical presen-
tation of the patient  [  18  ] . All gastric ulcers must be biop-
sied, if not resected, as the rate of malignancy has been 
reported to be between 4 and 14% in gastric perforations  [  63  ] . 
Data from the late 1980s revealed a higher short-term 
complication rate (20% vs. 5%) and a higher recurrence rate 
(25% vs. 10%) in patch closure in comparison to distal gas-
trectomy  [  64  ] . This data was again published prior to our 
knowledge of the impact of  H .  pylori  on ulcer formation as 
well as prior to the introduction of PPIs. It may be that the 
success of the gastrectomy was in part due to the control of 
 H. pylori  with the antrectomy procedure. Now that we can 
usually eradicate the bacteria quite easily, the resultant out-
come is that vagotomies are being performed with increas-
ingly less frequency. 

 As discussed previously with bleeding gastric ulcers, 
wedge resections are more feasible anatomically if the 
lesion is located in the antrum, the body, or along the 
greater curvature. The ulceration can easily be excised and 
the gastrotomy closed with a GIA or TA stapler. Depending 
upon the skill of the surgeon and the clinical presentation 
of the patient, these procedures can also be done laparo-
scopically with similar expected outcomes. However, the 
patient’s clinical presentation should be used as a deter-
mining factor as patients in shock upon admission have 
poor tolerance for pneumoperitoneum. Wedge resections 
along the lesser curvature of the stomach are technically 
dif fi cult due to the abundant arterial in fl ow from branches 
off of the left gastric artery. If the lesion is not amenable to 
closure via an omental patch, a distal gastrectomy will 
likely need to be performed. Proximal perforated gastric 
ulcers, similarly to proximal bleeding gastric ulcers, may 
de fi nitively require subtotal gastrectomy or a Roux-en-Y 
esophagogastrojejunostomy. Please refer back to the sec-
tion on approach to bleeding ulcers for further speci fi cs 
regarding operative techniques.  

   Operative Approach for Perforated Duodenal 
Ulcers 

 The most commonly performed procedure for duodenal per-
forated PUD is an omental patch procedure (Graham Patch 
Repair). This repair has historically been performed with a 
truncal vagotomy and pyloroplasty or a HSV. The classic 
antrectomy and truncal vagotomy are usually reserved for 
those patients with some elicited history of chronic PUD, 
previous failed management, or need for chronic NSAID 
maintenance. Most recommend simple patch repair alone 
without vagotomy if the patient is in shock, has exudative 
peritonitis with greater than 24 h since perforation, or mul-
tiple medical co-morbidities. 

 Data published in the 1980s supports omental patching 
with an HSV as the procedure with the lowest risk of recur-
rence (4%). Truncal vagotomy was found to have a slightly 
greater risk (12%), and simple patch closure was shown to 
have the highest rate of recurrence at up to 63%  [  65  ] . Other 
literature from the same time era also validated the duodenal 
patch with accompanying HSV as the procedure with the 
least incidence of recurrence  [  66  ] . However, none of these 
studies included high-risk patients with hemodynamic insta-
bility, prolonged perforation, or at high risk due to advanced 
age or co-morbidities. Boey and colleagues demonstrated the 
mortality rate for perforated duodenal ulcer to be 100, 45, 10, 
or 0% based upon whether the patient has three, two, one, or 
zero of those respective risk factors  [  67  ] . Furthermore, this 
data was collected prior to the discovery of  H. pylori ’s 
in fl uence on ulcerogenesis and the outcomes associated with 
eradication. Additionally, PPIs were not yet available. In 
2000, Ng and colleagues published a randomized control trial 
of 99 patients who had an omental patch repair of a perforated 
duodenal ulcer. Successful treatment of  H. pylori  postopera-
tively decreased the recurrence rate from 38 to 5%  [  68  ] . It 
therefore seems reasonable that in the majority of patients 
that present with the need for emergent surgical intervention 
secondary to a perforated duodenal ulcer, a simple omental 
patch repair with copious peritoneal irrigation is suf fi cient 
treatment. The patient should also be treated empirically for 
 H. pylori  unless colonization is otherwise ruled out by nega-
tive serology, histology, or culture. Alternatively, if the patient 
is stable and there is a concern for recurrent PUD or postop-
erative noncompliance with completing the  H. pylori  regi-
men, a de fi nitive operation is warranted. The type of operation 
should depend not only on the patient’s presentation but also 
on the experience of the surgeon. Failure of HSV in novice 
hands can lead to a high incidence of recurrence, so the opera-
tive surgeon should be comfortable with the proposed inter-
ventions  [  69  ] . The complications involved in de fi nitive 
procedures are similar to those discussed earlier and include 
duodenal stump leak, anastomotic breakdown, and post- 
gastrectomy and vagotomy syndromes. 
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   Omental Patch (Graham Patch) for Duodenal 
Perforation 
 Upon entering the peritoneal cavity, the perforation site must 
 fi rst be localized. The majority of ulcerations are located in 
the pyloric channel or in the  fi rst portion of the duodenum 
(Fig.  17.4 ). However, if the perforation is not visualized or 
accessible, the duodenum should be fully mobilized via a 
Kocher maneuver. Once the site of perforation is localized, 
the edges of the ulceration should be debrided back to healthy 
tissue. A modi fi ed Graham Patch is performed by placing 
several, usually 3 or 4, interrupted sutures with 2 ¢ 0 absorb-
able suture. The tails of the tied sutures are then used to 
secure a pedicle of viable vascularized omentum over the 
now reapproximated edges of the defect. The sutures are 
then secure over the omentum with just enough tension to 
bolster the pedicle in place without compromising vascular 
 fl ow. A true Graham Patch is used when the edges of the 
ulcer cannot be reapproximated either due to induration or 
because the narrowing would result in compromise of the 
duodenal lumen. A piece of omental pedicle is then used to 
plug the defect in a similar fashion without complete reap-
proximation of the duodenal tissue.  

 The omental patch procedure can also be approached lap-
aroscopically in those patients who are hemodynamically 
stable. Patients with hypotension do not tolerate the cardio-
vascular effects of pneumoperitoneum. In the hands of a 
skilled surgeon, laparoscopic repair of a perforated duodenal 
ulcer can be more expedient than if performed by open tech-
nique. This was demonstrated by Siu and colleagues in a 
 randomized controlled trial published in 2004  [  70  ] . The 
technique has also been shown to have similar overall out-
comes and postoperative complication rates in comparison to 

open procedures as long as patients are not in a state of shock 
upon admission. Additionally, as with many other laparo-
scopic procedures, the length of stay is shorter, patients 
report less postoperative pain and need for analgesia, and 
patients recover faster  [  70–  72  ] .    

   Giant Peptic Ulcers 

 Giant peptic ulcers are de fi ned as having a diameter greater 
than 2 cm. These lesions have a higher risk of bleeding and 
perforation. In gastric lesions, although the risk of malig-
nancy is less than historically predicted, the incidence is still 
around 10%  [  73,   74  ] . Classically, a giant peptic ulcer was an 
indication for surgical resection. However, the majority of 
these ulcers, greater than 80%, are now successfully treated 
conservatively with medical management for 6–8 weeks 
with follow-up endoscopy to evaluate the progression of 
healing  [  32  ] . There are no speci fi c surgical treatment recom-
mendations since the site of perforation and resultant effects 
on the surrounding anatomy must direct the necessary inter-
ventions. These patients are also frequently in septic shock 
upon presentation given the peritoneal spillage involved. 
This factor alone should signi fi cantly in fl uence the choice of 
operative intervention. Giant gastric ulcers are most com-
monly located on the lesser curvature and will often require 
an antrectomy and reconstruction. For perforated giant duo-
denal ulcers, the defect is often much too large to secure pat-
ent reapproximation. Leak rates of up to 12% have been 
reported from attempted closure with an omental patch pro-
cedure  [  75  ] . The proximity of the defect and its relation to 
the common bile duct and ampulla of Vater must also be 

  Fig. 17.4    Perforated giant 
duodenal ulcer on the lateral wall 
of the second portion of the 
duodenum.  Arrows  denote the 
perforation site       
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thoroughly investigated. Intraoperative cholangiogram may 
even be necessary to verify patent anatomy. There are several 
different procedures that have been described for duodenal 
defects such as a jejunal serosal patch, tube duodenostomy, 
and several variations of omental plugs and patches. Of 
course, an antrectomy with diversion is the classic and most 
commonly described intervention. 

 Given the relative rarity of exposure to bleeding and or per-
forated giant peptic ulcers, the operating surgeon should do the 
safest procedure in accordance with the level of experience. 
Affected patients are often in extremis at the time of presenta-
tion, and therefore a damage control procedure will likely be 
the safest and most appropriate operation for the patient. An 
antrectomy, with resection of the duodenal defect for duodenal 
ulcers, will allow for control of spillage. Depending upon the 
location of the duodenal defect, closure and diversion via ant-
rectomy may be the safest method for damage control. The 
proximal gastric remnant should be decompressed with a naso-
gastric tube that was placed and veri fi ed intraoperatively. 
Anastomoses should be avoided in the setting of hypotension 
or hemodynamic instability, especially if the patient is requir-
ing vasopressors. After copious abdominal irrigation, a tempo-
rary abdominal closure device can be placed. The patient can 
then be resuscitated appropriately in the ICU. The surgeon can 
return to the OR for re-exploration, restoration of continuity, 
possible vagotomy, and closure of the abdomen once the patient 
is hemodynamically stable.  

   Postoperative Management and Follow-Up 

 Since we now understand that the pathology behind the 
majority of PUD is infectious in nature, it is important that 
 H. pylori  is diagnosed either via biopsy or serology. A treat-
ment regimen must then be prescribed and taken to comple-
tion. The patient should be tested for cure as the recurrence 
rate of ulceration with  H. pylori  eradication is 5% as 
compared to 38–70% without  [  13,   76  ] . Serology can be 
attained; however repeat endoscopy with biopsy for histol-
ogy or culture is the most accurate method  [  18  ] . The urea 
breath test is another common test of cure, but it should not 
be attained until 4 weeks after treatment is completed. 
Patients should also be counseled and encouraged to avoid 
all ulcerogenic behaviors and medications. If the patient is 
unwilling to address long-standing behaviors such as smok-
ing or alcohol intake, lifelong PPI therapy should be con-
sidered. Patients with medical conditions that require 
chronic NSAID use should also be started on maintenance 
PPI therapy. As with all surgical procedures, patients should 
have scheduled follow-up with the operating surgeon. 
Mandatory follow-up endoscopy is probably unnecessary, 
unless the patient is symptomatic or there were extenuating 
circumstances that need to me monitored or reevaluated. 

Additionally, patients with truncal vagotomies or antrecto-
mies should be monitored for post-gastrectomy and post-
vagotomy syndromes. Recurrent symptoms after surgical 
intervention and appropriate  H. pylori  eradication should 
prompt a workup for less common causes of hyperacidity 
or hypergastrinemia such as ZES (gastrinoma), retained 
antrum, or incomplete vagotomy.  

   Conclusion 

 The discovery of  H. pylori  and its impact on our understand-
ing and treatment of the PUD, pharmaceutical advances in 
acid suppression, and new and improved endoscopic and 
interventional therapies have dramatically changed our man-
agement of PUD over the past 30 years. The decision of how 
to proceed with the acute surgical management of PUD is no 
longer as straightforward as the classic surgical algorithms 
would suggest. The majority of PUD can be suf fi ciently and 
appropriately treated medically. This selects out a much 
more complicated and critically ill group of patients that 
require our surgical expertise. As described, there are a myr-
iad of options and variations for the surgical treatment of 
perforated or bleeding PUD. It is important that the current 
generation of surgeons is familiar with not only the classic 
surgical interventions but also the interventions that will 
allow us to stabilize the patient. It is paramount that we 
understand the risks and potential bene fi ts of each procedure 
and intervention as it translates historically as well as in col-
laboration with the use of modern medicinal regimens includ-
ing PPIs and those that eradicate  H. pylori.  Evidence-based 
literature regarding acid-reducing surgical procedures in 
comparison to PPIs in relation to long-term outcomes are 
desperately needed. However, given that PPIs have become 
the standard of care, randomized controlled studies are 
dif fi cult to perform, especially in such a critically ill popula-
tion. We must use the data that we have to extrapolate those 
 fi ndings to our current patient population. Each speci fi c 
patient and clinical scenario must be thoroughly evaluated 
before a de fi nitive decision for management is implemented. 
The safest and likely the most prudent decision for the major-
ity of these patients will be to control the source of bleeding 
or sepsis as expediently and safely as possible. Once the 
patient has been resuscitated and has stabilized postopera-
tively, further operative interventions can be performed to 
safely and de fi nitively treat inciting event.      
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         Introduction 

 Gastric outlet obstruction (GOO) indicates obstruction of 
the distal stomach, pylorus, or proximal duodenum. The 
term is also used to encompass lesions in the second 
through fourth portion of the duodenum as the demarcation 
between gastric outlet obstruction and duodenal obstruc-
tion is inconsistent  [  1  ] . GOO can be the result of benign or 
malignant conditions. While classically GOO was ascribed 
to noncancerous pathology, a frequently cited review by 
Johnson et al. of 261 patients with GOO indicated that the 
epidemiology of GOO is changing  [  2  ] . They noted that 
between 1962 and 1975, malignancy accounted for 33% of 
GOO cases at their hospital in the United Kingdom. 
Between 1976 and 1985 malignancy accounted for 50% of 
cases. However, from 1987 to 1988 malignancy was respon-
sible for 66% of cases of GOO. Current thinking is that 
GOO in adults is secondary to malignancy unless proven 
otherwise.  

   Benign Etiology in Adults 

 A variety of noncancerous lesions can cause GOO. By far, 
the most often etiology written about is peptic ulcer disease 
(PUD) and it is discussed  fi rst. In the symptomatic patient, 
GOO can be diagnosed radiographically, endoscopically, 
surgically, or through a combination of these modalities.  

   Peptic Ulcer Disease 

   Epidemiology 

 The incidence of GOO has decreased in large part secondary 
to the introduction of H 

2
  blockers, proton pump inhibitors, 

and  Helicobacter pylori  treatment. In a population-based 
study in Finland from the 1970s to 1990s, the incidence of 
GOO secondary to gastric ulcers ranged from 0 to 0.7 per 105 
inhabitants, and for duodenal ulcers from 0.3 to 2.8 per 105 
inhabitants  [  3  ] . In the USA, GOO accounts for only 5–10% 
of all hospital admissions for PUD  [  4  ] . A range of frequen-
cies for GOO in PUD have been reported, from a low of 5% 
to a high of 15%  [  5–  8  ] . Less than 2% of patients with com-
plicated gastric ulcer disease and less than 5% of patients with 
complicated duodenal ulcer disease will develop GOO  [  9  ] . 

 GOO occurs less frequently than perforation or bleeding 
from PUD  [  5  ] . As of the late twentieth century, approxi-
mately 2,000 patients per year in the USA required operation 
for obstructive PUD  [  4,   10–  12  ] . As compared to other com-
plications of PUD, such as perforation and bleeding, GOO 
was the indication for surgery in only 8% of patients at one 
facility from 1993 to 1998  [  4  ] . 

 With regard to prevalence by type of gastric ulcer, GOO is 
more common with Type 3 ulcer (prepyloric ulcer), less 
common with Type 2 ulcer (combination of lesser curvature 
ulcer with duodenal ulcer), and uncommon with Type 1 ulcer 
(lesser curvature ulcer)  [  13  ] . With regard to the duodenum, 
greater than 95% of cases of GOO are secondary to obstruc-
tion in the duodenal bulb  [  9  ] .  

   Clinical Presentation 

 The most common presentation of obstructing PUD is recur-
rent postprandial non-bilious vomiting  [  9,   10  ] . The vomiting 
is non-bilious because the obstruction is proximal to the 
sphincter of Oddi. The vomiting may be projectile, contain 
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undigested food, and occur more than 24–48 h after oral 
intake  [  9,   10,   14–  16  ] . Coffee-ground emesis occurs in less 
than 17% of patients  [  9  ] . These patients are at risk for aspira-
tion pneumonia  [  15  ] . Patients also have nausea that improves 
with vomiting  [  9,   10,   14,   17  ] . Additional symptoms include 
chest/epigastric pain, heartburn, regurgitation, early satiety, 
and weight loss  [  9,   18–  20  ] . With disease progression, patients 
decrease and then eliminate solid intake  [  10  ] . Patients can 
also present with severe dehydration that is accompanied by 
metabolic/acid–base abnormalities. With ongoing vomiting, 
lethargy, confusion, and rarely tetany secondary to severe 
alkalosis may occur  [  9  ] . Findings on examination may 
include abdominal tenderness, a distended stomach with vis-
ible peristalsis, and a succussion splash  [  16  ] .  

   Diagnosis 

 GOO can present either acutely or chronically. While the 
acute form is believed to be secondary to edema and spasm 
of the gastric outlet, repeated episodes of healing and scar-
ring with  fi brosis can result in chronic GOO  [  13  ] . Diagnostic 
criteria for benign chronic GOO include a long (years) his-
tory of PUD, obstructive symptoms lasting several months, 
succussion splash, large gastric residual volume after an 
overnight fast, contrast radiography demonstrating gastric 
dilation and GOO, stenosis at endoscopy or surgery, and no 
evidence of malignancy (Fig.  18.1 )  [  8,   21–  23  ] .  

 The classically described test for GOO (i.e., “gastric 
retention”) is the saline load test described by Goldstein et al. 
in 1965  [  24  ] . After evacuation of the stomach via a nasogas-
tric tube (NGT), 750 mL of normal saline is instilled into the 
stomach over 3–5 min, and gastric contents aspirated 30 min 
later. In Goldstein’s study of 92 subjects, of whom 69 were 
controls, they found that greater than 400 mL of saline 
remaining in the stomach at 30 min was highly suggestive of 
gastric retention  [  24  ] . They further noted that reversion of 
the test to normal with medical treatment indicated that sur-
gery would not be required for that episode of GOO  [  24  ] . 

   Imaging 
 Plain  fi lms of the abdomen may reveal massive gastric dis-
tention with an air- fl uid level in the stomach and the absence 
of small bowel distention  [  5,   10  ] . Additional imaging studies 
that can aid in the diagnosis include upper gastrointestinal 
(UGI) contrast studies and computerized tomography (CT) 
scans  [  9  ] . Barium radiography typically reveals three layers 
in the stomach: air, retained gastric juice, and sediments at 
the bottom  [  5  ] . In normal individuals, the majority of the 
barium slurry will be emptied from the stomach within 2 h 
and all of it by 6 h on UGI study, whereas in GOO, more than 
60% of liquid barium will be retained in the stomach for 
more than 4 h and some of it can be retained for more than 
24 h  [  9,   10  ] . In interpreting these studies, it should be recalled 
that the t 

1/2
  of gastric emptying for water is around 10–20 min, 

depending on proximal gastric tone. Gastric emptying of sol-
ids is about 1–4 h and varies according to ease of liquefac-
tion, contraction intensity, and composition of the meal  [  13  ] . 
Giant peristaltic waves may appear early during obstruction 
while a distended, atonic stomach during decompensated 
GOO may be noted on imaging studies  [  5  ] . Although the use 
of barium is commonly described, water-soluble contrast 
material is also used. Each contrast agent has advantages and 
disadvantages. CT scanning will further assist in the evalua-
tion for malignant etiologies  [  9  ] . 

 Gastric emptying scintigraphy was described by Grif fi th 
et al. in 1966 and has generally been regarded as the gold stan-
dard for evaluation of gastric emptying  [  25,   26  ] . Scintigraphy 
is generally performed for up to 2 h using 99mTc-sulfur col-
loid or 99mTc-DTPA  [  26  ] . A variety of test meal composi-
tions (liquid, solid, or a combination thereof), as well as a 
variety of positions for testing, have been described  [  26  ] . Some 
reasons for the use of scintigraphy are its simplicity, reproduc-
ibility, and quantitative ability  [  27  ] . Of note, while several 
symptoms are often noted with GOO, a nuclear medicine 
study demonstrated that various commonly described symp-
toms of GOO such as epigastric discomfort, postprandial 
fullness, etc. are not reliable indicators of GOO or gastropa-
resis  [  27  ] . As such, objective testing for GOO is advisable.  

  Fig. 18.1    Evaluation of 
peptic ulcer disease 
(PUD)-associated benign 
GOO       
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   Endoscopy 
 Endoscopy is the primary modality for localizing the site of 
obstruction and evaluating pathology  [  9  ] . GOO is generally 
diagnosed when a 9–11 mm endoscope cannot be passed 
through the stenosis  [  8,   9  ] . The degree of stenosis is assessed 
by comparing the size of the opening to the outer diameter of 
the endoscope and the ability to advance the endoscope into 
the duodenum, distal to the obstruction  [  28  ] . When perform-
ing endoscopy, biopsy is also advised to evaluate for malig-
nancy and other, non-PUD-associated, causes of GOO  [  9  ] . 
Caution, however, must be exercised when solely using 
endoscopy to exclude malignancy in GOO, as a retrospective 
study of 40 patients with GOO found that endoscopic biopsy, 
including repeat biopsy and jumbo biopsy, had a sensitivity of 
only 37% for malignancy  [  29  ] . In a multivariate analysis, age 
and negative history of PUD were associated with increased 
risk for malignant GOO  [  29  ] . Given these  fi ndings, it was 
suggested that if the initial biopsy is negative then at least one 
more set of larger endoscopic biopsies should be performed 
in patients older than age 55 and without a history of PUD 
 [  29  ] . Even if the second set of biopsies is also negative for 
malignancy, a CT of the abdomen and pelvis for these high-
risk individuals is still advisable  [  29  ] .  

   Labs 
 Possible laboratory  fi ndings from persistent vomiting are a 
hypochloremic, hypokalemic metabolic alkalosis, secondary to 
loss of gastric contents that have high concentrations of sodium, 
chloride, and hydrogen  [  10,   13  ] . Additional chemistry  fi ndings 
include mild to moderate hyponatremia, increased serum bicar-
bonate, elevated BUN, and elevated creatinine  [  9  ] . A complete 
blood count may demonstrate hemoconcentration and normal 
or mildly elevated white blood cell count  [  9  ] . It may also dem-
onstrate anemia; this may only become apparent with resusci-
tation  [  19  ] . A urinalysis may demonstrate high urine-speci fi c 
gravity and paradoxically, aciduria  [  9  ] . The vomiting-induced 
loss of volume, sodium, and potassium forces the kidney to 
conserve sodium. To retain sodium, the kidney secretes hydro-
gen ions into the glomerular  fi ltrate, resulting in paradoxical 
aciduria  [  9  ] . Potassium is also lost in the urine. The treatment 
is administration of isotonic saline to replace sodium and chlo-
ride de fi cits. Replacement of the sodium de fi cit in turn allows 
the kidney to excrete alkaline urine  [  5  ] . 

 Because ionized calcium binds to plasma proteins that 
donated their hydrogen ions to compensate for the alkalosis, 
serum ionized calcium concentration is decreased, but total 
body calcium is initially unchanged  [  5  ] . Severe depletion of 
calcium, however, may rarely result in tetanus  [  9  ] .   

   Management 

 GOO from PUD is usually secondary to a combination of 
edema, spasm,  fi brotic stenosis, and gastric atony  [  3  ] . While 

acute GOO secondary to edema or spasm will usually resolve 
within 48–72 h, with the ability to resume a regular diet 
within 96 h, chronic GOO from PUD is unlikely to respond 
to nonoperative measures  [  9,   10  ] . Management of GOO 
secondary to PUD can be divided into three categories that 
are not mutually exclusive: medical, endoscopic/ fl uoroscopic, 
and surgical (Fig.  18.2 ).  

   Medical (Conservative) Management 
 Medical management includes  nil per os  (NPO) status, NG 
tube decompression, intravenous  fl uid rehydration, and antise-
cretory therapy via proton pump inhibitors (PPI) or histamine 
receptor type 2 (H 

2
 ) blockers infused intermittently or con-

tinuously  [  10,   13  ] . Normal saline is the preferred initial crys-
talloid for resuscitation  [  9,   10  ] . Lost potassium needs to be 
replaced. To this end, serial monitoring of electrolytes and 
acid–base status is advisable. Serum gastrin levels may be 
obtained if concern for gastrinoma is present; however, use of 
antisecretory agents may interfere with test results  [  9  ] . 
Parenteral nutrition may also be indicated after initial resusci-
tation  [  10  ] . Nonsteroidal anti-in fl ammatory drugs (NSAIDs) 
should be stopped. Once initial resuscitation is completed, 
consideration should be given to performing esophagogastrodu-
odenoscopy (EGD). A complementary UGI study or CT scan 
may also be performed once resuscitation is well under way  [  10  ] . 

 The role of  H .  pylori  in GOO is unclear. Reported rates of  H . 
 pylori  positivity are between 33 and 47% in small studies 
 [  4,   21  ] . Nevertheless, testing for  H .  pylori  should be per-
formed, as its presence may predict successful balloon dilation 
decreased ulcer complication rate  [  21  ] . It has been noted that 
patients without  H .  pylori  infection have a more severe ulcer 
diathesis.  [  21  ]  It is hypothesized that patients without  H .  pylori  
infection may have chronic scarring that is less amenable to 
balloon dilation  [  21  ] .  H .  pylori  infection can be diagnosed with 
a rapid urease breath test or on pathologic examination of sam-
ples  [  21  ] . While readily available, stool antigen testing and 
serologic testing are considered less accurate indicators of active 
infection  [  30  ] . If testing is positive, then eradication therapy 
should be commenced; this can be intravenous until enteral 
access is achieved. A variety of treatment regimens for  H .  pylori  
are available, including omeprazole, amoxicillin, and clarithro-
mycin  [  21  ] . Of note, there are several case reports demon-
strating resolution of GOO with  H .  pylori  treatment, without 
recurrent GOO  [  8,   31  ] . These studies concluded that GOO asso-
ciated with PUD is primarily because of edema and spasm and 
not cicatrization of the pyloric canal, and hence recommend 
prolonging a trial of medical management to 2 weeks, before 
proceeding with interventional techniques  [  8  , 31  ] . 

 Medical management alone is generally favored in 
patients with  fi rst episodes of acute obstruction. Edema and 
gastritis are seen on endoscopy. This generally resolves quickly 
 [  9  ] . However, follow-up endoscopy is recommended to 
con fi rm  H .  pylori  eradication and resolution of obstruction 
 [  9  ] . GOO unresponsive to medical therapy continues to be a 
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problem in a small percentage of patients with PUD and is 
the main indication for surgery in a small percentage of 
patients requiring surgery for PUD  [  32  ] . Failure of medical 
management can be addressed via endoscopic/ fl uoroscopic 
balloon dilatation or surgery. The exact role of endoscopic 
balloon dilatation is still being de fi ned. Surgery is recom-
mended if there is concern for malignancy.  

   Endoscopic Management: Balloon Dilation 
 The primary therapeutic endoscopic modality for PUD-
associated GOO is endoscopic balloon dilation (Table  18.1 ). 
It was  fi rst described by Benjamin et al., who used the prin-
ciples of balloon catheter dilation in angiography to success-
fully perform through the scope (TTS) balloon dilation of a 
stenotic pylorus in a patient with GOO and acute myocardial 
infarction. Presently, balloon dilation is commonly done 
endoscopically; however the addition of  fl uoroscopy, with the 
use of contrast medium for balloon in fl ation, facilitates the 
procedure and may make it safer  [  21,   33  ] . Balloon dilation 
can also be performed under  fl uoroscopic guidance alone.  

 Several factors need to be considered prior to embarking 
on balloon dilation. First, malignancy needs to be excluded. 
This may be done via a combination of endoscopy with 

biopsy and CT scan. When endoscopy is done for PUD-
associated GOO, multiple and perhaps repeat or jumbo biop-
sies should be taken to exclude malignancy  [  28,   29  ] . Second, 
in patients with  H .  pylori  infection, both eradication therapy 
and balloon dilation appear necessary to decrease the risk of 
recurrent GOO  [  4  ] . Third, long-term antisecretory/antacid 
therapy will also be needed to decrease the recurrence rate 
 [  4,   5,   20  ] . Fourth, while generally effective initially, endo-
scopic balloon dilation has a high recurrence rate  [  10,   11  ] . 
Greater than 80% of patients treated with balloon dilation 
will eventually require surgical intervention  [  10  ] . 

 Once the decision has been made to perform balloon dila-
tion, the size of the balloon must be carefully considered, as 
smaller balloons are associated with higher recurrence rates, 
whereas larger balloons (greater than 15 mm diameter) are 
associated with an increased perforation risk  [  21,   33,   34  ] . In 
deciding upon balloon size, it should be recalled that the nor-
mal adult pyloric canal diameter is about 15 mm  [  35  ] . 

   Endoscopic Balloon Dilation Results, Complications, 
and Follow-Up 
 Successful dilation has been de fi ned as an expansion of the 
obstructed segment to 10–15 mm diameter and resolution of 

  Fig. 18.2    Management of chronic PUD-associated GOO       
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symptoms  [  21,   36  ] . Failed balloon dilation may be secondary to 
long, tortuous strictures and severe  fi brosis with anatomic dis-
tortion  [  5  ] . Following endoscopic dilation, the diet is advanced as 
tolerated. Overall, endoscopic balloon dilation has a very favor-
able safety pro fi le. However, post procedure, patients should be 
monitored for bleeding or perforation  [  28  ] . Perforation may 
occur in up to 6% of patients  [  11  ] . If perforation is suspected, 
diagnostic choices are an upper GI study with water-soluble 
contrast or CT scan with oral contrast  [  28  ] . To decrease perfora-
tion risk, some authors have suggested graded dilations at 

1–2-week intervals as needed  [  21,   28  ] . A third complication is 
pain. It is not uncommon, but is generally self-limited. 

 In the majority of patients, symptoms tend to improve 
rapidly following balloon dilation and patients are able to 
resume oral intake shortly thereafter  [  19–  21,   36  ] . Further 
evidence of the ef fi cacy of balloon dilation is provided by 
scintigraphic scanning, which has demonstrated improved 
gastric emptying  [  36  ] . However, the long-term results tend to 
be less favorable  [  10  ] . Several small studies (40 patients or 
less) reported outcomes that varied from a 36% recurrence 

   Table 18.1    Selected studies comparing stenting and GJ in malignant GOO   

 Ref. number  Year   n   Type  Results 

  [  103  ]   2004  18  Prospective, randomized 
 Covered stent vs. open GJ 

 No statistically signi fi cant differences between the two groups in terms of morbidity, 
mortality, delayed gastric emptying, and clinical outcomes at 3-month follow-up 

  [  104  ]   2004  36  Prospective 
 SEMS vs. open GJ 

 100% of the patients that were alive in the stenting group could eat at 1 month 
 81% of the patients that were alive in the surgical group could eat at 1 month 
 Shorter mean postoperative stay with stenting at 7.3 vs. 14.7 days 
 Signi fi cantly less initial hospitalization cost with stenting, but the cost over the remaining 
lifetime was not signi fi cantly different between the stenting and surgery groups 
 Advantage of stents in that they can be performed under conscious sedation 

  [  70  ]   2005  47  Retrospective 
 Stent vs. open GJ 

 Comparable technical success rates but lower clinical success rates in the surgery group 
 Lower morbidity and 30-day mortality rate in the endoscopic group 

  [  83  ]   2005  22  Retrospective review 
 Stent vs. open GJ 

 100% technical success rate in both groups 
 77.3% clinical success rate in both groups 
 Major reasons for clinical failure included peritoneal dissemination, dysmotility, 
anastomotic dysfunction in GJ patients 
 75% of stent patients and 72.2% of GJ patients became independent of parenteral 
support 
 No signi fi cant difference in the incidence of post-op complications 
 Chemotherapy following stent insertion did not increase the risk of complications 

  [  105  ]   2006  41  Nonrandomized controlled 
 Stent vs. open GJ 

 Stented patients achieved a signi fi cantly faster oral intake at an average of 2.4 days vs. 
5 days for the surgical group 
 Stenting group signi fi cantly shorter hospital length of stay at an average of 7.1 days 
vs. 11.5 days for the open group 
 Signi fi cantly lower 30-day mortality rate of 16.6% in the stent group vs. 29.4% in the 
surgical group 
 68% of patients developed biliary obstruction 

  [  82  ]   2008  50  Prospective, observational  Median overall survival 64 days, did not differ signi fi cantly between patients treated 
with stents, GJ, or PEG/PEJ 
 Signi fi cantly shorter median hospital length of stay with stenting at 2.5 days than 
other therapies 
 Similar re-intervention rates between surgical GJ and stented groups at 3 months 
 Acceptable QOL scores in both surgical GJ and stent groups 

  [  106  ]   2010  39  Multicentered, 
randomized 
 Stent vs. open or 
laparoscopic GJ 

 No signi fi cant difference in survival between stent and surgery 
 Hospital stay was signi fi cantly shorter in the stenting group at 7 days vs. 15 days in 
the surgical group 
 Signi fi cantly shorter time to tolerance of oral intake in the stenting group, with a 
median of 5 days vs. 8 days 
 By 2 months, food intake as measured by the GOOSS score was signi fi cantly better in 
the surgical group 
 When including stent obstruction, there were signi fi cantly more major complications 
following stent placement 
 Signi fi cantly more patients with stents required re-intervention for obstructive 
symptoms 
 Hospital costs were signi fi cantly higher in the surgical group, primarily secondary to 
the longer hospital stay 
 No signi fi cant differences in the health-related quality of life in follow-up between 
stenting and surgery 
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rate at 2 years, to 70% recurrence rate at 3.5 years, to an 84% 
recurrence at a median follow-up of a little less than 4 years 
 [  19–  21  ] . In a study with 40 patients, 30% were relieved with 
a single dilation, and 30% were referred for surgery  [  34  ] . 
Another small study found that all patients were asymptom-
atic at a median follow-up of 43 months using a combination 
of antisecretory therapy, endoscopic balloon dilation, and 
removal of etiologic factors; however, 91% of patients 
required a median of two dilations  [  19  ] . 

 Given the high likelihood of recurrent ulceration/GOO and 
concern for underlying malignancy, patients undergoing endo-
scopic dilation should have long-term follow-up. Also, in 
 H .  pylori -positive patients,  H .  pylori  eradication should be 
con fi rmed. Patients with recurrent or intractable symptoms of 
GOO despite multiple attempts at endoscopic therapy should be 
considered for surgical intervention  [  28  ] . Underlying malig-
nancy should be considered in patients who develop rapid rest-
enosis after dilation  [  5  ] . Factors predictive of referral for surgery 
include younger age, technical failure, need for multiple dila-
tions, need for endoscopic intervention after 1 year, and a long 
duration of treatment course  [  10,   34  ] . Given these consider-
ations, some authors feel that balloon dilation should be reserved 
as a temporizing measure or used in patients who are otherwise 
too ill to undergo surgical intervention  [  10,   30  ] .   

   Surgery 
 Given the remarkable ef fi cacy of PPI,  H. pylori  eradication 
therapy, and NSAID avoidance, the role of a major surgi-
cal resection and/or vagal resection for complicated PUD 
has  become less clear [ 17 ].  While this may be in part 
because endoscopic and interventional radiologic tech-
niques are comparatively recent inventions, the need for 
salvage surgical intervention if other therapies fail or to 
treat complications of other interventions cannot be argued 
[ 4,   37 ]. Surgery appears to be the gold standard against 
which all others are judged. For patients with recurrent 
symptoms after two balloon dilations, and/or those who 
are  H. pylori  negative, surgical evaluation is suggested [ 4 ]. 
The goals of surgery are to eliminate long-term antiulcer 
medication use and cure the GOO with a single procedure 
[ 5 ]. Given gastric dysmotility with chronic GOO, consid-
eration can be given to placement of a jejunal feeding tube 
and decompressive gastrostomy [ 38 ]. 

   Preoperative Care 
 Surgery is usually delayed for 5–7 days while the patient is 
rehydrated and electrolyte imbalances are resolved  [  22  ] . 
Stomach lavage/decompression for at least the day prior to 
surgery is advisable  [  22  ] . NGT decompression is continued 
intra- and postoperatively. Deep venous thrombosis (DVT) 
prophylaxis and perioperative antibiotics are administered 
according to Surgical Care Improvement Project (SCIP) 
guidelines.  

   Resective Surgery 
 In selecting the operative intervention, factors that need to be 
considered are procedural morbidity, mortality, and ulcer/
GOO recurrence rate. Some authors favor resective proce-
dures, especially for gastric ulcer-associated GOO, while 
others do not  [  10  ] . Choices of surgical resection are proce-
dural PUD-associated GOO include subtotal gastrectomy 
and antrectomy with vagotomy. Vagotomy is not necessary 
with subtotal gastrectomy. With antrectomy (also known as 
distal gastrectomy), whereby the distal 1/3 to 1/2 of the 
stomach are removed, a vagotomy is performed to further 
reduce acid secretion. Vagotomy may be truncal (at the 
esophageal hiatus, proximal to the hepatic and celiac 
branches of the vagus nerves) or selective (distal to the 
hepatic and celiac branches of the vagus nerves) (Fig.  18.3 ). 
Both subtotal gastrectomy and vagotomy with antrectomy 
(V&A) have higher perioperative morbidity rates but lower 
incidence of ulcer recurrence, as compared to non-resective 
procedures  [  39  ] . Speci fi cally, V&A has a PUD recurrence 
rate of up to 1.5%, a 2% mortality, and signi fi cant morbidity 
 [  5  ] . The morbidity includes dumping syndrome in 25% of 
patients, although generally not severe and often resolving 
over time; alkaline re fl ux gastritis which affects 3–4% of 
patients and is persistent; diarrhea in up to 23% of patients; 
and nausea and bilious vomiting  [  5  ] .  

 Following gastric resection, options for reconstruction 
include a Billroth I gastroduodenostomy, Billroth II gas-
trojejunostomy, or Roux-en-Y gastrojejunostomy. Data sup-
porting Roux-en-Y reconstruction was provided by Csendes 
et al. in 2009 in a randomized study comparing Billroth II 
and Roux-en-Y anastomosis after partial gastrectomy with 
vagotomy  [  40  ] . They found signi fi cantly less symptoms, 
higher percentage of Visick I score (i.e asymptomatic) 
signi fi cantly more frequent normal distal esophageal endo-
scopic  fi ndings, signi fi cantly less frequent short segment 
Barrett’s esophagitis, and signi fi cantly more frequent nor-
mal gastric endoscopic  fi ndings in patients undergoing 
Roux-en-Y reconstruction as opposed to Billroth II recon-
struction  [  40  ] . 

 Vagotomy and antrectomy are often reported as preferred 
management options for GOO secondary to gastric ulcer 
 [  10  ] . However, it is important to note that in some compli-
cated cases of GOO, signi fi cant scarring between the stom-
ach, pancreas, and duodenum can make performing a 
resection dif fi cult. Resection may leave a dif fi cult duodenal stump. 
It also carries much higher morbidity and mortality rates.  

   Non-resective Surgery (Vagotomy with Drainage) 
 If non-resective surgery is decided upon for duodenal or 
gastric ulcer, then biopsies, especially in the case of gastric 
ulcer, should be performed to exclude malignancy  [  10  ] . 
Therapeutic alternatives include vagotomy (truncal or 
highly selective vagotomy [HSV]) with drainage (pyloric 
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dilation, pyloroplasty, duodenoplasty, or gastroenteros-
tomy). With HSV (also known as proximal gastric  vagotomy 
or parietal cell vagotomy), the nerves of Latarjet (gastric 
divisions of the anterior and posterior vagus nerves) and 
Crow’s feet innervation to the antropyloric area are pre-
served (Fig.  18.3 ). As classically described for PUD man-
agement, an HSV is not performed with a drainage 
procedure because innervation to the pylorus is preserved; 
however, in the setting of GOO, HSV must be performed 
with a drainage procedure  [  41  ] . There is little data available 
on selective vagotomy with drainage for GOO. 

 One drainage procedure is pyloric dilation. In perform-
ing pyloric dilation, Hegar or Bakes’ dilators, a  fi nger, or 
both can be used  [  5,   8  ] . A balloon-tipped catheter may also 
be used, especially if performing the procedure laparoscopi-
cally  [  38  ] . In a study of 30 patients with symptomatic PUD-
associated GOO undergoing HSV with digital duodenal 
dilatation 90% of patients with initially symptomatic steno-
sis had no further problems with duodenal ulceration, with 
a follow-up time of up to 10 years  [  23  ] . Surgical dilatation 

carries a perforation rate from 0% to 27%  [  5  ] . Dumping and 
diarrhea have been found in up to 7% of patients, and 
delayed gastric emptying has been reported in 3–47% of 
patients  [  5  ] . Restenosis rates of up to 16% have been 
reported in the literature  [  5  ] . It should be noted that this may 
also be performed in the duodenum. Because of the avail-
ability of endoscopic balloon dilation, antisecretory therapy, 
and  H .  pylori  treatment, this approach is currently used 
infrequently  [  10  ] . 

 A second option advocated by some for drainage fol-
lowing vagotomy is pyloroplasty, where choices include 
Heineke–Mikulicz, Finney, or Jaboulay pyloroplasty  [  5  ] . 
For a Heineke–Mikulicz pyloroplasty, the pylorus is longi-
tudinally incised and then closed transversely. Alternatively, 
depending on stricture location, a duodenoplasty may be 
indicated. In this case, a longitudinal incision of the stric-
ture is followed by subsequent transverse closure  [  5  ] . 
Some authors argue against pyloroplasty as a drainage 
procedure as dissection of the obstructing segment or pylo-
rus and closure of the duodenal stump can be challenging 

  Fig. 18.3    Types of vagotomy. Figure reproduced by permission from Skandalakis    L, Gray S, Skandalakis J. The history and surgical anatomy 
of the vagus nerve. Surgery, Gynecology & Obstetrics Journal, 1986;162:83 (ref.  [  108  ] )       
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 [  10,   42  ] . Because of these reasons, and the availability of 
other techniques, vagotomy with pyloroplasty has fallen 
out of favor. 

 A third choice for drainage following vagotomy is gas-
troenteric anastomosis. The choice between pyloroplasty 
and gastrojejunostomy (GJ) is made in part by the appear-
ance of the pyloric-duodenal area. A GJ is currently the 
favored approach. When a gastrojejunal anastomosis is 
chosen, decisions must be made as to whether the anasto-
mosis will be retrocolic or antecolic, located on the poste-
rior or anterior aspect of the stomach, and isoperistaltic or 
antiperistaltic. A retrocolic anastomosis will require the 
creation of a window in the gastrocolic omentum. In 
selecting the location of the gastroenteric anastomosis 
for benign disease, it is believed that an anastomosis 
with the posterior gastric wall facilitates drainage  [  43  ] . 
Furthermore, the anastomosis should be located on the 
most dependant part of the greater curve or antrum, as 
close to the pylorus as possible  [  22  ] . 

 HSV with GJ is generally the preferred treatment for 
chronic GOO  [  13  ] . HSV maintains antral propulsive activ-
ity  [  41  ] . In comparing HSV with truncal V&A, complica-
tions such as delayed gastric emptying, gastric atony, 
dumping, alkaline re fl ux gastritis, diarrhea, cholelithiasis, 
and weight loss are less common with HSV because pylo-
ric innervation is preserved  [  5,   10  ] . However, ulcer recur-
rence rates of 3–30% with HSV, depending on surgeon 
experience, are much higher than V&A, especially after 
greater than 10-year follow-up  [  5  ] . HSV is favored over 
V&A in poor-risk patients and/or those with problematic 
duodenums  [  10  ] . 

 Two notable older trials compared open surgical manage-
ment strategies in GOO. It should be noted that both trials 
included patients from the 1970s, around the time that H 

2
  

blocker use was in its early stages and well before PPI were 
widely marketed. In 1993, Csendes et al. published the 
results of a prospective randomized study comparing open 
HSV with GJ, HSV with Jaboulay gastroduodenostomy, and 
selective vagotomy (SV) with antrectomy in 90 patients with 
GOO secondary to duodenal ulcer  [  41  ] . As compared to 
HSV with Jaboulay gastroduodenostomy, on late follow-up, 
there were a signi fi cantly higher number of patients with 
HSV with GJ with Visick I score. They concluded that HSV 
with gastrojejunostomy as compared to the other two opera-
tions was the procedure of choice in GOO secondary to duo-
denal ulcer. Meanwhile Makela et al. analyzed 99 patients 
with GOO secondary to PUD and noted a 5% post-operative 
mortality rate  [  3  ] . They found an 11% restenosis rate in 
patients undergoing Billroth I reconstruction, 0% incidence 
in Billroth II reconstruction, and 4% after Roux-en-Y recon-
struction. They also noted a 5% incidence of restenosis in 
those undergoing selective vagotomy and antrectomy. 
Finally, they found a 42% rate of restenosis amongst those 

undergoing HSV with pyloroduodenal dilatation, and 
consequently, they argued against its use.   

   Laparoscopic/Laparoscopically Assisted Surgery 
for GOO 
 While both laparoscopic and open surgical intervention is 
used, the trend has been towards a greater role for laparo-
scopic surgery in the management of GOO. Often cited rea-
sons for favoring a laparoscopic over an open approach 
include less pain, less immobility, shorter hospital length of 
stay, smaller wounds, and a quicker return to activities of 
daily living  [  44  ] . While laparoscopic HSV with gastroje-
junostomy may also be considered, the literature primarily 
promulgates truncal vagotomy with gastroenterostomy. 
Hence, this technique will be discussed. A retrospective 
study of 21 GOO patients comparing laparoscopic with open 
truncal vagotomy and gastrojejunostomy noted that laparo-
scopic surgery was associated with signi fi cantly reduced 
operating time, intraoperative blood loss, time to  fl atus, time 
to tolerance of semisolid diet, length of hospital stay  [  42  ] . 
While laparoscopic equipment costs more, these costs are 
generally believed to be offset by the shorter hospital stay 
 [  44  ] . In considering laparoscopic procedures, while inter-
vention may be done purely laparoscopically, there are also a 
variety of laparoscopically assisted techniques which may 
offer some element of patient safety, especially for those 
who are not expert laparoscopic surgeons. In this regard, a 
2005 study of 18 patients with GOO who underwent laparo-
scopic truncal vagotomy followed by an extracorporeal ante-
colic posterior gastrojejunostomy reported no mortality, no 
conversions, and a median hospital stay of 6 days  [  45  ] . This 
study noted a 16% incidence of postvagotomy diarrhea, 
which is slightly higher than that commonly reported. 
Similarly, extracorporeal antecolic anastomosis was per-
formed in a study of 18 patients undergoing laparoscopic-
assisted gastrojejunostomy with truncal vagotomy for 
cicatrizing duodenal ulcer with GOO  [  22  ] . This study also 
noted that no patient required conversion to a fully open pro-
cedure, no mortality, but one patient had an anastomotic leak 
requiring laparotomy. With a mean follow-up of 22.8 months, 
none of the patients developed recurrent obstruction.  

   Open Highly Selective Vagotomy with 
Gastrojejunostomy Technique: General Principles 
 The general principles of HSV, as described in a standard 
surgical text, is brie fl y discussed  [  46  ] . The dissection is 
started at a point approximately 7 cm proximal to the pylo-
rus, on the lesser curvature. The vagal nerve  fi bers distal to 
this point are preserved. The nerves of Latarjet are identi fi ed 
and encircled with vessel loops. The nerves emanating from 
the nerves of Latarjet along the lesser curvature along with 
associated blood vessels are ligated and divided. Dissection 
proceeds proximally to the esophagus,  fi rst dividing the ante-
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rior layer of nerves, followed by an irregular intermediate 
layer of nerves, and then the posterior layer of nerves. Finally, 
the esophagogastric junction is mobilized and branches to 
the stomach including the criminal nerve of Grassi, a branch 
of the posterior vagus nerve that supplies the cardia and can 
originate high in the mediastinum, are divided (Fig.  18.4 ). 
This generally involves clearing the distal 5 cm of the esoph-
agus of vagal nerve  fi bers. A gastrojejunostomy is then per-
formed near the antrum to the posterior wall of the stomach, 
along the greater curvature of the stomach using a gentle 
loop of jejunum  [  41  ] .   

   Laparoscopic/Laparoscopic-Assisted Truncal 
Vagotomy with Gastrojejunostomy Technique 
 The technique, as described by several authors, follows  [  39, 
  43,   45  ] . The patient is placed in reverse Trendelenburg, in the 
Lloyd-Davis position, with the operating surgeon standing 
between the patient’s legs. The peritoneal cavity is insuf fl ated 
with carbon dioxide and several additional ports are inserted. 
The left lobe of the liver is retracted medially; subsequently 
the esophagus is identi fi ed by palpation of the previously 
placed nasogastric tube. The phrenosesophageal ligament is 
   divided. The anterior vagus nerve is identi fi ed, clipped proxi-
mally and distally, transected, and the intervening segment is 
submitted for frozen section pathologic con fi rmation. 
Attention is then directed to the posterior vagus nerve; dissec-
tion in the peri-esophageal region between the right crus and 
esophagus facilitates exposure; again the main trunk is clipped 
and divided, and the intervening segment is submitted for fro-
zen section pathologic analysis  [  39  ] . It is important not to 
carry the dissection too far towards the liver or too low over 
the gastric fundus  [  43  ] . A search is then made for additional 
branches of the vagus nerve, including the criminal nerve of 

Grassi  [  39,   43  ] . At least 5 cm of the distal esophagus is cleared 
of vagal  fi bers  [  39  ] . While the principles of laparoscopic vagal 
resection are the same as those in open surgery, with its 
magni fi ed view, caution must be exercised to ensure that lon-
gitudinal esophageal muscles are not mistaken for the vagal 
nerves  [  43  ] . Gastrojejunostomy is performed using a loop of 
the jejunum that gives the shortest afferent loop, generally 
30–40 cm from the ligament of Treitz  [  39,   43  ] . Ultrasonic 
dissection may be used to create the gastrostomy and jejunos-
tomy  [  39  ] . The gastroenteric anastomosis can be completed 
intracorporeally or extracorporeally, using a gastrointestinal 
anastomosis stapling device or suture (Fig.  18.5 ). The open-
ing at the anastomosis is then closed with suture or a stapler. 
All fascial incisions greater than 5 mm in diameter should be 
closed, unless a radially dilating type port is used. A radially 
dilating port may allow a slightly larger fascial incision to be 
left open.  

   Operative Pearls 
 In operating on the obstructed stomach, every effort should 
be made to evacuate  fl uid and gases from the stomach prior 
to entering the gastrointestinal tract [ 47 ]. Caution must be 
exercised in the use of electrocautery, as explosions have 
been reported secondary to retained gases [ 47 ]. When per-
forming operations on the stomach for GOO, consideration 
should be given to performing hand-sewn anastomoses or 
using a greater tissue depth staple cartridge, to ensure ade-
quate purchase on the hypertrophied stomach  [  10  ] . 

 The appearance of the pylorus and proximal duodenum 
in fl uences surgical intervention. Extensive in fl ammation 
may make a Billroth I procedure impossible; it may also 
yield a dif fi cult duodenal stump with a Billroth II reconstruc-
tion  [  17,   30,   42  ] . In those patients with a dif fi cult duodenal 

  Fig. 18.4    Criminal nerve of 
Grassi. Reproduced by 
permission from Diesen D, 
Haney J, Pappas J. Laparoscopic 
management of peptic ulcer 
disease. In: Pappas T, Pryor A, 
Harnisch M, eds.  Atlas of 
laparoscopic surgery . 3rd ed. 
New York: Current Medicine; 
2008:65–79 (ref.  [  109  ] )          
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closure, consideration can be given to performing a tube 
duodenostomy and perihepatic drainage  [  4  ] . However, it is 
better to avoid this situation altogether and perform a vago-
tomy with gastroenterostomy  [  4  ] .  

   Postoperative Care, Complications, and Follow-Up 
After Surgery 
 Surgery is highly effective in the management of GOO. 
Postoperatively, the patient is admitted to a monitored  fl oor. 
Fluid and electrolyte status need to be followed closely. 
Nutritional support should be continued. While the duration 
of NGT decompression is controversial, it should be recalled 
that patients with GOO may need NGT for a longer period of 
time secondary to delayed gastric emptying from chronic gas-
tric atony as well as vagotomy. Follow-up with the surgeon is 
generally performed by about 2 weeks post discharge. A sec-
ond follow-up visit may occur several weeks later, and then as 
needed to address any complications that may arise. Long-
term follow-up is usually with the primary care physician 
and/or gastroenterologist. 

 Complications that may occur postoperatively include 
atelectasis, fever, arrhythmia, myocardial infarction, DVT, 
pulmonary embolism (PE), pneumonia, bleeding, wound 
infection, and in the case of an anastomosis, an anastomotic 
leak. Long-term complications of truncal vagotomy include 
gastric stasis, bilious vomiting, diarrhea, and dumping  [  42  ] . 
The literature suggests a 5–16% incidence of diarrhea fol-
lowing vagotomy  [  45  ] . Diarrhea from the dumping syndrome 
is secondary to massive outpouring of  fl uid from the vascular 
compartment into the bowel lumen, because early gastric 
emptying produces hyperosmolar intraluminal contents  [  45  ] . 
Additional complications of commonly performed PUD 
operations included anastomotic obstruction/stenosis, 
obstruction of the afferent or efferent loops, delayed gastric 
emptying, and marginal ulceration.   

   PUD Conclusions 
 In conclusion, while PUD-associated acute GOO often 
resolves with conservative measures, chronic GOO will 
generally require intervention. While the role of  H .  pylori  in 
GOO is unclear, infection must be assessed and eradication 
therapy administered if it is found. Antisecretory medica-
tions are administered and malignancy must be excluded. 
Depending on patient preference and in poor-risk surgical 
candidates, it appears reasonable to offer a trial of endoscopic 
balloon dilation as it provides a rapid relief of symptoms and 
has a favorable safety pro fi le, with the understanding that 
there is a high long-term recurrent GOO risk and long-term 
antisecretory therapy will be needed. In good-risk patients 
who are  H .  pylori  negative, fail endoscopic treatment, wish 
to avoid long-term antisecretory medication treatment, or 
desire de fi nitive treatment, surgical intervention should be 
performed. In deciding amongst the myriad of operations, 
one algorithm to consider is to perform vagotomy and antrec-
tomy in the patient with a gastric ulcer with good perfor-
mance status and simple anatomy. If the gastric ulcer patient 
has a limited performance status, then vagotomy with gastro-
enterostomy should be performed. If the patient has a duo-
denal ulcer, consider performing HSV with drainage or 
truncal vagotomy with drainage. While either technique can 
be performed laparoscopically, there is presently very little 
literature available on laparoscopic HSV with drainage for 
GOO. The decision between the two would depend on the 
surgeon’s familiarity with the procedures; it has been reported 
that surgeons today may have limited operative experience 
with GOO  [  48  ] . Additional factors to guide decision-making 
are informed consent from the patient, regarding side effects 
from surgery and risk of recurrent ulceration. As previously 
discussed, HSV with drainage has fewer side effects but a 
higher risk of recurrent PUD than truncal vagotomy with 
drainage.    

  Fig. 18.5    Laparoscopic GJ diagram. ( a ) After placement of stay 
sutures, an opening is made in both the stomach and jejunum. ( b ) An 
endoscopic stapler is introduced into the adjacent stomach and jejunum. 
( c ) The open end of the anastomosis is closed with sutures. Figure 

reproduced permission from Brune IB, Feussner H, Neuhaus H, Classen 
M, Siewert JR. Laparoscopic gastrojejunostomy and endoscopic biliary 
stent placement for palliation of incurable gastric outlet obstruction 
with cholestasis.  Surg Endosc . 1997;11(8):834–837 (ref.  [  110  ] )       
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   Other Benign Causes of Goo 

   In fl ammatory Conditions 

 Several local and systemic in fl ammatory conditions can also 
cause GOO. Local conditions include acute and chronic 
pancreatitis, pancreatic pseudocyst, and obstruction secondary 
to cholecystoduodenal  fi stula with calculous cholecystitis 
(Bouveret’s syndrome)  [  9,   49,   50  ] . Systemic in fl ammatory 
conditions include Crohn’s disease. While gastroduodenal 
involvement in Crohn’s disease is rare, with an incidence of 
about 5%, stenosis was noted in 78% of 54 patients in a 
small series of patients with gastroduodenal disease  [  51  ] . 
Other conditions include Behcet’s disease and systemic 
lupus erythematosus  [  9  ] . Finally, eosinophilic gastroenteri-
tis can result in intestinal obstruction due to muscular 
in fi ltration with eosinophils  [  15  ] .  

   Postsurgical GOO Including Bariatric Surgery 

 Other causes of GOO include postsurgical complications. 
The obstruction can be secondary to adhesions or from to 
obstruction of a gastroenteric anastomosis.  In turn, anasto-
motic obstruction may be secondary to stenosis, food impac-
tion, or ulceration  [  52  ] . 

 With regard to bariatric surgery, progressive stenosis of 
the gastroenteric anastomosis may result in GOO. Reported 
rates of this complication vary from a low 0.1% to a high 
19%; however, rates may be lower with open surgery  [  52–
  54  ] . Fibrosis at the anastomosis typically occurs in the 
 fi rst 90 days  [  54  ] . These anastomotic strictures are fre-
quently amenable to endoscopic balloon dilation. In a 
2003 study of 562 patients, the mean time from bariatric 
surgery to initial endoscopic dilation was 7.7 weeks, with 
an average of 2.1 dilations performed per patient, and a 
95% success rate  [  52  ] . Similarly, a study of 450 patients in 
2003 found that the majority of the 14 patients with steno-
sis presented within approximately the  fi rst 3 months after 
surgery  [  55  ] . Thirteen patients had anastomotic stricture, 
while one had edema. With a mean follow-up of 18 months, 
nine patients had good long-term relief after initial dila-
tion and  fi ve required a further dilation. There were no 
complications. Finally, a 2007 retrospective study of 801 
patients found that 93% of the 43 patients with strictures 
were successfully managed by one or two dilations  [  54  ] . 
Another therapeutic option is  fl uoroscopic guided balloon 
dilation  [  53  ] . Advocates of  fl uoroscopy-guided dilation 
state that it has a lower risk of complications because the 
proximal bowel, stricture site, and distal bowel are radio-
graphically visualized  [  53  ] .  

   Infections 

 A variety of acquired immunode fi ciency syndrome (AIDS)-
related complications can also cause GOO. These include 
toxoplasmosis, cryptosporidiosis, tuberculosis, lymphoma, 
and Kaposi’s sarcoma  [  9  ] . Additionally, cytomegalovirus 
(CMV) disease can result in GOO  [  15  ] . 

 Etiologies less commonly seen in the USA include obstruc-
tion secondary to parasites and tuberculosis. GOO is the most 
common presentation of gastroduodenal tuberculosis  [  56  ] . In 
this case, GOO may be due to tissue hypertrophy or involve-
ment of perigastric or peri-duodenal lymph nodes with subse-
quent  fi brosis  [  56  ] . Biopsies of the bowel wall and lymph 
nodes are advised  [  56  ] . Gastrojejunostomy is preferred over 
pyloroplasty because intense  fi brosis at the pylorus–duode-
num will make pyloroplasty dif fi cult  [  56  ] . Rao et al. recom-
mend always performing a jejunojejunostomy with a 
gastrojejunostomy to address the problem of delayed gastric 
emptying  [  56  ] . Approximately 1 year of treatment with anti-
tubercular drugs is recommended along with surgery  [  56  ] .  

   Anatomic Variation/Pathologic Variations 

 Several anatomic/pathologic variations may also result in 
GOO in adults. These include annular and ectopic pancreas, 
congenital duodenal web, duodenal duplication, and supe-
rior mesenteric artery (SMA) syndrome  [  9,   10,   15  ] . Adult 
hypertrophic stenosis causing GOO is rare, but it can be due 
to PUD  [  9,   10,   15  ] . 

 Acute gastric volvulus is a rare, but potentially fatal cause 
of GOO  [  57  ] . A triad of  fi ndings (Borchardt’s) includes 
severe epigastric pain, abdominal distention, intractable 
retching without vomitus, and dif fi culty or inability to pass a 
nasogastric tube  [  57  ] . Dysphagia may also be the initial clin-
ical symptom depending on the site of obstruction  [  57  ] . 
Surgical treatment is required; however the optimal surgical 
intervention remains to be clari fi ed  [  57  ] . 

 Rarely, an abdominal aortic aneurysm can cause duodenal 
obstruction by direct compression  [  58  ] . Patients will typi-
cally present with protracted emesis in association with a pul-
satile abdominal mass. Treatment involves aneurysm repair.  

   Ingestions 

 While a majority of ingested foreign bodies will pass sponta-
neously, a small fraction will require therapeutic intervention 
 [  59  ] . There are three sites distal to the stomach where an 
ingested foreign body may cause obstruction: the pylorus, 
duodenal C-loop, and ileocecal valve  [  59  ] . Objects longer 
than 5 cm or more than 2.5 cm in diameter will have dif fi culty 
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negotiating through the pylorus  [  59  ] . Bezoars may also be a 
source of GOO. 

 Caustic injury may result in GOO at a variety of time peri-
ods, as the injury evolves. Active ulceration and necrosis are 
present early  [  33  ] . The subacute phase is characterized by 
ongoing in fl ammation, ulceration, and sloughing of devital-
ized tissue  [  33  ] . In the chronic phase, cicatrix development 
starts at about 3 weeks, and is established by 8 weeks  [  33  ] . 
Small studies support endoscopic balloon dilation in the 
subacute and chronic phase of GOO  [  33,   60  ] .  

   Trauma 

 Duodenal hematoma secondary to blunt trauma is more 
often found in children. Initially, it is generally initially 
managed conservatively with NPO status, nasogastric tube 
decompression, and intravenous  fl uids and perhaps parental 
nutrition. The obstruction generally resolves after a few 
weeks. However, if a duodenal hematoma is found during 
laparotomy for blunt trauma, then exploration of the hema-
toma is warranted.  

   Functional Disorders 

 A variety of disorders can induce functional GOO. One cause 
is diabetes-associated gastroparesis. Surgical vagotomy, 
unless antral innervation is preserved, and functional vago-
tomy from tumors, including those in the mediastinum, will 
induce delayed gastric emptying  [  10,   61  ] . Chronic bowel 
obstruction can also lead to GOO  [  9,   10  ] . 

 The evaluation of functional disorders includes radio-
graphic imaging studies and endoscopy to exclude an ana-
tomic or mechanical etiology. Gastric emptying scintigraphy 
con fi rms the diagnosis  [  61  ] . The general management is sup-
portive. A variety of drugs may help improve gastric empty-
ing, including erythromycin, metoclopramide, and 
domperidone; they are generally used for a limited time 
period  [  62  ] . Domperidone is not presently available in the 
USA  [  62  ] . Off-label botulinum toxin A injection into the 
pylorus has been used with limited success in highly selected 
patients with pylorospasm  [  62  ] . A surgical procedure that is 
US Food and Drug Administration (FDA) approved at only a 
few centers is the use of gastric electrical stimulation  [  62  ] . 
The more commonly performed supportive surgical inter-
vention is placement of a gastrostomy tube for gastric decom-
pression and a jejunostomy tube for enteral nutrition  [  62  ] .  

   Benign Neoplasms 

 As compared to PUD and malignancy, benign neoplasms are 
an infrequent cause of GOO. Benign tumors that can cause 

GOO include adenomatous polyp, lipoma, carcinoid, and 
gastrinoma.   

   Malignant Etiology in Adults 

   Epidemiology 

 The most common cause of GOO in Western countries 
today is malignancy  [  2,   10,   63,   64  ] . This also appears to be 
the case in developing countries  [  65  ] . Age greater than 55 
and the absence of a history of PUD are independent pre-
dictors of malignancy in GOO  [  10  ] . The most frequent pri-
mary malignancies that are associated with GOO are 
adenocarcinoma of the pancreas or stomach and less fre-
quently, duodenal adenocarcinoma  [  10  ] . While pancreatic 
cancer is listed as the most common cause of GOO by 
some, others suggest that adenocarcinoma of the stomach is 
more common. Speci  fi cally, GOO occurs in 10–33% of 
patients with advanced pancreatic/periampullary malig-
nancy  [  9,   10,   66–  69  ] . Additional causes include lymphoma, 
stromal tumors, cholangiocarcinoma, metastatic malig-
nancy (e.g., from colorectal cancer), neuroendocrine carci-
noma, advanced retro peritoneal/renal or ovarian cancer, 
and sarcoma  [  9,   70,   71  ] .  

   Clinical Presentation 

 GOO can go undetected for a long period of time, because 
the stomach can distend signi fi cantly  [  14  ] . Characteristic 
features of GOO are nonbilious vomiting that contains 
undigested food particles  [  14  ] . This places patients at risk 
for aspiration pneumonia. Additional  fi ndings include nau-
sea, bloating, abdominal pain, dehydration, and malnutri-
tion. However, it should also be noted that nausea, vomiting, 
and inability to consume suf fi cient calories orally may be 
due to advancing malignancy and not GOO, and therefore 
these  fi ndings may not be an indication for gastroenteric 
bypass  [  72  ] . In this regard, 30–50% of patients with peri-
ampullary cancer will have nausea/vomiting, even though 
radiographs will demonstrate obstruction in only a small 
percentage of these cases  [  68,   73  ] . A variety of metabolic 
and electrolyte disturbances, as previously discussed, may 
also be present.  

   Management 

 Initial principles of management for malignant GOO are 
similar to those for benign GOO, namely, NPO status, 
nasogastric tube decompression, intravenous  fl uid hydra-
tion, and correction of electrolyte imbalance. Given the mal-
nourished state, some form of nutritional support in the 
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nonexpectant patient is usually indicated. Workup includes 
laboratory analyses, UGI study with small bowel follow-
through contrast studies/CT scan, and endoscopy, as previ-
ously discussed in the PUD section. Once initial stabili-
zation and workup are completed including tumor type 
identi fi cation, if possible, then interventional therapy can be 
planned. In choosing a therapy, it is vital that the diagnosis 
of malignancy is con fi rmed preoperatively. Usually, this is 
via endoscopic biopsy. GOO secondary to malignancy is 
unlikely to respond to medical management alone and will 
need interventional therapy, in the nonexpectant patient. 
There may also be a role for palliative chemotherapy as it 
may prolong oral intake  [  74  ] . 

 Intervention in malignant GOO is most often performed 
for palliation as opposed to curative intent. There are many 
reasons for this, but principal among them are extent of local 
tumoral invasion that precludes curative resection and the 
increased likelihood of metastatic disease. These patients 
have a median survival of a few months  [  75  ] . Additional goals 
of management include amelioration of symptoms from 
tumor invasion of the biliary tree, duodenum, and splanchnic 
nerves  [  76  ] . The rationale for palliative intervention is to 
improve quality of life, as GOO leads to nausea/vomiting, 
abdominal distention, dehydration, electrolyte imbalance, 
malnutrition, and starvation  [  77  ] . While quality of life scores 
are not frequently obtained in GOO, various scoring systems 
of the ability to tolerate oral intake have been described. 
A commonly used scale is the GOO scoring system (GOOSS), 
where a score of 0 indicates no oral intake, 1 indicates liquids 
only, 2 indicates soft solids, and 3 indicates low residue or full 
diet  [  67  ] . This appears to be the most frequently used grading 
system. Several other systems have also been described 
 [  36,   78–  80  ] . One commonly used gastrointestinal symptom 
score is the modi fi ed Visick score, where grade I indicates no 
symptoms, grade II indicates mild or moderate symptoms 
that do not interfere with habits and usual activities, grade III 
means moderate or severe symptoms that require medications 
and interfere with habits and usual activities, and grade IV is 
severe and incapacitating symptoms  [  36  ] . 

 Interventional management focuses on two therapies: 
stenting (generally via endoscopy) and surgery. In choosing 
between these two therapies that can be used in a comple-
mentary manner, the  fi rst decision that has to be made is 
whether the patient can be cured of the malignancy by surgi-
cal resection (Fig.  18.6 ). While this is infrequent with malig-
nant GOO, surgery with curative intent should be performed 
if possible. A study of 817 patients with antral gastric cancer 
found that while 78% of patients with pyloric stenosis could 
undergo resection, only 30% could have curative resection, 
as compared to 98 and 74%, respectively, for those without 
pyloric stenosis  [  81  ] . Patients with pyloric stenosis had a 
signi fi cantly higher incidence of serosal invasion, direct 
invasion of neighboring organs, liver metastases, lymph node 

metastases, and peritoneal dissemination  [  81  ] . If cure is not 
possible, then the alternatives are palliative resection, pallia-
tive gastroenteric bypass, endoscopic stenting, and less fre-
quently decompressive gastrostomy with or without a feeding 
jejunostomy. In evaluating the choice of palliative interven-
tion, factors that need to be considered are patient age, life 
expectancy, performance status, location of obstruction, 
length of obstruction, number of obstructions, extent of local 
tumoral invasion, distant metastases, presence of malignant 
ascites or carcinomatosis, and possibility of concomitant or 
future biliary obstruction  [  82,   83  ] .  

   Stenting 

 The goals of stenting are relief of obstructive symptoms, 
resumption of normal diet, improvement of nutritional status, 
and improvement in quality of life  [  84  ] . As stenting for GOO 
is less commonly performed with only  fl uoroscopic guid-
ance, the subsequent discussion will focus primarily on 
endoscopic stenting. Stenting is generally performed for a 
single stenosis, unequivocally unresectable disease on imag-
ing, advanced disease at staging laparoscopy, malignant 
recurrent disease at surgical anastomosis, a short expected 
survival, and perhaps when incipient obstruction is found at 
the time of failed resection for malignant GOO  [  71,   84  ] . 
Contraindications to stenting include multiple gastric outlet 
or duodenal obstructions that cannot be bridged by one or 
two overlapping stents, distal obstruction, obstruction that 
prevents passage of a guidewire, suspected or impending 
perforation, acute or chronic infection, and free perforation 
with tension pneumoperitoneum or peritonitis  [  77,   84,   85  ] . 

 Endoscopic stenting is performed with self-expandable 
metal stents that are composed of a variety of metal alloys 
that may produce artifact on CT  [  85  ] . While most stents 
appear to be magnetic resonance imaging (MRI) compatible, 
there may be some interference on signal intensity  [  85  ] . 
Stents appear to become incorporated into both tumor and 
native tissue via pressure necrosis. The degree of incorpora-
tion is dependent on whether it is a bare metal stent or a 
covered stent. The degree of incorporation is less with 
covered stents, thereby predisposing them to migration  [  85  ] . 
A prospective, single-center, randomized study of 80 patients 
with pyloric obstruction and inoperable gastric adenocarci-
noma with metastatic disease found comparable (100%) 
technical success rate, clinical success rate as measured by 
the GOOSS score (90–95%), endoscopic patency at 8 weeks 
(61%), and median stent patency (13–14 weeks) between 
covered and uncovered stents  [  86  ] . While stent migration 
occurred signi fi cantly more frequently in the covered stent 
group (25.8% vs. 2.8%), restenosis occurred signi fi cantly 
less in the covered group (0% vs. 25%) on endoscopic follow-
up at 8 weeks. These authors also published data on the use 



240 R.S. Jawa and D.W. Mercer

of endoscopic clips to secure a 3-layered (nitinol, PTFE, 
nitinol) stent to normal gastroduodenal mucosa  [  1  ] . Besides 
uncovered and covered, other considerations are braided 
versus woven stents. It should be noted that in the USA, as of 
2011, the three FDA-approved stents for management of 
duodenal obstruction are all uncovered stents, two are 
braided, and one is a woven stent. 

 Prior to endoscopic stenting, a UGI with small bowel fol-
low-through contrast study/CT scan is advisable to plan the 
procedure, i.e., determine stricture length and angulation and 
to exclude distal or multiple sites of obstruction  [  67  ] . 
Furthermore, evaluation of the biliary tree should be done 
preoperatively with possible placement of a biliary stent  fi rst 
as the ampulla can become inaccessible following stent 
placement  [  14,   67  ] . A meta-analysis indicated that between 
24 and 51% of patients with malignant GOO require biliary 
bypass, pre-, post, or intra-operatively  [  87  ] . After gastroduo-
denal stenting, percutaneous transhepatic approaches will be 
needed to access the biliary system  [  67,   84  ] . In this regard, 
the deployment of a stent into the duodenum transhepatically, 
via a biliary access catheter, has been described  [  88  ] . Finally, 
as stenting is a palliative procedure, it is of paramount impor-
tance to have a diagnosis of incurable malignancy preopera-
tively. Nasogastric decompression prior to the procedure is 
advisable; it may be required preoperatively for days. 

 While endoscopic stenting is often performed under con-
scious sedation, an argument can be made for stent place-

ment under general anesthesia with endotracheal intubation 
to protect the airway, given the likely voluminous gastric 
contents  [  14,   67  ] . Use of  fl uoroscopy during endoscopic 
stent placement is helpful because it delineates the length 
and geometry of the stricture, assists in stent positioning, 
documents successful stent placement, and can demonstrate 
early complications such as stent migration and perforation 
 [  14  ] . Stents are generally deployed in a TTS manner. 
Deployed stents should overlap the lesion by a few centime-
ters on each side; overlapping stents may be used to accom-
plish this. Fluoroscopy is used to con fi rm that the stent 
overlaps both sides of the lesion. This overlap is necessary in 
part because as certain stents expand radially over the ensu-
ing days, they also shorten  [  88  ] . Post-procedurally, in large 
part depending on medical status, patients are nowadays 
often able to be discharged within a few days. Follow-up 
with the endoscopist is often done within about 1 week, 
where a follow-up radiograph to verify stent position can be 
obtained. Subsequent long-term follow-up may involve a 
multidisciplinary team including oncology, palliative care, 
primary care, and surgery. 

   Results of Stenting Trials 
 In examining various stenting trials, two commonly 
described parameters are technical success (i.e., satisfac-
tory stent deployment) and clinical success  [  89  ] . Reported 
technical success rates are quite high, at greater than 90%. 

  Fig. 18.6    Management of malignancy-associated GOO. Please note that stenting and surgery may also be used in a complementary manner. The 
algorithm is adapted from Adler et al. [ 67 ] and Schmidt et al. [ 82 ]       
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However, clinical success rates vary from 79 to 91%, 
depending on the de fi nition of clinical success, i.e., lumi-
nal patency versus resumption of oral intake versus resump-
tion of normal oral intake  [  84,   89  ] . Most patients can take 
food orally within 24 h of stent placement; the diet is 
slowly advanced to a low-residue diet  [  14  ] . However, some 
patients with a functional stent will be unable to tolerate 
oral intake; this must be discussed with patients preopera-
tively  [  14  ] . In explaining the difference between technical 
and clinical success rate, it should be recalled that gastric 
emptying is a complex process involving grinding and 
emptying of the meal and it is unlikely that the reestablish-
ment of a passage with stenting will be followed by a more 
rapid rate of gastric emptying  [  80  ] . To this end, a study of 
14 patients following stenting found that although the 
patients had resumed oral intake within one week, gastric 
dysmotility/stasis on scintigraphy was still highly preva-
lent  [  26  ] . Speci fi cally, while the time for gastric half-emp-
tying was approximately 59 min for controls group, only 
6/14 patients reached gastric half-emptying by 120 min. 
The presence of ongoing impaired emptying following 
stenting suggests that these patients have gastric dysmotil-
ity and that GOO is not simply due to mechanical obstruc-
tion  [  26  ] . Finally, it should be noted that weight loss may 
also continue to progress after stent insertion secondary to 
progression of disease  [  14  ] . 

 In a 2002 study, 34 of 36 patients were able to tolerate an 
oral diet following stent placement, whereas only 17 could 
tolerate a diet preoperatively  [  67  ] . Of note, 44% had con-
comitant or subsequent development of biliary obstruction 
and 22% required re-intervention for recurrent symptoms. A 
prospective multicentered trial of palliative stenting in 43 
inoperable patients demonstrated a technical success rate of 
100% after the second attempt, with a median survival of 49 
days post-procedurally  [  77  ] . While oral intake improved, the 
short form-36 (SF-36) quality of life score did not improve. 
Adverse events occurred in 23% of patients, and included 
stent occlusion or malfunction, perforation, sepsis, cholangi-
tis, gastrointestinal hemorrhage, nausea, vomiting, and 
abdominal pain. By 7 days, 75% of patients had a GOOSS 
increase by 1 or more points; 80% were tolerating solid food 
by 28 days. Of those tolerating solid food, nearly 1/2 
remained on solid food until last follow-up or death. In a 
2010 study of 70 patients with malignant GOO, technical 
success rate was 93%, clinical success rate was 95%, median 
hospital stay was 2 days, median survival was 1.8 months, 
and 89% had improved GOOSS (0 before stenting to a 
median of 2 afterwards)  [  90  ] . Two patients required salvage 
gastrojejunostomy. A study in 2010 of 75 patients found that 
the use of covered stents with post-procedure chemotherapy 
signi fi cantly improved stent patency, without adversely 
affecting migration rate  [  91  ] . 

 In a systematic review with 606 patients, Dormann et al. 
found that stent placement for malignant gastroduodenal 
obstruction was technically successful in 97% and clinically 
successful in 89%  [  92  ] . They found no procedure-related 
mortality. Major complications of bleeding or perforation 
occurred in 5%, stent migration in 18%, and stent obstruc-
tion, primarily due to tumor in fi ltration, occurred in 18% of 
patients. The mean survival was 12.1 weeks. They found that 
87% of patients could take soft solids or a full diet 
postoperatively.  

   Complications 
 Stents are associated with a low complication rate and with 
little peri-procedural mortality  [  82  ] . Complications can 
occur early or late. A sudden decline in oral intake toler-
ance may indicate stent occlusion from tumor ingrowth/
overgrowth, stent migration, or disease progression  [  14  ] . 
Immediate and early complications include complications 
of sedation or anesthesia, pain, stent obstruction from food 
or tumor intrusion, stent malposition, perforation, aspira-
tion pneumonia, and bleeding  [  82,   84,   86  ] . Late complica-
tions include stent obstruction from food or tumor ingrowth 
or overgrowth, bleeding, perforation, stent migration, and 
 fi stula formation  [  84,   86  ] . Stent obstruction due to tumor 
intrusion may occur early or late. In early intrusion (a few 
days) after stent placement, the obstruction is felt to be sec-
ondary to wide mesh spacing which may have a “cheese-
cutter”-type effect on friable tissue  [  77  ] . Obstruction 
secondary to tumor ingrowth may be treated by the place-
ment of additional stents or even laser therapy  [  82  ] . While 
uncovered stents are less subject to migration, they are 
more subject to obstruction by tumor. The converse is true 
of covered stents. Stents may also kink  [  91  ] . Additional 
complications include pancreatitis, stent fracture, and 
ulceration  [  84,   88  ] .  

   Conclusions: Stents 
 A literature review in 2009 concluded that endoscopic stent-
ing is safe, minimally invasive, and cost-effective  [  84  ] . As 
indicated previously, consideration may be given to the 
administration of palliative chemotherapy to stented patients. 
In several clinical trials, stents have demonstrated at least 
non-inferiority to surgical intervention, if not superiority 
with regard to decreased hospital length of stay and cost  [  14  ] . 
Although stenting improves oral intake scores, the bene fi t to 
overall quality of life is not clear. A review of the literature in 
2009 concluded that the available studies have not objec-
tively evaluated quality of life using standardized question-
naires before and after stent treatment, nor were quantitative 
tests of gastric emptying performed  [  80  ] . Unfortunately, the 
one trial that used the SF-36 questionnaire was unable to 
demonstrate signi fi cant improvements in quality of life  [  77  ] .   
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   Surgery 

 In selecting surgical intervention, the decision  fi rst should 
be made as to whether the patient can undergo resection for 
curative intent. If this is possible, then it is the optimal choice, 
as a study found that operative curability in patients with 
gastric carcinoma with pyloric stenosis was associated with 
a 45.8% 5-year survival as compared to 7.4% 5-year survival 
in those that could not be operatively cured  [  81  ] . Furthermore, 
a 23.8% 5-year survival rate has been reported in patients 
with gastric cancer with pyloric stenosis undergoing resec-
tion as compared to a 0% 5-year survival in nonresected 
patients [ 81 ]. Besides the improved survival rate, additional 
arguments for resectional surgery as opposed to bypass sur-
gery are the persistent impaired gastric motility and possibil-
ity of bleeding in the future from the tumor  [  93  ] . However, 
palliative gastrectomy carries signi fi cant morbidity and mor-
tality rates  [  94  ] . Others argue that although comparisons of 
resective surgery with nonresective surgery generally favor 
palliative gastric resection, there are generally a variety of 
confounders, especially different disease stages, and there-
fore selection bias  [  93  ] . Given the high morbidity and mor-
tality rates with palliative gastric resection, the primary focus 
for palliative surgery is currently gastrojejunostomy. 

   Gastrojejunostomy 
 In performing a GJ, as with stenting, the possibility of con-
comitant or future development of biliary obstruction must 
be considered. As such, palliative biliary bypass may be 
performed concomitantly. Alternatively, interventional radi-
ology or endoscopic approaches to biliary bypass may be 
utilized pre-, intra-, or postoperatively in the event of devel-
opment of biliary obstruction; arguably, the former may be 
preferable. In performing a GJ, both antecolic and retrocolic 
approaches are described. Whereas some favor the antecolic 
position due to concerns of placing an anastomosis close to 
the tumor, others believe that this concern is unfounded, and 
believe that a retrocolic, isoperistaltic GJ has a lower rate of 
delayed gastric emptying and recurrent obstruction  [  73,   95  ] . 
Antecolic versus retrocolic anastomosis is also determined 
by tumor location. GJ may be performed laparoscopically 
or open. 

   Laparoscopic Versus Open Surgery 
 While there are proponents of both open and laparoscopic 
approaches, the general trend is towards laparoscopic gas-
troenterostomy. Small, retrospective studies have noted a 
decreased length of hospital stay and fewer complications 
with the laparoscopic approach  [  66,   69  ] . One study also 
noted decreased postoperative analgesic requirements 
with laparoscopic surgery as compared with open surgery 
 [  66  ] . However, not all studies demonstrated a difference in 
outcomes between approaches, including median time 

taken to tolerate a regular diet  [  96  ] . In comparing laparo-
scopic to open studies, it should be noted that some cases 
that start laparoscopically are converted to open. The 
reported laparoscopic to open conversion rate ranges from 
0 to 20%  [  72,   75,   97,   98  ] . There is also a concern about 
port site recurrence with laparoscopic surgery. While some 
studies report no port site cancer recurrences with the lap-
aroscopic approach, others have reported port site metastasis 
 [  69,   72  ] .  

   Operative Pearls 
 Surgical intervention should generally be delayed until elec-
trolyte abnormalities are corrected. Preoperative nasogastric 
tube decompression is performed. This is continued intra- 
and postoperatively. Informed consent detailing the possibil-
ity of delayed return of gastric emptying is obtained. DVT 
prophylaxis and perioperative antibiotics are provided 
according to SCIP guidelines. 

 It is important to note that unlike surgery for benign GOO, 
vagotomy is not generally performed with GJ. One reason 
for this is the limited patient life span which decreases, but 
does not eliminate, the likelihood of marginal ulcer develop-
ment. A second reason is to reduce the likelihood of delayed 
gastric emptying  [  73  ] .   

   Laparoscopic GJ Technique 
 The technique described by Kazanjian et al. and Gentileschi 
et al. follows  [  99,   100  ] . Following insuf fl ation of the perito-
neal cavity with carbon dioxide, the harmonic scalpel is used 
to expose the postero-inferior aspect of the stomach. An 
enterotomy is created in the  fi rst loop of jejunum distal to the 
ligament of Treitz that can easily reach the distended stom-
ach. A gastrotomy is created on the posterior aspect of the 
most dependent part of the stomach, and is used for the cre-
ation of an antecolic gastrojejunostomy with two  fi rings of 
the 45-mm endoscopic anastomosing stapler (Fig.  18.7 ). 
This stapler is also used to close the open end of the anasto-
mosis. An “anti-obstruction” silk suture is also placed 
between the stomach and afferent jejunal limb.   

   Postoperative Care and Follow-Up After 
Gastrojejunostomy 
 Postoperatively, the patient is admitted to a monitored  fl oor, 
and  fl uid and electrolyte levels are closely monitored. 
Ongoing nutritional support is provided. As previously noted, 
NGT decompression may be needed for a prolonged time 
period. Following surgical gastroenterostomy, some authors 
prefer to initiate oral feeding after clinical criteria are met and 
an upper GI study with Gastrogra fi n demonstrates no anasto-
motic leak  [  69  ] . The reported median time to resumption of 
solid food orally following laparoscopic GJ was approxi-
mately 5 days in the study by Bergamaschi et al.  [  69  ] . 
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 Follow-up after discharge from the hospital with the sur-
geon is generally within about 2 weeks and a second visit 
after a few more weeks. Postoperative management is gener-
ally coordinated through the primary care    physician, gastro-
enterologist, oncologist, surgeon, and/or palliative care 
team members as these patients generally have a limited life 
expectancy.  

   Results and Complications of Gastrojejunostomy 
for Malignant GOO 
 As indicated previously, surgical intervention achieves pal-
liation in a majority of patients. Two small studies demon-
strated successful palliation with laparoscopic GJ in 87–89% 
of patients  [  100,   101  ] . One of these studies also demonstrated 
the feasibility of salvage surgical GJ following stent place-
ment as four patients had previous stent placement; another 
four were referred for surgery following unsuccessful stent 
placement attempts  [  100  ] . 

 Surgery, however, carries relatively high mortality and 
morbidity rates. Complications can be divided into two 
groups: those that are speci fi c to GJ and those that may occur 
after any surgical intervention. GJ has a perioperative/30-day 
mortality range of 2–32%  [  5,   71,   72  ] . Median survival in two 
studies was 4–6 months  [  5,   71,   72  ] . GJ has a perioperative/30-
day morbidity rate of 20–39%, and up to 31% of patients do 
not experience suf fi cient symptom relief  [  5,   71,   72  ] . The 
most frequent minor complications after GJ are wound infec-
tions and delayed gastric emptying, which occurs in 14–29% 
of patients  [  26,   72,   87  ] . Delayed gastric emptying is de fi ned 
as the inability to eat a regular diet by postoperative days 
8–10  [  26,   72  ] . Factors thought to be responsible for this 
include gastroparesis secondary to autonomic denervation 
and chronic gastric distention/atony  [  43,   69  ] . To decrease the 
adverse effects of this complication on nutrition, some 
authors recommend placing a feeding jejunostomy at the 
time of surgery. A variety of additional complications may 

  Fig. 18.7    Laparoscopic GJ operative photographs. ( a ) Opening made 
in posterior wall of stomach and also jejunum. ( b ) Endoscopic stapler is 
introduced to create an anastomosis. ( c ) The anastomosis is inspected 
for bleeding. ( d ) The anastomosis is sutured closed. Figure reprinted by 
permission from Dr. Michael Gagner, MD, Montreal, QC, Canada and 

 JSLS Journal of the Society of Laparendoscopic Surgeons . Gentileschi 
P, Kini S, Gagner M. Palliative laparoscopic hepatico- and gastroje-
junostomy for advanced pancreatic cancer.  JSLS . 2002;6(4):331–338 
(ref.  [  99  ] )       
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occur postoperatively. These include GJ dysfunction, anasto-
motic leakage, marginal ulceration, and afferent or efferent 
limb obstruction  [  69,   76,   87  ] . Long-term administration of 
antisecretory medications to decrease the likelihood of mar-
ginal ulcer development is therefore advisable  [  73  ] . 
Anastomotic obstruction secondary to tumor progression 
may also occur; however, reported rates of recurrent GOO 
are less than 5%  [  72,   102  ] . In certain cases, recurrent GOO 
may be amenable to therapeutic endoscopic stent placement. 
In this regard, it should be noted that a number of patients 
undergoing GJ will require further intervention. Speci fi cally, 
in one study, 17% of patients required re-intervention in the 
postoperative period  [  71  ] . The most common causes of early 
re-intervention were bleeding and anastomotic leakage; the 
most common causes of late surgical re-intervention were 
intestinal obstruction and anastomotic stenosis. Readmission 
after GJ in many cases is secondary to tumor progression 
rather than complications of surgery  [  72  ] . 

 There can also be other complications including 
arrhythmia, myocardial infarction, fever, atelectasis, DVT 
and PE, urinary tract infection, wound infection, intra-
abdominal bleeding, and intra-abdominal abscess to name a 
few. In general, patients with malignancy have a hypercoag-
ulable state and are therefore prone to DVT and PE. They are 
also prone to aspiration pneumonia secondary to the dis-
tended,  fl uid- fi lled stomach.  

   Stents Versus Surgery 
 A basic difference between stenting and surgery is that sur-
gery appears to provide longer lasting relief of obstruction; 
i.e., death after surgery is secondary to disease progression 
as opposed to complications of the palliation. Having said 
that, it seems that surgery and stenting for malignant GOO 
have complementary, as opposed to mutually exclusive, 
roles. Limited data suggests that “salvage” gastrojejunos-
tomy is a feasible option for those with recurrent obstruc-
tion following endoscopic stenting. The converse is also 
true, whereby stents may be used to relieve gastroenteric 
anastomotic stenosis. Advantages of stenting over surgery 
include that it is a minimally invasive approach, carries a 
low morbidity rate, has high technical and clinical success 
rates, and is less expensive  [  84,   89  ] . The results of several 
studies comparing the two treatment modalities are detailed 
in Table  18.1 ; while some outcomes favor surgery, other 
favor stenting  [  70,   82,   83,   103–  106  ] . 

 Given the variable outcomes, several systematic reviews, 
decision analyses, and meta-analyses have been performed 
to help guide patient management. In interpreting the 
 fi ndings, it should be noted that the conclusions are largely 
based on smaller, non-randomized trials, with the possibility 
of selection bias being omnipresent. Furthermore, the same 
studies were included in more than one analysis. Even then, 
there is some discordance in the  fi ndings. However, it can be 

concluded that stenting has a favorable safety pro fi le and 
does not preclude salvage gastrojejunostomy. 

 In a 2007 meta-analysis of 1,046 stented patients and 297 
GJ patients who underwent palliation Jeurnink et al. found no 
signi fi cant difference in technical success rate, early or late 
major complication rate, and postoperative persistence of 
symptoms  [  87  ] . However, they found signi fi cantly more fre-
quent recurrent obstructive symptoms (18% vs. 1%), shorter 
hospital stay (7 days vs. 13 days), and shorter mean survival 
(105 vs. 164 days) with stenting as compared with surgery. Of 
note, biliary drainage was required in 24% of patients who 
underwent stenting and in 51% of patients undergoing GJ, sug-
gesting more advanced disease in the surgical patients  [  87  ] . 

 Hosono et al., in a meta-analysis in 2007 of 9 studies with 
153 patients undergoing 307 procedures, concluded that 
stenting had a signi fi cantly higher clinical success rate, 
shorter time to resumption of oral intake, lower incidence of 
delayed gastric emptying, and shorter hospital stay than gas-
troenterostomy  [  75  ] . However, there was no signi fi cant dif-
ference in 30-day mortality. 

 Ly et al. in a systematic review in 2009 of 514 patients 
echoed many of these  fi ndings, with the comment that there 
were few randomized controlled trials  [  107  ] . They found no 
signi fi cant difference in major complication rate, length of 
survival, or 30-day mortality following endoscopic stenting 
versus open GJ. However, patients undergoing open GJ had 
a signi fi cantly higher medical complication rate (e.g., respi-
ratory infection, myocardial infarction, acute respiratory 
failure). They found that patients were more likely to tolerate 
oral intake following stenting than open GJ, and they were 
more likely to tolerate it earlier with stenting. Finally they 
also evaluated laparoscopic GJ and concluded that there was 
insuf fi cient data to make an adequate comparison between 
stenting and laparoscopic GJ  [  107  ] . They also concluded that 
likely the differences in long-term bene fi ts of stenting or GJ 
depend on the cause of the malignancy. 

 Siddiqui et al. in 2007 published the results of a decision 
analysis, based on 33 studies, comparing one-month out-
comes of surgical bypass with endoscopic stenting in patients 
with malignant GOO  [  76  ] . They concluded that endoscopic 
stenting (ES) as compared to laparoscopic or open GJ had the 
highest rate of success, lowest mortality rate, leads to earlier 
resumption of oral intake, and was the most cost-effective. 
However they noted a higher 1-month complication rate with 
stenting primarily because of obstruction. These authors con-
cluded that surgical bypass should be performed when exper-
tise for ES is lacking or it fails to relieve the obstruction.   

   Other Interventional Procedures 

 A palliative modality that is used more often in patients with 
short life expectancy and poor performance status is the 
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placement of a decompressive gastrostomy tube with or 
without a feeding jejunostomy tube  [  14,   85  ] . This may be 
performed open, laparoscopically, endoscopically, in inter-
ventional radiology, or via a combination of these modalities. 
Problems with these tubes include skin breakdown, tube dis-
lodgement, and tube blockage  [  88  ] . The presence of ascites 
is considered a contraindication for percutaneous endoscopic 
gastrostomy/jejunostomy tube placement  [  88  ] . Therapies 
that have fallen out of favor include endoscopic balloon dila-
tion and laser ablation because of low success rates  [  88  ] .   

   Conclusion: Management of Malignant GOO    

 An algorithm adapted from Adler et al.  [  67  ]  and Schmidt 
et al.  [  82  ]  to guide therapeutic intervention is described in 
the following text and in Fig.  18.6 . If a patient with malig-
nant GOO has disease that can be resected with curative 
intent, then this should be performed. If the disease cannot 
be resected for curative intent and the patient is not mori-
bund, then the options are palliative resection, gastroenteric 
bypass, or stenting. Open or laparoscopic surgery is favored 
in patients with good performance status, longer (at least 2 
months) life expectancy, and slowly progressive disease. 
Meanwhile, those with poor performance status, single site 
of obstruction, widespread disease without carcinomatosis, 
and severe medical comorbidities are candidates for endo-
scopic stent placement. In patients with poor performance 
status, less than 30-day life expectancy, multiple obstruc-
tions, and peritoneal carcinomatosis and without malignant 
ascites, the placement of a jejunal feeding tube with a gastric 
decompressive tube can be considered. In the presence of 
malignant ascites, a nasojejunal feeding tube can be placed. 
A consideration in the expectant patient is observation alone 
with comfort care.       
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         Introduction 

 Upper gastrointestinal bleeding (UGIB) is a common prob-
lem and frequently generates a consult for the acute care sur-
geon. Although very few patients with this complaint 
ultimately have any surgical intervention, surgeons have his-
torically been intimately involved in the management of 
UGIB patients. With the discovery of  Helicobacter pylori , 
effective  H. pylori  treatment and eradication regimens have 
greatly decreased the incidence of peptic ulcer disease as well 
as shifted the algorithm away from surgical treatment. 
Moreover, there appears to be a decreasing incidence and 
mortality of peptic ulcer disease as well as a decrease in acute 
UGIB related to peptic ulcer disease  [  1  ] . Recent data suggests 
that surgical intervention for any symptom or complication of 
peptic ulcer disease has declined more than 80%  [  2  ] . 
Moreover, the  fi elds of diagnostic and therapeutic endoscopy 
as well as interventional radiology have expanded in direc-
tions that have had a huge impact on the treatment options 
available for the patient with an UGIB. The role of the sur-
geon will often be to assist their colleagues in guiding the 
patient into an informed and evidence based plan of action.  

   Epidemiology and Etiology of UGIB 

 An UGIB in the USA and other industrialized nations is a rela-
tively common occurrence; it was the 30th most common 
principal diagnosis in a survey of US community hospital 

stays in 2009. There were 360,739 patients discharged with 
this diagnosis representing only 0.9% of all discharges. The 
average length of stay was 4.3 days and the mortality rate was 
2.8%  [  3  ] . Around 70–80% of UGIBs will resolve spontane-
ously  [  4  ] . However, these statistics fail to portray a complete 
picture of UGIB in that they do not include noncommunity 
hospitals, patients whose primary diagnosis was not UGIB, or 
patients who sustained an UGIB during an admission for a 
different problem. Tertiary care centers and hospitals whose 
patient population is more elderly than most would likely have 
a higher mortality rate than a community hospital. Multiple 
studies done in the USA and Europe during the late 1990s 
through 2000 demonstrated a marked difference in mortality 
between emergency admissions (3.7–11% mortality) and in-
hospital patients with UGIB (23–42% mortality)  [  5  ] . 

 An UGIB is a diagnosis for which the etiology can range 
from a single, localized disorder such as a bleeding duodenal 
ulcer in a patient with an untreated  H. pylori  infection to sev-
eral local and systemic conditions, all of which together cre-
ate the conditions necessary for an UGIB, such as a 
hemorrhagic gastritis in a patient with an acute leukemia 
undergoing chemotherapy, immunosuppression, and systemic 
anticoagulation for a recent stroke. It is important to consider 
these possibilities when beginning the diagnostic evaluation. 
Table  19.1  lists the most common etiologies of UGIB.  

   Peptic Ulcer Disease 

 Peptic ulcer disease remains the most common etiology of 
UGIB. Duodenal ulcers are the most common cause of UGIB 
both historically and currently, accounting for 20–30%  [  2,   4,   5  ] . 
Unfortunately, most studies include all duodenal ulcers, gastric 
ulcers, and often gastritis under peptic ulcer disease, despite the 
evidence that several of these conditions have different etiologies 
and potentially different surgical management. The four major 
causes of gastric and duodenal in fl ammation, ulceration, and 
bleeding are overproduction of acid,  H. pylori  infection, non-
steroidal anti-in fl ammatory drug (NSAID)-induced loss of 
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mucosal defense, and stress-induced loss of mucosal defense. 
Gastric acid and pepsin produced in the stomach, both  important 
for breakdown of food, are cytotoxic to the cells of the stomach 
and small intestine. The cells lining these organs are protected 
from these agents by a thick layer of mucus. When acid produc-
tion and mucosal defense mechanisms are in balance, acid and 
pepsin can be safely secreted without harm to the tissue. If one of 
these components is altered, breakdown of the tissue with resul-
tant in fl ammation, ulceration and bleeding may occur. The least 
common cause is true acid-overproduction, as seen in Zollinger–
Ellison syndrome. The  autoregulation of acid secretion is dis-
rupted and overwhelms mucosal defense mechanisms. 

 All other causes of in fl ammation, ulceration, and bleeding are 
essentially caused by disruptions in mucosal defense.  H. pylori , 
a motile bacterium which lives in the mucus layer of the stom-
ach, secretes several different cytotoxins that weaken the mucus 
barrier protecting the underlying cells as well as damage the cells 
directly. Increased permeability of the mucus layer allows for 
direct damage by gastric acid and pepsin; underlying cell dam-
age promotes an in fl ammatory response and decreases mucus 
production. It is estimated that 70% of gastric ulcers and 95% of 
duodenal ulcers are associated with  H. pylori  infection  [  6  ] . 

 A second mechanism by which mucosal defenses are bro-
ken down is NSAID use. NSAIDs block cyclooxygenase 
(COX) activity. COX exists in two forms in the body, COX1 
and COX2, and most NSAIDs on the market today inhibit 
both enzymes to some degree. COX1 is a constitutive enzyme 
in the gastric mucosa that converts arachidonic acid into pros-
taglandins. Prostaglandins play a cytoprotective role in the 
stomach by stimulating mucin, bicarbonate, and phospholipid 
secretion by epithelial cells. They stimulate local mucosal 
blood  fl ow and promote epithelial cell division and migration, 
all important components of mucosal repair. NSAIDs also 
appear to interfere with several other mechanisms important 
to mucosal defense such as inducible nitric oxide activity but 
these remain less well de fi ned at this time. Aspirin irrevers-

ibly binds to COX1 and the gastric mucosa requires 5–8 days 
after the last dose of aspirin to regain levels of COX1 ade-
quate to perform its cytoprotective role. The transient inhibi-
tion of COX1 by other NSAIDs such as ibuprofen and 
naproxyn allows for a faster recovery of cytoprotection, but 
consistent use of these agents causes as much damage as aspi-
rin  [  7  ] . The combination of  H. pylori  infection with NSAID 
use has a synergistic, additive effect on peptic ulcer disease. 
Both factors increase ulcer formation independently.  H. pylori  
infection increases ulcer incidence fourfold, whereas NSAID 
use increases ulcer incidence threefold. The presence of both 
increases the risk of ulcers 17-fold over patients who were  H. 
pylori  negative and non-NSAID users. More importantly, 
NSAID use increases risk of UGIB by  fi vefold over nonusers. 
 H. pylori  infection and NSAID use together increased the risk 
of bleeding 20-fold over noninfected, nonusers  [  8  ] . 

 Gastric ulcers have been categorized by their location in 
the stomach as well as by their association with acid secre-
tion. The original classi fi cation scheme subdivided gastric 
ulcers by their location in the stomach. Type I ulcers are 
located on the lesser curvature of the stomach, while Type II 
ulcers are located on the lesser curvature and are accompa-
nied by a duodenal ulcer. Type III ulcers are located in the 
prepyloric region. Type IV ulcers are located in the cardia 
near the GE junction. Type V ulcers are diffuse. Several stud-
ies done during the era prior to the discovery of  H. pylori  
correlated gastric acid secretion levels with the locations of 
these ulcers  [  9,   10  ] . The evidence suggested Types II and III 
were associated with high gastric acid secretion and Types I, 
IV, and V were not. Unfortunately, this data has not been 
updated since the discovery of the role of  H. pylori  in the 
etiology of peptic ulcer disease. Infection with  H. pylori  can 
cause hypergastrinemia and increase gastric acid secretion 
 [  11  ] . Moreover, there is data demonstrating no correlation 
between the location of a gastric ulcer and basal acid output 
 [  12  ] . Duodenal ulcers seem to be most reliably associated 
with high acid secretion; they are also overwhelmingly asso-
ciated with  H. pylori  infection. Further work needs to be 
done in this area and the historical surgical classi fi cation of 
ulcers based on high acid secretion status without consider-
ation the  H. pylori  factor needs to be reevaluated.  

   Esophageal and Gastric Varices 

 Variceal bleeding accounts for 4–30% of all UGIBs depending 
upon the study population. More importantly, it accounts for 
50–60% of UGIBs in cirrhotic patients. In a retrospective 
study of 403 cirrhotic patients with bleeding varices, 36% 
were diagnosed with cirrhosis during their  fi rst admission for 
an acute UGIB  [  13  ] . These data bring up two important points. 
First, it is important to assess any patient with an UGIB for 
signs and symptoms of cirrhosis and pursue this diagnosis 

   Table 19.1    Etiology of upper gastrointestinal bleeding (UGIB)   

 Etiology  Frequency (%) 

 Duodenal ulcer  33.2 
 Gastric ulcer  16.9 
 Varices  11.5 
 Gastric erosions  10.4 
 Neoplasms   5.2 

 Esophagitis   4.3 

 Mallory–Weiss lesions   3.2 

 Anastomotic ulcer   3.0 

 Vascular malformations   2.8 

 Rare causes, including transpapillary bleeding   2.4 

 Undetermined   5.0 

   Source : Loper fi do S, Baldo V, Piovesana E, Bellina L, Rossi K, Groppo 
M et al. Changing trends in acute upper-GI bleeding: a population based 
study. Gastrointestinal Endoscopy, 2009; 70(2): 212–224  
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with an ultrasound or computed tomography (CT) scan if nec-
essary, as the patient may not have been diagnosed with the 
disease at the time of their  fi rst UGIB. Second, although the 
slight majority of cirrhotics with UGIBs will have variceal 
bleeding, a signi fi cant number will have a non-variceal source 
of hemorrhage. This distinction is important for the treatment 
options available to the patient and treating physician.  

   Portal Hypertensive Gastropathy 

 Portal hypertensive gastropathy (PHG) is a poorly under-
stood phenomenon occurring in patients with portal hyper-
tension, usually secondary to cirrhosis, in which alterations 
in the gastric mucosa results in macroscopic changes in the 
mucosa as well as mucosal and submucosal vascular ectasia 
without histological evidence of in fl ammation. This has been 
reported to cause acute and chronic UGIB in patients with 
cirrhosis or portal hypertension. The incidence of PHG as a 
cause of UGIB is dif fi cult to estimate because the patients 
who present with this phenomenon may be misdiagnosed as 
having variceal bleeding, acute gastritis, or angiodysplastic 
lesions. These lesions appear to be caused by local changes 
in vascular tone, nitric oxide, and various cytokines. There is 
debate in the literature about the relationship between the 
degree of portal hypertension as measured by the hepatic 
venous pressure gradient and the presence or severity of 
PHG. The relationship between the severity of PHG and the 
severity of hepatic dysfunction, portal hypertension, and 
causes of hepatic dysfunction remain unclear  [  14  ] .  

   Mallory–Weiss Tear 

 Historically known as Mallory–Weiss syndrome, this cause of 
UGIB was originally associated with a triad of signs and symp-
toms: vomiting, hematemesis, and alcohol abuse. The lesions 
found at endoscopy were acute linear mucosal tears at or around 
the gastroesophageal junction, often with brisk associated arte-
rial bleeding. These tears are thought to be caused by rapid 
forceful dilation of the GE junction. It is now understood that 
this process can result from many different activities, including 
childbirth, esophageal intubation, seizures, blunt abdominal 
trauma, cardiopulmonary resuscitation (CPR), and many dif-
ferent causes of sustained retching or vomiting, including 
hyperemesis gravidarum, alcohol intoxication, and chemother-
apeutic treatments. On endoscopy, the most common appear-
ance is a single linear tear along the lesser curvature of the 
stomach at the GE junction. Less frequently, there is more than 
one tear and if present, the other sites are along the greater 
curvature, posteriorly, and very rarely anteriorly. Up to 90% of 
Mallory–Weiss lesions stop bleeding spontaneously with resus-
citation, acid suppression, and antiemetics  [  15  ] .  

   Neoplasm 

 Benign tumors of the esophagus, stomach, and duodenum will 
cause bleeding as their initial symptom in approximately 10% 
of patients. This is usually the result of ulceration of the mucosa 
overlying a submucosal mass. Malignant tumors of this area 
will also infrequently bleed although it is not a common pre-
senting symptom. Malignancies in this area include esophageal 
cancer, gastric adenocarcinoma, gastrointestinal stromal tumors 
(GISTs), and duodenal adenocarcinomas. Massive UGIB sec-
ondary to neoplastic disease is uncommon.  

   Dieulafoy Lesions 

 Dieulafoy lesions,  fi rst accurately identi fi ed in 1898, are a rare 
cause of UGIB. They account for between 3 and 5% of UGIBs, 
although they are likely underreported and misidenti fi ed as 
arteriovenous malformations and angiodysplastic lesions. 
Pathologically, a Dieulafoy lesion results when an artery trav-
elling through the wall of the gastrointestinal tract fails to nar-
row appropriately as it reaches the outer limits of its territory. 
This has also been described as a “caliber-persistent artery” in 
that it is a histologically normal vessel other than its constant 
diameter of 1–3 mm. Macroscopically these vessels run a tor-
tuous course in the submucosa. Bleeding occurs when the 
mucosa overlying the vessel breaks down and the wall of the 
vessel is injured or eroded. These lesions are not evenly dis-
tributed throughout the gastrointestinal tract. 71% are found in 
the stomach, 15% in the duodenum, and 8% in the esophagus. 
The remaining 6% are relatively evenly distributed in the rest 
of the small bowel, colon and rectum. Bleeding Dieulafoy  
lesions are more common in elderly patients already hospital-
ized. 90% of patients with lesions will have comorbidities and 
40–50% will be taking NSAIDs, aspirin, or warfarin. These 
data suggest stress or impairment of mucosal defense mecha-
nisms leading to mucosal breakdown and vessel erosion may 
be the proximal cause of bleeding in these lesions but this link 
remains elusive. Bleeding from a Dieulafoy lesion can range 
from intermittent to massive and correspondingly, presenta-
tion can range from iron-de fi ciency anemia to combined 
hematemesis and melena  [  16,   17  ] .  

   Aortoenteric Fistula 

 A primary  fi stulous connection between the upper GI tract 
and aorta is very rare. If present, it is associated with an ath-
erosclerotic aortic aneurysm in 85% of patients. Much less 
likely causes include foreign body ingestion or an infectious, 
in fl ammatory or neoplastic process. On the other hand, aor-
toenteric  fi stulae after aortic reconstruction are far more 
common. The third portion of the duodenum often directly 
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overlies the repair and is involved in 80% of all aortoenteric 
 fi stulae  [  18,   19  ] . Less common sites of secondary  fi stulization 
include the esophagus and stomach. The classic presentation 
of an aortoenteric  fi stula is abdominal pain, a pulsatile mass, 
and a spontaneously resolving “herald” GIB, followed even-
tually by massive bleeding, exsanguination, and death.  

   Transpapillary Hemorrhage 

 A less common but important group includes those patholo-
gies that result in hemobilia, or transpapillary bleeding. The 
most common cause of transpapillary bleeding is iatrogenic 
injury from hepatic or biliary procedures done percutane-
ously or endoscopically. Others include trauma, malignancy, 
hepatic artery aneurysms, arteriovenous malformations, and 
hemosuccus pancreaticus  [  4,   20  ] . Hemosuccus pancreaticus 
occurs when a pancreatic pseudocyst or other pancreatic 
in fl ammatory process erodes the surrounding tissue and 
forms a communication between the pancreatic duct and a 
peripancreatic artery or the splenic artery. These patients 
usually present with abdominal or back pain and hematoche-
zia. Although rare, it is most common in patients with chronic 
pancreatitis. On endoscopy, the bleeding will appear to be 
coming from the ampulla of Vater  [  4,   21  ] .   

   Clinical Presentation and Initial Management 

 Patients with an UGIB may present with a range of symp-
toms depending upon the rapidity and severity of the bleed-
ing. Symptoms include hematemesis, hematochezia, melena, 
occult fecal blood, anemia and fatigue. Hemodynamic insta-
bility may or may not accompany the symptoms. 

   Resuscitation 

 Management of an UGIB should begin before a diagnosis is 
made. Although many UGIBs will stop spontaneously, the cli-
nicians treating a patient with an UGIB should assume it will 
not. All patients with an UGIB should be managed initially by 
following the fundamentals of resuscitation of shock. The 
patient’s capacity to maintain a safe airway should be estab-
lished and if in doubt, the patient should be intubated. The 
patient’s cardiovascular status and the presence or absence of 
shock should be rapidly investigated and treated. If the patient 
has any signs of hemodynamic instability or visible evidence 
of large volume blood loss, the patient should have large-bore 
vascular access placed and the blood bank should be alerted 
for possible unmatched blood needs and a type and crossmatch 
for packed red blood cells. The physical exam is not as helpful 
in UGIB as it can be in other disease processes. Signs of shock, 

stigmata of liver disease, presence of peripheral vascular dis-
ease, and evidence of previous surgery can usually be investi-
gated. If gross blood or melena is not obvious, a digital rectal 
exam and fecal occult blood test should not be overlooked. 
Bloodwork should include a complete blood count, a coagula-
tion panel, a comprehensive metabolic panel and a blood type 
and screen, at minimum. If there is any history that suggests 
the patient will have abnormal coagulation studies, dysfunc-
tional, or absent platelets, fresh frozen plasma and platelets 
should be made available as well  [  21  ] . 

 A complete blood count is useful for ruling out blood dys-
crasias, and the presence or absence of thrombocytopenia. The 
hemoglobin level is useful; however, a trend in hemoglobin 
levels over time is usually more helpful depending on the clini-
cal situation. The metabolic panel will be most helpful in 
assessing the patient’s current level of renal or hepatic dysfunc-
tion, if any. Coagulation panels are useful in assessing the cur-
rent level of coagulation impairment and should be correlated 
to medication history. If a patient is coagulopathic and not tak-
ing an anticoagulant, malnutrition, DIC, and underlying liver 
disease should be urgently considered and investigated. 
Consideration should be given to ordering platelet function 
assays in patients taking platelet-altering medications. There is 
some data to recommend platelet transfusions to normalize 
function assays in patients taking platelet inhibitors who are 
having a signi fi cant bleeding problem  [  22  ] . This has not been 
studied in the setting of UGIB but deserves consideration in the 
patient with a massive or hemodynamically signi fi cant bleed.  

   History 

 Concurrent to these events, as much history as possible should 
be elicited from the patient, the family, and any other physi-
cians involved with the patient. In addition to the events sur-
rounding the UGIB, attention should be paid to any previous 
history of peptic ulcer disease or other forms of GIBs. Also, 
any history of liver disease, renal disease, malignancy, and 
cardiovascular disorders will be important as each of these 
has an implication for the etiology and management of the 
UGIB. A medication history is vital and must include not 
only prescription medications, but also over-the-counter med-
ications. Patients frequently have more dif fi culty identifying 
the type and quantity of over-the-counter drugs they are tak-
ing and often do not know the importance of their NSAID 
use, for example, in their diagnosis and management. The 
past surgical history is vital to obtain. The success of any pos-
sible intervention in these patients in particular relies on a 
clear understanding the pre-procedural anatomy. Any prior 
surgery of the foregut, hepatopancreaticobiliary system, aorta, 
peripheral vasculature, and other abdominal organs will alter 
the diagnostic and technical approach of the endoscopist, 
interventional radiologist, and acute care surgeon.  



25319 Upper Gastrointestinal Bleeding

   Nasogastric Intubation and Aspiration 

 The diagnostic pathway in an UGIB frequently overlaps with 
the treatment pathway but the  fi rst step is identifying the 
location of the blood loss as proximal or distal to the liga-
ment of Trietz. Every step taken to localize and characterize 
the source of the bleed improves the chance of successful 
treatment. A common tool to differentiate an UGIB from 
lower gastrointestinal bleeding (LGIB) is placement of a 
nasogastric tube and evaluation of the aspirate. The conven-
tional wisdom suggests a nasogastric aspirate which returns 
bilious, but not bloody,  fl uid should prompt a workup for a 
LGIB. The logic underlying this step is that an aspirate con-
taining bile re fl ects the  fl uid composition in the duodenum as 
well as the stomach; thus, bilious non-bloody  fl uid should 
rule out a source proximal to the ligament of Trietz. 
Unfortunately, this intuitive step has little evidence to sup-
port its use. Palamidessi et al. reviewed the literature for 
studies correlating  fi ndings from a nasogastric aspirate with 
an esophagogastroduodenoscopy (EGD) in patients with 
melena or hematochezia without hematemesis. They found 
only three studies that  fi t their criteria. Among these the sen-
sitivity and speci fi city of a positive NGT aspirate ranged 
from 42 to 84% and 54 to 91%, respectively, with the highest 
values in a cohort of inpatients being treated for a myocardial 
infarction when they began to have symptoms  [  23  ] . They 
conclude that a conversation with the consulting gastroenter-
ologist concerning the value of an NGT may be worthwhile. 
If an endoscopist has assessed the patient and their plan to 
perform upper or lower endoscopy will not be affected by the 
results of an NGT aspirate, then foregoing this step may be 
reasonable. Otherwise, an NGT aspirate may still be consid-
ered helpful and warranted.   

   Diagnosis and Management 

   Diagnostic and Therapeutic Endoscopy 

 After the initial resuscitation is underway, the source and eti-
ology of the UGIB must be localized. The best initial proce-
dure is usually endoscopy. EGD has proven to be the most 
important initial procedure. This modality in skilled hands 
will also offer several therapeutic options. Localization of 
the source of the bleed is critical. The success of all endo-
scopic, angiographic, and surgical interventions depends 
upon localization of the bleeding source. At the minimum, 
and with the worst conditions, an EGD can differentiate an 
UGIB from a LGIB. Should the bleeding fail to stop sponta-
neously or be controlled endoscopically, narrowing down the 
source vessels or tissues as much as possible makes the pos-
sibility of a successful angiographic or surgical intervention 
with the least amount of morbidity much more likely. 

 Therapeutic options for the endoscopist have expanded 
considerably in the last two decades. The techniques used 
will depend upon the skill and comfort of the endoscopist 
and the site and etiology of the bleeding. Options include 
epinephrine or sclerosant injection, thermal coagulation, 
hemostatic clip application, banding, or a combination of 
these techniques. Multiple trials have demonstrated that 
all of these modalities have similar ef fi cacy in arresting 
bleeding, preventing rebleeding, and reducing the need 
for urgent surgical intervention. Success after initial 
treatment can be as high as 98%  [  4,   24  ] . Additionally, 
biopsies can provide useful information and in some 
institutions,  H. pylori  testing from biopsied tissue can be 
done with results much faster than serology or other types 
of testing. Neoplastic causes of bleeding can also be 
established by biopsy and can play an important role in 
treatment strategies. Furthermore, in the case of trans-
papillary bleeding, endoscopic retrograde cholangiopan-
creatography (ERCP) can be helpful for both localization 
and treatment. Recurrent bleeding after endoscopic con-
trol is infrequent, occurring in <10% of patients in cen-
ters with strong endoscopy departments. Repeat 
endoscopy for bleeding after initial endoscopic control 
has been compared to surgical intervention and has been 
demonstrated to achieve long-term hemostasis in a major-
ity of patients while avoiding the complications of sur-
gery  [  24  ] . Repeat endoscopy is widely regarded as the 
appropriate response to evidence of rebleeding after ini-
tial endoscopic control  [  21  ] .  

   CT Scan 

 Several studies have shown a role for high resolution mul-
tidetector CT (MDCT) scan with digital subtraction 
angiography in localizing GI bleeding, including UGIBs. 
The “pooled” sensitivity and speci fi city of MDCT for GIB 
are 86% and 95%, respectively  [  25  ] . In swine and in vitro 
models, high quality MDCT imaging has been shown to 
localize bleeding as slow as 0.35–0.5 ml/min  [  26  ] . MDCT 
is currently considered “usually appropriate” by the 
American College of Radiology as the next diagnostic 
step following a negative or inconclusive endoscopy  [  4  ] . 
MDCT may be the best next step in a patient in whom an 
aortoenteric  fi stula is suspected or in a postsurgical patient 
in whom the anatomy is unclear. Additionally, if compli-
cations of neoplastic disease are high on the differential 
diagnosis, a CT scan may be highly valuable in assessing 
the extent of disease and these data could dramatically 
change further diagnostic and therapeutic plans. 
Unfortunately, at this time MDCT offers few possible 
concurrent therapeutic maneuvers and remains a solely 
diagnostic modality.  
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   Tagged Red Cell Scan 

 Technetium-99 m-labeled erythrocyte scans, commonly 
known as tagged red cell scans, are useful because they can 
detect bleeding as slow as 0.05–0.1 ml/min. The major draw-
back to this option is its limited value in localizing the bleed-
ing site. In the case of a LGIB, the relatively immobility of 
the colon can offer adequate localization for the next thera-
peutic endeavor. If the source of bleeding is in freely mobile 
viscera such as the majority of the small bowel, this informa-
tion is of limited value for any intervention. Surprisingly, 
given the relatively predictable placement of the stomach 
and duodenum, studies have shown that tagged red cell scan 
localization of bleeding lesions in these areas to be frequently 
inaccurate  [  27,   28  ] . Thus, for the UGIB, tagged red cell 
imaging is rarely appropriate.  

   Diagnostic and Interventional Angiography 

 With the exception of the discovery of the role of and treat-
ment for  H. pylori  in peptic ulcer disease, nothing has revo-
lutionized the treatment of GI bleeding as much as advances 
in interventional radiology in the last two decades. Initially, 
angiography was available as a purely diagnostic tool and 
still plays an important role in that respect. Diagnostic 
angiography can detect bleeding at rates as low as 0.5 ml/
min. Although it is generally not as helpful as endoscopy in 
characterizing the cause of bleeding, angiography can pro-
vide anatomic or structural information about lesions which 
are bleeding at the time of angiography or those that appear 
to bleed intermittently. Selective visceral angiography is 
most helpful if the source is arterial; detection of venous 
bleeding during the venous phase of the imaging is less reli-
able. Transcatheter arterial embolization (TAE) of UGIB 
source vessels involves selective visceral angiography and 
localization of the bleed. This can be expedited by visualiza-
tion of previously placed endoscopic clips. Thus, hemostatic 
clip placement at the time of endoscopy is ultimately useful 
even when the clip placement is not technically successful 
 [  29  ] . Once the site of hemorrhage has been identi fi ed, feed-
ing arteries can be embolized with coils, polyvinyl alcohol 
particles, gelfoam, iso-butyl-2-cyanoacrylate, ethibloc, or a 
combination of these products. Most studies found no differ-
ence in outcomes based on the type of agent used, although 
no randomized trials have been done to con fi rm this observa-
tion  [  4,   30  ] . If the lesion has been at minimum localized to a 
region of the stomach or duodenum by endoscopy, but can-
not be visualized by angiography, “blind” embolization of 
the vessels feeding this area can be done successfully. 

 Multiple studies have demonstrated the bene fi ts of TAE in 
UGIB when endoscopic attempts are not successful. TAE 
procedural and early clinical success rates (absence of early 

rebleeding), for bleeding after failure of endoscopic control 
range from 75 to 100% and 72 to 78%, respectfully in studies 
published from 2000 onward  [  20,   31,   32  ] . This success is 
highlighted by the fact that many of these studies were done 
in patients considered too high risk for surgery. The rebleed-
ing rate after TAE in recent studies ranges from 7 to 30%. 
The factors associated with the risk of rebleeding after TAE 
have been extensively studied and in multivariate analysis, 
the presence of coagulopathy or multiple organ failure are 
consistently associated with clinical failure or rebleeding 
 [  20  ] . The drawbacks of TAE as a treatment option include 
the requirement for a skilled interventionalist team with 24-h 
availability, possible inability to cannulate the access vessel 
secondary to narrow or tortuous vasculature, and inability to 
localize the bleeding lesion in areas where blind emboliza-
tion is not an option. Procedural drawbacks include the need 
for contrast injection and its potential risk of contrast induced 
renal insuf fi ciency, groin hematomas and pseudoaneurysms, 
transient hepatic or pancreatic ischemia after embolization, 
and late duodenal stenosis secondary to embolic ischemia. 

 There have been no randomized controlled trials compar-
ing TAE to surgery for UGIBs that have failed endoscopic 
treatment. Several groups have retrospectively compared the 
two modalities. There are numerous methodological differ-
ences amongst these studies; however, most found that patients 
who underwent embolization rather than surgery were consis-
tently older, had more comorbidities including coronary artery 
disease, and were more frequently on anticoagulation therapy 
at the time of the UGIB. Despite this, most showed no 
signi fi cant difference between surgery and TAE in terms of the 
incidence of recurrent bleeding (23–43%), nor the need for 
additional surgery  [  33–  36  ] . This data strongly supports the 
argument to proceed with angiography and TAE if endoscopic 
management fails. In cases of transpapillary bleeding, TAE 
has had excellent results. In studies of TAE in transpapillary 
bleeding published since 1999, the technical and clinical suc-
cess rates of TAE have been 88–100% and 75–100%, respec-
tively. The rebleeding rates in these studies ranged from 0 to 
21% with major complication rates of 0–3%  [  20  ] . 

 The therapeutic options now available for interventional 
radiologists are various and are not con fi ned to the angio-
graphic approach. They include transjugular intrahepatic 
portosystemic shunts (TIPS) as well. TIPS insertion for 
variceal bleeding unresponsive to endoscopic management 
has excellent outcomes in cessation of bleeding. If combined 
with variceal embolization, the rate of rebleeding is reduced 
further. It is equally ef fi cacious as surgical porto-systemic 
shunts in cirrhotics. Shunts of either type are associated with 
an increased risk or exacerbation of hepatic encephalopathy. 
The newer TIPS stents are associated with a secondary pat-
ency rate of 90% or higher; additionally, TIPS can be 
exchanged percutaneously for occlusion and downsized for 
medically refractory encephalopathy  [  4  ] .   
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   Surgery 

 Historically, surgical intervention was the de fi nitive treatment 
of UGIBs. Fifty years ago, there were neither endoscopic nor 
angiographic options; medical treatment of  H. pylori  was 
unknown. The etiology of UGIB was different. Peptic ulcer 
disease was more common and occurred in younger patients. 
Fewer UGIB patients were elderly, on chronic immunosup-
pression or anticoagulation; none had freshly placed coronary 
artery stents. Critical care-related illnesses were infrequent as 
critical care was in its infancy. Transplants and TIPS proce-
dures were not available for patients with end stage liver dis-
ease, nor was dialysis available for patients with end stage 
renal disease. The surgical therapy of UGIB evolved in a 
patient population and health care system very different from 
today. The procedures were developed with few goals in 
mind: cessation of bleeding and acid suppression for peptic 
ulcer disease and portosystemic shunts for complications of 
cirrhosis. The morbidity of these procedures was acceptable 
as there were seldom any alternatives to surgical therapy. 
Today, the patient population has changed, the etiologies of 
UGIBs have changed, and many nonsurgical therapies are 
available. However, surgery is still required in some cases and 
the procedures available to the surgeon need to be understood. 
Some acute care surgeons may work in austere environments 
in which other modalities are not available locally or region-
ally. Early surgical intervention is lifesaving if less invasive 
methods of hemostasis are not options. Once an operation has 
been selected, it needs to be performed well and ef fi ciently. 
Fewer and fewer acute care surgeons have seen or done any 
of the procedures used for UGIB in training. 

   Duodenotomy and Ligation of the Bleeding 
Vessel 

 This approach is most frequently used for a bleeding duo-
denal ulcer on the posterior wall of the lumen. An upper 
midline incision is made. The duodenum is mobilized and 
palpated for the location of the ulcer. An anterior longitudi-
nal duodenotomy is made at the level of the posterior ulcer. 
The bleeding source is usually an erosion into the lumen of 
the gastroduodenal artery. Nonabsorbable sutures are used 
to ligate the vessel proximal and distal to the bleeding 
lumen. A third “U-stitch” is placed medial to the bleeding 
area to control in fl ow from the tranverse pancreatic artery 
(see Fig.  19.1 ). All of these sutures must be placed with 
care and precision in order to avoid any injury to the adja-
cent common bile duct. Once hemostasis has been achieved, 
the duodenotomy is closed transversely, most often with 
the Heineke-Mikulicz pyloroplasty, to avoid any postopera-
tive obstructive symptoms  [  37,   38  ] .   

   Truncal Vagotomy and Pyloroplasty 

 At this point, a truncal vagotomy can be added to the proce-
dure. The left lobe of the liver is retracted and the body of the 
stomach is retracted caudad. This facilitates exposure of the 
gastroesophageal junction. The peritoneum overlying the 
junction is divided with scissors. Blunt dissection with a  fi nger 
is used to encircle the esophagus, which is then looped with a 
Penrose drain. The drain can be used to retract and maneuver 
the esophagus while the anterior and posterior trunks of the 
vagus are identi fi ed. A nerve hook can be used to elevate the 

  Fig. 19.1    Duodenotomy 
with appropriate suture 
placement on gastroduodenal 
and transverse pancreatic 
arteries. Reprinted with 
permission from Fischer JE, 
Jones DB. Chapter 77 In: 
 Mastery of Surgery . 5th 
Edition. Fischer JE, Bland KI 
(eds). Philadelphia: 
Lippincott Williams & 
Wilkins; 2007       
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trunk up and away from the surrounding tissue. A 2 cm section 
of each nerve is resected, inspected to verify that it is neural 
tissue and then sent to pathology. At least 5 cm of space above 
the GE junction should be exposed to identify any accessory 
nerves not resected initially. The most common error here is 
missing the “criminal nerve of Grassi,” a branch of the vagus 
originating from the posterior trunk which travels anteriorly 
and to the left of the esophagus. Once all accessory branches 
have been identi fi ed and ligated the area is inspected for hemo-
stasis and the procedure is terminated  [  37  ] .  

   Highly Selective Vagotomy 

 A highly selective vagotomy is intended to divide the vagal 
branches responsible for stimulation of the acid producing cells 
of the stomach while retaining smooth muscle innervation to 
the antrum of the stomach. The approach begins the same as 
the truncal vagotomy with exposure of the GE junction. The 
avascular plane along the lesser curvature of the stomach is 
divided. The anterior vagus is identi fi ed and the nerve of 
Latarjet is identi fi ed. This nerve gives off branches along the 
lesser curvature resembling “crow’s feet.” These branches are 
divided in a distal to proximal direction, leaving the branches 
6 cm proximal to the pylorus intact. The rest can be ligated or 
divided using a harmonic scalpel all the way to the GE junction 
including any accessory branches 6–7 cm proximal to the GE 
junction. The posterior trunk is identi fi ed and the posterior 
nerve of Latarjet is identi fi ed and exposed down to the starting 
point, 6 cm proximal to the pylorus. Again, moving from distal 
to proximal, the “crow’s feet” between the posterior nerve of 
Latarjet and the lesser curvature are divided all the way to the 
GE junction and any accessory branches found in the 6 cm 
cephalad to the GE junction. Lastly, the right gastroepiploic 
pedicle, found 10 cm proximal to the pylorus along the greater 
curvature of the stomach is identi fi ed and divided  [  37,   39  ] .  

   Distal Partial Gastrectomy 

 The distal partial gastrectomy broadly describes any surgery 
removing the distal portion of the stomach, from antrectomy 
to subtotal gastrectomy. The more familiar eponymous 
names such as Bilroth I or Bilroth II refer to variations on 
how the remnant portion of the stomach is reconnected to 
the rest of the GI tract. The operations can be used for bleed-
ing ulcer in the duodenum as well as bleeding ulcers in the 
stomach. These are usually done through an upper midline 
incision. Classically, the dissection begins by dividing the 
gastrocolic ligament and the gastroepiploic vessels midway 
along the length of the greater curvature. This area will 
eventually be the distal resection point of the stomach and 
form part of the gastroenteric anastomosis. This starting 
point can be modi fi ed depending upon the location of the 

bleeding ulcer in order to excise the in fl amed tissue ade-
quately and have healthy gastric tissue in this area to form 
the future anastomosis. Once the division point along the 
grater curvature has been selected, the gastrohepatic liga-
ment is incised. Blunt dissection can be used to free the 
stomach from the underlying tissue of the lesser sac until a 
Penrose drain can be looped around the stomach. The duo-
denum is mobilized using a Kocher maneuver to loosen as 
much of the duodenum as possible for a tension free anasto-
mosis if a gastroduodenal anastomosis is planned. Dissection 
along the stomach continues distally until the  fi rst portion of 
the duodenum is freed. The gastroduodenal artery is a good 
landmark for the transition between the free and the  fi xed 
portions of the duodenum. Once this is free, the dissection 
continues along the lesser curvature and includes ligation of 
the right gastric artery and preservation of the left gastric 
artery. When the distal stomach is free it is divided distally 
and proximally. The proximal division can be done prior to 
the dissection towards the duodenum as well. Both sutures 
and stapling devices have been used. The gastric remnant at 
the greater curvature is re-incised to form the gastric side of 
the gastroduodenal anastomosis. The duodenum and gastric 
remnant are brought together in an end-to-end fashion and 
closed using interrupted sutures. If a tension free anastomo-
sis with healthy duodenal tissue cannot be achieved in an 
end to end fashion, there are several other options. The duo-
denal stump can be closed and the gastroduodenostomy 
formed between the stomach and the anterior wall of the 
duodenum, or an end-to-side anastomosis. Another tech-
nique that has been described for chronic bleeding ulcer of 
the posterior wall of the duodenal bulb in which the ulcer 
bed cannot be dissected away from the underlying tissue 
safely entails performing the distal gastrectomy as described, 
except for the resection of the posterior portion of the duo-
denum. The ulcer is oversewn and the ulcer bed left in place. 
The gastroduodenostomy is made with the posterior wall of 
the stomach sutured to the healthy duodenal mucosa just 
distal to the ulcer. The rest of the anastomosis proceeds in 
the same manner as the classical description. The difference 
is the ulcer bed remains in place but excluded from the GI 
tract. This method allows for suture placement in healthy 
tissue, an end-to-end reconstruction, and avoidance of the 
risks to the pancreas and portal vasculature that resection of 
the ulcer bed creates  [  40  ] . Lastly, if no gastroduodenal anas-
tomosis is possible, the duodenal stump is closed either with 
a stapler or with suture, and the GI tract is reconstructed 
with an end-to-side gastrojejunal anastomosis  [  41  ] .  

   Dieulafoy Lesions and Mallory–Weiss Lesions 

 These lesions share the distinction of being causes of 
UGIB related to neither acid production nor  H. pylori  
infection. Thus, an acid-reducing procedure is not recommended 
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for either of these lesions. Options range from a simple 
gastrotomy and oversew of the bleeding tissue to much 
larger gastric resections. Gastrotomy and oversew is most 
appropriate for a Mallory–Weiss lesion for two reasons. It 
is a benign, essentially traumatic, lesion without an under-
lying pathological process and is usually located in close 
proximity to the GE junction, an area well-known to be 
poorly tolerant of resections and anastomoses. As previ-
ously mentioned, Mallory–Weiss lesions rarely need sur-
gical intervention and should it be necessary, the simplest 
approach to achieving hemostasis is recommended. 
Similarly, 90% of Dieulafoy lesions are successfully 
treated with one endoscopic therapy, most of the remain-
der are successfully treated with a second endoscopic 
approach. If both fail, and TAE is not an option; a simple 
gastrotomy and oversew or wedge resection would be 
appropriate  [  16,   17  ] .  

   Gastric Wedge Resection 

 This has been used for bleeding from Type I ulcers located 
on the lesser curvature of the stomach and not associated 
with acid secretion. An upper midline incision is made, the 
lesser sac is entered as needed to palpate the lesion. If the 
preoperative localization and intraoperative palpation are 
excellent, the lesion can be resected in a wedge fashion using 
a stapling device. If the exact location cannot be determined, 
an anterior gastrotomy is made along a plane that can be 
incorporated into the future edge of the resection.  

   Gastric Ulcer Variations: Pauchet, Csendes, 
Kelling-Madlener 

 There are several surgical resection options described for 
Type IV gastric ulcers or other in fl ammatory processes that 
approach the GE junction. The Pauchet and Csendes proce-
dures both involve resection of the ulcer and surrounding 
in fl ammatory tissue high along the lesser curvature of the 
stomach and bringing up a roux limb to prevent a prohibi-
tive degree of narrowing of the gastric outlet. The Kelling-
Madlener is described for giant gastric ulcers in which the 
ulcer bed or surrounding in fl ammation approaches the GE 
junction but given the size and appearance of the ulcer, an 
acid-related etiology is suspected. In this unusual case, 
multiple biopsies of the lesion are taken to rule out a neo-
plastic cause, the ulcer bed is rendered hemostatic, then a 
subtotal gastrectomy, truncal vagotomy, and roux-en-Y 
reconstruction is performed leaving the ulcer in place. The 
theory behind this procedure suggests that the acid-sup-
pressive component of the procedure would allow the ulcer-
ated tissue to heal  [  42  ] .  

   Evidence-based Decision-making 

 As surgical management of UGIB becomes less and less 
common, it has become more dif fi cult to make surgical deci-
sions in an evidence-based manner. Surgical techniques for 
UGIB were designed in an era in which  H. pylori  was 
unknown and acid-suppressive medication was in its infancy. 
Medical management has evolved signi fi cantly while surgi-
cal management has not. When confronted with a patient 
who requires surgical intervention, the question of whether 
to perform a short hemostatic procedure or to perform a 
larger resection and various forms of vagotomy and recon-
struction is dif fi cult to answer. 

 There were two randomized controlled trials from the 
early 1990s which compared smaller interventions to con-
ventional resections. Poxon et al. randomized patients with 
bleeding peptic ulcers to oversew or exclusion of the ulcer 
with postoperative ranitidine or a more conventional surgery 
of the surgeon’s choice, ranging from oversew of the ulcer 
with pyloroplasty and vagotomy to partial gastrectomies 
without postoperative ranitidine. There was no signi fi cant 
difference in postoperative mortality. Both groups had 
rebleeding complications postoperatively. However, in the 
oversew and rantidine group, there was signi fi cantly higher 
mortality after rebleeding and the study was terminated 
 [  43  ] . 

 The second study randomized patients with bleeding duo-
denal ulcers to either oversew of the ulcer with pyloroplasty 
and truncal vagotomy or distal gastric resection and Bilroth I 
or II reconstruction. Again there was no statistical difference 
in mortality. The oversew group had a higher rebleeding rate 
postoperatively. There was a trend towards higher duodenal 
leak rate in the Bilroth group and a signi fi cantly higher duo-
denal leak rate in patients who had a Bilroth II reconstruc-
tion. This study has been criticized for its very low accrual 
rate and signi fi cant dropout rate  [  44  ] . Both of these studies 
were completed before the advent of proton-pump inhibitors, 
 H. pylori  eradication, endoscopic therapy, or TAE. There has 
been no randomized controlled trial of surgical technique in 
UGIB for almost 20 years. The utility of these techniques is 
unclear. Certainly the skills to safely oversew an ulcer or 
resect a portion of the stomach or duodenum that would not 
tolerate a more minimal approach need to be maintained. 
However, the utility of adding the acid-suppressive compo-
nents in the acute UGIB scenario is questionable. There is 
strong evidence that  H. pylori  infection or  H. pylori  infection 
with concomitant NSAID use are the causes of most peptic 
ulcer disease. In some areas, one of these two factors is 
involved in 98.4% of duodenal ulcers and 95.9% of gastric 
ulcers  [  45  ] . Two randomized controlled trials in 1995 dem-
onstrated patients with bleeding duodenal ulcers who under-
went  H. pylori  eradication had 0% recurrent bleeding at 1 
year compared to 27–33% of controls  [  46,   47  ] . Patients taking 
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NSAIDs who are  H. pylori  positive have double the risk of 
an UGIB compared with NSAID users who are not  [  8  ] . 

 There are a number of reports citing lower rates of  H. 
pylori  positivity in patients with bleeding ulcers, suggesting 
bleeding ulcers are less likely to be related to infection. 
However, further work has elucidated the weaknesses of  H. 
pylori  testing. Several tests such as the CLO test or urease 
breath test lack sensitivity even in ideal situations. False neg-
ativity is increased in situations which are fairly common for 
patients with an UGIB today. The best documented are the 
presence of fresh blood in the area and recent administration 
of antibiotics or proton pump inhibitors, all of which are very 
common in patients with an acute UGIB  [  48–  50  ] .  

   UGIB in Cirrhotic Patients 

 Variceal bleeding is a common, recurring problem in cirrhotic 
patients. It is the third most common cause of death in this 
group. Initial treatment is the same as for non-variceal bleeding: 
early resuscitation, correction of coagulopathy, and early endos-
copy. Once endoscopic investigation has con fi rmed that the 
bleeding is secondary to varices, the management is different 
from that of non-variceal bleeding. Variceal bleeding is most 
frequently initially treated with endoscopic sclerotherapy, liga-
tion, or a combination of both modalities and beta-blockade. If 
bleeding recurs, repeat endoscopy is a still an option. A second 
possibility is a surgical portosystemic shunt or a transjugular 
intrahepatic portosystemic shunting (TIPS). The purpose of 
either shunt is to decompress the portal system, lower the portal 
venous pressure and prevent rebleeding from varices. Both 
shunting procedures are associated with a risk of posttreatment 
encephalopathy. Multiple trials have investigated the bene fi ts of 
TIPS versus endoscopic retreatment. A recent meta-analysis of 
12 RCTs demonstrated TIPS was associated with a signi fi cant 
reduction in variceal rebleeding as well as death due to rebleed-
ing. However, in the analysis of posttreatment encephalopathy 
and deaths due to all causes, endoscopic retreatment was associ-
ated with better outcomes  [  51  ] . 

   Surgical Procedures for UGIB in Cirrhotics 
 TIPS procedures are modeled after earlier surgical portosys-
temic shunt procedures. These procedures are rarely done any-
more because there are other modalities available for treatment 
and, in additional to the higher risks of surgical complications 
in cirrhotics, there has always been a risk of encephalopathy 
after shunting procedures. This belief has been challenged 
recently in an RCT of emergent portocaval shunt versus endo-
scopic sclerotherapy for acute bleeding esophageal varices. 
Orloff et al. found patients treated with a portocaval shunt had 
lower risks of variceal rebleeding, lower mean transfusions 
requirements, fewer readmissions and higher median, 5-year 
and 10-year survival rates. Moreover, the shunted group had a 

lower incidence of posttreatment encephalopathy than those 
treated with sclerotherapy. Most episodes of encephalopathy 
in both groups appeared to be a result of dietary protein indis-
cretion, alcohol abuse, infection or uncontrolled diabetes. The 
major weakness of this approach was a signi fi cantly higher 
mortality rate in the  fi rst 14 days in the shunt group due to 
indeterminate causes. Despite these early deaths, it would 
appear the surgical shunting procedures were much more 
effective than has previously been reported. The authors note 
that the shunts were all done by two faculty surgeons who had 
extensive experience in shunting procedures; thus, the appar-
ent success of these shunts may not be easily replicated by 
current acute care surgeons in practice who have little experi-
ence with shunting procedures  [  52  ] .  

   The Modi fi ed Sagiura Procedure 
 For patients with variceal bleeding in whom a TIPS proce-
dure is not feasible, usually secondary to anatomical issues, 
a second option which has been promoted in Southeast Asia 
is the Sagiura procedure. Initially described and modi fi ed by 
Sagiura in the 1960s and 1970s, the current method of this 
procedure involves an upper midline incision and devascu-
larization of the distal 7 cm of the esophagus, the proximal 
2/3rds of the stomach, and the short gastric vessels. For 
patients with bleeding esophageal varices, this is followed by 
esophageal transection and reanastomosis. Other surgeons 
have added other components including fundoplication, 
pyloroplasty, vagotomy, splenectomy, or oversewing of gas-
tric varices  [  53  ] . Most early reports of the success of the 
Sagiura procedure were in patients with prehepatic portal 
hypertension, a condition infrequently seen in the acute care 
setting in the Western hemisphere  [  53  ] . However, later 
authors have found it useful in variceal bleeding in cirrhotic 
patients as well. Lee et al. reported on a case series of 41 cir-
rhotic patients with acute UGIB who had a modi fi ed Sagiura 
procedure: splenectomy, gastric and distal esophageal devas-
cularization, fundectomy, pyloroplasty and occasionally 
esophageal transection. They had a 17.1% operative mortal-
ity rate and a 26.8% complication rate. For those who sur-
vived the operation, the  fi ve year survival rate was 62%. 
Survival was higher in those patients with lower Child–Pugh 
classi fi cation and those without hepatocellular carcinoma. 
Although the operative mortality rate and complication rate 
are high, the procedure is worth considering for patients with 
few comorbidities, absence of hepatocellular carcinoma, and 
a potentially high postoperative quality of life  [  54  ] . 

 Overall predictors of mortality in acute variceal bleeding 
include encephalopathy, presence of hepatocellular carcinoma, 
inpatient status prior to the UGIB, steroid usage, abnormal 
INR or prothrombin time, creatinine and bilirubin. Several 
prognostic indices such as the Child–Pugh score, the Garden 
score, and Gatta score have been compared and found to be 
similar in their predictive power of mortality  [  55  ] .   
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   Rebleeding and Mortality in Non-variceal UGIB 

 A European study of 2,660 patients with UGIB identi fi ed 
multiple predictors of poor outcomes which the authors 
de fi ned as rebleeding, need for multiple procedures includ-
ing surgery, in-hospital mortality and 30-day mortality. The 
characteristics identi fi ed were: advanced age, cardiac failure, 
ischemic heart disease, liver disease, renal insuf fi ciency and 
renal failure, hematologic malignancy, disseminated malig-
nancy, coagulopathy, inpatient status prior to the UGIB, and 
presentation with shock  [  55  ] . 

 Rebleeding rates after UGIB range from 7 to 16%; how-
ever, the de fi nition of rebleeding is highly variable and these 
estimates should be used with caution  [  2,   56  ] . Risk factors 
for rebleeding are consistent across multiple studies and 
include shock as well as multiple components of the initial 
presentation of the bleed: hematemesis, blood in the stom-
ach, active bleeding or clot at the site, a visible vessel, and 
ulcer size. Two studies reported ulcer location at the poste-
rior duodenal bulb or high lesser curvature as predictive as 
well although location has not been consistently predictive 
 [  55,   57–  61  ] . Multiple models have been proposed to predict 
rebleeding and death: Forrest’s classi fi cation, the Rockall 
scoring system, the Cedars-Sinai Predict Index, the Blatchford 
scoring system, and the Baylor college scoring system. Most 
are fairly sensitive predictors of rebleeding or death; how-
ever, the speci fi cities and positive predictive values of each 
are very weak and consequently not great tools for surgical 
decision-making  [  62  ] . 

 Mortality after an episode of UGIB has also been stud-
ied extensively. It is important to note that most mortality 
after an UGIB is not related to bleeding or rebleeding. 
With the exception of shock, the risk factors for rebleeding 
are different from the risk factors for mortality. In a pro-
spective study of more than 10,000 patients with non-va-
riceal UGIB, Sung and his colleagues found 80% of 
mortalities were not due to bleeding or rebleeding. Terminal 
malignancy was the most common cause of death at 33.7%. 
Pulmonary disease, multiple organ failure, and cardiac dis-
ease accounted for another 23.5%, 23.9%, and 13.5% 
respectively. Of those who died of bleeding related causes, 
3% died of hemorrhage during surgery and 29% died of 
complications after surgical intervention for bleeding. In 
their analysis of factors associated with bleeding related 
mortality versus non-bleeding related mortality, use of 
NSAIDs, shock, and a clot or bleeding at the ulcer site 
increased a patient’s risk of dying from bleeding related 
issues. Similar to other studies, predictors of death after an 
UGIB included advanced age, use of NSAIDs, inpatient 
status prior to the UGIB, rebleeding, and shock. Survivors 
were younger, more likely to have a prior history of peptic 
ulcer disease and  H. pylori  infection, and more likely to 
have been admitted for the UGIB itself  [  62,   63  ] .  

   The Morbidity and Mortality of Surgical Therapy 

 The morbidity and mortality after surgical intervention for 
UGIB is dif fi cult to measure. There have been very few 
studies designed to look speci fi cally at the outcomes of sur-
gical treatment of UGIB during the last 20 years. Many 
studies which compared other forms of treatment to surgery 
were designed to focus on the outcomes of the other inter-
vention and detailed reports of the outcomes of surgical 
patients are lacking. As endoscopists and interventional 
radiologists gain expertise with treatment of UGIB, fewer 
patients need surgery; however, those who do tend to have 
failed other management strategies. The patients who pres-
ent for surgery today are likely to be more acutely ill with 
more comorbidities than the patients who presented 50 years 
ago. The best recent data available concerning the morbidity 
and mortality of surgical treatment today can be extracted 
from the studies comparing TAE to surgery after failed 
endoscopic therapy. In a retrospective case–control study, 
Eriksson et al. reported the outcomes of 91 patients with 
UGIB who failed endoscopic therapy of whom 40 received 
TAE and 51 underwent surgery. The TAE group were largely 
selected by being poor surgical candidates; thus, the patients 
in the surgery group tended to be younger and have fewer 
comorbidities than the TAE group. Eighteen percent of the 
surgical group had continued bleeding or rebleeding postop-
eratively. There was a 37% complication rate with surgery 
and a 14% 30-day mortality rate. Ripoll et al. reported on a 
similar group of patients who had failed endoscopic man-
agement and were selected for surgery versus TAE on the 
basis of their surgical risk. Surgical patients had a rebleed-
ing rate of 9%, and a mortality rate of 20.5%, most due to 
underlying disease. Eighteen percent had non-bleeding 
related complications which required a second procedure. 
Defreyne et al. retrospectively analyzed two groups of 
patients with endoscopically unmanageable UGIB. In this 
study the patients in the TAE group and the surgery group 
were not signi fi cantly different demographically, although 
patients with duodenal ulcers were more likely to have had 
surgical therapy than TAE. Lasting hemostasis was not 
achieved in 25.4% of the surgery group. Mortality was 
27.5% for these patients, more than half died of multiple 
organ failure or underlying disease. Complications of sur-
gery were not reported  [  30,   33,   34  ] . In Lau’s study of the 
utility of repeat endoscopic treatment, one group of patients 
underwent surgery after the  fi rst endoscopic treatment failed. 
This group had a complication rate of 63%. The group allo-
cated to repeat endoscopic treatment prior to salvage sur-
gery had a complication rate of 46%. All the reported 
complications of respiratory failure, myocardial infarction, 
arrhythmia, stroke, wound dehiscence, wound infection, 
hepatic failure, renal failure, stump leak and bowel ischemia 
occurred in patients who had surgery. Lau’s group found no 
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signi fi cant difference in mortality. Only one retrospective 
analysis of surgical treatment of UGIB has been published 
in the last 20 years. Clarke et al. have published the only 
recent case series of surgical treatment of UGIBs. Over 12 
years they had good documentation of only 41 surgical 
patients. Almost all had undergone endoscopy with and 
without therapeutic intervention; none had received TAE. 
Ninety percent of the procedures done on these patients 
were simple oversewing or excisions and 10% had partial 
gastrectomies. The authors reported a 56% postoperative 
complication rate and a 10% mortality rate. Only 15% of the 
complications were rebleeding; the rest were wound com-
plications and cardiopulmonary complications. They do not 
report whether TAE was an option at their institution during 
the time period of the study  [  64  ] . 

 All of these data suggest that patients in this era of endo-
scopic and interventional treatment who undergo ultimately 
undergo surgery for an UGIB do poorly. Rebleeding rates 
ranged from 9 to 18%. The mortality rates for these groups 
range from 14 to 27%; complication rates, when reported at 
all, range from 37 to 63%. Most deaths were from underlying 
disease or multiple organ failure; most complications were 
surgical infections or organ failure. None of these studies 
include information of the long-term outcomes of these 
patients. Speci fi cally, it is unknown whether those who sur-
vived were able to return to independent living or whether 
they had any assessments of their quality of life. As the 
patients suffering from UGIBs refractory to initial medical 
and endoscopic management are consistently older and have 
more comorbidities at presentation, these quality of life mea-
sures are important to consider. Surgeons consulted for these 
patients should consider the UGIB in the context of the of the 
patient’s overall state of health. It is certainly valuable to dis-
cuss any end-of-life concerns or advance directives with the 
patient or the family prior to embarking on a surgical course.   

   Conclusion: Consultation, Cooperation, 
and Transfer    

 An UGIB associated with hemodynamic instability, large 
volume or ongoing blood loss, a transpapillary source of 
bleeding, or in a patient with signi fi cant comorbidities (such 
as cirrhosis, coronary artery disease, or renal insuf fi ciency) or 
concurrent problems (such as malignancy, blood dyscrasias, 
recent cerebrovascular event, recent myocardial infarction, 
stent placement, or pulmonary embolus) will likely need a 
multidisciplinary approach. Diagnosis and treatment of these 
patients may require the services of a highly skilled endosco-
pist, interventional radiologist, intensivist, or surgeon. Their 
comorbid or concurrent conditions may require consultations 
from oncologists, cardiologists, neurologists, and nephrolo-
gists among others. They may require imaging, procedures, 

and intensive care unit (ICU) care on a 24-h availability basis. 
The physicians caring for these patients need to remain in 
close contact with the specialists assisting with diagnosis and 
treatment in order to develop a treatment plan or algorithm 
for the patient. As information is collected and the complex-
ity of the patient’s problem is revealed, the resources avail-
able at the treating institution should be frequently reassessed. 
If it appears that complexity and possible needs of the patient 
are not appropriate to the institution, consideration should be 
made to transfer the patient to a facility that can provide these 
services. A consultation over the phone with a physician at a 
referral center can often help with a decision to keep or trans-
fer a patient. Awareness of the strengths and weaknesses of 
the treating institution, close communication with other spe-
cialists involved in the patient’s care, and a planned set of 
criteria for transfer are immensely helpful in providing qual-
ity patient care and resource management.      

      References 

    1.    Lanas A. Editorial: upper GI bleeding-associated mortality: chal-
lenges to improving a resistant outcome. Am J Gastroenterol. 
2010;105(1):90–2.  

    2.    van Leerdam ME. Epidemiology of acute upper gastrointestinal 
bleeding. Best Pract Res Clin Gastroenterol. 2008;22(2):209–24.  

    3.   Statistics for U.S. community hospital stays, prinicpal diagnosis 
based on CCS, 2009. 2011. Agency for Healthcare Research and 
Quality. 7-13-2001. Ref Type: Online Source  

    4.    Schenker MP, Majdalany BS, Funaki BS, et al. ACR Appropriateness 
Criteria(R) on upper gastrointestinal bleeding. J Am Coll Radiol. 
2010;7(11):845–53.  

    5.    van Leerdam ME, Vreeburg EM, Rauws EA, et al. Acute upper GI 
bleeding: did anything change? Time trend analysis of incidence 
and outcome of acute upper GI bleeding between 1993/1994 and 
2000. Am J Gastroenterol. 2003;98(7):1494–9.  

    6.    Ford AC, Delaney BC, Forman D, Moayyedi P. Eradication therapy 
for peptic ulcer disease in  Helicobacter pylori  positive patients. 
Cochrane Database Syst Rev. 2006; (2):CD003840.  

    7.    Feldman M, Shewmake K, Cryer B. Time course inhibition of gas-
tric and platelet COX activity by acetylsalicylic acid in humans. 
Am J Physiol Gastrointest Liver Physiol. 2000;279(5):G1113–20.  

    8.    Papatheodoridis GV, Papadelli D, Cholongitas E, Vassilopoulos D, 
Mentis A, Hadziyannis SJ. Effect of helicobacter pylori infection 
on the risk of upper gastrointestinal bleeding in users of nonsteroi-
dal anti-in fl ammatory drugs. Am J Med. 2004;116(9):601–5.  

    9.    Johnson HD. Gastric ulcer: classi fi cation, blood group character-
istics, secretion patterns and pathogenesis. Ann Surg. 1965;
162(6):996–1004.  

    10.    Vesely KT, Kubickova Z, Dvorakova M. Clinical data and char-
acteristics differentiating types of peptic ulcer. Gut. 1968;9(1):
57–68.  

    11.    Sachs G, Shin JM, Munson K, et al. Review article: the control of 
gastric acid and  Helicobacter pylori  eradication. Aliment Pharmacol 
Ther. 2000;14(11):1383–401.  

    12.    Collen MJ, Sheridan MJ. Gastric ulcers differ from duodenal ulcers. 
Evaluation of basal acid output. Dig Dis Sci. 1993;38(12):2281–6.  

    13.    Del Olmo JA, Pena A, Serra MA, Wassel AH, Benages A, Rodrigo 
JM. Predictors of morbidity and mortality after the  fi rst episode of 
upper gastrointestinal bleeding in liver cirrhosis. J Hepatol. 2000;
32(1):19–24.  



26119 Upper Gastrointestinal Bleeding

    14.    Curvelo LA, Brabosa W, Rhor R, et al. Underlying mechanism of 
portal hypertensive gastropathy in cirrhosis: a hemodynamic and 
morphological approach. J Gastroenterol Hepatol. 
2009;24(9):1541–6.  

    15.    Harbison SP, Dempsey DT. Mallory-Weiss syndrome. In: Cameron 
JL, editor. Current surgical therapy. 9th ed. Philadelphia, PA: Mosby 
Elselvier; 2008.  

    16.    Baxter M, Aly EH. Dieulafoy’s lesion: current trends in diagnosis 
and management. Ann R Coll Surg Engl. 2010;92(7):548–54.  

    17.    Lara LF, Sreenarasimhaiah J, Tang SJ, Afonso BB, Rockey DC. 
Dieulafoy lesions of the GI tract: localization and therapeutic out-
comes. Dig Dis Sci. 2010;55(12):3436–41.  

    18.    Hollander JE, Quick G. Aortoesophageal  fi stula: a comprehensive 
review of the literature. Am J Med. 1991;91(3):279–87.  

    19.    Pipinos II, Carr JA, Haithcock BE, Anagnostopoulos PV, Dossa 
CD, Reddy DJ. Secondary aortoenteric  fi stula. Ann Vasc Surg. 
2000;14(6):688–96.  

    20.    Mirsadraee S, Tirukonda P, Nicholson A, Everett SM, McPherson 
SJ. Embolization for non-variceal upper gastrointestinal tract hae-
morrhage: a systematic review. Clin Radiol. 2011;66(6):500–9.  

    21.    Hungness ES. Gastrointestinal bleeding. In: Ashley S, Wilmore D, 
editors. ACS surgery: principles and practice. BC Decker: Hamilton, 
ON; 2011.  

    22.    Rand ML, Leung R, Packham MA. Platelet function assays. 
Transfus Apher Sci. 2003;28(3):307–17.  

    23.    Palamidessi N, Sinert R, Falzon L, Zehtabchi S. Nasogastric aspira-
tion and lavage in emergency department patients with hematoche-
zia or melena without hematemesis. Acad Emerg Med. 
2010;17(2):126–32.  

    24.    Lau JY, Sung JJ, Lam YH, et al. Endoscopic retreatment compared 
with surgery in patients with recurrent bleeding after initial endoscopic 
control of bleeding ulcers. N Engl J Med. 1999;340(10):751–6.  

    25.    Chua AE, Ridley LJ. Diagnostic accuracy of CT angiography in 
acute gastrointestinal bleeding. J Med Imaging Radiat Oncol. 
2008;52(4):333–8.  

    26.    Kuhle WG, Sheiman RG. Detection of active colonic hemorrhage 
with use of helical CT:  fi ndings in a swine model. Radiology. 
2003;228(3):743–52.  

    27.    Bentley DE, Richardson JD. The role of tagged red blood cell imag-
ing in the localization of gastrointestinal bleeding. Arch Surg. 
1991;126(7):821–4.  

    28.    Winzelberg GG, McKusick KA, Froelich JW, Callahan RJ, Strauss 
HW. Detection of gastrointestinal bleeding with 99mTc-labeled red 
blood cells. Semin Nucl Med. 1982;12(2):139–46.  

    29.    Loffroy R, Guiu B. Role of transcatheter arterial embolization for 
massive bleeding from gastroduodenal ulcers. World J Gastroenterol. 
2009;15(47):5889–97.  

    30.    Defreyne L, De Schrijver I, Decruyenaere J, et al. Therapeutic deci-
sion-making in endoscopically unmanageable nonvariceal upper 
gastrointestinal hemorrhage. Cardiovasc Intervent Radiol. 
2008;31(5):897–905.  

    31.    Loffroy R, Guiu B, Cercueil JP, et al. Refractory bleeding from gas-
troduodenal ulcers: arterial embolization in high-operative-risk 
patients. J Clin Gastroenterol. 2008;42(4):361–7.  

    32.    Loffroy R, Guiu B, Mezzetta L, et al. Short- and long-term results 
of transcatheter embolization for massive arterial hemorrhage from 
gastroduodenal ulcers not controlled by endoscopic hemostasis. 
Can J Gastroenterol. 2009;23(2):115–20.  

    33.    Ripoll C, Banares R, Beceiro I, et al. Comparison of transcatheter 
arterial embolization and surgery for treatment of bleeding peptic 
ulcer after endoscopic treatment failure. J Vasc Interv Radiol. 
2004;15(5):447–50.  

    34.    Eriksson LG, Ljungdahl M, Sundbom M, Nyman R. Transcatheter 
arterial embolization versus surgery in the treatment of upper gas-
trointestinal bleeding after therapeutic endoscopy failure. J Vasc 
Interv Radiol. 2008;19(10):1413–8.  

    35.    Defreyne L, Vanlangenhove P, De VM, et al. Embolization as a  fi rst 
approach with endoscopically unmanageable acute nonvariceal 
gastrointestinal hemorrhage. Radiology. 2001;218(3):739–48.  

    36.    Larssen L, Moger T, Bjornbeth BA, Lygren I, Klow NE. 
Transcatheter arterial embolization in the management of bleeding 
duodenal ulcers: a 5.5-year retrospective study of treatment and 
outcome. Scand J Gastroenterol. 2008;43(2):217–22.  

    37.    Schirmer BD. Bleeding duodenal ulcer. In: Fischer JE, Bland KI, 
editors. Mastery of surgery. 5th ed. Philadelphia: Lippincott 
Williams & Wilkins; 2007.  

    38.    Winkleman BJ, Usatii A, Ellison EC. Duodenal ulcer. In: Cameron 
JL, editor. Current surgical therapy. 9th ed. Philadelphia, PA: Mosby 
Elselvier; 2008.  

    39.    Donahue PE. Parietal cell vagotomy versus vagotomy-antrectomy: 
ulcer surgery in the modern era. World J Surg. 2000;24(3):264–9.  

    40.    Guinier D, Destrumelle N, Denue PO, Mathieu P, Heyd B, Mantion 
GA. Technique of antroduodenectomy without ulcer excision as a 
safe alternative treatment for bleeding chronic duodenal ulcers. 
World J Surg. 2009;33(5):1010–4.  

    41.    Siewert JR, Bumm R. Distal gastrectomy with Bilroth I, Bilroth II, 
or Roux-Y reconstruction. In: Fischer JE, Bland KI, editors. 
Mastery of surgery. 5th ed. Philadelphia: Lippincott Williams & 
Wilkins; 2007.  

    42.    Fisher WE, Brunicardi FC. Benign gastric ulcer. In: Cameron JL, 
editor. Current surgical therapy. 9th ed. Philadelphia, PA: Mosby 
Elsevier; 2008.  

    43.    Poxon VA, Keighley MR, Dykes PW, Heppinstall K, Jaderberg M. 
Comparison of minimal and conventional surgery in patients with bleed-
ing peptic ulcer: a multicentre trial. Br J Surg. 1991;78(11):1344–5.  

    44.    Millat B, Hay JM, Valleur P, Fingerhut A, Fagniez PL. Emergency 
surgical treatment for bleeding duodenal ulcer: oversewing plus 
vagotomy versus gastric resection, a controlled randomized trial. 
French Associations for Surgical Research. World J Surg. 
1993;17(5):568–73.  

    45.    Arroyo MT, Forne M, de Argila CM, et al. The prevalence of peptic 
ulcer not related to  Helicobacter pylori  or non-steroidal anti-
in fl ammatory drug use is negligible in southern Europe. 
Helicobacter. 2004;9(3):249–54.  

    46.    Miehlke S, Bayerdorffer E, Lehn N, et al. Two-year follow-up of 
duodenal ulcer patients treated with omeprazole and amoxicillin. 
Digestion. 1995;56(3):187–93.  

    47.    Rokkas T, Karameris A, Mavrogeorgis A, Rallis E, Giannikos N. 
Eradication of  Helicobacter pylori  reduces the possibility of 
rebleeding in peptic ulcer disease. Gastrointest Endosc. 
1995;41(1):1–4.  

    48.    Leung WK, Sung JJ, Siu KL, Chan FK, Ling TK, Cheng AF. False-
negative biopsy urease test in bleeding ulcers caused by the buffer-
ing effects of blood. Am J Gastroenterol. 1998;93(10):1914–8.  

    49.    Grino P, Pascual S, Such J, et al. Comparison of diagnostic methods 
for  Helicobacter pylori  infection in patients with upper gastrointes-
tinal bleeding. Scand J Gastroenterol. 2001;36(12):1254–8.  

    50.    Gisbert JP, Calvet X. Review article:  Helicobacter pylori -negative 
duodenal ulcer disease. Aliment Pharmacol Ther. 
2009;30(8):791–815.  

    51.    Zheng M, Chen Y, Bai J, et al. Transjugular intrahepatic portosys-
temic shunt versus endoscopic therapy in the secondary prophy-
laxis of variceal rebleeding in cirrhotic patients: meta-analysis 
update. J Clin Gastroenterol. 2008;42(5):507–16.  

    52.    Orloff MJ, Isenberg JI, Wheeler HO, et al. Portal-systemic encephal-
opathy in a randomized controlled trial of endoscopic sclerotherapy 
versus emergency portacaval shunt treatment of acutely bleeding 
esophageal varices in cirrhosis. Ann Surg. 2009;250(4):598–610.  

    53.    Mathur SK, Shah SR, Nagral SS, Soonawala ZF. Transabdominal 
extensive esophagogastric devascularization with gastroesophageal 
stapling for management of noncirrhotic portal hypertension: long-
term results. World J Surg. 1999;23(11):1168–74.  



262 L. Gries and P. Rhee

    54.    Lee JH, Han HS, Kim HA, Koo MY. Long-term results of fundec-
tomy and periesophagogastric devascularization in patients with gas-
tric fundal variceal bleeding. World J Surg. 2009;33(10):2144–9.  

    55.    Chiu PW, Ng EK. Predicting poor outcome from acute upper gastroin-
testinal hemorrhage. Gastroenterol Clin North Am. 2009;38(2):215–30.  

    56.    Lanas A, Aabakken L, Fonseca J, et al. Clinical predictors of poor out-
comes among patients with nonvariceal upper gastrointestinal bleeding 
in Europe. Aliment Pharmacol Ther. 2011;33(11):1225–33.  

    57.    Villanueva C, Balanzo J, Espinos JC, et al. Prediction of therapeutic 
failure in patients with bleeding peptic ulcer treated with endo-
scopic injection. Dig Dis Sci. 1993;38(11):2062–70.  

    58.    Brullet E, Calvet X, Campo R, Rue M, Catot L, Donoso L. Factors 
predicting failure of endoscopic injection therapy in bleeding duo-
denal ulcer. Gastrointest Endosc. 1996;43(2 Pt 1):111–6.  

    59.    Brullet E, Campo R, Calvet X, Coroleu D, Rivero E, Simo DJ. 
Factors related to the failure of endoscopic injection therapy for 
bleeding gastric ulcer. Gut. 1996;39(2):155–8.  

    60.    Guglielmi A, Ruzzenente A, Sandri M, et al. Risk assessment and 
prediction of rebleeding in bleeding gastroduodenal ulcer. 
Endoscopy. 2002;34(10):778–86.  

    61.    Wong SK, Yu LM, Lau JY, et al. Prediction of therapeutic failure 
after adrenaline injection plus heater probe treatment in patients 
with bleeding peptic ulcer. Gut. 2002;50(3):322–5.  

    62.    Kim BJ, Park MK, Kim SJ, et al. Comparison of scoring systems 
for the prediction of outcomes in patients with nonvariceal upper 
gastrointestinal bleeding: a prospective study. Dig Dis Sci. 
2009;54(11):2523–9.  

    63.    Sung JJ, Tsoi KK, Ma TK, Yung MY, Lau JY, Chiu PW. Causes 
of mortality in patients with peptic ulcer bleeding: a prospec-
tive cohort study of 10,428 cases. Am J Gastroenterol. 
2010;105(1):84–9.  

    64.    Clarke MG, Bunting D, Smart NJ, Lowes J, Mitchell SJ. The surgi-
cal management of acute upper gastrointestinal bleeding: a 12-year 
experience. Int J Surg. 2010;8(5):377–80.      



263L.J. Moore et al. (eds.), Common Problems in Acute Care Surgery, 
DOI 10.1007/978-1-4614-6123-4_20, © Springer Science+Business Media New York 2013

         Introduction 

 Biliary tract diseases requiring emergency or urgent surgical 
evaluation and treatment are among the most common acute 
conditions encountered by the general or acute care surgeon. 
The vast majority of these conditions represent complications 
of gallstones. Contained within the gallbladder, stones may 
lead to acute cholecystitis, followed by potential sequelae 
including gallbladder empyema, gangrene, perforation, liver 
abscess, or peritonitis. An impacted stone in the gallbladder 
infundibulum, together with the in fl ammation thus caused, 
may partially obstruct the hepatic duct, or even erode into the 
adjacent duct (Mirizzi syndrome). Similarly, the stone could 
erode into the adjacent adherent duodenum, ultimately obstruct-
ing the intestine. When smaller gallstones escape the gallblad-
der via the cystic duct into the common duct, the stones, 
howsoever small, may incite an attack of acute pancreatitis. Or 
they may obstruct the common duct, causing jaundice; if the 
bile happens to harbor bacteria, then the result could be acute 
cholangitis. Cholecystitis can occur without gallstones as a 
complication of trauma or other acute conditions. Finally, 
cholecystitis and cholangitis may complicate biliary stent treat-
ment of malignant or benign bile duct stricture.  

   Acute Cholecystitis 

 Gallstones within the gallbladder are extremely common, and 
fortunately they may remain clinically silent for the lifetime of 
their host. Biliary colic is a syndrome of right upper quadrant 
or epigastric pain, lasting from several minutes to several hours, 

usually accompanied by nausea and sometimes by vomiting. 
It is caused by the transient obstruction of the gallbladder out-
let, being either the gallbladder infundibulum or the cystic 
duct, by a gallstone. Resolution of the pain follows dislodge-
ment of the offending stone, which either slips back freely into 
the gallbladder or is propelled through the cystic into the com-
mon bile duct. But if the obstruction should persist long 
enough, local edema will further secure the errant stone in 
place. The gallbladder will become edematous and in fl amed, 
and will distend with secreted  fl uid. This is acute calculus 
cholecystitis. In younger, nondiabetic patients with a short or 
no history of gallstones, the process will likely be sterile. The 
probability of infected gallbladder bile increases with age, 
presence of gallstones, diabetes, and prior elimination of the 
protection of the sphincter of Oddie, e.g., following endo-
scopic sphincterotomy or endobiliary stent placement. 

 Without treatment, acute calculus cholecystitis may 
evolve in one of several directions. If the bile is sterile, the 
obstructed gallbladder wall can remain intact, while the epi-
thelium, having absorbed bile pigment, secretes a clear  fl uid 
to reach an equilibrium of distension with elevated pressure. 
This state of affairs is called hydrops of the gallbladder. 
While usually uncomfortable it may be tolerable for a sur-
prisingly long duration before de fi nitive resolution. 

 Regions of the gallbladder’s wall are apt to become necrotic. 
Not always, but usually free perforation is prevented by the 
liver and by protective adhesions from the omentum, hepatic 
 fl exure of the colon and mesocolon, and the duodenum. 

 Gangrene is more common among diabetic patients  [  1  ]  
(as well as in those suffering acalculus cholecystitis) proba-
bly re fl ecting an ischemic mechanism compounding disten-
sion and infection (Fig.  20.1 ). A pericholecystic abscess may 
develop, contained either by surrounding omentum and vis-
cera or within the adjacent liver substance. If the wall remains 
intact, infection can produce a pus- fi lled organ termed empy-
ema of the gallbladder. Infection involving gas-producing 
organisms can generate gas within the lumen, or more espe-
cially gas within the wall of the gallbladder, called emphyse-
matous cholecystitis  [  2  ] .  

      Acute Biliary Disease       
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 On the other hand, even before the modern era of antibiot-
ics and other interventions, acute cholecystitis did often 
enough certainly resolve spontaneously. In fact, with the 
judicious use of antibiotics and support with intravenous 
 fl uids and analgesics, recovery from acute calculus cholecys-
titis without de fi nitive intervention is expected, despite the 
litany of dire complications enumerated above. What hap-
pens that permits the obstructed gallbladder to recover? In 
many patients the obstructing stone becomes dislodged. 
Perhaps progressive gallbladder distension, combined with 
sloughing of the mucosa surrounding the stone, frees the 
stone to slip back harmlessly into the body of the gallbladder. 
Restored patency of the gallbladder outlet can be documented 
in many patients who recover with the help of percutaneous 
gallbladder decompression (cholecystostomy), and these are 
typically patients selected for drainage because they did not 
quickly resolve on their own. 

 The anticipated successful outcome of medically treated 
acute cholecystitis engendered a traditional approach of 
“cooling off” the in fl amed gallbladder, followed by an elec-
tive cholecystectomy not sooner than 6 weeks after resolu-
tion of symptoms. This delay typically permitted a nonhostile 
operative  fi eld for open cholecystectomy, where acute hype-
remia of in fl ammation had subsided, and adhesions had 
resolved or softened. 

   Diagnosis of Acute Calculus Cholecystitis 

 The cardinal symptom of acute cholecystitis is abdominal 
pain of rapid but not sudden onset, developing generally in 
the right upper quadrant, or else in the epigastrium. Radiation 
of the pain toward the right scapula tip is common. Nausea 
and vomiting usually accompany the pain. The attack may 
follow prior episodes of biliary colic, the symptoms of which 
are similar but self-limited. Cholecystitis symptoms persist 
and worsen until  fi nally emergency medical attention is 

sought. On exam the patient appears worried and uncomfort-
able. Fever is generally absent or low-grade. Visible jaundice 
is rare. Abdominal exam reveals marked right upper quad-
rant tenderness, typically with localized guarding. A dis-
tended gallbladder or in fl ammatory mass can often be 
palpated. On the other hand, the in fl amed gallbladder may be 
protected by the right costal margin. In this case, a deep 
inspiratory breath will bring the gallbladder down to the pal-
pating  fi ngertips. “Murphy’s sign,” in common usage, is the 
abrupt cessation of inspiration due to pain caused by bring-
ing the in fl amed gallbladder into contact with the abdominal 
wall being depressed by the examiner’s  fi ngers. (A positive 
“ultrasonic Murphy’s sign” is the analogous effect caused by 
the ultrasound probe.) 

 Basic laboratory investigation may disclose at most a 
modest leukocytosis unless gangrene or empyema has super-
vened. Similarly, liver function tests are often unremarkable. 
Bilirubin and alkaline phosphatase are sometimes mildly 
elevated, indicating either a concomitant common bile duct 
stone or compression of the common duct by the in fl ammatory 
reaction to an impacted gallbladder stone. Likewise, amin-
otransferase levels are normal unless secondary in fl ammation 
of the adjacent liver causes mild elevation. A reasonable dif-
ferential diagnosis includes pyogenic or amoebic liver 
abscess, contained perforation of a duodenal or gastric ulcer, 
pancreatitis, or contained perforation of the hepatic  fl exure 
of the colon. Especially in older patients, concomitant gall-
bladder cancer has to be considered. 

 Ultrasound examination of the right upper quadrant is 
without doubt the single most appropriate test to evaluate 
presumed acute calculus cholecystitis  [  3  ] . In the hands of an 
experienced operator and interpreter, ultrasound reliably 
identi fi es the presence of gallbladder stones; discloses the 
presence of a nonmobile stone impacted in the infundibu-
lum; suggests acute in fl ammation by recognizing gallbladder 
distension, wall thickness (edema), and pericholecystic  fl uid; 
discovers additional liver pathology; measures the caliber of 
the intra- and extrahepatic bile ducts; assesses the status of 
the right kidney; and may, absent overlying bowel gas, pro-
vide a useful view of the head of the pancreas (Fig.  20.2 ). If 
ultrasound con fi rms calculus cholecystitis in a non-jaundiced 
patient, then no other test is necessary before executing the 
therapeutic plan.  

 Unfortunately, quality ultrasound studies are not available 
in all emergency departments, and certainly not at all hours of 
the day or night. Computed tomography (CT) scan is often 
more readily obtainable, is far less operator dependent than 
ultrasound, and physicians and surgeons are generally more 
comfortable interpreting CT scans themselves, and acting 
upon their  fi ndings. As a consequence, CT scanning is often 
performed for all acute or potentially acute abdominal condi-
tions, including likely cholecystitis. The disadvantages of CT 
scans are known: radiation exposure, potential nephrotoxicity 

  Fig. 20.1    Acute gangrenous cholecystitis (operative photograph)       
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from IV contrast infusion; sequestration of the patient from 
caregivers for a potentially critical period of time; and expense. 
Additionally, CT scan is much less sensitive than ultrasound 
for con fi rming the presence of gallstones. CT scan does of 
course reliably con fi rm signs of acute cholecystitis: gallblad-
der distension, wall edema, pericholecystic edema, contained 
perforation (Fig.  20.3 ). Furthermore, alternative diagnoses are 
likely to be ruled out or in with certainty. What if CT scan 
con fi rms a strong clinical suspicion of acute cholecystitis but 
gallstones are not seen? While a simple ultrasound will settle 
the matter of stones, the therapeutic plan is nearly always 
unchanged by that added knowledge.   

   Treatment of Acute Calculus Cholecystitis 

 The medical treatment of acute cholecystitis is straightfor-
ward. The patient is admitted to the hospital and made 
NPO to minimize gallbladder stimulation and aggravation 
of nausea and vomiting. Nasogastric suction is not neces-
sary. Intravenous hydration and parenteral pain medication 
are given. Antibiotics are withheld in the absence of signs 
of infection, but fever, leukocytosis, or other indications of 
sepsis are suf fi cient to initiate antibiotic treatment. The 
expected pathogens include mainly gram-negative bacilli 
( E .  coli ,  Klebsiella ,  Enterobacter ), for which the antibiotic 
regimen is chosen. Patients symptomatically improve 
because of this supportive treatment, regardless of the 
pathological condition of their gallbladder. They feel reas-
sured by the attention received in the hospital, and claim to 
tolerate sips of clear liquids. True recovery, however, 
requires complete resolution of right upper quadrant ten-
derness, and the temptation of a  fl avorful fried meal should 
bring a guilty grin of anticipation. 

 In the pre-laparoscopic era, medical resolution of acute 
cholecystitis followed by interval open cholecystectomy was 
generally effective, if admittedly inef fi cient. But failure of 
medical treatment required operation—either cholecystec-
tomy or, when that was not safe, open cholecystostomy. 
After several days of failed treatment, even open cholecys-
tectomy could be a tough and even treacherous operation. 
Cholecystectomy earlier in the acute attack, surgeons 
observed, was likely to be easier and safer. Adhesions were 
less dense and vascular, and edema between the gallbladder 
wall and the liver bed facilitated dissection of this plane. 
A policy of “early operation” for acute cholecystitis devel-
oped, in which “early operation” meant during the index hos-

  Fig. 20.2    Abdominal ultrasound 
examination demonstrating 
distended gallbladder with 
thickened gallbladder wall and 
impacted gallstone within 
infundibulum of gallbladder       

  Fig. 20.3    Computed tomographic scan of abdomen showing signs of 
acute cholecystitis, including gallbladder wall thickening and perich-
olecystic edema       
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pitalization, at the  fi rst convenient opening in the surgeon’s 
operating schedule. The early operation plan has been shown 
to be as safe as delayed cholecystectomy, while saving hos-
pital days and preventing intercurrent biliary attacks. 

 Elective laparoscopic cholecystectomy rapidly replaced 
open elective cholecystectomy, in spite of the early frighten-
ingly large risk of common bile duct injury. Acute cholecys-
titis was at  fi rst considered a contraindication to attempting 
laparoscopic operation. To preserve the advantages of mini-
mally invasive cholecystectomy, many surgeons returned to 
the approach of medical treatment followed by delayed 
cholecystectomy. Fortunately the hazards and perceived 
dif fi culties of laparoscopic cholecystectomy in the face of 
acute in fl ammation have gradually been answered by 
 experience, improved operative technique, and ongoing 
development of laparoscopic instrumentation. Once again, 
laparoscopic cholecystectomy early in the course of acute 
cholecystitis is demonstrably as safe as delayed operation, 
saves resources, and prevents further attacks  [  4–  6  ] . The like-
lihood of needing to convert to an open operation is the same, 
whether done early or delayed. 

 The exact optimal timing of “early cholecystectomy” 
remains the subject of study and discussion. From the patient’s 
point of view, the disease and its attendant misery and incon-
venience should be resolved as soon as safely possible, i.e., as 
soon as resuscitation is complete and medical comorbid con-
ditions have been optimized. From the gallbladder’s perspec-
tive, so long as a stone is obstructing the infundibulum or 
cystic duct, the situation is getting worse. Distension, edema, 
hyperemia, lymphatic congestion, cystic duct lymph node 
enlargement are progressive. An intact gallbladder wall soon 
may face ischemia and necrosis. A few bacteria proliferate—
will antibiotics arrive in time? and so on. A convenient win-
dow of 72 h after diagnosis and admission no longer quali fi es 
as “early,” because on a continuum of time, the earlier the 
operation is undertaken, the easier and safer the operation 
will be, the smaller the risk of having to convert to open 
cholecystectomy, and the sooner the patent is likely to leave 
the hospital and resume normal activities  [  7,   8  ] . 

 However early the operation is conducted, whether lap-
aroscopic or open, it must be given its due respect as a major, 
potentially challenging procedure. In other words, all possi-
ble support systems need to be in place or readily available. 
Are the anesthesiologists and recovery room nurses prepared 
for a potentially sick patient? Is the scrub and circulating 
operating room (OR) team intimately familiar with laparo-
scopic equipment? Is radiology rapidly available for intraop-
erative cholangiography? Are surgical assistants highly 
quali fi ed? And for the neophyte attending surgeon, is senior 
backup easily at hand? In all but the busiest medical centers, 
these requirements argue against conducting the operation at 
night. With proper personnel and dedication, a weekend 
cholecystectomy seems reasonable. The surgeon should be 

relaxed and rested, not overly stressed or sleep deprived, in 
order to perform the operation with the requisite equanimity. 
An “acute care surgery” practice model can provide the 
apparent paradox of an earlier operation, still performed dur-
ing regular daytime hours, with less disruption of the elective 
surgical schedule  [  9  ] . On the other hand, the patient will be 
ill-served by a surgeon who lacks an elective gallbladder 
practice and an interest in biliary disease. In other words, we 
agree with Strasburg that the operation for acute cholecysti-
tis demands a surgeon who demonstrates expertise in com-
plicated laparoscopic cholecystectomy  [  10  ] .   

   Operative Technique in Detail 

   Laparoscopic Cholecystectomy 

 The operation for acute cholecystitis is merely an adaptation 
or modi fi cation as necessary of the standard laparoscopic 
cholecystectomy, with which the surgeon must be entirely 
familiar. What follows is a description of the technique as it 
has evolved in our clinic. 

 The patient is positioned supine on the operating table 
with arms extended or tucked according to surgeon and anes-
thesiologist agreement. The position must accommodate the 
possibility of maneuvering a C-arm into position for a cho-
langiogram, as well as attaching a self-retaining retractor 
(e.g., Bookwalter or Omni) in the event of an open operation. 
A Foley catheter is used, anticipating a lengthy operation. 
Antibiotic prophylaxis is used unless therapeutic antibiotic 
coverage is already ongoing. Deep venous thrombosis pro-
phylaxis is instituted as well. 

 A standard four-port approach is used, beginning with an 
umbilical Hassan cannula placed using an open sharp tech-
nique. Insuf fl ation to about 15 mmHg (adjusted higher or 
lower according to circumstance) allows inspection using a 
10 mm 30 laparoscope. The lateral 5 mm port is placed near 
the anterior axillary line nearly opposite the umbilicus (higher 
if the patient is very tall). The patient is placed in reverse-
Trendelenburg, left side down position, to allow omentum and 
colon to fall away from the gallbladder. Next an 11 mm epi-
gastric port is inserted, entering the abdomen to the right of the 
falciform ligament (sometimes made easier by pulling the 
ligament to the left). The fourth port is not introduced until the 
need for gallbladder decompression has been determined. To 
do this, adhesions are separated from the gallbladder fundus. 
Omentum is pulled away with a blunt grasper. Then, exploit-
ing the plane along the gallbladder wall, a Maryland-type dis-
sector or, even better, the blunt-tipped suction-irrigator is 
insinuated and stroked upward and downward to gently sepa-
rate tissues. Usually a turgid phlegmon of omentum, mesoco-
lon, and colonic wall can be peeled off from the gallbladder in 
one piece, revealing the diseased organ. At least, a space must 
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be cleared on the dome, to permit decompression as distension 
will otherwise preclude grasping the fundus. Once the need for 
decompression is determined, the fourth trocar is placed so as 
to provide a direct pathway through the dome along the long 
axis of the gallbladder, which can be partially stabilized using 
an instrument inserted through the epigastric port. The dis-
tended viscus may be aspirated using a long needle and 
syringe; a specimen is easily gotten for culture, but emptying 
the gallbladder is tedious and incomplete. Our preferred option 
is to reintroduce the stylette into the fourth port, and thrust this 
port directly into the gallbladder, carefully avoiding a through-
and-through injury. Once the trocar is inside, the stylette is 
removed and suction applied to rapidly empty the  fl uid con-
tents. A Lukens trap in the suction circuit may be used to 
secure a sample for culture. Some spillage of content is inevi-
table as the trocar is retracted. A grasper through the lateral 
port seizes the fundus, ideally closing the perforation as well, 
though closure is inessential, and regrasping elsewhere to pro-
vide optimal retraction and exposure of dissection is far more 
important. Upward retraction of the fundus now facilitates 
separation of the remaining adhesions and exposure of the 
infundibulum. The relationship of the pylorus and duodenum 
are assessed; a  fi stula to the duodenum may be encountered 
and must be recognized and repaired. 

 The next step is to grasp the infundibulum, where all too 
often an impacted stone renders this plan impossible. If the 
stone can be milked back into the gallbladder, the problem is 
solved. Otherwise, grasp the body of the organ above the stone; 
to attempt to grasp below it is unsafe until dissection con fi rms 
the safety of the common duct. Open the peritoneum over the 
leading edge of the gallbladder where its junction with the cys-
tic duct is suspected. With the infundibulum pushed medially, 
continue in the subperitoneal plane posteriorly  fi rst, staying 
well up on the gallbladder wall, proceeding as far toward the 
fundus as possible. This opening is then deepened, gently 
spreading with the dissector and taking small bites of edema-
tous connective tissue with the hook cautery. This is the  fi rst 
step in achieving a “critical view of safety”  [  11  ] . The dissection 
is carried anteriorly on the gallbladder, skirting above the 
enlarged cystic duct lymph node, and super fi cial to the hidden 
cystic artery. Again, peritoneum and subjacent connective tis-
sue are divided as far toward the fundus as practical without 
frequent changes of grasping position. 

 The cystic duct and artery are commonly inapparent, con-
cealed by edema and an enlarged cystic duct node. As gently 
as possible, peritoneum, fat and connective tissue is teased 
and swept away from the front and back of the gallbladder 
hilum; forceful grasping or cautery of tissue is avoided until 
duct and artery are brought into view. Often, the critical 
maneuver is the mobilization of the enlarged and in fl amed 
cystic duct node. Having opened the peritoneum above the 
node, it is dissected from the gallbladder surface and gradu-
ally rolled downwards in the direction of the hepatoduodenal 

ligament. In this way, small bleeders can be cauterized with 
less risk, and dissection a plane too deep is more likely to 
open the gallbladder than the common duct. The  fi eld is 
hyperemic; some oozing is inevitable. The node can often be 
teased downward with the tip of the suction-irrigator, simul-
taneously maintaining adequate visualization with a combi-
nation of suction and hydro-dissection. Usually the discrete 
vascular pedicle of the node will be identi fi ed and, once dis-
sected, can be cauterized and divided. The node may be 
excised and removed, or merely swept further downward. 

 This maneuver will generally expose portions of the cys-
tic duct and artery, as well as the medial edge of the gallblad-
der infundibulum. While this identi fi cation of cystic duct 
will usually prove correct, the careful surgeon will now say 
aloud words to the effect of “This could well be the common 
duct” and assume that it is so until proven otherwise. The 
space between the cystic duct, artery, and gallbladder is now 
gently enlarged, both from the front and the back, by a com-
bination of delicate spreading with the dissector, and a nuz-
zling action with the blunt tip of the suction-irrigator. 
Dissection in this space is always directed  fi rst toward the 
gallbladder. Often a frenulum of connective tissue binds 
anteriorly the proximal cystic duct to the gallbladder. When 
this tissue is isolated and divided with several  fi ne applica-
tions of the hook cautery, the cystic duct straightens and fur-
ther separates from the cystic artery. 

 As the surrounding connective tissue is swept away, the 
putative cystic duct and artery (which may branch into ante-
rior and posterior branches) come into clearer view. Their 
identi fi cation is not  fi nal, however, until the gallbladder itself 
has been fully separated from the liver well up toward the 
fundus. The goal is to assure that the common or right hepatic 
duct or artery does not remain fused to the gallbladder, per-
haps misidenti fi ed as the cystic duct or artery. Having achieved 
this “critical view of safety,” the cystic duct and artery are 
controlled and divided. Cholangiography is performed selec-
tively at this point to investigate the possibility of common 
duct stones, to resolve uncertain biliary anatomy, or to con fi rm 
the safety, or otherwise, of the common bile duct. 

 Dissection of the remaining portion of the gallbladder 
from the liver may proceed smoothly in the “cholecystectomy 
plane,” which is super fi cial to the cystic plate of the gallblad-
der bed. The right hepatic duct or its tributaries, and the mid-
dle hepatic vein, or its tributaries, may lie immediately deep 
to the cystic plate. Aggressive attempts to remove the entire 
wall of the gallbladder will often penetrate deep to the cystic 
plate, especially if the operation is conducted after more than 
several days of acute in fl ammation, or if previous attacks 
have already fused the back wall of the viscus to the liver. At 
this point the operation becomes much easier and safer, and 
every bit as therapeutic, if a decision is made to leave the 
whole remaining back wall of the gallbladder in situ attached 
to the liver. The gallbladder usually has already been opened 
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deliberately for the purpose of decompression. The remaining 
mucosa, if there is any still viable, may be cauterized, though 
the value of doing so is uncertain. The gallbladder is simply 
opened again near the liver, and its wall divided circumferen-
tially using hook cautery or even a harmonic scalpel or other 
energy device. Gallstones that spilled are sought and extracted 
or placed along with the gallbladder in a retrieval bag inserted 
via the umbilical port. The operative  fi eld is generously irri-
gated and suctioned to remove debris and minimize residual 
contamination. A closed suction drain may be used if desired, 
exteriorized via one of the lateral port sites. 

 The indications to convert to an open operation are the 
same as for elective cholecystectomy, and arise somewhat 
more frequently. The patient should be well informed ahead 
of time that laparoscopic cholecystectomy may prove impos-
sible, and that conversion to an open cholecystectomy is a 
very real possibility, executed solely for the protection of the 
patient’s safety. The surgeon must never regard the decision 
to convert to an open operation as a complication or defeat, a 
failure of nerve, or an awkwardness of any other nature. 
Instead, it is a mature, conservative move that safeguards the 
patient’s safety. Remember also that while the surgeon may 
feel a sense of exasperation for having spent time, material, 
and effort in the laparoscopic attempt, the remainder of the 
operating room team will feel only relief!  

   Technique of Open Cholecystectomy 

 The technique described applies equally to a deliberately 
open or a laparoscopic converted to open cholecystectomy. In 
either case, it is understood that the operation is inherently 
dif fi cult (hence the open operation). Assistance must be ade-
quate, and exposure optimal. An upper midline incision is 
used for a patient with a particularly narrow costal angle. 
Otherwise, a right upper quadrant oblique transverse incision 
provides both good exposure and a durable closure. A true 
subcostal “Kocher” incision is popular and adequate, but it 
invariably transects two intercostal nerves, weakening the 
muscle below the incision. A somewhat  fl atter, “sabre-slash” 
incision will require more forceful retraction but spares one 
of the two intercostal nerves. Either incision should divide the 
linea alba medially, and the round and falciform ligaments, to 
ensure adequate exposure. When converting a laparoscopic 
operation to open, the port sites are incorporated into the inci-
sion only if the exposure is not compromised by doing so. 

 After separating adhesions to the gallbladder, a mechani-
cal retractor such as a Bookwalter retractor is attached to the 
table frame. Four retracting blades are used; moist lap pads 
beneath the retractor blades protect the underlying viscera 
and add a degree of friction, which minimizes slippage. A 
broad, deep blade retracts the hepatic  fl exure of the colon 
and its mesentery inferiorly. A narrower,  fl exible blade is 

adjusted to retract the duodenum inferomedially, putting the 
hepatoduodenal ligament on a slight stretch. A medium blade 
retracts segment four of the liver superiorly. The  fi nal blade 
elevates the costal margin superiorly, at least to begin. The 
value of good, stable exposure is so important that periodi-
cally during the operation, the retraction is adjusted, some-
times seemingly with obsessive concern. Occasionally, one 
or two moist packs are inserted over the liver to bring the 
gallbladder out from under the costal margin. The foramen 
of Winslow is explored with an index  fi nger to prepare for a 
possible Pringle maneuver in case the cystic artery escapes 
control. A protective moist lap pad (all laps are moist) is 
placed in Morrison’s pouch to absorb spilled gallbladder 
content. Then, through an untied purse-string suture in the 
fundus, the gallbladder is suctioned empty after a sample is 
taken for culture, and the suture tied (Fig.  20.4 ). The stones 
within the gallbladder are now palpable, including usually 
the troublemaker stuck in the infundibulum.  

 Open cholecystectomy is performed in a “fundus  fi rst” or 
top down sequence. The idea is similar to the concept of the 
“critical view of safety” applied to laparoscopic cholecystec-
tomy. The cystic duct and artery are not divided until the gall-
bladder is attached only by those structures, and this 
performance ought to avoid inadvertent common duct injury. 
The theory is only as good as its execution. In a fundus- fi rst 
cholecystectomy, the plane between gallbladder wall and liver 
(cystic plate) must be visualized and dissected with small gentle 
strokes, tissue not divided until it can be seen through. A clamp 
placed on the fundus aids retraction away from the liver. As 
the organ is separated, oozing of blood is inevitable. The tissue 
is hyperemic, and the cystic artery has not yet been tied. An 
assistant experienced with suctioning becomes truly invalu-
able. Once the gallbladder is about halfway detached from the 
liver, the retractor assigned to the costal margin is moved 
(replaced if necessary) to retract over a folded lap the bared 
gallbladder bed of the liver. This helps signi fi cantly with 
hemostasis; if possible, the retractor should elevate the liver, 
bringing the hilum of the gallbladder closer to the operator. 

 Now dissection continues to separate gallbladder from 
liver, and as the gallbladder becomes more mobile, anterior 
retraction permits separation of adhesive and developmental 
attachments between the infundibulum and duodenum. The 
top-down sequence brings the cystic artery into the  fi eld 
before the duct. The peritoneum overlying the artery is 
divided, permitting an adequate length to be freed. To ensure 
ultimate safety, the artery is ligated in continuity, using two 
ties on the proximal end, one tie on the gallbladder end, then 
dividing close to the gallbladder tie with a scalpel. 

 Now the cystic duct elongates and is cleared safely. A tie 
is secured on the gallbladder side of the duct and left long, 
not so much to prevent spillage from the gallbladder but to 
provide gentle traction for what follows. A decision will 
already have been made regarding the need for a cholangiogram. 
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The cystic duct is partially opened (a knife carrying a num-
ber 11 blade does a good job of this). The duct is milked 
backward, as small stones may be lodged therein and these 
must be removed. If retrograde  fl ow of bile emanates from 
the ductotomy, the duct is cannulated or secured. If no bile is 
seen, the cause is probably another small stone lodged more 
distally. The cystic duct is carefully mobilized in the direc-
tion of the common duct, stopping often to feel for the sus-
pected stone. The duct can be opened longitudinally as the 
mobilization progresses, so long as enough intact duct is pre-
served for a safe closure. Once the duct has been cleared of 
stones, it may be closed with a tie or suture, or a cholangio-
gram may now be obtained. 

 Solid fusion of the gallbladder to the liver is discovered 
early in the operation and compels a strategic change to sub-
total cholecystectomy. The gallbladder is opened widely and 
gallstones extracted. The wall is divided with cautery, or an 
energy device, close to the liver, downward toward the 
infundibulum, leaving the back wall safely attached. As the 
infundibulum is approached, the  fi nal stones are removed, 
including any distally impacted stone. Almost always, at this 
point, the cholecystectomy plane between gallbladder and 
cystic plate can be safely entered, and cautiously extended 
transversely behind the back wall, using a gently curved 
clamp. With the clamp as a guide, the back wall is transected, 
and the cut edge of the infundibular end grasped with one or 
two Allis forceps. Traction on these clamps permits cautious, 
safe dissection of the cystic duct and artery, allowing the 
operation to proceed as described previously. 

 Only very rarely is the  fi nal mobilization of the cystic 
duct and artery deemed too hazardous to proceed. Ideally, all 
stones can be removed, as suggested by the appearance of 
fresh bile within the infundibulum. Then, the gallbladder 
remnant may be simply sutured closed, or the duct ori fi ce 
may be oversewn from within the open remnant. Another 
good option is to cannulate the cystic and thence the com-

mon duct with a 5–8 French sterile plastic tube provided with 
several side-holes (a sterile pediatric feeding tube serves this 
purpose). The tube is secured by one or two rapidly dissolved 
sutures (e.g., catgut) and the cystic duct or infundibulum 
closed as neatly as possible around the tube, which is then 
exteriorized across the abdominal wall and ultimately will be 
attached to a drainage bag, just like a T-tube. This intubation 
has several purposes. An intraoperative or postoperative cho-
langiogram can easily be obtained. An obstructed bile duct is 
decompressed, awaiting postoperative endoscopic clearance. 
And an insecure closure of the gallbladder or duct lumen is 
protected by temporary internal drainage of the bile duct. 
A closed suction drain is left in Morrison’s pouch. The trans-
cystic biliary tube is removed after about 3 weeks in the out-
patient setting, following a satisfactory cholangiogram.  

   Percutaneous Cholecystostomy 

 Cholecystectomy may be the treatment of choice for acute 
calculus cholecystitis, but some patients are at least initially 
too sick to undergo a general anesthetic, pneumoperitoneum, 
or an operation of any sort. The reason may be an acute car-
diac condition, pulmonary insuf fi ciency, advanced malig-
nancy, or any other constellation of comorbidities mitigating 
against operation. In addition, some otherwise healthy 
enough patients present with a 5- or 6-day history of unre-
mitting pain, a tender right upper quadrant mass, and imag-
ing con fi rming an advanced pericholecystic phlegmon. Here 
too, a direct operative assault may be unwise. Historically, 
operative tube cholecystostomy, performed through a small 
incision under local anesthesia, was required to salvage such 
patients. Now, fortunately, cholecystostomy is routinely 
accomplished using a percutaneous technique. The catheter 
usually traverses the liver substance to avoid risk of intrap-
eritoneal bile spillage, but the transperitoneal route conversely 

  Fig. 20.4    Aspiration of acutely 
distended and in fl amed 
gallbladder (acute cholecystitis), 
an early step in open 
cholecystectomy       
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avoids the rare complication of hemobilia, and works as well. 
A self-retaining pigtail catheter is left within the gallbladder 
lumen, a specimen of content collected for culture, and the 
catheter attached to a drainage bag. 

 Accompanied by antibiotics and resuscitative measures, 
percutaneous cholecystostomy is very effective at relieving 
the symptoms and the associated sepsis attributed to chole-
cystitis  [  12  ] . Output from the tube, after the initial drainage, 
is at  fi rst scant, since the cystic duct or infundibulum is 
obstructed. Over time, the obstruction may resolve, heralded 
by the onset of drainage containing bile. Contrast radiogra-
phy via the tube can then be used to evaluate the gallbladder 
(not usually necessary) and the biliary tree if indicated. 

 One advantage of open tube cholecystostomy was the pos-
sibility that the gallbladder could sometimes be emptied of gall-
stones. In that case, the tube could be simply removed after a 
few weeks, without immediate recurrence of cholecystitis. 
Gallstones do eventually reform, and complications of stones 
might then develop, but patients enjoyed up to several years 
without renewed gallbladder distress. Percutaneous cholecys-
tostomy, on the other hand, alleviates cholecystitis without elim-
inating the gallstones. Simply removing the drain after recovery 
is therefore not a good plan for the long term. Patients with a 
very short life expectancy, or prohibitive operative risk, may live 
inde fi nitely with the drain in place. Percutaneous gallbladder 
stone extraction, via the dilated matured drain tract, has been 
achieved, using techniques analogous to renal stone extraction. 
Most patients will be candidates for elective interval cholecys-
tectomy. This is planned for at least 6 weeks after drainage, in 
analogy with the earlier protocol for delayed cholecystectomy 
for acute cholecystitis. There is no rush to operate, however, as 
the drain protects against recurrent cholecystitis, so patients can 
be medically optimized at a deliberate pace. Predictably, the 
cholecystectomy will not be easy. A laparoscopic start is reason-
able, but conversion to open will be anticipated. Finally, it causes 
no harm to leave the percutaneous drain in place until the opera-
tion is clearly headed toward inevitable success. Removing the 
drain while prepping the abdomen constitutes “burning a bridge” 
that the surgeon may have cause to regret if the operation needs 
to be hastily concluded.   

   Mirizzi’s Syndrome 

 When the pathology caused by one or more gallstones 
impacted in the gallbladder infundibulum or cystic duct 
extends to involve the adjacent common bile duct, the result-
ing clinical presentation is termed “Mirizzi’s syndrome” in 
honor of the South American surgeon who characterized 
these speci fi c coincident complications. In particular the 
impacted stone(s) and the edema caused thereby can cause 
bile duct obstruction by external compression. The dominant 
symptom may be cholecystitis, with concomitant jaundice, or 

the gallbladder disease may be comparatively quiescent, with 
jaundice being the principal symptom. The common duct is 
intrinsically intact, merely compressed. This is Type I 
Mirizzi’s syndrome  [  13  ] . If the stone disease smolders long 
enough without earlier acute presentation, the infundibulum 
may fuse  fi rmly to the hepatic duct; eventually pressure 
necrosis due to the impacted stone creates a  fi stula between 
these structures, and the true cystic duct is lost within the 
 fi stula and dense  fi brotic reaction. Although stones may spill 
into the bile duct via the  fi stula, the originating impacted 
stone generally remains in situ in the infundibulum. This is 
now referred to as Type II Mirizzi’s syndrome. Not rarely, a 
second gallbladder  fi stula, this one to the duodenum, is also 
present  [  14  ] . Patients with the Type II syndrome may present 
either acutely, as cholecystitis or cholangitis, or more chroni-
cally with biliary type pain and abnormal liver function 
tests. 

 A preoperative diagnosis of Mirizzi’s syndrome is useful 
enough to warrant an extended workup when possible  [  15  ] . 
A standard evaluation beginning with ultrasound will con fi rm 
the presence of stones with in fl ammation and should identify 
biliary ductal obstruction. Because gallbladder cancer or cho-
langiocarcinoma will be considered in all but the youngest 
patient, a CT scan has appeal. The bile ducts require visualiza-
tion, the choice lying between magnetic resonance imaging/
magnetic resonance cholangiopancreatography (MRI-MRCP) 
or endoscopic retrograde cholangiopancreatography (ERCP). 
The former can substitute for a CT scan while simultaneously 
ruling in or out luminal  fi lling defects (i.e., stones) in the bile 
ducts. On the other hand, ERCP can not only diagnose but, 
with sphincterotomy can generally clear common duct stones. 
Furthermore, a preoperatively placed endobiliary stent 
con fi rms several bene fi ts. Jaundice and associated cholangitis 
improve. The bile duct is more easily identi fi ed within an 
in fl ammatory phlegmon if the stent is palpable. Finally, if 
de fi nitive operative relief of the biliary obstruction for some 
reason cannot be accomplished, the preexisting endobiliary 
drain allows for a more graceful retreat. 

 Traditional open operation is still preferred, though patients 
with a presumed Type I Mirizzi syndrome may be operated 
laparoscopically  [  16  ] . All of the methods and caveats embraced 
for acute cholecystitis apply. Early opening of the gallbladder, 
and removal of the stone(s) not only facilitates the dissection, 
but an unexpected  fi stula to the duct must be found early on. 
At some point after the infundibulum has been mobilized a 
cholangiogram should be performed, even if preoperative duct 
imaging suggested simple extrinsic compression. 

 All but the hardiest laparoscopists will approach a known 
Type II Mirizzi patient via an open approach. Likewise, if a 
 fi stula is discovered laparoscopically, conversion to an open 
operation is warranted. The strategy is to open the gall-
bladder and remove all accessible stones. The cholecysto-
choledochal  fi stula is seen from within the gallbladder lumen. 
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An endobiliary stent, if present, is seen and retained. The 
gallbladder is excised, leaving a cuff of wall around the 
ori fi ce of the  fi stula. The common duct may be explored, at 
least in a limited fashion using a  fl exible choledochoscope to 
search for extra stones, and to identify a true stricture (the 
compression effect will have been relieved by extracting the 
gallbladder stones). The simplest conclusion of this opera-
tion is to insert a T-tube into the duct (through the  fi stulous 
opening) and close the cuff of residual gallbladder wall 
around the exiting limb of the tube with  fi ne absorbable 
suture  [  17  ] . The closure may not be air-tight, but the decom-
pression provided by the T-tube (and stent if present) will 
limit the bile leak. Closed suction drainage is of course used. 
If the residual gallbladder cuff de fi es any semblance of pass-
able closure around the T-tube, the defect is managed by 
anastomosis to a roux-en-y limb of jejunum. After prepara-
tion of the limb in the conventional manner, it is brought, 
preferably through an opening in the right side of the trans-
verse mesocolon, anterior to the duodenum, to lie on top of 
the bile duct/gallbladder cuff. Near the closed end of the 
roux limb, on the antimesenteric side, an opening is made to 
correspond to the size of the gallbladder cuff. Using  fi ne 
absorbable interrupted suture, the opened roux limb is anas-
tomosed to the gallbladder cuff. External drainage is pro-
vided. The anastomosis, as it heals, will not narrow the lumen 
of the bile duct. A bile leak will heal, especially with the aid 
of the endobiliary stent likely already in place.  

   Gallstone Ileus 

 The term “gallstone ileus” refers to a mechanical small bowel 
obstruction of the obturation type, caused by a gallstone within 
the bowel lumen. The stone usually obstructs near the terminal 
ileum, where the bowel lumen is narrowest. The stone entered 
the bowel via a cholecystoduodenal  fi stula, this caused by 
chronic pressure necrosis of the stone in the gallbladder, gradu-
ally burrowing its way into the duodenum. The gallbladder itself 
is chronically diseased, scarred and adhered, but not acutely 
in fl amed. Indeed, the spontaneous internal drainage of the gall-
bladder all but completely prevents acute cholecystitis. 1  

 The affected patient is usually elderly, presenting with 
signs and symptoms of a complete mechanical intestinal 
obstruction. Plain abdominal  fi lms con fi rm the obstruction, 
may demonstrate the offending gallstone in the right lower 
quadrant, and may also subtly display air within the gallblad-
der and biliary tree. A CT scan is by no means out of order, 
and will illustrate the plain X-ray  fi ndings with greater clar-
ity. Complete resuscitation is accomplished without undue 

haste. The obstruction is complete and requires operation, 
but by the same token this mechanism of obstruction poses 
no risk of strangulation. 

 The goals of operation are twofold. First, relieve the obstruc-
tion by removing the responsible gallstone. Second, search for 
other stones lurking silently within the lumen of the bowel, and 
remove them also. The stone(s) are delivered through a short 
enterotomy (Fig.  20.5 ). Whether created transversely or length-
wise, the opening is closed in a transverse direction to prevent 
narrowing of the ileal lumen. Patency of the lumen through to 
the cecum is con fi rmed. This operation is so satisfying that the 
surgeon is now tempted to address the pathology in the right 
upper quadrant. STOP! The patient is old, maybe frail, and suf-
fering the pathophysiological consequences of a bowel obstruc-
tion. The exposure is imperfect. And above all, the next step is 
no simple cholecystectomy! In other words, immediate correc-
tive biliary surgery is virtually never indicated. Recurrent gall-
stone ileus occurs, but is rare. The cholecystoduodenal  fi stula 
may spontaneously close. In any event, the patient will be in 
much better condition to tolerate de fi nitive cholecystectomy 

   1   J.B. Murphy of Chicago developed his mechanical aid to intestinal anas-
tomosis, the “Murphy button,” in part to facilitate the operation cholecys-
toenterostomy for complications of calculus gallbladder disease.  

  Fig. 20.5    Gallstone ileus (operative photographs).  Top : Gallstone 
revealed within distal ileum.  Bottom : Gallstone extracted via transverse 
enterotomy       
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and reconstruction after full recovery from the bowel obstruc-
tion and the urgent laparotomy required to correct it.       
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         Introduction 

 Among the most challenging patients for surgeons are those 
with bile duct injuries (BDIs). BDI is associated with substan-
tial morbidity, impaired quality of life, and mortality  [  1–  4  ] . 
Morbidity following BDI is reported to be as high as 47% and 
mortality anywhere from 1.7 to 9%  [  1,   5,   6  ] . Morbidity and 
mortality is related not only to the severity of the BDI and 
associated bowel injury, but also to delays in management, 
inadequate management, or complications directly related to 
failed repair. Failed repairs can result in postoperative perito-
nitis, biliary sepsis, anastomotic stricture that can result in 
long-term recurrent cholangitis, biliary cirrhosis, and death. 
Numerous studies have noted that the level of BDI correlates 
with surgical outcome, with worse outcomes occurring more 
frequently in patients with higher levels of BDI  [  7–  9  ] . 

 Swift recognition of BDIs will decrease the chances of 
signi fi cant early complications such as organ failure, sepsis or 
death. Preventative measures should always be employed where 
BDI is a risk. Sound judgment, knowledge and management are 
necessary to avoid BDI in patients at risk. However, BDI can 
occur to any surgeon, at any time, in any environment. If and 
when BDI occurs, successful outcomes require swift recogni-
tion and the knowledge of appropriate management pathways. 

 The acute care surgeon may encounter a patient with BDI 
through a variety of avenues. They may create a BDI them-
selves, they may be called to the operating room by a col-
league who has made an injury, or they may inherit a patient 
transferred to their care from an outside facility or through 
their hospital’s emergency room. This chapter provides a 

guide for the acute care surgeon on how to avoid a BDI, the 
workup of patients suspected of having a BDI (both intraop-
eratively and postoperatively), and the management of 
patients with BDIs (Fig.  21.1a–c ). The guiding principles 
discussed herein are provided while keeping in mind the 
complexity of the problem as it tends to merge variable 
patient, surgeon, and setting-speci fi c factors.   

   Epidemiology and Background 

   De fi nitions 

 BDI is a broad term used to describe a transection of, an exci-
sion of, a leak from, or a stricture of the biliary tree. Transection 
is the division of any duct in the extrahepatic or intrahepatic 
tree that results in loss of communication between segments 
of biliary branches. Excisions are identical to transections 
with the exception of a loss of an indeterminate amount of the 
bile duct. Both injuries could result, but not necessarily so, in 
drainage of bile into the peritoneal cavity, i.e., bile leak. 
Stricture is another problematic injury and does not include 
bile drainage into the peritoneal cavity; however, biliary com-
munication with ducts downstream of the stricture is pre-
vented or hindered by the narrowing of the af fl icted ducts and 
consequent dilation of the upstream ducts. 

   The Strasberg Classi fi cation System 
 There are a number of systems that have been used to classify 
BDIs. Such systems are important for understanding how the 
injury occurred, for management decisions, and for long-term 
reporting of outcomes. Of the various methods used to clas-
sify BDI, we recommend the Strasberg classi fi cation because 
it provides a reasonable approach to treatment based upon the 
type of injury  [  10  ] . The Strasberg classi fi cation organizes 
BDIs using key features and is used in this chapter to help 
direct the physician in a predetermined care pathway. 

 The Strasberg classi fi cation categorizes BDI from A 
through E (see Fig.  21.2 , Table  21.1 ). Type A through D 
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  Fig. 21.1    ( a – c ) Algorithm for management of suspicion of BDI           
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Fig. 21.1 (continued)

injuries categorize leaks, lateral injuries, occlusions and 
transected minor ducts. The de fi ning characteristic of these 
injuries is the intact communication between the intrahepatic 
ducts and the duodenum. However, this communication is 
lost in type E injuries, which are further subclassi fi ed into 
E 

1
 –E 

5
 . Each of these subcategories is indicative of a loss of 

direct communication between the intrahepatic ducts and the 
duodenum. This separation of the liver from the duodenum 
can be because of duct stenosis, complete occlusion of the 
duct or because of loss of ductal tissue as a consequence of 
duct resection. E 

2
 , E 

3
 , and E 

4
  injuries are the most common 

type of BDIs that occur during laparoscopic cholecystec-
tomy  [  10,   11  ] .     

   Etiology, Incidence, and Pathogenesis 

 Iatrogenic injury, through operative trauma, is the main cause 
of BDI, accounting for 96% of all BDIs. Injuries arise 
through mechanical causes or anatomical misidenti fi cation. 
Mechanical causes of BDI vary from direct injury via inad-
vertent transection, excision, or clip application, to indirect 
injury caused by excessive traction or cautery. Anatomical 
misidenti fi cation is commonly associated with mistaking the 
common bile duct for the cystic duct or an aberrant duct, 
which has been termed the “classic injury”  [  12  ] . Any operation 

performed in the right upper quadrant of the abdomen poses 
a risk for BDI. Operative procedures such as gastrectomy, 
pancreatectomy, hepatic resection, or exploration of the 
common bile duct (be it via endoscopic, laparoscopic, inter-
ventional transhepatic, or open approach) have been impli-
cated in BDIs. However, the highest risk procedure for 
operative biliary injury is cholecystectomy, with the laparo-
scopic approach being the leading cause  [  13  ] . 

 Laparoscopic cholecystectomy is known to provide many 
bene fi ts, namely, less pain postoperatively, earlier return of 
bowel function, fewer cosmetic defects, shorter length of 
hospital stay, earlier return to full activity, and decreased 
overall cost in comparison to open cholecystectomy  [  14–  16  ] . 
However, the incidence of BDI has dramatically increased 
with the adoption of laparoscopy as the method of choice for 
gallbladder removal. The traditional open approach to chole-
cystectomy demonstrated a stable 0.16–0.2% rate of BDI 
 [  10,   17  ] . This is in stark contrast to more recent data suggest-
ing the incidence of BDIs resulting from laparoscopic chole-
cystectomy to be between 0.3 and 0.7%  [  18  ] . These injuries, 
according to two recent studies, are more often complex, 
Strasberg class E (Table  21.1 )  [  11,   19  ] . 

 The relative low incidence of BDI during cholecystectomy 
is magni fi ed by the volume of cholecystectomies performed 
nationally. In the United States, there are approximately 
750,000 cholecystectomies performed every year, making it 



276 A. Alseidi et al.

   Ta
b

le
 2

1
.1

  
  St

ra
sb

er
g 

cl
as

si
 fi c

at
io

n 
of

 b
ile

 d
uc

t i
nj

ur
y   

 Ty
pe

 o
f 

in
ju

ry
 

 D
es

cr
ip

tio
n 

 E
xa

m
pl

es
 

 Pr
es

en
ta

tio
n 

 T
re

at
m

en
t 

 A
 

 B
ile

 le
ak

 f
ro

m
 a

 tr
an

se
ct

ed
 m

in
or

 d
uc

t 
or

 c
ys

tic
 d

uc
t t

ha
t d

oe
s 

no
t d

is
tu

rb
 th

e 
co

nt
in

ui
ty

 w
ith

 th
e 

co
m

m
on

 b
ile

 d
uc

t 

 T
ra

ns
ec

te
d 

sm
al

l d
uc

t o
f 

L
us

ch
ka

 
fr

om
 g

al
lb

la
dd

er
 f

os
sa

 o
r 

cy
st

ic
 

du
ct

 le
ak

 

 1.
 

Pa
in

 
 2.

 
Fe

ve
r 

 3.
 

Se
ps

is
 

 4.
 

M
ild

 h
yp

er
bi

lir
ub

in
em

ia
 

 5.
 

B
ilo

m
a 

or
 b

ili
ar

y 
as

ci
te

s 
 6.

 
Po

ss
ib

le
 p

er
ito

ni
tis

 

 C
lip

 o
r 

lig
at

e 
if

 o
pe

ra
te

d 
up

on
 o

r 
en

do
sc

op
ic

 s
te

nt
in

g 
 M

ai
nt

ai
ns

 c
on

tin
ui

ty
 

be
tw

ee
n 

th
e 

ce
nt

ra
l 

bi
lia

ry
 tr

ee
 a

nd
 

du
od

en
um

 

 B
 

 L
ig

at
io

n 
of

 a
be

rr
an

t r
ig

ht
 p

os
te

ri
or

 
se

ct
or

 d
uc

t o
r 

ab
er

ra
nt

 s
eg

m
en

t d
uc

t 
V

I 
or

 V
II

 

 O
cc

lu
si

on
 o

f 
ab

er
ra

nt
 r

ig
ht

 h
ep

at
ic

 
du

ct
 u

si
ng

 a
 c

lip
 

 1.
 

A
sy

m
pt

om
at

ic
 e

le
va

tio
n 

in
 

A
ST

, A
LT

, a
nd

 a
lk

al
in

e 
ph

os
ph

at
as

e 
w

ith
 n

or
m

al
 

bi
lir

ub
in

 
 2.

 
L

at
e 

pr
es

en
ta

tio
n 

as
 p

ai
n 

or
 

se
gm

en
ta

l c
ho

la
ng

iti
s 

in
 

ob
st

ru
ct

ed
 li

ve
r 

se
gm

en
t 

 3.
 

L
iv

er
 a

tr
op

hy
 o

f 
pr

ox
im

al
 li

ve
r 

se
gm

en
t o

r 
ri

gh
t p

os
te

ri
or

 
se

ct
or

 
 4.

 
C

om
pe

ns
at

or
y 

hy
pe

rt
ro

ph
y 

of
 

le
ft

 lo
be

 o
r 

ri
gh

t a
nt

er
io

r 

 O
bs

er
va

tio
n 

in
iti

al
ly

 

 C
 

 B
ile

 le
ak

 f
ro

m
 a

 d
uc

t n
ot

 in
 c

om
m

un
i-

ca
tio

n 
w

ith
 th

e 
co

m
m

on
 b

ile
 d

uc
t 

 T
ra

ns
ec

tio
n 

of
 a

n 
ab

er
ra

nt
 r

ig
ht

 
po

st
er

io
r 

se
ct

or
 o

r 
se

gm
en

t d
uc

t 
 Sa

m
e 

as
 A

 in
ju

ry
 

 L
ig

at
io

n,
 d

ra
in

ag
e 

on
ly

, o
r 

R
Y

 
he

pa
tic

oj
ej

un
os

to
m

y 
 D

 
 L

at
er

al
 in

ju
ry

 to
 m

aj
or

 d
uc

ts
 o

f 
th

e 
ex

tr
ah

ep
at

ic
 b

ili
ar

y 
tr

ee
 

 L
ac

er
at

io
n 

or
 te

ar
 o

f 
th

e 
C

H
D

, 
ne

cr
os

is
 o

f 
la

te
ra

l b
ile

 d
uc

t w
al

l 
fr

om
 c

au
te

ry
 

 Sa
m

e 
as

 A
 in

ju
ry

 
 Pr

im
ar

y 
re

pa
ir

, T
-t

ub
e,

 o
r 

R
Y

 
he

pa
tic

oj
ej

un
os

to
m

y 

 E
1 

 C
H

D
 s

tr
ic

tu
re

 o
r 

oc
cl

us
io

n 
>

2 
cm

 
be

lo
w

 th
e 

bi
lia

ry
 b

if
ur

ca
tio

n 
 R

es
ec

tio
n/

ab
la

tio
n 

w
ith

 c
au

te
ry

; 
st

en
os

is
 a

bo
ve

 th
e 

cy
st

ic
 d

uc
t 

ju
nc

tio
n 

w
ith

 a
t l

ea
st

 2
 c

m
 o

f 
C

H
D

 
be

fo
re

 th
e 

bi
fu

rc
at

io
n 

 O
bs

tr
uc

tiv
e 

ja
un

di
ce

 if
 to

ta
l 

oc
cl

us
io

n 
an

d 
no

 le
ak

. S
ig

ns
 a

nd
 

sy
m

pt
om

s 
si

m
ila

r t
o 

C
la

ss
es

 A
, C

, D
 

if
 le

ak
 p

re
se

nt
 fr

om
 p

ro
xi

m
al

 d
uc

t(
s)

 

 R
Y

 h
ep

at
ic

oj
ej

un
os

to
m

y,
 

bi
la

te
ra

l h
ep

at
ic

oj
ej

un
os

to
m

y,
 

or
 r

ig
ht

 h
em

ih
ep

at
ec

to
m

y 
w

ith
 

le
ft

 h
ep

at
ic

oj
ej

un
os

to
m

y 
if

 
se

ri
ou

s 
va

sc
ul

ar
 in

ju
ry

 to
 R

 lo
be

 

 D
is

ru
pt

io
n 

be
tw

ee
n 

m
aj

or
 b

ili
ar

y 
tr

ee
 a

nd
 

du
od

en
um

 

 E
2 

 C
H

D
 s

tr
ic

tu
re

 o
r 

oc
cl

us
io

n 
w

ith
in

 
2 

cm
 o

f 
th

e 
bi

lia
ry

 b
if

ur
ca

tio
n 

 R
es

ec
tio

n/
ab

la
tio

n 
w

ith
 c

au
te

ry
; 

st
en

os
is

 a
bo

ve
 th

e 
cy

st
ic

 d
uc

t 
ju

nc
tio

n 
w

ith
 le

ss
 th

an
 2

 c
m

 o
f 

C
H

D
 b

ef
or

e 
th

e 
bi

fu
rc

at
io

n 
 E

3 
 In

ju
ry

 to
 c

om
m

on
 h

ep
at

ic
 d

uc
t a

nd
 

bi
lia

ry
 c

on
 fl u

en
ce

 w
ith

 p
re

se
rv

at
io

n 
of

 
th

e 
ba

ck
 w

al
l 

 R
es

ec
tio

n/
ab

la
tio

n 
w

ith
 c

au
te

ry
; 

st
en

os
is

 a
t t

he
 b

if
ur

ca
tio

n 
of

 th
e 

ri
gh

t a
nd

 le
ft

 h
ep

at
ic

 d
uc

ts
 r

es
ul

tin
g 

in
 n

o 
C

H
D

 
 E

4 
 In

ju
ry

 to
 th

e 
co

n fl
 ue

nc
e 

in
cl

ud
in

g 
th

e 
ba

ck
 w

al
l r

es
ul

tin
g 

in
 th

e 
lo

ss
 o

f 
co

m
m

un
ic

at
io

n 
be

tw
ee

n 
ri

gh
t a

nd
 le

ft
 

he
pa

tic
 d

uc
ts

 

 R
es

ec
tio

n/
ab

la
tio

n 
w

ith
 c

au
te

ry
 o

f 
th

e 
C

H
D

 in
cl

ud
in

g 
th

e 
bi

fu
rc

at
io

n 

 E
5 

 C
om

m
on

 h
ep

at
ic

 d
uc

t a
nd

 r
ig

ht
 d

uc
t 

in
ju

ry
 

 R
es

ec
tio

n/
ab

la
tio

n 
w

ith
 c

au
te

ry
 o

f 
th

e 
he

pa
tic

 d
uc

t a
lo

ng
 w

ith
 in

ju
ry

 
to

 a
be

rr
an

t r
ig

ht
 d

uc
t 



27721 Bile Duct Injury

the most common abdominal operation  [  18  ] . This number 
re fl ects not only the burden of gallstone disease on the US 
population, but also the onus on surgeons to recreate a proce-
dure with exceptional high standards and to practice preven-
tive methods to avoid BDIs. Given the high volume of 
cholecystectomy and incidence of biliary injury, it is esti-
mated that between 2,250 and 5,250 BDIs occur each year.   

   Prevention and Avoidance 

 Avoidance of BDIs requires a change in the way a surgeon 
manages cholecystitis, prior to operating, and how he/she 
manages a suspicion of BDI, once in the operating room. 
The latter is discussed later in this chapter. Dr. Steven 
Strasberg has stressed the importance of “changing the cul-
ture of cholecystectomy” as a means to teach surgeons how 
to reduce BDIs during cholecystectomy  [  20,   21  ] . In his arti-
cle, he encourages surgeons to constantly assess ways to 

 prevent entering into situations that increase the chance of 
causing a BDI. An example of such a circumstance is when 
operating on a severely in fl amed gall bladder. In such set-
tings, cholecystostomy tube and antibiotics may be a safer 
option  [  22–  24  ] . While retrospective studies have concluded 
that operating on a severely in fl amed gallbladder may be 
safe, these were uniformly underpowered to assess BDIs and 
it is the experts’ opinion that in such setting BDI is more 
likely and a surgeon should consider drainage procedures as 
part of the treatment pathway  [  20,   21,   25  ] . 

 Once in the operating room, achieving the critical view of 
safety, prior to duct or artery transaction, is universally rec-
ognized as the safest and most appropriate manner of avoid-
ing BDI during cholecystectomy  [  10,   26–  28  ] . Unfortunately, 
the critical view of safety cannot be safely obtained in a large 
percentage of patients because in fl ammation, bleeding, or 
anatomic variations preclude safe dissection at the neck of 
the gallbladder. When this situation occurs, the ACS should 
adopt alternative techniques for addressing the gallbladder 
disease. Such techniques include early cholangiography 
through the gallbladder, cholecystostomy tube, conversion to 
open cholecystectomy, fundus  fi rst approach, partial chole-
cystectomy, and asking for assistance from another experi-
enced surgeon  [  29  ] . Failure to employ these techniques, and 
proceed with dissection when there is unclear anatomy or 
inability to achieve a clear critical view of safety is ill advised 
and increases the risk of causing a BDI.  

   Clinical Presentation 

 Approximately 20–30% of BDIs are appreciated during the 
index operation  [  10,   30,   31  ] . The type of injury and the sur-
gical approach used are factors in predicting early or late 
recognition. Major injuries to the main bile duct, those 
classi fi ed as types D and E, are identi fi ed intraoperatively 
one quarter to one half of the time  [  10,   32  ] . Type A and B 
injuries, however, being more subtle in nature, are rarely 
identi fi ed during the index operation  [  10  ] . The timing of rec-
ognition also differs in open versus laparoscopic cases. As 
may be expected, open cases that result in biliary injury are 
more likely to be appreciated during the index operation that 
those than occur during laparoscopic procedures  [  32  ] . 

 A BDI should be suspected or placed high on the differ-
ential diagnosis of any patient following a recent operation 
in the right upper quadrant who presents in one of two ways. 
The  fi rst is with elevation of liver function tests. More 
speci fi cally, total bilirubin and alkaline phosphatase levels 
will incrementally elevate beyond the patient’s normal lev-
els. The second presentation is due to symptoms caused by 
bilious drainage within the peritoneal cavity. This can result 
in a biloma or become diffuse in the peritoneal cavity result-
ing in biliary ascites or bile peritonitis. 

  Fig. 21.2    The Strasberg classi fi cation system for biliary injury       
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   Patient Characteristics 

 Patient demographics tend to mirror that of those that 
require procedures on or around the biliary tree. A 2005 
report compiled patient, institutional, and outcome charac-
teristics from 1991 to 2000 on patients who required recon-
struction after sustaining a BDI resulting from laparoscopic 
cholecystectomy  [  3  ] . This series found that about 2/3 of 
injuries occur in female patients with an age range of 
40–75 years old. A common misconception is that most 
patient with BDI present via the emergency department. 
The fact is that only about 35% of patients with BDI pres-
ent through the ER while 61% present in other medical 
settings (clinics, of fi ces) and a small proportion (2.5%) are 
transferred from other institutions  [  3  ] . Emergency chole-
cystectomy is associated with a higher rate of BDI (57%) 
compared to elective surgeries (31.8%). Upon discharge, 
the majority of patients with BDI (74.9%) are routed home, 
while 19.6% are transferred to short-term hospitals or 
skilled nursing facilities  [  3  ] .   

   Bile Duct Injury Diagnosis and Patient 
Management 

 It is important to note that proper management of BDI starts 
prior to de fi nitive diagnosis of an injury. Ignoring the sus-
picion of BDI is in fact often the main cause in patient dete-
rioration, and often, cause for medicolegal complications 
(see section on “ Litigation ”). The ACS is advised to treat 
any deviation in a patient’s expected postoperative recov-
ery as a potential BDI until proven otherwise. 

 Suspicion of BDI can occur intraoperatively (surgeon’s 
intuition, presence of bile, unexpected anatomy of struc-
tures) or postoperatively (deviation from normal postop-
erative recovery pathways). The exact management 
pathway an ACS follows when such suspicion arises is 
in fl uenced heavily by several factors: surgeon factors (his/
her experience level), setting factors (resources at hand 
included IR and GI support), and patient factors (patient 
stability and comorbidity and patient and family wishes). 
This section and the algorithm presented in Fig.  21.1a–c  
should help the ACS navigate these variables to achieve a 
favorable outcome. Any surgeon that is in the position of 
having to manage BDIs is encouraged to understand these 
factors and assess their personal ability, their operating 
room’s equipment, their local and regional resources, and 
their comfort level with managing BDI repair. The sur-
geon should develop a management plan for addressing 
BDI that is speci fi c to their situation and ensures the best 
possible recovery of the patient. 

   Intraoperative BDI Suspicion 

 BDI avoidance extends into the operating room before and 
after suspicion that such an injury had occurred (Fig.  21.1a ). 
Intraoperatively, the avoidance of BDI starts by halting fur-
ther progression in the operation once a suspicion of BDI 
exists. Often progression would result in a worst BDI due to 
the surgeon being in the wrong plane and, in the attempt to 
reenter into the correct plan, cause biliary or vascular struc-
tural injuries. Thus, as soon as a BDI is suspected intraopera-
tively, the procedure stops and the management of the 
possible injury begins. 

 In such a setting, the surgeon is advised to employ 
methods to better de fi ne the anatomy, such as intraopera-
tive cholangiography (IOC) or asking for a second sur-
geon to scrub in and assist in the assessment and 
management of the injury. A properly performed IOC that 
clearly shows all parts of the biliary tree (duodenum, 
CBD, CHD, CD, right anterior section, right posterior 
section, and left liver) should reassure the surgeon to pro-
ceed with the procedure. An IOC that is not complete, i.e., 
does not show all parts listed, can easily be misinterpreted 
and the ACS is advised not to ignore his/her suspicion and 
utilize techniques to complete the IOC (see section on 
“ Cholangiography ”) or ask for a second opinion. The ACS 
may also request radiology to formally read an IOC if 
there is any doubt in biliary or hepatic anatomy. 

 If a BDI is demonstrated, then the surgical expertise of the 
operating surgeon for managing BDI or that of an in house 
surgeon, dictates the next step in management. It is impor-
tant to note that BDIs occur across a spectrum and while 
expertise and skill may exist to manage low BDIs (Strasberg 
A, D, E 

1
 ), high injuries (Strasberg E 

2
 –E 

4
 ), posterior sector 

duct injuries (Strasberg B, C, E 
5
 )  [  33–  35  ]  and/or vasculobil-

iary injuries  [  36,   37  ]  require a different set of expertise and 
hepatobiliary capability that typical does not exist except in 
specialized hepatobiliary units. 

 In the event that repair of a particular BDI is beyond 
the surgeons’ or hospital’s ability, immediate phone con-
tact with a HPB referral surgeon or center is advised to 
ensure the best patient outcome. This is best accomplished 
immediately from the operating room. Again, these refer-
ral patterns are best established in advance. If immediate 
phone conversation is not possible, the surgeon is advised 
not to proceed and to establish good drainage of the injury, 
talk to the family and patient, and refer the patient with all 
documentations, images, and ensure surgeon–surgeon 
phone conversation in a timely manner. The use of a refer-
ral checklist (Table  21.2 ) is recommended to avoid errors 
of omission and affect a safe transfer to a higher level of 
care hospital and HPB surgeon.  
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 If the type of BDI lends itself to immediate intraoperative 
repair, i.e., absence of a vascular injury and the presence of 
suf fi cient surgical expertise, such repair should proceed based 
on best standards for such injury. In this situation, the surgeon 
is advised to leave the operating room, if safe, in order to 
inform the patient’s family or whomever has accompanied 
them to the hospital that an injury has occurred and additional 
surgery is going to occur in an effort to repair the injury. 
Immediate disclosure to the patient about the nature of the 
injury and repair should occur as soon as the patient is awake 
and alert. Caution is advised in ignoring an injury to the right 
hepatic artery or an accessory right hepatic artery or in under-
estimating the level of injury because immediate repair in such 
setting may result in poor long-term outcomes  [  5,   38,   39  ] .  

   Postoperative Suspicion of BDI 

 The ACS may be confronted with a patient with complica-
tions of BDI in the immediate postoperative period or months 
to years after a previous right upper quadrant operation 
(Fig.  21.1b ). Patients presenting in the immediate postopera-
tive period (e.g., less than 30 days) will usually give a history 
of never having felt well in the postoperative period and usu-
ally show signs of acute illness. The evaluation and manage-
ment of these patients is discussed in detail below. In contrast, 
patients who present with a bile duct problem months to 
years later usually have an insidious onset of symptoms that 
is related to an underlying bile duct stricture, which mani-
fests itself in the form of abdominal pain, jaundice, and/or 

cholangitis. These strictures may be secondary to an unrec-
ognized injury made at the time of operation related to a clip 
or cautery damage to the bile duct. Alternatively, a bile duct 
stricture may have evolved following BDI that was addressed 
in the immediate postoperative period from reoperation, 
endoscopic or percutaneous management. These patients 
should be referred to a surgeon and/or endoscopist experi-
enced in the management of biliary strictures. Discussion of 
these patients is beyond the scope of this chapter and the 
interested reader can read about the approach  [  40–  42  ] . 

 As stated previously, suspicion of BDI should occur when 
any patient undergoing RUQ surgery complains of abdomi-
nal problems in the early postoperative period or has an 
unexpected postoperative course. A prompt and thorough 
evaluation of these patients to exclude BDI is indicated. This 
evaluation should include physical examination, laboratory 
studies (to include liver function tests), and abdominal imag-
ing. While this evaluation is being initiated, the patient 
should be resuscitated and broad-spectrum antibiotics initi-
ated. An important early step in the evaluation process of a 
presumed BDI is for the surgeon to determine if the patient 
has an active bile leak as part of their biliary injury or if they 
have a ligated or clipped duct without a leak. This is impor-
tant because if a bile leak exists, surgical site control of the 
leak becomes the next priority (see later section    on “ Source 
control of bile leak ”). If a leak does not exist, the manage-
ment follows a different pathway (Fig.  21.1b ). 

 Abdominal imaging is best achieved by either ultrasound 
or CT scan. If ultrasound is performed, the sonographer 
should be asked to interrogate the arterial and portal  fl ow to 
the right lobe of the liver as well. In many patients ileus, 
obesity or intestinal gas may prevent clear views of the sub-
hepatic or subdiaphragmatic spaces by ultrasound. For this 
reason, an abdominal/pelvic CT scan with iv and oral con-
trast provides the most information because it can identify 
 fl uid collections anywhere in the abdomen as well as provide 
anatomical detailed information about the critical structures 
in the porta hepatis as well as integrity of arterial and portal 
blood supply to the liver. However, I.V. contrast should not 
be given to a patient if they are dehydrated or have an ele-
vated creatinine. 

 A bile leak will usually lead to diffuse ascites or loculated 
 fl uid collections. It is important to note that patients with an 
active leak with large amounts of bile in their peritoneal cav-
ity may have little to no tenderness while others with a small 
amount of bile in the peritoneal cavity may have peritoneal 
irritation. So the absence of peritoneal signs on examination 
does not exclude a major bile leak and the acute care surgeon 
should not be lulled into complacency regarding the poten-
tial dire consequences of an active bile leak, when a patient 
does not yet have systemic illness or peritoneal irritation. An 
active bile leak that is walled off from the peritoneal cavity 
(usually in the subhepatic or subdiaphragmatic spaces 

   Table 21.2       Transfer checklist   

 □  Communicate with patient and key family members rational 
and need for transfer 

 □ Name of receiving physicians and hospital 
 □ Medical records/chart 
 □ Key laboratory tests 
 □ Current medications 
 □ Brief note on physical/physiologic status 
  □ Patient cognition, awareness of situation 
  □ Urine output 
  □ IV access 
  □ Drains—clearly label, secure 
  □ Pain control plan 
 □ All pertinent imaging studies on a disk 
 □ Operative note 
 □ De fi ne the biliary injury as understood 
  □  Hand drawn  fi gure portraying injury/anatomy and position 

of drains 
  □ Cholangiograms 
  □ Send intraoperative digital picture if possible 
 □ Surgeon to surgeon communication 
  □ Before transfer 
  □ Follow-up communication plan 
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(biloma)) often is not accompanied by abdominal tender-
ness. It is important to also understand that many patients 
with a biliary leak from BDI can also have partial or com-
plete obstruction of other parts of their biliary tree. 

 If no  fl uid collections or ascites is found on CT or ultra-
sound, and the patient has normal liver function tests, BDI is 
probably not the cause of the patient’s symptoms and physi-
cal  fi ndings. In such circumstances, alternative causes of the 
patient’s complaints need to be further investigated. 

 Alternatively, if no  fl uid collections or ascites are found 
on CT or ultrasound and the patient is jaundiced, or has ele-
vated liver function tests, then it is presumed that the patient 
has biliary obstruction (follow red text in Fig.  21.1b ). The 
most common cause of obstruction in the postoperative 
period would be a retained common bile duct stone, or an 
inadvertent clipped common or hepatic bile duct. A HIDA 
scan or ERCP can con fi rm the presence of obstruction and 
also exclude with con fi dence a bile leak. ERCP, if available, 
is the diagnostic test of choice as it cannot only identify the 
point of obstruction, but also because it can be therapeutic by 
relieving obstruction through removal of a stone or place-
ment of a stent across a partially clipped but intact duct. 

 With an understanding of how BDIs occur, experienced 
HPB surgeons can usually predict the type of BDI a patient 
has after reviewing only the operative report, the CT or ultra-
sound and lab studies, and noting the presence, number and 
position of clips on abdominal radiographs or CT scan. This 

knowledge and understanding is also important for the ACS 
evaluating and managing patients with BDIs because it can 
alert them to speci fi c types of BDI that they may elect not to 
explore in favor of early referral. A number of typical sce-
narios are provided to serve as examples of how various 
BDIs present in Table  21.3 .  

 Understanding some important physiologic facts can help 
the ACS properly interpret liver function tests in the setting 
of BDI. A mild elevation in bilirubin (<3 mg/dl) with other-
wise normal LFTs or minimally elevated LFTs can result 
from bile in the peritoneal cavity. Marked elevation in serum 
bilirubin and clinical jaundice usually occurs only with com-
plete bile duct obstruction. If one half of the liver is not 
obstructed, marked jaundice usually does not develop. 
However, serum alkaline phosphatase will become elevated 
with obstruction of just a single liver segment. 

 Once the presence or absence of a  fl uid collection and 
biliary obstruction is determined, the ACS needs to use his/
her judgment as to the next best course of action depending 
upon a number of factors: his experience and comfort level 
of dealing with a BDI, the physiologic condition of the 
patient, availability of resources, and availability and time 
necessary for transfer to a tertiary center that can provide 
multidisciplinary HPB care. 

 We recommend that patients with diffuse intra-abdominal 
 fl uid collections accompanied with physical signs of perito-
nitis, or systemic toxicity be explored urgently once they are 

   Table 21.3    Typical presentation scenarios of bile duct injury and the suggested management   

  Scenario 1  
 Marked elevation in bilirubin, alkaline phosphatase, AST, ALT 
 No peritoneal  fl uid seen on imaging 
 No peritoneal irritation or abdominal guarding 
 Additional clips are seen in midline than cannot be explained if just the cystic duct and cystic artery were ligated. Clips positioned along the 
same vertical axis should be suspected to be on the common bile duct and hepatic ducts 
 Possibilities: (1) obstruction from stone; (2) clip completely across bile duct (E1, E2) or right and left ducts (E4) with no bile duct transection; 
(3) complete transection of duct with complete occlusion of proximal biliary system (any E) 

  Scenario 2  
 Mild elevation in liver function tests (bilirubin <3, and near normal alkaline phosphatase) with abdominal  fl uid present 
 Abdominal tenderness may or may not be present 
 Possibilities: Strasberg A, D, C or any E if one side of liver is not occluded 

  Scenario 3  
 Mild elevation in AST, ALT, bili (<3). Moderate elevation in alkaline phosphatase. No  fl uid observed on CT. No leak demonstrated by HIDA 
with intact  fl ow into small bowel. ERCP shows no obstruction or bile leak and is commonly interpreted as normal by endoscopist and 
radiologist. However, failure to  fi ll a right posterior sector or segment VI or VII ducts is a partially clipped or unclipped transected right 
posterior sector duct (see Fig.  21.3 ) 
 Probable: Strasberg B. Diagnosis con fi rmed by absence of right posterior sector or segmental ducts on ERCP, differential perfusion of right 
posterior segments VI or VII or right posterior section on a four phase CT scan, cholangiography  fi lling right posterior sector ducts without 
 fi lling of common bile duct 

  Scenario 4  
 High bile duct injury suspected or observed 
 Decreased perfusion to the right hemi-liver during the arterial phase of CT, or enhanced perfusion to the right hemi liver during the portal 
venous phase of CT scan is indirect evidence of right hepatic arterial ligation 
 Marked elevation in AST, ALT without elevation in bilirubin shortly after operation 
 Possibility: vasculobiliary injury 
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reasonably resuscitated. This is important, even if the ACS is 
not experienced in surgically correcting BDI for two reasons. 
First, the goal of exploration is drainage of bile collections, 
peritoneal toilet and surgical site control of the leaking bile 
duct(s). This is thoroughly and rapidly accomplished with 
exploration of the abdomen. Second, abdominal exploration 
is the best way to identify and treat a hollow viscous injury, 
which frequently accompanies biliary injury  [  43  ]  and can be 
dif fi cult to distinguish from BDI. In fact, a duodenal or small 
bowel perforation can be misinterpreted as a BDI and these 
injuries are not effectively managed with percutaneous drain-
age. In addition, failure to recognize, drain and control a hol-
low viscus injury in a timely manner (e.g., <24 h) is associated 
with substantially increased risk for death. Abdominal explo-
ration can be initiated safely via a laparoscopic approach and 
in fact, is preferred in patients who were initially operated 
upon laparoscopically. The rational for starting abdominal 
exploration laparoscopically is in case the patient is found to 
have a simple cystic duct leak or type D injury that lend 
themselves to management without laparotomy. 

 An additional reason for exploring patients laparoscopi-
cally is when the ACS chooses to not repair the BDI and only 
drain it externally. Drainage is easily and rapidly accom-
plished and spares the patient the morbidity of a laparotomy 
incision just prior to hospital transfer. If for any reason, effec-
tive irrigation and drainage of the peritoneal cavity and a 
leaking bile duct cannot be accomplished laparoscopically, 
or if hollow viscus injury not con fi dently ruled out, the ACS 
should proceed to general laparotomy. By following this 
approach, the surgeon eliminates the devastating conse-
quences of a missed bowel injury, rapidly stabilizes the 
patient by eliminating bile peritonitis and reduces the prob-
ability of the patient developing SIRS or organ failure as they 
are being prepared for transfer to a tertiary care center. If the 
hospital and acute care surgeon lack the ability to safely per-
form emergent laparoscopy or laparotomy, immediate con-
tact and transfer to a higher level of care is advised. 

 While uncommon, a small bile leak can exist without a 
large  fl uid collection being detected by imaging. Therefore, 
if BDI is suspected for any reason, even in the absence of 
intra-abdominal  fl uid collections, a HIDA scan, MRCP, or 
ERCP can be obtained preferably in that order (from least 
invasive to most invasive) (see Fig.  21.1c ). When the pre-
liminary evaluation is normal, the patient should be resusci-
tated and monitored for at least a day with close follow-up 
once discharged from hospital. 

 In the setting of previous cholecystectomy, bile duct 
obstruction is presumed to be either a common bile duct 
stone or a ligated or clipped bile duct. If the patient had a 
non biliary right upper quadrant operation, and presents 
postoperatively with jaundice and/or subhepatic  fl uid col-
lections, BDI should be considered as part of the differen-
tial diagnosis (Fig.  21.1c ). 

   Source Control of Bile Leak 
 Once a bile leak is identi fi ed or heavily suspected, source con-
trol should be attempted emergently, even in stable patients in 
order to avoid the development of organ failure, SIRS and 
abdominal sepsis, through percutaneous, endoscopic or even 
operative drainage. If a patient is systemically ill, shows any 
signs of peritonitis, presents shortly after surgery (<48 h), or 
has diffuse ascites, we recommend emergent laparoscopy or 
laparotomy as opposed to percutaneous drainage. Alternatively, 
patients who present in a more delayed manner, are hemody-
namically stable, have no peritoneal signs, and localized  fl uid 
collections, percutaneous drainage is appropriate and usually 
suf fi cient for source control of a bile leak. 

 The inexperienced surgeon should not endeavor to repair 
any BDI laparoscopically unless it is an easily identi fi ed cystic 
duct leak nor should they dissect in the porta hepatis in an effort 
to identify an injured bile duct for they could cause further 
damage and/or bleeding. The principle goal of the acute care 
surgeon at the time of laparoscopic exploration is to achieve 
source control of the leak as a means to stabilize the patient. 
Secondary goals of exploration are to identify the source and 
nature of the bile leak. If laparoscopy is not possible, or unsuc-
cessful at evacuating blood clots and bile, then a small laparo-
tomy through a right upper quadrant incision should be used to 
achieve source control and effective drainage. 

 Once a patient is resuscitated and stable, an effort to clas-
sify the type and level of BDI should be performed via ERCP, 
MRCP, or PTC. This is a critical step in the management of 
any BDI because bile leakage from a Strasberg class A, B, or 
C injury may be easily and appropriately managed by the 
acute care surgeon whereas a higher injury at or above the 
bifurcation may be beyond the capabilities of the surgeon and/
or hospital. Even an experienced HPB surgeon must try to 
understand the level and complexity of a BDI prior to opera-
tion so that an appropriate and safe reconstructive operation 
can be planned and carried out. If ERCP, MRCP, and/or PTCD 
are not available and hence the nature and location of the 
injury cannot be determined preoperatively, the acute care sur-
geon must decide if the patient is stable for transport to a 
higher level of care or if emergent damage control laparotomy 
is warranted as a means of stabilization prior to transport. 
Source control can almost always be easily achieved no matter 
what type of injury via good external drainage. The type of 
BDI encountered coupled with the surgeon’s experience and 
judgment will dictate if the injury can be de fi nitively managed 
at the time of exploration (e.g., simple cystic duct leak or small 
laceration of common bile duct) or if de fi nitive repair should 
be deferred such as Strasberg class E or vasculobiliary injury. 
Based on the type of injury identi fi ed, the center speci fi c path-
ways should de fi ne the best method of management. This may 
be endoscopic management (i.e., stent), percutaneous or surgi-
cal management if expertise and resources allow. Again, 
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patients with a BDI at or above the biliary bifurcation, vascu-
lobiliary injury, or who fail to respond to resuscitation should 
be immediately transferred to a center where multidisciplinary 
expertise exists in HPB disease.   

   Cholangiography 

 Intraoperative cholangiography is an essential tool in the ACS 
arsenal, and he/she are advised to know the exact ability of 
their operating room in advance  [  18,   44  ] . The ability to have 
live  fl uoroscopy is essential. Further, the ability to replay the 
 fl uoroscopy run is very helpful and essential for accurate 
determination of the presence BDI and level of injury  [  45  ] . 
The surgeon needs to also be comfortable in utilizing tech-
niques that allow for better visualization of proximal ducts. 
These techniques are often necessary in patients with a history 
of sphincterotomy where obtaining enough intrabiliary con-
trast pressure to view intrahepatic ducts can be challenging. 

 The surgeon should not accept an incomplete cholangio-
gram as suf fi cient to alleviate suspicion of BDI. An improp-
erly read cholangiogram, read as normal, in the presence of a 
BDI is a common phenomenon primarily because the cholan-
giogram is incomplete. A complete IOC must include visual-
ization of the CBD, CHD, CD, left liver ducts, right anterior 
and posterior section ducts. It must also show passage of con-
trast into duodenum. Adjunct techniques to achieve a com-
plete cholangiogram may be needed. These include placing 
the patient in Trendelenburg position, rotating the patient left 
or right, clamping the distal bile duct to facilitate proximal 
 fi lling and using a smaller syringe to obtain higher injection 
pressure, using a balloon occlusion in the duct (with the abil-
ity to inject proximal and distal to the balloon), needle cho-
langiography via the common bile duct, duct irrigation with 
saline, and use of sphincter relaxants such as glucagon. 
Cholangiographic pictures and cine loops obtained intraop-
eratively are critically important information to transfer to the 
surgeon who ultimately manages the repair. 

 If immediate surgical repair is not performed at the time 
of the index operation, subsequent cholangiography can be 
performed via the subhepatic drains once they are well walled 
off from the abdominal cavity or via percutaneous transhe-
patic drainage catheters (see Fig.  21.3 ).   

   Repair Goals 

 The goals of biliary reconstruction are to provide de fi nitive 
internal biliary drainage, to ensure long-term anastomotic 
patency with low chance of stricture and the avoidance of 
major postoperative complications such as bile leak, sepsis, 
organ failure and death. To achieve these goals, surgeons 
repairing BDIs should possess appropriate knowledge about 

biliary anatomy and injury, exercise solid judgment with 
respect to the timing of repair, the choice of repair and pos-
sess suf fi cient experience and technical skill in biliary sur-
gery  [  9,   11,   19,   31,   46,   47  ] . An ACS who elects not to repair 
a BDI still plays a pivotal role in achieving the best possible 
outcome for the patient by timely diagnosis, stabilization 
through surgical site control, and early referral. 

   Basic Principles of Bile Duct Injury Repair 
 There are no set rules in BDI repair. However, there are gen-
eral principles that a surgeon should follow as a means to 
achieve the best possible outcomes for the patient with BDI 
(see Tables  21.4  and  21.5 ). Optimal clinical outcomes of 
BDI repair begins with appropriate timing of the repair. The 
timing of surgical repair must always be individualized and 
will vary from patient to patient  [  9,   19,   46,   48  ] . As discussed 
earlier, the best possible outcome is achieved if a BDI is 
recognized at the time it occurs and repaired during the 
same operation  [  46,   49  ] . Unfortunately, for most patients, 
the BDI is not recognized at the time it occurs and the patient 
subsequently presents in the postoperative period. When an 

   Table 21.4    Conditions for going ahead with bile duct repair   

 • Physiologically stable 
 • No systemic or localized infection 
 • No signi fi cant edema of the bile duct or intestine 
 • Absence of concomitant major vascular injury 
 • Minimal or well controlled medical comorbidities 
 • Complete cholangiography of all liver segments obtained 

  Fig. 21.3    Fluoroscopic image of right posterior section injury demon-
strated via percutaneous drainage pigtail catheter (   black arrow) cholan-
giogram. Note: straight endoprosthesis (white arrow) is in common bile 
duct with no communication with the right posterior sector duct injury       
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experienced HPB surgeon is confronted with a patient 
 several days after BDI has occurred, he/she has to evaluate 
and use their judgment if an early versus a late repair should 
be performed. There is no high level medical evidence to 
support one approach over the other though many reports 
have shown that delayed repair results in excellent outcomes 
 [  48  ] . In fact, it is not realistic to perform a prospective, con-
trolled, randomized trial to solve this question because of the 
variations in patients’ anatomy, in fl ammatory response, and 
type of injury. However, some basic criteria for proceeding 
with immediate repair are offered in Table  21.4  while other 
criteria for delaying repair are listed in Table  21.5 .   

 Patients satisfying the criteria for early repair (e.g., within 
2–4 days of injury) can have excellent long-term outcomes 
when repaired by experienced HPB surgeons  [  50,   51  ] . 
However, when a patient satisfying these criteria is explored 
early and found to have signi fi cant in fl ammation of the porta 
hepatis and/or of their intestines or an unexpected vasculo-
biliary injury, long-term results of repair are less satisfactory 
and postoperative complications are high  [  36,   39,   52  ] . Under 
such circumstances the surgeon must decide to risk repair 
and accept a high rate of early and late failure or to delay 
repair, typically for 6 weeks to 3 months. This is a critically 
important decision that requires keen judgment and experi-
ence  [  2,   8,   31,   41,   47,   48,   51  ] . 

 If the surgeon decides not to repair a BDI at initial laparo-
tomy, then the right upper quadrant should be adequately 
drained via transabdominal drains placed in the subhepatic 
space. Also, when a patient has high biliary transection (e.g., 
Strasberg E 

2
 –E 

4
 ), or very small ducts in whom percutaneous 

transhepatic catheters have not yet been placed, the ori fi ces 

of the transected ducts can be cannulated with small pediat-
ric feeding catheters (usually 5 French) which are secured to 
the edge of the transected duct and then exteriorized. These 
catheters can subsequently be used to obtain cholangiograms 
to help delineate the patient’s biliary anatomy and to serve as 
guides for future biliary reconstruction. Additional subhe-
patic drainage is always indicated in these patients because 
even with ductal cannulation and drainage, bile will leak 
around these catheters into the subhepatic space. 

 Patients with localized intra-abdominal or systemic sepsis 
or hemodynamic instability within the  fi rst few days of a 
BDI should not undergo early repair. Management should be 
centered around and limited to achieving source control thor-
ough external drainage of all collections, as well as control-
ling sepsis and correcting organ dysfunction. Effective trans 
abdominal drainage via two large (at least #15 French) soft 
silastic round closed suction drains is perhaps the most 
important thing that an ACS can and should ensure as a 
means of stabilizing the patient should he/she decide to 
transfer them to a higher level of care. Round drains are pre-
ferred over  fl at drains because they are more easily exchanged 
over a guide wire and replaced with pigtail catheters should 
the need arise down the road. One drain is placed in the sub-
diaphragmatic space and right colonic gutter and the other in 
the subhepatic space; both exit posterior laterally through the 
abdominal wall. Patients rarely become systemically ill when 
external biliary diversion is managed by transabdominal 
drains and usually promptly improve. Subhepatic drains, 
while providing early safe and effective drainage of intra-
abdominal biliary leaks should ideally not be kept in place 
long term because of the risk for eroding into bowel loops 
and causing biliary-enteric cutaneous  fi stulae  [  43  ] . This 
however is not something that the acute care surgeon will 
usually have to deal with but rather rests with the surgeon 
managing delayed repair. 

 When complete biliary intestinal disconnection exists as 
occurs with complete transection or ligation of the hepatic 
or common bile duct (Strasberg E), external biliary drain-
age is ultimately best managed via a percutaneous transhe-
patic biliary drainage (PTCD) tube. Such drains can traverse 
the opening of the transected biliary tree and even drain the 
subhepatic space. Complete biliary diversion creates a spe-
cial physiologic situation that the ACS can play an impor-
tant role in managing through placing a GJ or feeding 
jejunostomy tube at the time of initial exploration. This is 
important for patients who must be repaired in a delayed 
manner so that bile collected through their PTCD catheters 
can be fed through a feeding tube into their proximal small 
bowel. Bile should not be fed through a G tube or placed 
down a NG tube because it can cause bile gastritis; it must 
be placed into the duodenum or farther downstream. (See 
later    section on “Postoperative complications for the impor-
tance of bile refeeding”).  

   Table 21.5    Surgical checklist for considering emergent repair   

 The following guidelines can serve as a surgical checklist for the 
surgeon who is faced with the challenge of repairing a bile duct. A yes 
answer to any of these questions is grounds for not performing repair, 
delaying repair, or transferring the patient to an experienced surgeon 
in biliary repair 
 • Is there systemic or intra-abdominal sepsis? 
 • Is the patient hemodynamically unstable? 
 • Is there signi fi cant in fl ammation in the porta hepatis or bowel wall 

edema? 
 • Is the level of injury at or above the bifurcation (Strasberg E2 or 

higher)? 
 • Is there a right posterior sector duct injury? 
 • Is there signi fi cant thermal injury to the bile duct close to the 

bifurcation or to any of the sector ducts? 
 • Are the ori fi ces of the hepatic duct or sector ducts <3 mm? 
 • Is there evidence of concomitant vascular injury, such as ligation 

of the right or an accessory right hepatic artery? 
 • Is the surgeon unable to delineate all liver segments with 

cholangiography? 
 • Is the surgeon not able to identify healthy proximal hepatic duct 

below the bifurcation with good blood supply that is at least 5 mm in 
diameter? 
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   General Operative Principles and Practices 
 Long-term studies have demonstrated that superior out-
comes are obtained when BDIs are repaired by surgeons 
experienced in HPB surgery  [  6,   13,   19,   31,   46,   49  ] . This is 
particularly true for high biliary injuries (Strasberg E), vas-
culobiliary injury, or posterior sector duct injuries. These 
outcomes may be related not only to proper surgical tech-
nique but overall better management in a center with expe-
rienced interventional radiologists and interventional 
endoscopists. Timing of repair, quality of repair, and follow-
up are all important factors in determining the best long-
term outcome. The fact that the majority of BDIs are of the 
complex variety provides a strong argument that the inexpe-
rienced surgeon should defer de fi nitive repair of these inju-
ries in favor of good drainage and early referral to a tertiary 
care facility. The following principles are considered essen-
tial elements of managing BDIs.

   All biloma and intra-abdominal infected collections • 
should be drained and the patient free from recent infec-
tion and cholangitis prior to any consideration of elective 
operative repair of BDI.  
  A road map of the biliary tree is very important in surgical • 
planning and should be obtained prior to de fi nitive repair 
when possible. This may require some combination of 
imaging and direct cholangiography (e.g., MRCP or 
injection cholangiography). Cholangiography may also 
require more than one route to show all bile ducts (via 
PTCD catheter, subhepatic drain, and/or ERCP). At the 
time of surgery, all bile duct ori fi ces should be cannulated 
and cholangiograms obtained. All segmental intrahepatic 
bile ducts should be demonstrated by cholangiography. 
Failure to delineate all segments in the liver via cholang-
iography suggests that an aberrant duct injury is missed.  
  Percutaneous transhepatic biliary drainage should be • 
achieved if at all possible prior to operative repair. This 
not only facilitates cholangiography but can also help 
guide the surgeon in identifying the common hepatic duct 
in the setting of signi fi cant in fl ammation and scarring of 
the biliary tree as well as serve as a stent across the anas-
tomosis should the surgeon desire this.  
  High BDIs, Strasberg E • 

2
 –E 

4
  and some Ds, are best man-

aged by creating a side to side anastomosis to the biliary 
bifurcation carried out onto the left hepatic duct using the 
approach described by Hepp–Couinaud  [  40,   41  ] . This 
approach always requires elevating the hilar plate at the 
base of segment IV and sometimes requires a partial 
resection of segment IV and V in order to expose the ante-
rior aspect of the right and left main hepatic ducts  [  53  ] . 
One must avoid dissection on the cephalad or caudal 
aspect of the biliary bifurcation as well as preserve its 
back wall in order to preserve the transverse hilar mar-
ginal artery and hilar epicholedochal plexus that provide 

collateral arterial blood  fl ow from the left hepatic duct 
across to the right hepatic duct  [  54  ] . The Hepp–Couinaud 
anastomosis or variations of this approach are preferred to 
anastomoses below the bifurcation because it is made to 
healthy bile duct without edema with excellent blood sup-
ply remote from injury and the size of the anastomosis is 
large and less likely to become stenotic over time  [  11,   55  ] . 
Surgeons not experienced with this approach should not 
endeavor to employ this technique in emergent repairs of 
the bile duct.  
  Devitalized bile duct tissue from cautery or crush injury • 
as well as dense scar should be excised to bleeding edges 
of healthy appearing bile duct  [  46  ] . This may lead to a 
much more proximal site of anastomosis than the actual 
site of biliary transection or ligation. In so doing, the sur-
geon must be cognizant of the location of the biliary 
bifurcation and the take off of all sector ducts as they may 
have an aberrant point of joining the common hepatic 
duct below the bifurcation.  
  Electrocautery should not be used to control bleeding • 
from the cut edges of the bile duct. Instead, hemostasis 
from the marginal vessels on the bile duct at the 3 and 9 
o’clock anatomical positions should be achieved by using 
   6-O absorbable sutures.  
  Permanent sutures should never be used in the bile duct • 
because they are lithogenic and provide a nidus for chronic 
in fl ammation which, in turn, can lead to stricture and bil-
iary stone formation  [  56  ] . 4-O to 6-O caliber sutures on 
 fi ne taper needles (RB1 or RB2) are preferred.  
  A tension free anastomosis is most easily accomplished • 
by use of a Roux-en Y jejunal limb that is delivered 
through a right sided retrocolic window into the subhe-
patic space. Hepaticoduodenostomy, while possible with-
out tension, is not recommended for high BDIs.  
  The use of biliary stents in biliary reconstruction is highly • 
individualized but are not necessary to obtain a high quality 
anastomosis and do not prevent biliary stricture  [  11,   57  ] .  
  Many groups have shown excellent results in complex • 
injuries by delaying the surgery using temporary stents 
for percutaneous drainage  [  48  ]  (see also reference  [  8  ] ).  
  Subhepatic drains should not be left for a long period of • 
time because of the risk of intestinal  fi stulization. When the 
condition of the patient requires substantial delay in repair, 
subhepatic drains should be changed to percutaneous tran-
shepatic drains in order to avoid this complication  [  43  ] .     

   Type of Repair 
 The type of BDI repair that should be performed in any given 
patient will depend more than anything else upon the nature 
and extent of the injury  [  47  ] . In the section that follows, a 
general discussion about repair using the Strasberg 
classi fi cation is provided. 
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   Class A Injuries 
 These injuries are repaired by simple suture ligation or a clip 
placed on the bile duct side or at the base of the liver side 
when a small transected duct is identi fi ed. Prior to ligating a 
small bile duct draining from the gall bladder fossa, it is 
important to identify whether or not it is a small end duct that 
drains only a small section of segment V deep to the gall-
bladder bed (these are ducts of Luschka) or if it may repre-
sent the ori fi ce of a segment VI, VII or right posterior sector 
duct  [  33  ] . This is accomplished by cannulating the duct with 
a small pediatric or cholangiocatheter and obtaining a cho-
langiogram through the duct as well as cholangiography 
through the hepatic duct. Ducts of Luschka will only pene-
trate into the liver by a centimeter or so. These can be ligated 
safely without adverse sequelae.  

   Class B and C Injuries 
 These injuries are similarly assessed as class A injuries. If 
ligation or division of a right posterior sector duct or seg-
ment VI or VII segment duct is found in the immediate 
postoperative period and the patient is not contaminated 
and the duct is small (<3 mm), it can usually be safely 
ligated. If on the other hand, a small transected aberrant 
duct occurs in a patient with obvious abdominal infection, 
it should not be ligated for fear of causing segmental cho-
langitis and intrahepatic abscess  [  47  ] . These small ducts 
should also not be treated via construction of a biliary 
enteric anastomosis because of a high probability of stric-
ture and future cholangitis and abscess in the liver section 
or sector being drained  [  33  ] . Instead, these contaminated 
small ducts are best initially managed with external drain-
age because more than 50% of such ducts will stricture 
down over time (average 56 days) and not cause any prob-
lems  [  34  ] . For those ducts that fail to close over time, 
reconstructive surgery or right posterior sectionectomy 
can be considered. Two recent publications report that 
nonoperative management of right posterior sector duct 
injuries provides equivalent long-term outcomes as surgi-
cal reconstruction  [  34,   35  ] . Hence, a conservative approach 
should be strongly considered as the  fi rst option in patients 
with type B and C injuries. 

 Larger right posterior sector ducts (see Fig.  21.3 ) can be 
drained into a RY jejunal limb successfully by an experi-
enced HPB surgeon. However, if this anastomosis becomes 
stenotic over time, it can be dif fi cult to access endoscopically 
or transhepatically as a means to dilate or drain. Should these 
efforts fail and the patient develops recurrent infection in the 
obstructed hepatic segment, segmentectomy or right poste-
rior sectionectomy may be required.  

   Class D Injuries 
 If less than 30% of the circumference of the common bile 
duct or hepatic duct is damaged by sharp laceration or traumatic 

tear, primary closure alone is safe. Primary closure of lateral 
injuries is similar to closure of a choledochotomy and should 
be done with interrupted  fi ne mono fi lament absorbable 
sutures using surgical loops. In contrast, a type D injury 
involving the lateral wall of the right or left hepatic ducts or 
to a small aberrant right posterior sector duct can be very 
dif fi cult to repair primarily because of their small size and 
are subject to early and late complications. The ACS is 
advised not to attempt to repair these ducts primarily but 
rather to refer the patient emergently to an expert HPB sur-
geon. Instead, such lateral injuries should be well drained 
externally. 

 Primary repairs of type D injuries of the common and main 
hepatic duct should be decompressed by some means. This 
can be through a T-tube placed below the suture closure, by 
deploying an endobiliary stent that traverses the ampulla or 
by a transcystic duct catheter that is exteriorized and placed to 
gravity drainage. We recommend the latter technique so that 
the advantages of a primary closure without a T-tube can be 
achieved which are decreased operating time, decreased post-
operative and biliary complications, shorter time until return 
to work, and decreased hospital costs  [  58–  61  ] . This can be 
achieved with a 5 or 8 French pediatric feeding catheter whose 
tip is cut off. The catheter is threaded downstream into the 
common bile duct and secured to the cystic duct with a double 
absorbable ligature. It is advisable to leave a subhepatic 
closed suction drain in these patients in the event there is any 
additional biliary leakage. After 2 weeks, the pediatric tran-
scystic catheter can be used to obtain cholangiography to 
ascertain the integrity of the bile duct repair and emptying 
into the duodenum. If all looks well, then the pediatric and 
closed suction drains can be discontinued. If the repair is 
stenotic and/or there is impeded contrast  fl ow into the duode-
num, the pediatric catheter is left in place to facilitate ERCP. 
At that time, a glide wire can be inserted through the pediatric 
catheter to guarantee that the endoscopist can cannulate the 
biliary tree, a technique commonly referred to as modi fi ed 
rendezvous. An internal endoscopic stent can then be deployed 
to bridge the stricture. The advantage of transcystic duct 
decompression is avoidance of T-tube speci fi c problems such 
as dislodgment, biliary leak and stricture. 

 When a type D injury involves more than 30% of the bile 
duct circumference, primary repair is not advised as it usually 
will result in a stricture; this is particularly true in small ducts 
<1 cm. An end to end repair, while easy, is also inadvisable, 
because blood supply is usually insuf fi cient and results in 
long-term biliary stricture  [  46,   50,   62  ] . In the report by Stewart, 
every primary end to end repair over a T-tube was unsuccess-
ful in every case in which the duct had been divided  [  46  ] . 
Therefore, RY hepaticojejunostomy is the preferred approach 
for repairing Class D injuries when there is substantial divi-
sion of the bile duct wall so long as the bile duct diameter is of 
suf fi cient size (>3 mm)  [  47  ] . Should the patient’s condition 
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not allow for RY hepaticojejunostomy or the surgeon is 
uncomfortable in performing RY hepaticojejunostomy due to 
a small size duct, then repair over a T-tube or a pediatric feed-
ing catheter placed into the lumen of the bile duct along with 
subhepatic drainage and immediate transfer is advisable.  

   Type E Injuries 
 E injuries that are below or at the biliary bifurcation with-
out compromise to the left or right hepatic ducts in a patient 
with good size bile duct (>8 mm) with good blood supply 
can be safely managed with RY hepaticojejunostomy. This 
is easily performed by an end of bile duct to side of jeju-
num. However, as stated previously, the Hepp–Couinaud 
approach with a side to side anastomosis is preferred and 
associated with the best long-term results  [  11,   41,   55,   63  ] . 
E 

3
 , E 

4
 , and E 

5
  injuries may require bilateral hepaticoje-

junostomy. It is important for the ACS to know that higher 
BDIs, are frequently associated with right hepatic artery 
injury or ligation  [  5,   36,   52  ] . For this reason, it is strongly 
recommended that the hepatic arterial anatomy be assessed 
as part of any major BDI. While this can be accomplished 
by visceral angiography it is preferably done by thin-colli-
mation CT angiography when available  [  64  ] . If an E injury 
is accompanied by vascular injury, right hemihepatectomy 
with left hepaticojejunostomy may be necessary  [  5,   52, 
  65–  67  ] . This latter operation should not be performed 
emergently or in the immediate post-injury phase unless 
absolutely necessary as a life saving maneuver in a patient 
with hepatic ischemic necrosis and sepsis.     

   Bile Duct Injury Due to Nonoperative Trauma 

   Non-iatrogenic Trauma 

 It is estimated that BDIs resulting from non-iatrogenic 
trauma account for approximately 4% of overall biliary inju-
ries. Isolated biliary injury without trauma to associated 
intra-abdominal structures is extremely rare. The vast major-
ity of these injuries are associated with external penetrative 
trauma to the abdomen and very few from blunt trauma. The 
management of penetrating or blunt trauma BDI will usually 
be quite different from the management of operative iatro-
genic injury because they are associated with major torso 
trauma and multiple organ injury. Management of a BDI in 
the trauma patient will be determined by the nature and 
extent of the injury, the presence or absence of associated 
injuries, the physiologic condition of the patient, and experi-
ence of the operating surgeon. In critically injured and hemo-
dynamically unstable patients or in those with major blood 
loss, the principles of damage control laparotomy take prec-
edent over diagnosis and management of the BDI. Control of 
hemostasis, hollow viscous injury and general resuscitation 

are the  fi rst priorities in these patients. External drainage via 
close suction drains in combination with abdominal packing 
is suf fi cient for short term management of BDI in unstable 
patients, whether it is intrahepatic or extrahepatic. More 
de fi nitive diagnosis and management can be obtained when 
the patient returns to the operating room for secondary lapa-
rotomy. Conversely, in a hemodynamically stable trauma 
patient without signi fi cant other major organ injuries or pen-
etrating injury, in whom non operative management princi-
ples are being followed, BDI may not be evident and present 
late. Abdominal CT scan showing a hematoma in the porta 
hepatis or fractured liver and obstructive pattern on the liver 
function tests may suggest a BDI. Peritoneal lavage may also 
show the presence of bile. 

 Management principles of external traumatic injury to the 
bile duct can be grouped according to location of the injury 
into one of three zones: intrahepatic, extrahepatic, and 
intrapancreatic.  

   Intrahepatic Bile Duct Injury 

 These injuries can be associated with major high grade liver 
injuries, occurring in response to blunt trauma or high velocity 
gunshot wounds, in which case, packing and drainage is the 
principal  fi rst line management  [  68,   69  ] . While liver resection 
is necessary in only 2–4% of all patients with major traumatic 
liver injury, ongoing intrahepatic bile leak is a major reason 
why liver resection is required in some patients  [  69  ] . BDI in 
patients managed nonoperatively occurs in less than 1% of 
patients and may present with delayed biliary peritonitis or 
biloma  [  70  ] . T-tubes should not be placed into the extrahepatic 
bile duct in patients with suspected or proven intrahepatic BDI. 
The subhepatic and perihepatic space should be drained widely 
with close suction drains. Postoperative ERCP with transpapil-
lary stenting may help resolve subsequent biliary  fi stula. Many 
such injuries may scar down and leave an intrahepatic stricture. 
Such strictures can be addressed electively in a tertiary center 
with a multidisciplinary team experienced in hepatopancreati-
cobiliary disease. Liver resection for acute intrahepatic BDI 
from trauma is rarely if ever indicated or appropriate. On the 
other hand, liver resection may be necessary to manage delayed 
problems or recurrent hepatic abscesses  [  68  ] .  

   Extrahepatic Injury 

 BDIs that occur caudal to the biliary bifurcation and superior 
to the pancreatic head usually show contusion, edema, fresh 
clot formation, or active bleeding in the porta hepatis. 
Management of active bleeding is the  fi rst priority and 
requires exploration of the portal structures after obtaining 
proximal and distal control. If BDI is found, it can be man-
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aged with primary repair, T-tube drainage or RY reconstruc-
tion. Primary repair is not recommended for complete 
transection of the bile duct or if more than 40% of the cir-
cumference of the bile duct is divided  [  71  ] . T-tube drainage 
is a conservative, safe repair option if there is only partial 
disruption of the bile duct wall. But the surgeon must be cau-
tious using a T-tube if the diameter of the bile duct is less 
than 8 mm. If primary repair with common duct decompres-
sion is used by the surgeon as a means of quick surgical 
source control, they must appreciate that in the long term this 
type of repair may increase the likelihood of biliary stricture. 
We recommend that T-tubes be avoided and that transcystic 
common duct decompression or endobiliary stent decom-
pression be employed when primary repair is performed as it 
will avoid problems related to T-tubes (see prior section 
under repair of Strasberg “ Class D injuries ”). Complete 
transection of the bile duct or when there is more than 40% 
disruption of bile duct wall is best managed by RY hepati-
cojejunostomy or choledochoduodenostomy if the injury is 
low on the bile duct and the duodenum is non-injured. 
However, biliary enteric anastomosis is not recommended in 
any unstable patient or someone with associated other organ 
injury or if the surgeon is not experienced in biliary recon-
struction techniques. This is particularly true if the diameter 
of the bile duct is less than 8 mm. De fi nitive repair of these 
injuries can be accomplished upon return to the operating 
room when the physiologic state of the patient is improved 
and in fl ammation and edema to the proximal biliary tree and 
bowel is reduced. Since the latter is often unlikely in a criti-
cally injured patient with other intra-abdominal organ injury, 
delayed biliary reconstruction, if possible, will result in a 
more satisfactory long-term repair, especially when it is per-
formed by an experienced HPB surgeon. This is particularly 
the case when the level of BDI is high in the porta (type E). 
Under such circumstances, intubation of the bile duct with a 
soft silastic tube and/or ample external drainage with closed 
suction drains followed by percutaneous transhepatic biliary 
drainage is usually suf fi cient to tide the patient over for 
delayed de fi nitive repair.  

   Intrapancreatic Injury 

 The most serious BDIs from external trauma are those that 
occur within the pancreatic head. The retroduodenal region 
of the superior portion of the pancreas is the most common 
site of biliary transection following blunt trauma though this 
is extremely rare. Because injury may be contained within 
the retroperitoneum, delay in diagnosis is common. If there 
is hematoma or bile staining around the pancreatic head, the 
duodenum should be kocherized to facilitate retroperitoneal 
exploration. Cholecystectomy or cholecystostomy can be 
rapidly performed and cholangiography performed via the 

cystic duct or gallbladder to evaluate the distal bile duct. If 
stricture, occlusion or leakage of the bile duct within the pan-
creatic head is found, biliary decompression through the 
gallbladder, cystic duct, or T-tube in that order is recom-
mended unless pancreaticoduodenectomy is performed. 
When there is active hemorrhage or an expanding hematoma 
within the pancreatic head, associated with severe duodenal 
and/or pancreatic parenchymal injury, pancreatoduodenec-
tomy may be necessary  [  72,   73  ] . BDI in these patients is 
addressed as part of the biliary reconstruction that accompa-
nies pancreaticoduodenectomy.  

   Austere Environments 

 Surgeons in a remote or isolated setting may  fi nd themselves 
in a circumstance where the patient has a suspected BDI, no 
interventional radiology support, no gastroenterology sup-
port, and the inability to transfer the patient due to lack of 
immediate resources. In such a setting, appropriate source 
control and drainage, operatively, is the primary goal. The 
secondary goal, when safe and feasible is operative repair 
using the principles discussed earlier. De fi nitive repair in the 
presence of wide contamination, severe in fl ammation, sep-
sis, or patient instability has rather poor outcomes and should 
not be contemplated. If the patient is found to have a com-
plete biliary disconnection with total biliary diversion, and is 
subject for prolonged external drainage (e.g., months) then 
the ACS should give consideration to bile refeeding. This 
can be accomplished by placing a feeding jejunostomy tube 
at the time of laparotomy or via a nasoduodenal feeding tube 
postoperatively. Once the patient is stable, they can be trans-
ferred to a higher level of care.   

   Potential Complications 

 Short and long-term complications associated with the treat-
ment of BDIs are not uncommon. Considerable morbidity is 
experienced in the form of intra-abdominal abscesses, bilo-
mas, biliary  fi stulae, cholangitis, hemorrhage, and hepatic 
insuf fi ciency, both pre- and post-reconstruction  [  1,   5,   6,   74, 
  75  ] . Late complications are usually the result of anastomotic 
strictures and can present many years after biliary-enteric 
reconstruction  [  10,   13,   74,   76  ] . It is important to note that 
surgically related complications are less frequently encoun-
tered in patients whose injury is repaired in a tertiary care 
hospital or by an experienced HPB surgeon  [  13,   76  ] . In fact, 
several series have reported excellent long-term results in the 
majority of patients undergoing de fi nitive operative repair at 
tertiary referral centers  [  13,   48,   75–  77  ] . Again, this high-
lights the importance of early recognition of BDI and expe-
ditious referral to a specialized center with hepatobiliary 
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expertise in order to decrease the incidence and impact of 
further complications. 

 In order to maintain a heightened awareness of patients at 
risk for complications, one should recognize those factors 
which are associated with greater morbidity and mortality. 
Overall morbidity ranges from 38 to 47% in the literature  [  2,  
 78  ] . Several studies have identi fi ed late referral to tertiary 
medical center as a one of the greatest risk factors for early 
perioperative complications, including intra-abdominal 
abscess and prolonged ICU stay, as well as delayed compli-
cations, such as anastomotic stricture  [  76,   79  ] . Many of these 
complications are potentially avoidable if earlier surgical site 
control was achieved prior to transfer to higher levels of care. 
Hence, the importance of early drainage as discussed under 
management. 

 Conditions that in fl uence long-term outcome after hepati-
cojejunostomy include presence of active peritonitis at the 
time of repair, concomitant biliary and vascular injury, and 
the level of injury at or above the biliary bifurcation  [  2,   46, 
  49,   74,   76  ] . Also of signi fi cant importance, is whether the 
operation was performed by the primary injuring surgeon or 
by an expert at a specialized center, as overall success rates 
vary from 35% in the former to over 90% in the latter  [  74  ] . 
While morbidity is fairly high, the operative mortality after 
de fi nitive repair of a BDI is generally very low, with a 
reported range of 0–9% in several large series  [  1,   2,   5,   6,   13, 
  74–  77,   79  ] . Factors affecting mortality include the number 
of previous operations, a history of severe infection, a high 
BDI (Strasberg E), low preoperative serum albumin concen-
tration, and the presence of liver disease with portal hyper-
tension  [  74  ] . All of these issues should be taken into account 
in order to minimize the perioperative risks when treating 
patients with BDIs. 

 Patients undergoing delayed repair are subject to com-
plications not seen in patients operated upon immediately. 
These include the development of recurrent  fl uid collec-
tions, the occlusion or dislodgment of temporizing drains 
or stents  [  10,   80,   81  ] , cholangitis, organ space or super fi cial 
wound infection, biliary-enteric or bilio-cutaneous 
 fi stulae, metabolic derangement, and progressive malnu-
trition. However, these complications rarely require reop-
eration  [  80  ] . Patients need to be followed closely and 
advised to contact their physician should any fever or new 
onset abdominal pain or wound problems occur. Rapid 
assessment by physical examination, lab investigation 
(CBC and LFTs), CT scan and tube sinograms or cholan-
giograms usually will identify the problem and guide 
management. Percutaneous measures by a skilled and 
experienced interventional radiologists or endoscopists in 
collaboration with the surgeon usually are successful in 
managing recurrent abscess, biloma, or cholangitis. The 
important point to be made is that these patients must be 
managed very meticulously and promptly in order to get 
them successfully to reconstructive surgery  [  10,   80  ] . 

   Bile Refeeding and Nutritional Support 

 Patients with complete biliary enteric disconnection are at risk 
for metabolic derangement and malnutrition because excessive 
losses of bile can lead to dehydration, metabolic acidosis, pro-
gressive loss of protein, and malabsorption. Collection of bile 
and refeeding it into the small bowel helps prevent dehydration, 
metabolic derangement, improves the digestion and absorption 
of fat, and reduces the volume of hepatic bile output through 
the enterohepatic recirculation of bile salts. Most patients can 
tolerate bolus infusion of bile into their small bowel of 150 cc 
or less every 4 h and they can be taught to do this on their own 
at home. But, if a patient has a feeding jejunostomy or a GJ 
tube, it is preferable to provide bile refeeding in a continuous 
manner. Our recipe for doing this is as follows. Bile should be 
collected over 4 h increments from the PTCD or subhepatic 
drain (if the latter is clear and not turbid). It is then strained and 
put into a sterile bag where it is then reinfused with the aid of 
an infusion roller pump through a separate line that is Y con-
nected to their feeding tube. Bile should not be put into a feed-
ing tube bag, allowed to sit stagnant in a drainage bag for longer 
than 4 h nor sit in a bag for infusion at room temperature for 
longer than 4 h in order to avoid signi fi cant bacterial over-
growth. This approach minimizes intestinal intolerance to bile 
infusions and minimizes bacterial overgrowth. 

 Malnourished patients with complete biliary disconnec-
tion and external biliary  fi stula may require specialized 
semi elemental diets to avoid fat malabsorption. Diets rich 
in medium chain triglycerides which do not require bile salt 
micelles for absorption are preferred over diets containing 
long chain triglycerides. These patients are also at risk for 
fat soluble vitamin de fi ciency and should be offered water 
soluble forms of vitamin E, A, D and K either orally or 
through a feeding tube. 

 The overall success rate of biliary reconstruction after BDI, 
when carried out in a specialized center, is greater than 90% 
 [  13,   74,   75,   77,   78  ] . In cases when a primary repair has failed 
early, it is not always necessary to perform a surgical revision 
 [  10  ] . Occasionally, the problem is simply a bile leak from an 
adequate anastomosis, or a slightly stenotic anastomosis  [  10  ] . 
Most signi fi cant leaks are evidenced by bilious drainage from 
intra-operatively placed drains or visualized as extravasation 
during postoperative cholangiography  [  78  ] . These are often 
successfully managed by the placement of percutaneous tran-
shepatic stents, reserving reoperation for failure of these pro-
cedures  [  10,   13,   77,   78  ] . In fact, the same nonoperative 
interventions are predominantly utilized in late failures as 
well. These failures typically present months to years after the 
initial operation as recurrent cholangitis, jaundice, or pruritus, 
or on laboratory evaluation by rising alkaline phosphatase or 
liver transaminases  [  78,   82  ] . All of these  fi ndings should raise 
suspicion of an anastomotic stricture  [  78  ] . Often times, 
patients have been on repeated courses of antibiotics for recur-
rent cholangitis before the diagnosis is made and the stricture 
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is identi fi ed  [  78  ] . Advanced biliary cirrhosis may result from 
delayed diagnosis and management of a biliary stricture  [  2,  
 78  ] . Two-thirds of restenoses are diagnosed in the  fi rst 2 years 
after repair but restenosis has been described after 10 years 
time  [  10,   74,   76  ] . The restenosis rate varies from 5 to 28% 
both in choledochoduodenostomy and hepaticojejunostomy, 
with the majority of strictures amenable to percutaneous or 
endoscopic balloon dilation     [    31,   76  ] . Only a small percentage 
of patients with stenotic biliary enteric anastomotic strictures 
require reoperation for resolution  [  76  ] .   

   Follow-up 

   Pre-repair 

 Patients in the pre-repair phase of BDI require vigilant obser-
vation with prompt intervention to control bile leakage and 
peritoneal contamination while they await de fi nitive repair. 
Obviously, unstable or septic patients need aggressive resus-
citation with broad-spectrum antimicrobial therapy and urgent 
radiologic investigations for any un-drained biloma or abscess. 
Properly placed transhepatic biliary drains should be able to 
control bile leakage; however, supplemental percutaneous 
drains may be necessary to control large abdominal bile col-
lections  [  48  ] . Laparotomy may be required when hemorrhage 
is suspected, when adequate bile drainage cannot be obtained 
percutaneously, in the setting of peritonitis or when radiologic 
support is unavailable  [  48  ] . Once patients are stabilized and 
adequate drainage achieved, biliary ductal anatomy should be 
elucidated, as this is a critical component of the workup and 
allows operative planning to commence  [  47,   48,   74  ] . This can 
be accomplished by reconciling the anatomy through a com-
bination of CT scans and cholangiograms, often via the per-
cutaneous transhepatic approach, or even retrograde through 
subhepatic drains  [  48  ] . During the period between presenta-
tion and delayed repair, patients should be seen at regular 
intervals  [  48  ] . Subhepatic drains are often removed in the 
interim, so as to avoid intestinal  fi stulae  [  48  ] . At any sign of 
infection, cholangitis, or sudden change in bile drainage, 
manifesting as fever, leukocytosis, abdominal pain, or ele-
vated liver enzymes, rapid workup for abscess, biloma, or 
occluded biliary drains should be undertaken. Bile should be 
cultured to target appropriate antimicrobials to speci fi c organ-
isms. Clinical and laboratory exams should be routine to max-
imize therapy while the acute in fl ammation resolves so that 
successful reconstruction can occur in an elective fashion.  

   Post-repair 

 Long-term follow-up is necessary to fully evaluate the results 
of biliary reconstruction for BDIs  [  75  ] . Restenosis of a biliary 

enteric anastomosis can manifest many years following oper-
ative repair. In fact, up to 10 years has been described, 
although the majority of patients are symptomatic within 2 
years  [  75  ] . All patients who have had a repair of a BDI should 
have regular and frequent follow-up (q 3 months), particu-
larly in the early postoperative period. This includes clinical 
evaluation, inquiring about symptoms of fever, jaundice, or 
pruritus, laboratory values, including monitoring of liver 
function tests, and radiologic studies  [  77,   80  ] . Before opera-
tively placed drains and stents are removed, a cholangiogram 
should be performed to evaluate the anastomosis  [  10,   80  ] . 
Over the long term, once the stents have been removed, MRC, 
PTC, or ERC may have to be obtained if anastomotic stricture 
is suspected by features of biliary obstruction  [  77  ] . However, 
on routine laboratory monitoring, stricture is most commonly 
heralded by a rising alkaline phosphatase  [  80,   82  ] . As many 
patients have a low level elevation at baseline, the more con-
cerning feature is a consistent upward trend  [  80  ] . However, it 
is not uncommon for the alkaline phosphatase to remain 
mildly elevated for the  fi rst year after biliary reconstruction 
 [  82  ] . Recurrent anastomotic stricture on MRC is best man-
aged by proceeding to PTC and ERC which can de fi ne the 
anatomy further as well as allow for interventions in the form 
of balloon dilation and or stenting  [  77,   80  ] . If the patient was 
reconstructed with a hepaticojejunostomy then all interven-
tions are likely achieved by percutaneous transhepatic route, 
though double balloon enteroscopy with ERCP is also possi-
ble in expert hands  [  83  ] . Endoscopic retrograde access is 
safely utilized in patients with hepaticoduodenostomies  [  78,   
 80  ] . Surgical revision and hepatic resection are reserved for 
refractory cases, although in most large series, this is a rare 
necessity  [  2,   10,   13,   74–  76,   78,   80,   81,   84  ] . Progression to 
biliary cirrhosis leading to liver failure, intrahepatic abscesses 
and need for liver transplantation while rare, occurs in patients 
who have recurrent or inadequately treated biliary stricture as 
well as those who had vasculobiliary injury  [  85  ] .   

   Litigation 

 Litigation is common after BDI during cholecystectomy and 
the majority of such cases that go to trial are decided in favor 
of the patient  [  30,   86–  88  ] . Factors identi fi ed that were more 
likely to lead to litigation include treatment failures by non-
specialists in immediately recognized injuries, complications 
as a result of delay in diagnosis, misinterpretation of cholan-
giogram, and vasculobiliary injury  [  30,   86  ] . The acute care 
surgeon can play a pivotal role in preventing undesirable liti-
gation by the patient against the operating surgeon by follow-
ing some basic practices. The three most important factors in 
preventing litigation are the following: prevention of serious 
injury, timely recognition of injury, and prompt and appro-
priate care once injury is recognized. Severity of injury can be 
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minimized by performing routine cholangiography and cor-
rect interpretation of cholangiograms  [  18,   44,   45,   89  ] . 
Intraoperative identi fi cation of injury is important because 
immediate repair by an experienced surgeon is the best man-
agement strategy, and hence the importance of intraoperative 
consultation or immediate referral to an expert center 
(Table  21.6 ). In the absence of such expertise, the acute care 
surgeon can often avoid or minimize the risk for future litiga-
tion by doing the right thing in the OR. This includes calling 
another colleague to the OR, consulting with a surgeon expe-
rienced in BDI, and then either appropriately repairing the 
injury or preparing the patient for safe transfer. Postoperative 
timely recognition of injury is another important practice that 
can avoid litigation. The basic concept here is to have an 
extremely low threshold for suspecting injury. Any patient 
who calls the of fi ce with unexpected complaints or returns to 
the emergency department in the immediate postoperative 
period with abdominal complaints, or abnormal LFTs should 
be considered to have a BDI until proven otherwise. Such 
patients should be seen by the surgeon or their covering phy-
sician and followed up closely; admission to hospital and/or 
quick workup to rule out injury is indicated.  

 Timely, honest and clear communication with the patient 
and their family about all aspects of a biliary injury is another 
important practice to reduce the risk of litigation  [  21  ] . If the 
acute care surgeon performed the operation in which biliary 
injury occurred, preoperative clear and detailed communica-
tion about risks and nature of BDIs is a critically important 
preventive step. If the acute care surgeon is the recipient of a 

transfer from another facility then communication with the 
referring physician(s) about all aspects of the patient’s condi-
tion and injury is critically important. Clear and accurate 
documentation in the medical record that is timed and dated 
of all notes as well as discussions with referring physicians, 
patients and their family will help in the successful defense of 
a litigated case. The surgeon needs to be honest and forthright 
about the nature of the injury and its severity and what this 
portends with respect to management; the situation should 
not be “sugar coated.” The surgeon should discuss what he or 
she learned from the referring surgeon about what was done 
in the operating room to either repair the injury or to stabilize 
the patient in the event the injury was not repaired (e.g., place-
ment of a drain) in preparation for safer more experienced 
repair by transfer to a higher level of care. If the ACS is of the 
opinion that the patient should be transferred to another facil-
ity for any number of reasons (e.g., ERCP, PTC, and/or surgi-
cal expertise), those reasons should be explained to the patient 
and their family. In the event a transfer is going to occur, the 
name of the accepting surgeon should be given to the patient 
and all of their medical records should be forwarded. The 
need for additional workup, diagnostic testing, and consulta-
tion should be carefully discussed and documented. The sur-
geon should demonstrate remorse and apologize for the injury 
and express concern for the patient’s safety and recovery. 
Finally, the surgeon should manifest an extra effort to make 
him or herself available for all questions and concerns that the 
patient or their designated family members have. 

 In contrast to the practices and behaviors discussed previ-
ously, a surgeon creating a BDI will invite litigation by 
“washing their hands of the patient’s care after the injury” by 
referring them to a gastroenterologist or other physician 
without  fi rst clearly communicating the nature of the injury, 
by being an ineffective communicator, by acting aloof and 
not admitting that they made a mistake and lack of concern 
for the patient’s well-being. Failure of the original surgeon to 
offer his or her care to the patient long term when they return 
to their community can be perceived by the patient and their 
family as an act of abandonment and also invite litigation. 
Poor medical record documentation, poor patient communi-
cation, lack of timely attention to patient complaints and fail-
ure to refer patients in a timely manner or reoperate in a 
timely manner to gain source control resulting in adverse 
outcomes are practices that weaken defense in court.      
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   Table 21.6       Intraoperative checklist   

 • Explore all quadrants of abdomen and run entire small bowel 
and colon 

 • Evacuate all clots, biloma 
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         Introduction 

 There are two types of liver abscesses that may necessitate 
surgical intervention: pyogenic and amoebic. This chapter 
reviews the epidemiology, clinical presentation, diagnosis, 
and management of these diseases and gives a brief overview 
of echinococcal cysts.  

   Pyogenic 

   Epidemiology 

 Pyogenic abscesses are bacterial in origin and are caused by 
either direct extension into the liver from the abdominal cav-
ity, via the bile ducts, via the portal vein, hematogenously via 
the hepatic artery, or direct trauma. In the early twentieth 
century, appendicitis was the most frequent cause of hepatic 
abscess  [  1  ] . However, with the advent of antibiotics, biliary 
disease, whether benign or malignant, became the most com-
mon source of pyogenic abscesses. A recent case review by 
Huang et al. spanning 42 years at a single institution identi fi ed 
biliary malignancy to be the most common cause in the latter 
period of the study  [  2  ] . 

 The incidence of pyogenic liver abscesses appears to 
vary depending on the geographic region. In the United 
States, a recent population based study calculated an annual 
incidence of 3.6 cases per 100,000 people, whereas popula-
tion based reports in other countries have varied from 1 to 
17.6 per 100,000 people  [  3  ] . More recent studies have also 
shown an increasing slight male preponderance for the dis-
ease that was not seen in earlier published studies and it is 

more often seen in patients older than 50 years of age  [  1,   3–  5  ] . 
The incidence of hepatic abscesses appears to be increasing 
and this may be attributable to the use of newer immunosup-
pressive drugs, the increase in immunocompromised 
patients, the more frequent use of indwelling biliary stents, 
and the use of hepatic artery embolization. Other risk fac-
tors include diabetes, immunocompromised state (human 
immunode fi ciency virus [HIV], liver transplantation), intra-
venous drug abuse, and biliary malignancies  [  6  ] .  

   Clinical Presentation 

 The majority of patients (~90%) present with fever as their 
 fi rst clinical sign. Approximately half of the patients will also 
present with chills. Other symptoms include jaundice, right 
upper quadrant pain, anorexia, weight loss, hepatomegaly, 
and weakness. The most common laboratory abnormalities 
include an elevated WBC (white blood cell count), hypoal-
buminemia, anemia, and prolonged prothrombin time. Many 
patients will also demonstrate abnormal liver function tests 
including total bilirubin, alkaline phosphatase, aspartate 
aminotransferase, and alanine aminotransferase. However, 
these changes may not be present if the patient has an 
indwelling biliary stent. 

 Abscess cultures are positive approximately 2/3 of the 
time, whereas blood cultures are positive approximately 
only 60% of the time. The most common organisms isolated 
are gram-negative aerobes with  Klebsiella pneumoniae , 
 Escherichia coli , and  Pseudomonas aeruginosa  being the 
most commonly isolated organisms.  Streptococcus  is the 
most common gram-positive aerobe isolated and usually 
indicates a biliary source. Anaerobes are isolated 10–30% 
of the time and include  Bacteroides  and  Clostridium . 
Approximately half of the patients will demonstrate a single 
isolate; however, multiple organisms are cultured approxi-
mately 33% of the time. Patients who are blood culture posi-
tive have concordant cultures with the abscess only 50–60% 
of the time  [  2,   5  ] .  
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   Diagnosis 

 Approximately half of the patients will have an abnormal 
chest X-ray (CXR). Typical  fi ndings include an elevated 
right hemidiaphragm, a right pleural effusion, or gas or  fl uid 
collection below the diaphragm. An ultrasound of the liver is 
often obtained. Although it is less expensive, faster, and no 
radiation side effects, it is often operator-dependent and not 
able to determine the location of smaller lesions especially 
near the diaphragm. The diagnostic test of choice is a com-
puted tomography (CT) scan. It can differentiate small 
abscesses from small cysts, determine the presence of air 
within the abscess, and clearly delineate multiple loculations 
as well as multiple separate abscesses. On CT, hepatic 
abscesses have a lower attenuation than normal liver paren-
chyma and the abscess wall demonstrates enhancement on a 
contrast enhanced CT (Fig.  22.1 ). Hepatic abscesses more 
commonly occur in the right lobe, followed by the left lobe, 
and less frequently bilateral. Most recent reports have noted 
that liver abscesses also tend to be solitary now compared to 
multiple abscesses. This may re fl ect the changes associated 
with indwelling biliary stents, hepatic artery embolizations, 
and malignancies  [  2,   5  ] .   

   Treatment 

 The initial treatment of any patient suspected of having a 
possible liver abscess is initiation of broad spectrum antibi-
otics. The development of broad spectrum single agents 
(imipenim, piperacillen/tazobactam) has replaced the traditional 

treatment of the combination of ampicillin, aminoglycoside, 
and an anaerobic drug such as metronidazole  [  7  ] . The dura-
tion of antibiotic use remains debatable, and is usually based 
on treatment response and the abscess characteristics. 

 Percutaneous drainage was  fi rst reported in 1953 but did 
not become accepted as standard therapy until the 1980s. 
It has now become the treatment of choice for pyogenic 
hepatic abscesses. It is usually performed either with ultra-
sound or CT guidance, and success rates range from approxi-
mately 60–90%. There is still some debate, however, as to 
percutaneous aspiration alone versus catheter drainage. 
Several studies have demonstrated the ef fi cacy of percutane-
ous aspiration alone. Giorgio et al. reviewed 39 patients with 
hepatic abscesses who were treated with aspiration alone; 36 
of the 39 (92.3%) were successfully treated with a single 
aspiration, and the other three patients only required one 
more aspiration. There were no deaths or complications in his 
study  [  8  ] . Yu et al. demonstrated a 96.8% success rate in 64 
patients with aspiration alone; approximately half (49.5%) 
required a single aspiration and the rest of the patients required 
multiple aspirations. In his study, two patients died of over-
whelming sepsis and another required surgical intervention 
for a liver laceration. However, other studies have demon-
strated superiority of catheter drainage  [  9  ] . Rajak et al. ran-
domly assigned 50 patients to aspiration or catheter drainage. 
Residual abscess after two aspirations was considered failure 
in the aspiration group, and residual abscess after catheter 
drainage was considered failure in the catheter group. Only 
60% responded to the needle aspiration, whereas 100% 
responded in the catheter drainage group  [  10  ] . Zerem et al. 
prospectively randomized patients to percutaneous aspiration 
versus catheter drainage. Similar to the last study, percutane-
ous aspiration was successful in 67% of patients, whereas 
catheter drainage was successful 100% of the time  [  11  ] . 

 Catheter drainage appears to also be successful in patients 
with multiloculated or multiple abscesses. A series by Liu 
et al. found no difference between single and multiple 
abscesses and had very high clinical success rates of treat-
ment of 87% for a single abscess and 92% for multiple 
abscesses with catheter drainage. That study also found an 
88% success rate for treatment of a single multiloculated 
abscess as well as a 90% success rate for multiple multilocu-
lated abscesses  [  12  ] . Failure of catheter drainage appears to 
be decreasing but still exists in approximately 10% of 
patients. A recent case series by Mezhir et al. demonstrated 
only a 66% success with catheter drainage; however, in this 
study, 88% of patients had a history of gastrointestinal 
 malignancy. Nine percent of these patients required surgical 
intervention, whereas the rest of the patients who failed 
 percutaneous drainage died with indwelling catheters. 
Independent predictors of failure of catheter drainage 
included positive yeast cultures and communication with the 
biliary tree  [  7  ] . 

  Fig. 22.1    A 52-year-old Mexican male who presented with RUQ pain 
and jaundice with pyogenic abscess       
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 Surgical therapy is rarely necessary as the  fi rst line of 
intervention. If necessary, it is usually in patients with an 
obstructed biliary system than is not amenable to nonsurgi-
cal decompression or a ruptured abscess with sepsis. More 
commonly, surgical intervention is now reserved only 
when percutaneous drainage has failed, the abscess is not 
amenable to percutaneous drainage (multiloculated or 
large), or when there is a complication from percutaneous 
drainage  [  6  ] .  

   Surgical Therapy 

 If the cause of the hepatic abscess is unknown, a careful 
exploration of the abdomen should be performed to rule 
out any other abdominal pathology. Surgical drainage of 
the abscess is then performed by localization of the abscess 
via ultrasound or needle localization with ultrasound guid-
ance. The abscess is then bluntly opened and the pus evac-
uated. Blunt  fi nger manipulation can be used to break up 
loculations and adhesions. Careful hemostasis should be 
obtained to prevent residual  fl uid collections or recurrent 
abscess. Large bore drains are then left in place for irriga-
tion and suction of the abscess cavity. Tan et al. retrospec-
tively reviewed 80 patients with pyogenic abscesses >5 cm 
who were treated either with surgical drainage (44 patients) 
or percutaneous drainage (36 patients). Eighty percent of 
these patients had multiloculated abscesses. In this study, 
the surgical drainage group had less treatment failure, less 
secondary procedures, and a shorter length of stay. The 
mortality for the surgical drainage group was 4.5% and 
2.8% for the percutaneous group, which was not statisti-
cally signi fi cant  [  13  ] . 

 Some case reports have advocated primary liver resec-
tion for hepatic abscess. Hope et al. retrospectively reviewed 
patients with >3 cm multiloculated pyogenic abscess who 
were treated with percutaneous drainage along with antibi-
otics versus treatment with partial liver resections. The 
resection group had a 100% success rate of treatment and 
7.4% mortality in this group, whereas the drainage group 
only had a 33% success rate for treatment and 4.7% mortal-
ity. Eight patients in the latter group required repeat drain-
age and  fi ve required surgical resection. The mortality rates 
between the two groups also did not reach statistical 
signi fi cance. The authors concluded that for large multiloc-
ulated abscesses, surgical treatment may be the primary 
mode of treatment of the disease  [  14  ] . Strong et al. reviewed 
49 patients who underwent resection for hepatic abscesses 
after either failed conservative treatment or underlying 
hepatobiliary pathology. All of the patients had resolution 
of their abscesses and no patients required reoperation. The 
authors did report 4% mortality in their group after abscess 
rupture in two patients  [  15  ] .   

   Conclusion 

 Pyogenic abscesses are bacterial in origin and more likely to 
be associated with a hepatobiliary pathology. Primary treat-
ment is broad spectrum antibiotics along with percutaneous 
treatment via aspiration or catheter drainage. Rarely, a patient 
may need surgical therapy for failed percutaneous treatment. 
Mortality for this disease is approximately 10% and appears 
to be improving from previous early reports. However, 
appropriate management with antibiotics and consideration 
of appropriate drainage are still required for best outcomes 
(Fig.  22.2 ).   

   Amoebic 

   Pathogenesis 

 Amoebic liver abscesses are caused by the protozoan 
 Entamoeba histolytica , which is endemic in tropical or devel-
oping countries. Humans are both the principal hosts and the 
infective carriers and the disease is usually transmitted fecal-
orally. Infected cysts may be passed through water or pro-
duce contaminated with feces, foods contaminated by food 
handlers or by direct transmission. Most infected patients are 
asymptomatic but some patients will develop invasive dis-
ease of the colon. The liver is the most common extra-intes-
tinal site for infection  [  16  ] . 

 Once ingested, the cysts are capable of resisting acid 
degradation in the stomach. They are then released in the 
trophozoite from the cysts triggered by the neutral intesti-
nal juice in the small intestine. Passing into the large intes-
tine and they adhere to the colonic mucosa and invade into 
the tissue. These infections may manifest as mucosal thick-
ening or more classically, as ulcerations through the 
mucosa and into the submucosa  [  17  ] . It is believed they 
cause hepatic disease by ascending through the portal sys-
tem or via direct extension into the liver. Amoebic abscesses 
consist of three stages: acute in fl ammation, granuloma for-
mation, and advancing necrosis with subsequent abscess 
formation. The abscess itself contains necrotic proteina-
ceous debris with a rim of trophozoites invading the sur-
rounding tissue. 

 Since the abscess is essentially composed of blood and 
necrotic hepatic tissue, its appearance is typically 
described as  anchovy sauce . It is usually odorless and 
sterile, unless there is secondary bacterial infection. The 
abscess will continue to progress and grow until it reaches 
Glisson’s capsule since the capsule is resistant to hydro-
lysis by the trophozoites. This lends to the classic imag-
ing appearance of the lesion abutting the liver capsule 
(Fig.  22.3 ).   
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   Epidemiology 

 Amoebic liver abscesses usually occur in developing or trop-
ical countries with poor sanitation systems. Areas of the 
world with endemic disease include Central and South 
America, Mexico, India, and East and South Africa. The best 
estimate of the prevalence of amebiasis was by the World 
Health Organization (WHO) in 1995 that estimated approxi-
mately 40–50 million people become symptomatic per year 

with intestinal colitis or hepatic abscess, resulting in 
40,000–100,000 deaths from the disease. A more recent pop-
ulation-based study in the United States identi fi ed the inci-
dence to be 1.38 per million population with a 2.4% average 
decline during the course of the study (1993–2007)  [  16  ] . 
The mortality in that study was also lower than what has 
been previously reported and was approximately 1%. 

 Hispanic males between the ages of 20 and 40 with a 
 history of travel to endemic regions of the world are most 

  Fig. 22.2    Algorithm for 
treatment of pyogenic liver 
abscesses       

  Fig. 22.3    A 49-year-old 
Chinese female who presented 
with RUQ pain caused by an 
amoebic abscess       
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commonly affected by amoebic liver abscess, which is in con-
trast to pyogenic abscesses, which tend to occur in older patients 
 [  16  ] . There is also a heavier preponderance in the male gender 
although this is not well understood. One theory is alcohol use 
in men may lead to impaired Kupffer cell function or impaired 
immune response. Immunosuppressed patient are also at 
greater risk for amoebic liver abscess and predisposing condi-
tions include HIV, steroid use, malnourished patients with 
severe hypoalbuminemia, and post-splenectomy patients.  

   Clinical Presentation 

 The most common clinical features of amoebic liver abscesses 
include fever and abdominal pain. Hepatomegaly with pain 
on palpation over the liver or below the ribs is one of the 
most important clinical signs that may help distinguish this 
disease from pyogenic abscesses. Other symptoms include 
chills, nausea, weight loss, and diarrhea. Jaundice is seen 
less commonly with amoebic abscesses. 

 Common laboratory  fi ndings include an elevated white 
blood cell (WBC) count and anemia. Patients with acute 
amoebic abscess tend to have an elevated AST and a normal 
alkaline phosphatase, whereas patients with chronic amoebic 
abscess will have a normal AST and almost always an abnor-
mal alkaline phosphatase. In contrast, patients with pyogenic 
abscesses tend to have an elevated bilirubin and abnormal 
liver transaminases  [  17  ] .  

   Diagnosis 

 Amoebic abscesses need to be distinguished from pyogenic 
abscesses. Like pyogenic abscesses, the majority of patient 
with amoebic abscesses will have an abnormal CXR, which 
may demonstrate an elevated hemidiaphragm, pleural effu-
sion, or atelectasis. An abdominal ultrasound can help make 
the diagnosis of amoebic abscess and has an accuracy of 
95%; however, it is operator dependent. Typical ultrasound 
 fi ndings include a round or oval lesion that is hypoechoic and 
homogenous in appearance without wall echoes and abutting 
the liver capsule. In addition the majority of lesions (>80%) 
are found in the right lobe of the liver. 

 Abdominal CT is another imaging modality that is 
extremely sensitive for detecting liver abscesses. Its advan-
tage is the ability to distinguish an abscess from benign or 
malignant tumors; however, it does not always distinguish 
between pyogenic and amoebic abscess. The lesion is typi-
cally peripheral in the liver without an enhanced rim. 
Magnetic resonance imaging (MRI) is another imaging 
modality, but like CT, cannot distinguish between amoebic 
and pyogenic abscesses. It is also more expensive and is 
relatively inaccessible from an emergent standpoint. 

 Serologic testing is a useful adjunct to making a diagnosis 
of amoebic liver abscess. The majority of patients will not 
have any detectable parasites in their stools; however, >90% 
of patients will have antibodies to  E .  histolytica   [  18  ] . The 
enzyme linked immunoassay test has largely replaced all 
tests for  E .  histolytica  as it is fast, highly sensitive, and 
widely available. Its sensitivity is ~99% with a speci fi city of 
90%. Although the test cannot distinguish between acute and 
chronic infections, it is helpful in a patient with a typical 
story for amoebic hepatic abscess and a mass on imaging 
studies for making a determination of amoebic abscess.  

   Treatment 

 Metronidazole is the treatment of choice for amoebic 
abscesses. The drug enters the parasite by diffusion and is 
converted by reduced ferredoxin or  fl avodoxin into reactive 
cytotoxic nitro radicals. A 10-day treatment of 750 mg 
orally three times per day has a >95% ef fi cacy in most 
patients  [  17  ] . Symptomatic improvements are usually seen 
by 3 days of treatment and there is little, if any, resistance 
to the drug. If the patient is unable to tolerate metronida-
zole, emetine hydrochloride or chloroquine phosphate can 
be substituted. Emetine hydrochloride is limited in its use-
fulness since it is administered intramuscularly and has 
signi fi cant cardiac side effects. Chloroquine phosphate can 
be used in pregnancy and has some associated side effects 
such as gastrointestinal upset, headaches, and pruritis. The 
majority of its use is limited to recurrent or resistant hepatic 
amebiasis. 

 After the patient has been treated for the amoebic abscess, 
they should be treated for the intestinal colonization with an 
agent such as iodoquinol, paromomycin, or diloxanide 
furoate. The risk of hepatic relapse is approximately 10% in 
patients not treated for their colonization. 

 Percutaneous drainage or aspiration of the abscess has 
been debated in the literature. A recent Cochrane review of 
image guided percutaneous drainage plus metronidazole ver-
sus metronidazole alone did not demonstrate any bene fi t to 
drainage  [  19  ] . The authors did note that the majority of stud-
ies were of low quality and that further con fi rmation with 
larger trials would be necessary to con fi rm their results. In a 
recent population-based study on amoebic abscess in the 
United States, percutaneous drainage was performed in 48% 
of cases and surgical drainage was performed in another 7% 
 [  16  ] . The indications for drainage were not noted in the 
study. There was no mortality associated with percutaneous 
drainage but the authors did note a 0.09% mortality when 
treated conservatively without drainage (either percutaneous 
or surgical). Other studies have reached mixed conclusions 
and there is currently no consensus on the placement of 
drains or aspiration.  
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   Complications 

 Approximately 3–17% of the time, the abscess can rupture 
into the peritoneum, pleural cavity, hollow viscera, or peri-
cardium. The majority of these ruptures are contained by the 
diaphragm, omentum, or abdominal wall. Free rupture into 
the abdominal cavity is rare as is rupture into a hollow vis-
cus; however, there are reports of ruptures into the stomach 
and the colon. Most authors now advocate free ruptures into 
the peritoneum to be managed by percutaneous drainage of 
the pus. Aggressive surgical management in early published 
reports led to very high mortality rates, whereas patients who 
are conservatively managed tended to fare better. 

 Exploratory laparotomy is indicated when the diagnosis 
is uncertain, when there is life-threatening hemorrhage, or 
failure of conservative management. However, published 
mortality rates are high with surgical management. The 
abscess is usually seen to be on the surface of the liver. The 
portal triads will be traversing within the abscess since they 
are covered by Glisson’s capsule and are not degraded by the 
amoeba. Care must be taken to not disrupt these triads or 
signi fi cant hemorrhage can occur. Since the bile ducts also 
are found here, disruption can lead to postoperative bile 
leaks. The abscess cavities can be irrigated gently with saline 
and then instilled with emetine hydrochloride. Drains should 
be left in place to widely drain the residual cavity. 

 Amoebic abscesses can also spontaneously rupture into 
the pleural cavity or pericardium. Patients will develop an 
acute shortness of breath with opaci fi cation of their lung on 
CXR. An ultrasound or CT imaging will reveal the hepatic 
abscess near the dome of the liver with a large opaci fi ed  fl uid 
collection in the lung. The treatment of choice for the pleural 
cavity is adequate drainage of the  fl uid. Left untreated or 
poorly drained, the patient will develop a secondary infec-
tion requiring decortications. If a patient develops a rupture 
into their pericardium, it can be dif fi cult to diagnose unless 
there has been abdominal imaging. A high index of suspicion 
is often necessary to make the diagnosis. Treatment of the 
pericardial effusion either with percutaneous drainage or 
subxiphoid window is necessary in cases of tamponade or 
impending tamponade.   

   Conclusion 

 Amoebic abscesses are caused by the protozoan  Entamoeba 
histolytica . The typical patient is a young Hispanic male with 
recent travel to endemic areas of the world. Primary treat-
ment is with metronidazole. The majority of patients will 
respond within 3 days of treatment. Uncomplicated amoebic 
abscesses are easily treated with a low mortality; however, 
complications can arise which can signi fi cantly increase 
mortality (Fig.  22.4 ).   

   Echinococcal Cysts 

 Echinococcal cysts (hydatid cysts) of the liver are caused by 
the adult or larval stages of the tapeworm  Echinococcus 
granulosus . This zoonotic disease occurs mostly in areas of 
the world associated with sheep grazing, but is common 
worldwide because dogs are the de fi nitive host. 

   Pathogenesis 

 The adult tapeworm ( Echinococcus granulosus ) inhabits the 
small intestine of the de fi nitive host (usually dogs). Eggs 
from the tapeworm are released into the feces, which are 
then ingested by an intermediate host. This can include 
sheep, cattle, goats, horses, or humans. Within the intestine, 
the egg hatches and releases an oncosphere larva. This onco-
sphere larva contains hooks that allow it to penetrate the 
bowel mucosa and enter the bloodstream where it then 
migrates to the liver or other solid organs, such as the lungs. 
There, the oncosphere larva develops into a 2-layer cyst sur-
rounded by a host-derived  fi brous capsule, referred to as the 
pericyst. The 2 layers consist of an inner germinal layer and 
an outer gelatinous membrane. This cyst continues to enlarge 
as protoscolices bud from the germinal layer and  fi ll the inte-
rior of the cyst. With enough time, the cysts will form inter-
nal septations and other daughter cysts. In the intermediate 
host, such as humans, the protoscolices can only develop into 
more daughter cysts and cannot further differentiate into 
tapeworms. After the cyst containing organs of the infected 
intermediate host are ingested by the de fi nitive host, such as 
a dog or sheep, the protoscolices then evaginate and attach to 
the intestinal mucosa. Within the intestine, they develop into 
the adult tapeworm, ready to be transmitted to its next host 
(Fig.  22.5 ).   

  Fig. 22.4    Algorithm for treatment of amoebic liver abscesses       
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   Epidemiology 

 Echinococcal disease is found worldwide especially in areas 
involved with sheep farming, but is most common in temper-
ate regions such as the Mediterranean areas, South America, 
China, the Soviet Union, Central Asia, and Africa. In the 
United States, the majority of cases are found in immigrants 
from countries where echinococcosis is prevalent. The actual 
incidence and prevalence of echinococcosis is variable 
depending on the area of the world, but most estimates are 
thought to be misleading from the lack of actual data collect-
ing. In most countries where the disease is prevalent, echi-
nococcosis is not considered to be a reportable disease and 
rural settings present a challenge to acquiring epidemiologic 
data. The estimates may also be false as this disease is 
dif fi cult to detect early on, and it is prevalent in areas with a 
weak healthcare systems, with a high population of stray 
dogs, and illegal slaughtering. However, several retrospec-
tive reviews demonstrate the incidence to be similar in many 
countries despite geographical difference. Reported data on 

the annual surgical incidence in Turkey was estimated to be 
6.4 per 100,000 inhabitants, the incidence in Sardinia from 
2001 to 2005 was 6.2 per 100,000 inhabitants, and the inci-
dence in Tanzania was 10 per 100,000  [  20,   21  ] .  

   Clinical Presentation 

 Most hydatid cysts are asymptomatic and slow growing, and 
therefore are present for years before being detected. Most 
primary infections in humans consist of a single cyst, and the 
liver is the most common location, accounting for over 70% 
of cases, with the lung being the second most likely, seen in 
25% of cases  [  22  ] . Signs and symptoms are vague and typi-
cally due to the mass effect of the large cyst on the involved 
and surrounding organs; these include hepatomegaly, abdom-
inal pain, nausea, vomiting, and jaundice. Often, patients 
will present with a complication of the cyst as their initial 
presentation, which can include cyst rupture or secondary 
infection appearing similar to a pyogenic abscess  [  23  ] .  

  Fig. 22.5    Life cycle of  Echinococcus granulosus . Reproduced via 
Wikimedia Commons from User:Slashme (Redrawn from  fi le:CDC 
Echinococcus Life Cycle.jpg) [GFDL (  http://www.gnu.org/copyleft/

fdl.html    ) or CC-BY-SA-3.0-2.5-2.0-1.0 (  http://creativecommons.org/
licenses/by-sa/3.0    )]       
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   Diagnosis 

 Abdominal ultrasound has become the diagnostic method of 
choice for imaging of hydatid cysts. It is easily available and 
can determine the number of cysts, the size, and the viability 
of the cyst based on the morphology of the cyst wall. It has 
been used worldwide because its availability, portability and 
accuracy. Typical  fi ndings include a well-circumscribed cyst 
with budding lesions on the cyst membrane. The cyst  fl uid 
may be simple or heterogeneous with classic hyperechoic 
contents creating a “snow fl ake sign.” When the cyst is degen-
erating, it may be  fi lled with an amorphous mass, which is 
composed of the degenerating membrane. CT or MRI is also 
often used, and these reveal large cystic lesions and when 
present, calci fi cations in the wall are nearly diagnostic for 
hydatid disease (Fig.  22.6 ). In addition, immunologic serum 
assays to detect antibodies to  E granulosus  are used to 
con fi rm the diagnosis. The sensitivity of these tests are lim-
ited to the fact that antigens are sequestered within the cyst 
cavity and therefore do not illicit an immune response from 
the host  [  22  ] . But, this modality is also helpful in the follow-
up surveillance of patients after surgical or pharmacological 
treatment.   

   Treatment 

 Surgical treatment for hydatid cysts within the liver is the 
most successful method of treatment with the lowest inci-
dence of recurrence  [  22  ] . The goal of surgery is complete 
removal of the cyst wall and contents with a surrounding rim 
of hepatic parenchyma, referred to as pericystectomy. In addi-

tion, larger or more complicated cysts may be best resected 
via partial hepatectomy or hepatic lobectomy. Other more 
conservative operative techniques include simple drainage, 
marsupialization of the cyst wall, or placing omentum within 
the cyst. Reported recurrence rates vary from 2% to 25%, 
while more radical interventions have the lowest rate of 
recurrence at the cost of higher operative risk  [  23  ] . Any com-
munication with the biliary system must be recognized and 
treated in the operating room, and it is often repaired with a 
simple suture-ligature of the exposed ducts. Failing to recog-
nize and repair this will lead to biliary leak and likely infected 
biloma. 

 The most severe consequence of surgery for hydatid cysts 
is the incidence of anaphylactic reaction due to spillage of 
the cyst contents. One important step is preoperative prepa-
ration and communication, as the anesthesia team should 
have epinephrine and steroids prepared to treat any anaphy-
lactic reaction  [  1  ] . Other methods employed to minimize this 
risk include aspirating the cyst at the start of the operation 
and instilling ethanol or hypertonic saline within the cavity. 
The intra-abdominal surgical  fi eld should be isolated with 
laps so that any spillage is contained and interaction of the 
cyst contents and other tissues are minimal. In addition, 
soaking the laps in hypertonic saline has been described. 
Due to the pathogenesis of liver cyst formation, surgeons 
must be aware that the cyst contains 2 layers that must be 
removed en masse. Pericystectomy involves creating a dis-
section plane through healthy liver parenchyma, thus ensur-
ing complete resection of both layers, and decreasing the risk 
of entering the cyst cavity. 

 In addition, there are an increasing number of reports of 
minimally invasive laparoscopic approaches to resection or 
drainage of hydatid cysts  [  24  ] . The same principles of sur-
gery apply, including packing the liver to control drainage 
and complete removal pericyst tissue with normal hepatic 
parenchyma and detecting and treating any biliary 
communications. 

 Contraindications to surgery include pregnancy, patient 
refusal, or medical comorbidities. In these cases, medica-
tions used in the treatment of hydatid disease include 
albendazole and mebendazole. Medical therapy is effective 
in 60–80% of patients, and most often in those with small 
(<7 mm), isolated cysts, surrounded by minimal adventitial 
reaction  [  22  ] . Treatment typically lasts a minimum of 3 
months, and patients must be monitored for adverse reac-
tions such as neutropenia and hepatic toxicity. 

 “PAIR” (Puncture–Aspiration–Injection–Reaspiration) is 
gaining popularity as a third method of treatment of hydatid 
cyst disease. The procedure begins with image-guided punc-
ture of the cyst, and can be done with either sonography or 
CT. Following aspiration of the entire cyst contents, the cav-
ity is injected with a protoscolicidal agent such as 95% etha-
nol or hypertonic saline for 15–30 min, completed by 

  Fig. 22.6    A 34-year-old female who presented with RUQ pain due to 
large echinococcal cyst       
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reaspiration of this  fl uid. Reports indicate that the incidence 
of anaphylaxis is only 8%, compared to 25% during surgical 
resection  [  25  ] . When used as a part of a multimodality 
approach, the technique has been shown in a large meta-
analysis to be slightly more effective than surgery with 
decreased rates of morbidity, mortality, hospital stay, and 
recurrence  [  25  ] . This approach includes a 7-day pretreatment 
course of albendazole or mebendazole, followed by at least 1 
month of these medications post-procedure. Importantly, 
PAIR must not be used in patients whose cysts communicate 
with the biliary system as injection of the sclerosing agents 
can induce a severe sclerosing cholangitis. The presence of 
biliary communication must be detected with pre-procedural 
ERCP, cholangiography during the procedure, or testing the 
cyst  fl uid for bilirubin.  

   Complications 

 Initial symptoms of hydatid cysts are often vague; therefore 
often the  fi rst presentation is due to a complication. Most 
commonly cysts rupture freely into the peritoneal cavity, 
causing disseminating echinococcosis creating cysts in mul-
tiple intra-abdominal organs. In addition, the sudden release 
of cyst contents can precipitate allergic reactions that vary 
from mild to fatal anaphylaxis. It is reported that there is a 
10% rate of severe anaphylactic reactions  [  23  ] . When recog-
nized early, patients are treated with epinephrine or steroids 
to support them through this reaction. Within the liver, the 
cyst can rupture into the biliary tree and cause secondary 
cholangitis. Other complications include biliary obstruction 
by daughter cysts or simple extrinsic compression. In addi-
tion, the cyst cavity is a potential site of secondary bacterial 
infection. These are diagnosed and treated as pyogenic liver 
abscesses.   

   Conclusion 

 Echinococcal cysts (hydatid cysts) of the liver are caused by 
the tapeworm  Echinococcus granulosus . While detected 
worldwide, they are more prevalent in temperate climates 
where humans are in contact with the de fi nitive hosts, sheep 
and dogs. They most often cause cysts within the liver, 
detected by imaging and immunoassays. Symptoms are often 
due to mass effect; however, rupture and spillage of contents 
are associated with severe anaphylaxis. Primary treatment 
involves complete surgical resection of the cyst either via 
laparotomy or laparoscopic approach. Newer methods such 
as Percutaneous Aspiration–Injection–Reaspiration (PAIR) 
are growing in popularity as an effective and safe treatment 
option (Fig.  22.7 ).       
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          Introduction 

 Acute pancreatitis is characterized by localized pancreatic 
in fl ammation, but may progress to disease with systemic 
effects, such as distant organ dysfunction. Alcohol and gall-
stones are the most common causes of pancreatitis, although 
other etiologies such as metabolic disturbances, obstruction, or 
medications may less frequently cause pancreatitis. The 
in fl ammatory process of acute pancreatitis is thought to begin 
in the pancreatic acinar cells with co-localization of pancreatic 
zymogens and lysozymes in the cytoplasm, resulting in inap-
propriate activation. This process leads to acinar cell damage, 
followed by a robust in fi ltrate of leukocytes, further propagat-
ing this in fl ammatory process. Patients typically present with 
severe epigastric pain, radiating to the back, associated with 
nausea and vomiting. While most cases of acute pancreatitis 
are self-limiting, the disease can progress to severe acute pan-
creatitis and be complicated by a systemic in fl ammatory 
response syndrome, organ failure, shock, and death.  

   Epidemiology 

 The overall occurrence of pancreatitis may be as low as 4.9 
persons per 100,000 person population  [  1  ] ; however, there 
has been a recent trend in increasing incidence of acute 
pancreatitis in epidemiological studies in the United States. 

In a recent review of hospital discharges in the United States, 
more than 235,000 cases of pancreatitis were found to be 
admitted to hospitals with a calculated population incidence 
of 78 persons per 100,000 person population  [  2  ] . The increas-
ing incidence over the past 20 years may be attributed to 
improvements in imaging technologies and laboratory tests 
that aid in the diagnostic assessment of nonspeci fi c 
abdominal pathology. However, the more recent increases in 
incidence over the past 10 years may be attri buted to the 
greater prevalence of obesity and an accompanying increase 
in incidence of gallstone pancreatitis  [  3  ] . Acute pancreatitis 
may have even greater incidence as many mild cases are 
under reported and a proportion of patients with severe acute 
pancreatitis go undiagnosed only until autopsy  [  4  ] . 

 In the United States, the total cost of admissions for acute 
pancreatitis reaches approximately $2.2 billion per year. The 
average cost per hospitalization is just under $10,000 with a 
mean cost per hospital day of $1,670 during a 6.1 day average 
length of stay  [  5  ] . In subgroups such as elderly patients, aver-
age hospitalization tends to cost more, primarily due to a more 
complicated hospital course and extended lengths of stay. 

 Historically, acute pancreatitis has been a disease associ-
ated with a high mortality rate. Early studies in the 1940s 
reported a mortality rate of 25% in patients managed conser-
vatively, with a mortality rate of 54% for those managed 
operatively  [  6  ] . By the early 1970s, Ranson et al. reported an 
overall mortality rate of 15% in acute pancreatitis  [  7  ] . In 
these early studies, patients often succumbed to death as cli-
nicians had dif fi culty predicting and identifying those patients 
that would progress to severe acute pancreatitis. In addition, 
many more patients with severe disease were operated upon 
and thus, were exposed to the signi fi cant operative risks. 

 Currently, high rates of mortality in acute pancreatitis are 
still frequently cited, although some of these rates refer to 
speci fi c sub-populations of patients. The overall mortality of 
all hospitalized patients with acute pancreatitis ranges from 
2% to 5% (17% in severe acute pancreatitis, 1.5% in mild 
acute pancreatitis)  [  8  ] . Of patients admitted to the intensive 
care unit with acute pancreatitis, mortality was found to be 
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31.5% and later 10.3% for those patients transferred out of the 
intensive care unit  [  9  ] . The patients with highest risk of mortal-
ity in pancreatitis are those admitted to the intensive care unit 
or those with disease characterized as severe acute pancrea-
titis, when there are local complications of the pancreas or 
distant organ failure. Approximately 15–20% of patients with 
acute pancreatitis experience this severe form of disease. 
In severe acute pancreatitis, much of the morbidity and mortal-
ity is associated with organ failure, with organ failure occur-
ring in approximately 50% of patients with severe acute 
pancreatitis  [  10  ] . The mortality in severe acute pancreatitis has 
been reported to range from as low as 17 to up to 69%  [  11–  13  ] . 
However, in studies conducted at medical centers with special-
ized medical and surgical expertise in the management of 
pancreatic disease, the mortality in severe acute pancreatitis 
may be under 10% and as low as 6%, even when considering 
only the patients with necrotizing pancreatitis  [  14,   15  ] . 

 There is a broad variety of etiologies of acute pancreatitis, 
although gallstone or biliary pancreatitis remains the most com-
mon cause. The mechanism is thought to be due to small gall-
stones that develop and pass via the cystic duct to be retained in 
the distal common bile duct. By blocking drainage of the com-
mon bile duct near the ampulla of Vater, it is thought that biliary 
 fl uids containing bile salts may re fl ux up into Wirsung’s duct, 
causing damage to pancreatic acinar cells. Gallstone pancreati-
tis accounts for approximately 35–40% of all cases of acute 
pancreatitis  [  16,   17  ] . In the general population, however, there is 
a high prevalence of asymptomatic gallstones and less than 10% 
of patients with symptomatic gallstones actually develop pan-
creatitis  [  18  ] . Of ethnic groups, Caucasians, Hispanics, and 
Native Americans tend to have the highest rates of gallstone 
pancreatitis when compared to people of other ethnic back-
grounds  [  19–  21  ] . Well-de fi ned risk factors associated with gall-
stone pancreatitis include female sex, pregnancy, and obesity. 

 The second most common cause of acute pancreatitis is 
due to chronic and excessive alcohol consumption. Alcoholic 
pancreatitis accounts for approximately 30% of cases of pan-
creatitis in the United States. The mechanism by which alco-
hol causes acute pancreatitis is presently unknown, although 
it is hypothesized to occur in the context of increased pancre-
atic duct secretions with sphincter of Oddi spasm, causing 
pancreatic ductal hypertension. Interestingly, pancreatitis 
associated with alcohol use rarely occurs with “binge 
drinking,” but more typically occurs in patients with chronic 
alcohol intake, who already have either changes of chronic 
pancreatitis. Patients with alcoholic cirrhosis rarely also have 
pancreatitis and vice versa. Alcoholic pancreatitis occurrence 
peaks during the 4th and 5th decades of life  [  19  ] . The inci-
dence of alcoholic pancreatitis is 2–3% per year in chronic alco-
holics  [  22  ] . Alcoholic pancreatitis has been associated with 
greater mortality compared to gallstone pancreatitis, although 
this may be due to lower baseline nutrition and health status 
that occurs with chronic alcohol abuse. 

 In the absence of a history chronic alcohol abuse and 
gall-stones in the biliary system, other causes of pancreatitis 
may be investigated, which account for 30% of cases. These 
other causes may include tumor, infection, anatomic anom-
aly, trauma, iatrogenic injury, medication, metabolic dys-
function, autoimmune disease, or genetics. With resolution 
of symptoms in mild acute pancreatitis, it is permissible to 
defer an extensive investigation in the absence of clear etiol-
ogy. However, with severe acute pancreatitis, repeated bouts 
of acute pancreatitis, or other more worrisome signs, a more 
thorough investigation is appropriate. 

 Tumor obstructing the main pancreatic duct is a rare, but 
serious cause of acute pancreatitis. Most frequently, ampul-
lary tumors may cause pancreatitis, although masses any-
where along the pancreatic ducts may be a source for disease. 
Mucous from intraductal papillary mucinous neoplasm can 
also cause obstruction. Pancreatitis associated with weight 
loss, jaundice, steatorrhea, and pale-colored stools is con-
cerning for a mass obstructing the pancreatic duct. 

 An even less prevalent cause of obstruction in the United 
States, helminth infestation, has been known to cause pan-
creatitis. These parasitic worms migrate via the small intes-
tines into the pancreaticobiliary duct system and can induce 
pancreatitis by obstructing pancreatic  fl uid out fl ow. The most 
common culprits are  Ascaris lumbricoides  and  Clonorchis 
sinensis , although both are rare in the United States. In the 
United States, helminth infestation is most common in immi-
grants from endemic countries. 

 Pancreas divisum, an anatomic anomaly where the major-
ity of the pancreas drains by the duct of Santorini, has been 
associated with recurrent bouts of acute pancreatitis. Autopsy 
series have found that the prevalence of pancreas divisum 
ranges from 5% to 7% in the general population  [  23  ] . However, 
only a subpopulation of patients with pancreas divisum ever 
experiences symptomatic disease associated with this anom-
aly. It has been postulated that pancreatitis occurs because of a 
“relative obstruction” of the minor papilla, which drains the 
majority of pancreatic glandular tissue  [  24,   25  ] . 

 Blunt trauma to the epigastrium can cause a severe pancre-
atic duct injury, where the main duct is compressed against 
the spine, or mild pancreatic in fl ammation and edema, due to 
contusion. Traumatic injury to the pancreas most commonly 
occurs in the context of motor vehicle and bicycle accidents 
with a forceful strike to the abdomen by the steering wheel or 
handlebars. Severe injury to the pancreatic duct can cause 
severe in fl ammation, pancreatic duct leak, pseudocyst forma-
tion, and a complicated hospital course. 

 Pancreatitis following endoscopic retrograde cholang-
iopancreatography (ERCP) is a well recognized cause. 
Although 75% of patients who have an ERCP will have 
elevations in post-procedure serum amylase  [  26  ] , the inci-
dence of abdominal pain and pancreatitis is only 4–5%, 
based on recent large clinical trials  [  27,   28  ] . At this time, 



30523 Acute Pancreatitis

there are no medications to prevent post-ERCP pancreatitis, 
although numerous agents have been studied  [  29–  31  ] . 
Multiple studies have shown bene fi t of short-term prophy-
lactic pancreatic stent placement for the prevention of post-
ERCP pancreatitis  [  32  ] . 

 Medications are another infrequent cause of pancreati-
tis, accounting for less than 1% of cases of acute pancrea-
titis  [  33  ] . It is often dif fi cult to deduce a causative relation 
between medications and disease, as pancreatitis tends to 
be self-limiting and resolution may occur spontaneously, 
coincidentally at the same time of medication cessation. 
However, there are a number of medications that have 
consistently been associated with pancreatitis such as 
those for acquired immunode fi ciency syndrome (AIDS) 
(didanosine, pentamidine), antibiotics (metronidazole, tet-
racycline), diuretics (furosemide, thiazides), in fl ammatory 
bowel disease drugs (sulfasalazine, 5-ASA), immunosup-
pressives (L-asparaginase, azathioprine), valproic acid, 
and steroids. 

 Metabolic disturbances such as hypertriglyceridemia and 
hypercalcemia can cause pancreatitis. Elevated triglycerides 
causing acute pancreatitis can be as low as 500 mg/dL, but 
are more typically found at levels greater than 1,000 mg/dL. 
Hypercalcemia causing pancreatitis often occurs in the con-
text of hyperparathyroidism, but also can occur secondary to 
malignancy, total parenteral nutrition, or sarcoidosis. 

 Autoimmune pancreatitis is an etiology that typical occurs 
as sub-acute or chronic pancreatitis and can present later as a 
pancreatic head mass that could mimic pancreatic malignan-
cies in initial presentation. It was  fi rst identi fi ed by Yoshida 
et al. in 1995 and had accounted for 5–6% of cases of idio-
pathic pancreatitis in Japan  [  34,   35  ] . Autoimmune pancreati-
tis is associated with elevated serum levels of IgG4 and other 
self-antigens and is highly responsive to corticosteroid 
therapy. 

 In younger patients, pancreatitis may occur from genetic 
causes, together categorized as “hereditary pancreatitis.” 
In 1996, Whitcomb et al. reported a single-gene missense 
mutation affecting cationic trypsinogen, leading to cluster-
ings of pancreatitis in an autosomal dominant pattern of 
inheritance  [  36  ] . Mutations in the cystic  fi brosis transmem-
brane conductance regulator (CFTR) gene, causing defects 
in chloride ion channel and the disease cystic  fi brosis is 
another genetic cause of pancreatitis. Serine protease inhibi-
tor Kazal type I (SPINK-1) has also been found to be a 
hereditary cause of pancreatitis. 

 Infectious causes of acute pancreatitis include viruses, 
bacteria, and fungi. Viruses causing pancreatitis include 
mumps, Coxsackie virus, hepatitis B, cytomegalovirus, and 
varicella-zoster virus. Bacterial causes of pancreatitis tend to 
be exceedingly rare, but cases caused by Mycoplasma, 
Legionella, and Salmonella have been reported. Of fungi, 
aspergillus has been reported to rarely cause acute pancreati-

tis. Additionally, bites from various vectors, including the 
brown recluse spider, a scorpion found in the region sur-
rounding Trinidad ( Tityus trinitatis ), and the Gila monster 
have been known to induce pancreatitis in their victims, via 
hyperstimulating cholinergic innervations to the pancreas, 
resulting in hypersecretion and sphincter spasm.  

   Clinical Presentation 

 The classic presentation of acute pancreatitis is acute onset 
of mild to severe epigastric pain, radiating to the back with 
associated nausea and vomiting. Up to 70% of patients 
with acute pancreatitis will have this classic pattern of symp-
toms. At onset, the pain typically develops over an hour and 
may be characterized as a pressure-like, dull and constant, or 
even throbbing epigastric abdominal discomfort. Patients 
may notice that the pain is better appreciated in the supine 
position and may be mildly alleviated in a sitting position 
and leaning forward. Variations in pain severity with exer-
tion or the respiratory cycle would be atypical. In mild cases 
of acute pancreatitis, pain may resolve within 1 or 2 days, or 
can potentially persist for weeks. Interestingly, it is also not 
uncommon for patients to have pancreatitis, but have mini-
mal or no pain symptoms. 

 On physical exam, patients with acute pancreatitis may be 
found to be febrile, tachycardic, and occasionally jaundiced. 
In cases of severe acute pancreatitis, the patient may appear 
pale, in respiratory distress, and hypotensive. On exam of the 
abdomen, in mild pancreatitis, epigastric tenderness on deep 
palpitation may be elicited. However, in more severe disease, 
abdominal exam may be signi fi cant for abdominal rigidity, 
guarding, and rebound tenderness. While rarely present on 
exam, signs of severe pancreatitis and retroperitoneal hemor-
rhage may include bruising around the umbilicus (Cullen’s 
sign), along the  fl anks (Grey-Turner’s sign), or along the 
inguinal ligaments (Fox’s sign). 

 Diagnosis of acute pancreatitis relies on the patient’s pre-
sentation—typically epigastric pain accompanied by nausea 
and vomiting, followed by clinical suspicion for pursuing 
such a diagnosis. Further evaluation of acute pancreatitis to 
con fi rm diagnosis would begin with laboratory tests of serum 
pancreatic enzymes, such as amylase and lipase. The eleva-
tion of these pancreatic enzymes is thought to occur when 
there is a physical blockade in secretion via the ducts, fol-
lowed by leakage of pancreatic enzymes from acinar cells 
via the basolateral membrane and into the systemic 
circulation. 

 Amylase is the most commonly used biochemical marker 
to assist in the diagnosis of acute pancreatitis. Mild elevations 
in serum amylase concentration tend to be nonspeci fi c. In 
addition to the pancreas, amylase also originates from sali-
vary glands, fallopian tubes and small bowel and elevations 
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can occur in a number of other intra-abdominal pathologies. 
Measurement of serum amylase can be more speci fi c for 
pancreatitis by using a laboratory test that measures the iso-
form of amylase speci fi c to the pancreas, P-isoamylase, 
rather than the standard serum amylase assay  [  37  ] . 
A level of three times the upper limit of normal is typically 
used as the cutoff for raising the likelihood of a diagnosis of 
pancreatitis. Elevations of serum amylase in acute pancreati-
tis occur rapidly within 12 h of onset of symptoms and simi-
larly fall rapidly within 3 days. In patients with renal 
insuf fi ciency, elevations in amylase may last longer or may 
be falsely elevated as well. Alternatively, in mild acute pan-
creatitis in the context of chronic pancreatitis or hypertriglyc-
eridemia, amylase may remain within the normal limits 
during the duration of disease. 

 Measurement of serum lipase is both more sensitive and 
speci fi c for acute pancreatitis. Elevations in serum lipase 
originate from the pancreas, making this study more speci fi c 
compared to the standard serum amylase assay. Additionally, 
elevations in lipase tend to remain elevated for as long as a 
week after onset of disease. Sensitivity has been found to be 
as high as 100% with 96% speci fi city  [  38  ] . Similar to amy-
lase, lipase is cleared by the kidneys and may remain abnor-
mally elevated in patients with renal insuf fi ciency. 

 Initial measurements of serum pancreatic enzymes is use-
ful in making a diagnosis of pancreatitis, but repeat studies 
or further use in the assessment of severity is of limited value. 
After having a positive study at admission, repeating mea-
surements of the biochemical markers is unnecessary, 
although some clinicians choose to trend pancreatic enzymes 
with the thought that decreasing levels may suggest resolu-
tion of disease. However, studies have found that levels of 
pancreatic enzymes are unable to predict either severity of 
disease or the course  [  39  ] . 

 While physical exam  fi ndings are generally nonspeci fi c 
and laboratory studies take time to return, simple imaging 
studies, such as with plain  fi lm X-ray, can be completed 
quickly, although less commonly used in the era of computed 
tomography and magnetic resonance imaging. Nonspeci fi c 
 fi ndings such as diffuse ileus and a left upper abdominal 
“sentinel loop” of bowel may be observed. In chronic pan-
creatitis, calci fi cations may also be observed on abdominal 
X-ray. Chest X-ray may demonstrate pleural effusions in 
more severe disease. 

 Abdominal ultrasound can be a good early study in evalu-
ating a patient with acute pancreatitis. On ultrasound, 
identi fi cation of an enlarged, hypoechoic pancreas is consis-
tent with pancreatitis, although more focal disease may also 
be identi fi ed. Peripancreatic  fl uid collections identi fi ed by 
ultrasound can also indicate severity of in fl ammation. During 
the same imaging study, evaluation of etiology with imaging 

of the gallbladder and biliary tree can also be completed with 
about 70% sensitivity  [  40  ] . Ultrasound is insuf fi cient in iden-
tifying pancreatic necrosis and is unable to view all potential 
locations where  fl uid may collect. Thus, while ideal for 
assessing biliary etiologies of pancreatitis, technical limita-
tions in altrasound studies reduce the overall value for diag-
nosis and severity assessment. 

 Computed tomography (CT) is the most valuable imag-
ing modality for determining the diagnosis and severity of 
acute pancreatitis. All patients scanned for pancreatitis 
should receive oral and intravenous contrast when safe and 
follow a CT protocol for optimal visualization of the pan-
creas  [  41  ] . Intravenous contrast is particularly helpful 
because of the dense vascular network of the pancreas, 
allowing the identi fi cation of pancreatic edema and/or 
necrosis in areas of abnormal contrast enhancement. CT scan 
is also accurate in the identi fi cation of peripancreatic  fl uid 
collections. While imaging studies may aid in early diagno-
sis, CT scan of the pancreas should be delayed to 48–72 h 
after onset of symptoms. Earlier scans can miss developing 
complications such as pancreatic necrosis that takes up to 4 
days to develop, so an early normal scan may be falsely 
reassuring. After a week of hospitalization with persistent 
organ failure or worsening clinical condition, repeat CT 
scan may be appropriate to reassess severity of disease. CT 
scans can also be completed without the use of intravenous 
contrast in patients with renal insuf fi ciency; however, such 
a study would be severely limited in the evaluation of pan-
creatic edema or necrosis. 

 While not yet a standard imaging modality in the evalua-
tion of pancreatitis, magnetic resonance imaging (MRI) of 
the pancreas is becoming more available. Magnetic resonance 
cholangiopancreatography (MRCP) is the most commonly 
used of magnetic resonance technology in the evaluation of 
pancreatic disease. MRI with gadolinium can identify pancre-
atic necrosis with similar accuracy to CT images  [  42  ] . 
Gadolinium contrast used with MRI is a less nephrotoxic 
agent compared with the iodinated contrasts used with CT 
imaging and MRI does not expose patients to the high levels 
of radiation from the CT scanner. Additionally, some studies 
have found that MRI may be better than CT at assessing peri-
pancreatic  fl uid collections  [  43  ] . Diffusion-weighted imaging 
(DWI) is a newer MRI protocol that can be applied to patients 
with pancreatitis. DWI of the abdomen has been found to be 
equivalent to contrast-enhanced CT imaging in the ability to 
detect acute pancreatitis  [  44  ] . Limitations of MRI include 
resource availability, time required for the study and patient 
participation. Thus, CT remains the primary imaging modal-
ity for the evaluation of pancreatitis, although as technologi-
cal advances in MRI continue, magnetic resonance techniques 
may become more widely utilized.  
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   Prognostication 

 Even prior to the con fi rmation of diagnosis, the early 
management of suspected acute pancreatitis should include 
prognostication of severity. As the disease course of pancrea-
titis can be unpredictable, the prognostication of the severity 
of disease is paramount. For patients with pancreatitis accom-
panied with signi fi cant gastrointestinal bleeding, hypoxia, 
alteration of mental status, hypotension, tachycardia, or other 
signs of multiple organ failure, immediate triage to an inten-
sive care unit is appropriate. 

 In acute pancreatitis, patients are strati fi ed into one of 
two groups: mild acute pancreatitis and severe acute pan-
creatitis, as de fi ned by the 1992 Atlanta classi fi cation 
(Table  23.1 )  [  45  ] . The majority of patients experience mild 
acute pancreatitis, which tends to follow a benign course of 
disease over a few days with mortality in less than 3% of 
patients. In mild pancreatitis, there is interstitial 
in fl ammation of the pancreas without necrosis and patients 
are without distant organ failure. In the 15–20% of patients 
who experience severe acute pancreatitis, their disease is 
characterized by severe local infl ammation as well as sys-
temic effects, frequently leading to a more complicated and 
prolonged disease course. By Atlanta classi fi cation, those 
with severe acute pancreatitis have a Ranson score of 3 or 
more or an Acute Physiology and Chronic Health Evaluation 
II (APACHE II) score of 8 or more and have signs of organ 
failure and/or local pancreatic complications. Organ failure 
is de fi ned as shock (systolic blood pressure <90 mmHg), 
pulmonary insuf fi ciency (PaO 

2
  <60 mmHg), renal failure 

(serum creatinine >2 mg/dL), or gastrointestinal bleeding 
(>500 mL blood loss within 24 h). Local pancreatic compli-
cations are de fi ned as having the presence of pseudocyst, 
abscess, or >30% or more than 3 cm of pancreatic necrosis. 
While the Atlanta classi fi cation uses speci fi c terms to dif-
ferentiate severe versus mild disease, there still is disagree-
ment in de fi ning severe acute pancreatitis due to terms that 
are frequently used to describe pancreatic disease that had 
not been included in the classi fi cation. Studies conducted 
prior to 1992 did not utilize this classi fi cation and thus, 
patients in these studies who were categorized as having 
severe disease may not have the same disease considered 
severe in more modern times. Confusion also exists over the 
utilization of terms not de fi ned by Atlanta classi fi cation, 
such as pancreatic phlegmon, which typically is a descrip-
tion of a complication due to more severe disease. Atlanta 
classi fi cation also does not differentiate between sterile ver-
sus infected necrosis. Finally, since 1992, there is greater 
understanding in organ dysfunction in pancreatitis and some 
groups recommend that transient organ failure that resolves 
within 48 h should not be considered an indicator of severe 
acute pancreatitis  [  46  ] .  

 While Atlanta classi fi cations sets the ground work for cat-
egorizing patients within the two categories of severity in 
acute pancreatitis, there is still the task of predicting patients 
into one of the two disease courses. Ranson’s criteria is the 
most well-known strategy for predicting the severity of acute 
pancreatitis (Table  23.2 ). John H. Ranson’s original study 
was conducted between 1971 and 1972 and included 100 
consecutive patients with acute pancreatitis at New York 
University Medical Center and Bellevue Hospital  [  7  ] . Forty-
three objective  fi ndings were measured and recorded during 
the  fi rst 48 h of admission. These 100 patients were strati fi ed 
into three groups: those who died, those who were “seriously 
ill” ( ³ 7 days in the intensive care unit), and those who were 
without signi fi cant serious illness. From these data, Ranson 
identi fi ed 11 prognostic factors that predicted severe disease 
with 5 measured at admission and 6 measured within 48 h of 
admission. In the study, the  presence of 3 or more positive 

   Table 23.1    1992 Atlanta classi fi cation   

 Severe acute pancreatitis as de fi ned by presence of one or more of 
the following: 

  1. Ranson score:  ³ 3 

  2. APACHE II score:  ³ 8 
  3. Presence of one or more organ failures 
  4. Presence of one or more local complications 
 Organ failure, de fi ned as: 
  A. Shock: systolic blood pressure <90 mmHg 
  B. Pulmonary insuf fi ciency: PaO 

2
  <60 mmHg on room air 

  C. Renal failure: serum creatinine >2 mg/dL after  fl uid 
resuscitation 

  D. Gastrointestinal bleeding: blood loss >500 mL over 24 h 
   E. Coagulopathy: thrombocytopenia, hypo fi brinogenemia, 

presence of  fi brin split products in plasma 

  F. Severe hypocalcemia: serum calcium  £ 7.5 mg/dL 
 Local complications, de fi ned as: 
  A. Pancreatic necrosis 
  B. Pancreatic abscess 
  C. Pancreatic pseudocyst 

   Table 23.2    Ranson’s criteria   

 At admission 
 Age: >55 years old 

 WBC: >16,000/ m L 
 Glucose: >200 mg/dL 
 LDH: >350 U/L 
 SGOT (AST): >250 U/L 
 At 48 h 
 Calcium: <8 mg/dL 
 BUN change: >1.8 mmol/L (5 mg/dL) 
 Hct fall: >10% 
 Base de fi cit: >4 mEq/L 
 PaO 

2
 : <60 mmHg 

 Fluid seq: >6 L 
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signs was more consistent with severe disease, which included 
those patients that either died or were “seriously ill.” At the 
time of the study, the sensitivity of predicting severe disease 
was 65% with a speci fi city of 99%. Although Ranson’s crite-
ria is more than 35 years old, it still is frequently used in dis-
cussion of severity of acute pancreatitis. Following Ranson’s 
criteria, a number of similar scoring systems were developed 
with similar criteria and organization. These scores are easily 
applied to patients based on common clinical and biochemi-
cal parameters. However, there are a number of limitations to 
Ranson’s criteria. Since it depends on parameters measured 
at admission and at 48 h, it is unable to evaluate severity of 
disease immediately at admission or later in a patient’s hospi-
tal course. With the use of Ranson’s criteria in present day, 
there is a high false positive rate with Ranson’s parameter 
cutoffs. A recent meta-analysis found that Ranson’s criteria 
has a sensitivity closer to 75%, a speci fi city of 77%, a low 
positive predictive value of 49%, and a high negative predic-
tive value of 91%  [  47  ] . With such a high negative predictive 
value, it may be more appropriate to utilize a low Ranson’s 
score in the predication of a benign hospital course in acute 
pancreatitis. Recently, preliminary data for a revision of the 
Ranson’s criteria was presented at the 2012 American College 
of Surgeons Clinical Congress by our group.  

 As Ranson’s criteria can only be applied within the  fi rst 
48 h of admission, other severity scores, such as the APACHE 
II score, are used to follow changes in severity later in the 
hospital course. The APACHE II score was originally devel-
oped to stratify a broad range of critically ill patients  [  48  ] . 
Severe disease in pancreatitis presents similarly to severe 
disease by other mechanisms such as sepsis, being accompa-
nied with multi-organ dysfunction. Thus, the APACHE II 
score has become a powerful tool in the assessment of sever-
ity in acute pancreatitis. The APACHE II score consists of 12 
physiologic and biochemical measures, including tempera-
ture, mean arterial pressure, heart rate, respiratory rate, alve-
olar-to-arterial oxygen gradient, pH, sodium concentration, 
potassium concentration, creatinine, hematocrit, white blood 
cell count, and Glasgow coma score. While different cutoffs 
may be used to assess severity, typically, APACHE II scores 
greater than 7 indicate more severe disease with sensitivities 
ranging from 65% to 76% and speci fi cities ranging from 
76% to 84%  [  47  ] . The greatest utility in using the APACHE 
II score is being able to regularly reevaluate clinically ill 
pancreatitis patients to assess improvement or worsening of 
a patient’s condition. 

 Newer prognosis scores have included parameters such as 
presence of obesity, lung  fi ndings, and  hemoconcentration. 
Obesity, de fi ned as a body mass index (BMI) >30 kg/m 2 , has 
been found to be associated with higher risk of severe acute 
pancreatitis  [  49  ] . It is thought that obesity affects the immune 
response to injury as these patients tend to have elevated lev-
els of several pro-in fl ammatory cytokines  [  50–  52  ] . Severity 

scores such as the modi fi ed APACHE II (APACHE-O) and 
Panc 3 have included obesity as a prognostic factor. Chest 
X-ray  fi ndings of pleural effusions have been strongly linked 
to severe acute pancreatitis. A study in 1997 found that 84% 
of patients with severe acute pancreatitis had pleural effu-
sions by chest X-ray, compared to 9% of patients with mild 
acute pancreatitis  [  53  ] . Further, a study of 143 patients with 
acute pancreatitis evaluated the use of identi fi cation of pleu-
ral effusion by ultrasound, reporting greater accuracy in pre-
dicting severe disease with the determination of pleural 
effusion alone, compared to Ranson’s criteria or APACHE II 
 [  54  ] . Hemoconcentration is another marker of more severe 
disease. Hemoconcentration is the increased concentration 
of blood cells, which may be due to decreased  fl uid volume 
in the veins and arteries. This may occur due to extravasation 
of  fl uid out of the vasculature and into the interstitial space, 
secondary to systemic in fl ammation. While hemoconcentra-
tion at admission has low sensitivity, ranging from 34% to 
74%, persistent hemoconcentration after  fl uid resuscitation 
at 24 h after admission can predict severe acute pancreatitis 
with sensitivities of 91–94%  [  55,   56  ] . 

 In the last few years, a number of simpler approaches to 
prognostic scoring have been developed that do not require 
complicated calculations or the measurement of 11 or 12 
clinical parameters. The Panc 3 score, published in 2007, 
uses only 3 widely available clinical variables for the pre-
diction of severe acute pancreatitis  [  57  ] . This scoring sys-
tem evaluates the presence of a hematocrit >44%, BMI 
>30 kg/m 2 , and pleural effusions on chest X-ray at initial 
presentation. While signs of hemoconcentration was found 
to be the most predictive of severe disease in this study, hav-
ing all three prognostic factors was associated with a >90% 
likelihood of developing severe acute pancreatitis. In 2008, 
the Bedside Index for Severity in Acute Pancreatitis (BISAP) 
score was published, which included 5 clinical parameters 
that are measured within the  fi rst 24 h of admission  [  58  ] . 
The BISAP score was derived from 17,992 cases of acute 
pancreatitis from 212 hospitals between the years 2000 and 
2001. The scoring system was then validated on data from 
18,256 cases of acute pancreatitis from 177 hospitals 
between 2004 and 2005. Conveniently, the name BISAP 
stands for the  fi ve parameters that were found to predict in-
hospital mortality, which include BUN >25 mg/dL, impaired 
mental status, presence of systemic in fl ammatory response 
syndrome (SIRS) (>2 criteria), age >60 years, and the pres-
ence of a pleural effusion. With the presence of all 5 param-
eters, the likelihood of mortality was found to be 
approximately 20%, while 4 parameters was approximately 
10%, 3 parameters was approximately 5%, 2 parameters 
2%, and 0 or 1 parameters was less than 1%  [  58  ] . 

 In 2009, another simple scoring system was published, 
but taking an alternative approach to how severity assess-
ment in acute pancreatitis is typically thought about. Rather 
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than predicting patients who will have a severe disease 
course, the Harmless Acute Pancreatitis Score (HAPS) predicts 
those patients who will have a benign course of pancreatitis 
 [  59  ] . Similar to the Panc 3 score, HAPS limits the number of 
prognostic parameters to predict a non-severe course: no 
rebound tenderness and/or guarding, normal hematocrit 
level, and normal serum creatinine level. With the presence 
of all three parameters for mild disease, the investigators 
found a 98% accuracy in identifying patients who would not 
require management at an intensive care unit level of care. 

 A number of individual laboratory tests have been eval-
uated to assess severity of disease due to in fl ammation of 
the pancreas. C-reactive protein (CRP) is widely available 
and should be part of the standard laboratory tests in the 
evaluation of acute pancreatitis. CRP is an acute phase 
reactant produced in the liver in response to elevations in 
the plasma concentration of interleukin-6 (IL-6). While 
serum CRP measured at admission does not predict sever-
ity well with a sensitivity of only 38%, serum CRP is best 
at 48 h with a sensitivity of 86% and a speci fi city of 61% 
 [  60  ] . Currently, CRP is the best individual biochemical 
marker as a predictor of severity in pancreatitis. Trypsinogen 
activation peptide (TAP) is another such biochemical 
marker that may be measured in serum or urine with com-
mercially available enzyme-linked immunosorbent assay 
(ELISA) tests for the prediction of severe acute pancreati-
tis. TAP is produced as a side product during the activation 
of the pancreatic pre-enzyme trypsinogen to the enzyme 
trypsin. Urine TAP tests tend to have lower sensitivity in 
the 50–60% range, but speci fi city in the 70–80% range. 
Serum TAP tests tend to have higher sensitivities in the 
70–90% range with speci fi cities in the 60–70% range, 
varying based on different cutoffs  [  60  ] . Procalcitonin is a 
marker of in fl ammation which has been found to be useful 
in evaluating the likelihood of progression to severe acute 
pancreatitis  [  61  ] . Within the  fi rst 24 h of admission, mea-
surement of procalcitonin has a sensitivity of 92% and a 
speci fi city of 84%. A rapid dipstick test is available that 
can measure levels greater than 0.5 ng/mL. This test for 
procalcitonin has great potential in the future for the pre-
diction of severe acute pancreatitis given its high sensitiv-
ity and speci fi city and ability to produce rapid results. 
Measurements of serum cytokines, produced by 
in fl ammatory cells in acute pancreatitis, are another group 
of laboratory tests that may be used to assess severity of 
disease. The most studied serum cytokine in the prognosti-
cation of acute pancreatitis is IL-6 with sensitivities rang-
ing from 70% to 100% and speci fi cities ranging from 67% 
to 92%  [  60  ] . Other cytokines, such as interleukin-8 (IL-8) 
and interleukin-1 (IL-1), have also been evaluated, although 
the variability in study designs make it dif fi cult to compare 
the use of one cytokine measurement from another. 
Measurement of serum IL-6 has the greatest potential in 

becoming a more frequently used biochemical test in the 
assessment of severity of acute pancreatitis. 

 Contrast-enhanced CT scans with pancreatic protocol have 
become a standard tool in the evaluation of severe acute pan-
creatitis. The relatively quick completion of studies, wide 
availability, and ease of interpretation make CT scans of the 
pancreas an ideal study in the assessment of severify. Patients 
should be evaluated by CT scan at least 48 h after admission 
as radiographic signs of severe acute pancreatitis, such as with 
pancreatic necrosis, may not develop until a few days after 
initial admission. CT scan of the pancreas should be scored by 
the CT severity index, which was developed by Emil Balthazar 
et al. at New York University Medical Center in the late 1980s 
 [  62  ] . Over the past 20 years, this scoring system has held as a 
reliable means of assessing severity. The CT severity index is 
a combination of Balthazar grade, which evaluates the pres-
ence of pancreatic edema and peripancreatic  fl uid collections, 
and necrosis points, which classi fi es the degree of pancreatic 
necrosis. While a CT severity index of 0–3 points is associ-
ated with low mortality of 0–3%, with a CT severity index of 
7–10 points, mortality ranges from 13% to 17%  [  62,   63  ] . 
Notably, the presence of signi fi cant necrosis is a poor prog-
nostic sign in acute pancreatitis and tends to be associated 
with organ failure and worse outcomes. While most clinical 
and biochemical measures in evaluating severity of acute pan-
creatitis only give prognostic information, CT scan can not 
only help predict hospital course, but can also direct immedi-
ate management if signi fi cant pancreatic necrosis is present. 

 While not yet standard practice, MRI can be used to char-
acterize pancreatic infl ammation, peripancreatic fl uid collec-
tions, and degree of pancreatic necrosis, much like CT  [  43  ] . 
Studies have found close correlation between CT severity 
index and MR severity index in acute pancreatitis, even when 
the two scans are conducted on an individual patient one day 
apart [ 64 ]. The benefi ts of MRI include less nephrotoxicity 
with gadolinium contrast when compared to iodinated con-
trast, no exposure to radiation, and better characterization of 
pancreatic ductal anatomy. MRI technology may be particu-
larly useful in children, as most clinicians defer CT scans 
due to concerns of radiation exposure. However, MRI in the 
pediatric population often requires sedation for adequate 
quality images. MRI, is also limited by a number of other 
factors, such as lengthy process in acquiring a scan, limited 
hospital resources, and local expertise in performing and 
interpreting less commonly utilized MRI protocols.  

   Management 

 Accompanying severity assessment and triage (Fig.  23.1a, b ), 
 fl uid resuscitation should be started immediately for any 
patient with pancreatitis to prevent hypovolemia and associ-
ated complications. In acute pancreatitis, an array of 



310 S.M. Cohen et al.

  Fig. 23.1    Pancreatitis protocol. ( a ) Triage strategy for patients with acute pancreatitis. ( b ) Full algorithm for treatment of pancreatitis         

in fl ammatory mediators are released into the circulation, 
leading to increased vascular permeability, resulting in  fl uid 
collecting outside in the interstitial space as well as perito-
neal and pleural cavities. Fluid resuscitation may help pre-
vent cardiovascular collapse, pre-renal azotemia, as well as 
improve blood  fl ow to the pancreatic microcirculation. 
Crystalloid  fl uids, such as normal saline or Lactated Ringer’s 
solution, are typically delivered at rates ranging from 250 to 
1,000 mL per hour, depending on the clinical scenario. While 
the optimal volume of intravenous  fl uids to be delivered has 
yet to be determined, the importance of aggressive  fl uid 
resuscitation, evaluated by timely resolution of hemocon-
centration, has been well studied. Urine output of at least 
0.5 mL/kg body weight per hour and resolution of hemocon-
centration can be monitored as measures of adequate  fl uid 
resuscitation. During aggressive  fl uid delivery, patients 
should be closely monitored with regular lung exams, espe-
cially in more vulnerable patients with preexisting cardiac or 
pulmonary dysfunction. Patients with persistent hemocon-
centration as identifi ed on the complete blood count after 
24 h of  fl uid delivery may require closer monitoring as these 
patients may be at greater risk of developing severe acute 
pancreatitis  [  65  ] .  

 Pain management should be implemented along with 
 fl uid resuscitation in acute pancreatitis. Severe pain is often 
one of the primary complaints, due to the rich afferent sen-
sory network surrounding the pancreas, primarily in the 
celiac plexus. With severe nausea, oral pain medications are 
often not well tolerated. Parenteral analgesia with morphine, 
hydromorphone, or other narcotics is most commonly used 

in acute pancreatitis for controlling pain. Morphine had been 
avoided in the past due to concerns of sphincter of Oddi 
spasm, which is thought to exacerbate pancreatitis, but these 
concerns are unfounded. With severe pain requiring frequent 
dosing of parenteral medications, patient-controlled analge-
sia may be appropriate. Increasing dosages and more fre-
quent administration may be required for adequate relief. In 
cases of very severe pain, resistant to parenteral analgesia, 
epidural analgesia can considered  [  66  ] . 

 In acute pancreatitis, mild hypoxia may occur and require 
supplemental oxygen. The disease course can be compli-
cated by severe diffuse respiratory disease such as acute lung 
injury and acute respiratory distress syndrome, complica-
tions associated with mortality rates as high as 30%. These 
processes are largely mediated by in fl ammatory leukocytes 
and the production of cytokines like tumor necrosis factor-
alpha (TNF- a ) and chemokines like monocyte chemoattrac-
tant protein-1 (MCP-1). Severe in fl ammation in the lung 
parenchyma results in microvascular injury and alveolar 
damage. Clinically, the nearby in fl ammation of the pancreas 
and the local cellular driven in fl ammatory response within 
the lungs may result in pleural effusions and acute respira-
tory distress syndrome. In cases of severe acute pancreatitis, 
arterial blood gas measurement as well as continuous pulse 
oximetry may aid management. With persistent hypoxia and 
respiratory compromise, intubation and mechanical ventila-
tion may be necessary. Elderly patents and those with preex-
isting respiratory disease should have respiratory status 
monitored closely as these patients are at greatest risk of 
more signi fi cant respiratory complications. 
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 With the immense  fl uid requirements and considerable 
 fl uid shifts occurring during resuscitation in acute pancreati-
tis, electrolyte and metabolic disturbances may be commonly 
identifi ed on the blood chemistry tests. Alterations in potas-
sium, phosphate, and magnesium should be corrected with 
oral or parenteral supplementation. Hypocalcemia may occur 

and usually does not require correction, unless calculated 
free calcium levels are low or clinical signs of hypocalcemia 
are observed. Hyperglycemia in acute pancreatitis is com-
mon, and may require temporary administration of an insulin 
sliding-scale while the patient is admitted with the goal of 
maintaining blood glucose within the 100–200 mg/dL range. 

Fig. 23.1 (continued)
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Hypertriglyceridemia (<500 mg/dL) is also common in acute 
pancreatitis, occurring in approximately 20% of patients. In 
cases of severe hypertriglyceridemia (>1,000 mg/dL), plas-
mapheresis can quickly reduce serum levels. 

 Nutrition is important in acute pancreatitis, especially 
when patients have not been eating for a few days. Most 
patients at admission are ordered for nothing by mouth, due 
to nausea, vomiting, and poor oral tolerance. In mild acute 
pancreatitis with a short hospital course, patients may resume 
a normal diet once nausea resolves. For patients who are 
unable to tolerate oral nutrition for over 7 days, arti fi cial 
feeding should be considered. Recently, there has been a 
trend away from total parenteral nutrition (TPN) to enteral 
feeding by naso-jejunal tube. TPN had been originally stan-
dard care as it was thought to reduce stimulation of the pan-
creas. However, there is no good evidence that such strategies 
of pancreatic rest reduce organ failure or other complica-
tions. Additionally, nutrition by TPN has the additionally 
risks of catheter-related infections and severe hyperglyce-
mia. In cases of persistent ileus, TPN may be a practical 
solution to delivering nutrition, when any enteral nutrition 
would be poorly tolerated. Recent studies have shown bene fi t 
in enteral feeding over TPN, in reducing complications and 
lowering costs  [  67  ] . Enteral feeding has the additional bene fi t 
of maintaining gastrointestinal immunity. A naso-jejunal 
tube should be placed to feed distal to the ligament of Treitz. 
Some studies have found nasogastric feeding to be safe  [  68  ] , 
although there may be increased pulmonary complications 
when compared to more distal feeding  [  69  ] . Currently, there 
is limited data regarding the type of enteral diet that should 
be delivered in acute pancreatitis, although elemental diets 
are often used with the thought of minimizing pancreatic 
stimulation. 

 In severe acute pancreatitis, there is often concern of 
infected pancreatic necrosis versus sterile pancreatic necro-
sis, with the former being associated with high mortality as 
high as 40% (Fig.  23.2 ). With infected pancreatic necrosis, 
broad antibiotic coverage should cover the endogenous gas-
trointestinal  fl ora, which would be the most likely source of 
bacterial infection. A related topic that is frequently dis-
cussed is the role of prophylactic antibiotics in acute pan-
creatitis. Consideration of prophylactic antibiotics should be 
reserved only for acute pancreatitis with evidence of exten-
sive pancreatic necrosis. The risk of infected necrosis tends 
to be low when pancreatic necrosis is limited to less than a 
third of the pancreas. Most studies show no signi fi cant bene fi t 
with the use of prophylactic antibiotics  [  70  ] . Thus, it is not 
recommended to prophylactically start patients on antibiotics 
for acute pancreatitis.  

 Acute need for operative management in pancreatitis is 
infrequently required, but can be life saving in carefully 
selected cases. Patients with mild acute pancreatitis typically 
only need to be managed conservatively. Selected cases 

requiring operative management tend to be limited to gallstone 
pancreatitis or severe acute pancreatitis complicated by 
infected necrosis. 

 In gallstone pancreatitis, operative management is 
reserved for cases where the causative gallstone is found to 
remain in the biliary tract during active disease or following 
a bout of acute gallstone pancreatitis with an elective chole-
cystectomy. In most cases of gallstone or biliary pancreatitis, 
the causative gallstone has usually passed through the com-
mon bile duct and into the duodenum. Some patients, how-
ever, may still have one or more gallstones in the common 
bile duct. In these circumstances, removal of the gallstone is 
appropriate, especially if disease is complicated by cholangi-
tis. Therapy may be completed with ERCP, followed by 
sphincterotomy, although surgical management may be nec-
essary if these less invasive endoscopic approaches fail. In 
cases of mild, uncomplicated pancreatitis associated with 
gallstones, (less than Balthazar Grade C) laparoscopic chole-
cystectomy is appropriate once symptoms resolve or within 
2 weeks of discharge. Failure to complete cholecystectomy 
puts the patient at risk of recurrent pancreatitis. 

 In severe acute pancreatitis complicated by infected pan-
creatic necrosis, intervention to remove necrotic tissue, 
which serves as a nidus for further infection, is usually nec-
essary. Diagnosis of infected necrosis can be made by radiol-
ogy with the identi fi cation of air or gas within the pancreatic 
necrotic collections or by a  fi ne needle aspiration with evalu-
ation of necrotic tissue. CT or ultrasound-guided  fi ne needle 
aspiration should be performed in patients with greater than 
30% pancreatic necrosis with clinical suspicion of sepsis and 
aspirate samples should be sent for gram stain and culture.
In cases of severe acute pancreatitis complicated by sterile 

  Fig. 23.2    Pancreatic necrosis with areas of poor enhancement and het-
erogeneity. Notably, the pancreatic head appears intact       
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pancreatic necrosis, surgical debridement and drainage is 
typically not required. However, patients with infected necro-
sis do require debridement or drainage, which can be 
approached endoscopically, radiologically, or surgically. 
Endoscopic drainage has become more common, involving 
placement of stents, frequently transgastrically, to drain of 
necrotic  fl uid into the gastrointestinal tract. Radiological 
drainage may also be appropriate with softened or lique fi ed 
pancreatic abscess, although, like with endoscopic drainage, 
there is a high rate of failure due to obstruction of drainage 
by solid necrotic debris. Success of radiological drainage 
ranges from 30% to 50%  [  71,   72  ] . Surgical debridement may 
be preferred, in addition to drainage, thorough debridement 
of necrotic tissue while leaving viable pancreatic tissue can 
be performed. The abdomen can be closed over drains, 
packed and left open, or closed over drains with pancreatic 
irrigation. These decisions depend largely on clinically 
derived experience, local expertise, and considerations 
regarding the patient anatomy and condition. 

 Over time, sterile pancreatic necrosis may evolve into a 
collection of pancreatic debris. Pancreatic necrosis can 
become walled off with the formation of a  fi brotic capsule, 
much like a pseudocyst. If this walled-off necrosis contains 
purely liquid contents, endoscopic drainage may be possible; 
however, with any solid debris, surgical drainage by laparo-
tomy or a laparoscopic approach may be taken. 

 Pseudocysts are collections of pancreatic  fl uid over time 
that can form a non-epithelial  fi brous lining (Fig.  23.3 ). 
These typically develop following disruption of the pan-
creatic duct in pancreatitis. While many of these  fl uid col-

lections resolve spontaneously, others may persist and 
cause symptoms. Small pseudocysts, typically less than 
6 cm in diameter, can be managed conservatively, espe-
cially if asymptomatic. Larger pseudocysts should be eval-
uated with CT, MRI, or endoscopic ultrasound to assess 
pseudocyst contents and potentially evaluate for a means 
of drainage. Persistent pseudocyst causing pain or obstruc-
tive symptoms should be drained. Drainage procedures 
should be performed after the pseudocyst has a well-developed 
lining or after 6 weeks following formation of the pseudo-
cyst. If pseudocysts are without pancreatic debris, trans-
gastric endoscopic stenting may relieve symptoms, 
although drainage may fail if debris occludes the stents. 
Open and laparoscopic procedures may be preferred, but 
speci fi c technique and approach depends on patient-
speci fi c anatomy and disease. During operative drainage 
procedures, biopsy of pancreatic pseudocyst wall should 
be completed and sent to pathology for exclusion of cystic 
neoplasm of the pancreas.   

   Potential Complications 

 The major complications in acute pancreatitis are classically 
described by a bimodal distribution with separate peaks dur-
ing the  fi rst and second weeks of the disease course. This 
distribution in pancreatitis has changed over the past 30 years 
with improvements in critical care madicine and monitoring. 
Within the  fi rst week, severe pancreatitis may be character-
ized by a signi fi cant rise in serum cytokines, which clinically 
results in systemic in fl ammatory response syndrome (SIRS) 
and distant organ dysfunction. Organ dysfunction often 
resolves within 48 h, although for other patients with persis-
tent organ failure, they may continue along a poor clinical 
course. 

 Pancreatic necrosis and associated complications occur at 
the end of the  fi rst week or later in the second week. In some 
instances, pancreatic necrosis may be infected, which is thought 
to be due to translocation of gut bacteria to the pancreas. These 
patients continue to have severe SIRS, but necrotic pancreatic 
tissue also serves as a more signi fi cant in fl ammatory nidus. 

 With the intense in fl ammation of the pancreas, other acute 
complications local to the pancreas and the lesser sac occur. 
Acute  fl uid collections located in the pancreas or in peripan-
creatic regions are not uncommon. These often resolve spon-
taneously or persist and become pseudocysts. Also secondary 
to nearby in fl ammation, the splenic vein may develop a 
thrombus, which rarely can contribute to the development 
gastric variceal bleeding. Splenic vein thrombosis is rela-
tively common, occurring in up to 19% of patients with acute 
pancreatitis  [  73  ] . However, in most situations no intervention 
is required. Only patients with history of gastric varices may 
need further evaluation and treatment. 

  Fig. 23.3    Complicated pancreatic pseudocyst with extension to the 
pelvis and  left -sided pleural effusion       
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 Later complications following a bout of acute pancreatitis 
may include pseudocyst,  fi stula, recurrent pancreatitis, and 
chronic pain. 

 Pseudocyst formation, as discussed earlier, occurs by 
leakage of pancreatic  fl uid that persists and becomes walled 
off by non-epithelial layers of  fi brous tissue. While some 
may spontaneously resolve, those that cause nausea, obstruc-
tive symptoms, or abdominal pain need to be drained. 
Pseudocysts may also become further complicated by infec-
tion, which require external drainage. 

 Pancreatic  fi stulas are abnormal communications between 
the pancreas and other organs. Fistula often occurs follow-
ing surgery, such as following necrosectomy or pseudocyst 
drainage. However,  fi stula may also occur following pan-
creatic duct trauma or chronic pancreatitis. Pancreatic  fi stula 
often present in the context of abnormally high abdominal 
drain outputs in the postoperative period. The drain  fl uid 
can be sent for amylase or lipase studies to con fi rm suspi-
cions. Treatment may include dietary restriction, octreotide 
to reduce secretions, and possibly surgical intervention. 
With a stable pancreatic  fi stula, conservative management 
can result in spontaneous resolution in approximately three-
quarters of patients. In patients who have a persistent pan-
creatic  fi stula, operation to reroute pancreatic duct drainage 
with a Roux-en-Y operation or partial pancreatectomy can 
be performed. 

 In some patients after a  fi rst bout of acute pancreatitis, 
pancreatitis may recur. In the absence of gallstones or history 
of alcohol abuse, a more extensive workup is appropriate. 
Untreated recurrent pancreatitis can lead to chronic pancrea-
titis, characterized by parenchymal  fi brosis and damage to 
the pancreatic duct. These patients frequently experience 
chronic pain that may require de fi nitive treatment by pancre-
atic resection.  

   Conclusion 

 In the majority of cases, acute pancreatitis occurs as a single 
isolated event, not requiring extensive follow-up. For those 
with mild gallstone pancreatitis (less than Balthazar Grade C), 
patients should undergo cholecystectomy during the same 
admission or within 2 weeks of discharge. Patients with alco-
hol-induced pancreatitis should seriously consider absti-
nence, which can be aided with joining a substance abuse 
support group or other formal program. Patients with pan-
creatitis of unknown etiology may not require follow-up 
unless symptoms recur. For patients who progress to chronic 
pancreatitis, regular follow-up may be required for manage-
ment of chronic pain symptoms and for discussion of poten-
tial operative management. Patients with pancreatic  fi stula 
may be followed with regular clinic visits in the hopeful 
anticipation of spontaneous resolution.      
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         Introduction 

 Small bowel obstruction is a common clinical condition that 
accounts for 20% of all surgical admissions for acute abdo-
mens  [  1  ] . Late, misdiagnosis, or even appropriate manage-
ment of small bowel obstruction has likely been a source of 
frustration for many practicing general surgeons at some 
time during their surgical careers. Because of the acute onset 
of small bowel obstruction the majority of these patients 
present in the emergency room (ER). Therefore patient eval-
uation, subsequent operations and management are often 
performed by the “surgeon on call.” With the new paradigm 
shift regarding the management of surgical emergencies, the 
majority of patients with small bowel obstruction are now 
being managed by the Acute Care Surgeon (ACS). The ACS 
is accustomed to dealing with dif fi cult cases, and operating 
on a patient with small bowel obstruction is often a compli-
cated procedure. There are multiple issues to address when 
operating on patients with small bowel obstruction includ-
ing entering hostile abdomens, enterostomies,  fi stulas, 
wound infections, short bowel issues, and recurrent obstruc-
tions, just to name a few of the problems. The traditional 
surgical dictum “the sun should never rise and set on a com-
plete small bowel obstruction” is no longer considered an 
entirely valid statement. This caveat may be attributed in 
part to the surgeon’s diagnostic ability to differentiate com-
plete obstruction, which could compromise intestine viabil-
ity, from a partial obstruction, which could be amenable to 
nonoperative management. Thus in the absence of signs 
 suggesting strangulation, a patient with partial obstruction 

can be treated and managed effectively using nonoperative 
modalities. 

 Complex patients with multiple medical problems with inde-
terminate small bowel obstruction are initially observed until 
deteriorating patient clinical conditions force the hand of the 
surgeon. The availability of sixty-four-plus slice computed 
tomography (CT) scans now allows accurate determination of 
the site and cause of complete obstructions. In addition, there 
are now national guidelines for the management of small bowel 
obstruction  [  2  ]  and each individual surgeon’s experience adds 
needed re fi nements to this knowledge base.  

   Epidemiology 

 Small bowel obstruction is a clinical condition de fi ned as a 
blockage of the small bowel loops resulting in an impair-
ment, stoppage or reversal of the normal  fl ow of intestinal 
contents towards the anus. Small bowel obstruction accounts 
for 20% of all acute surgical admissions  [  1  ] . Among acute 
surgical obstruction admissions, 80% are due to small bowel 
obstruction and large bowel obstruction accounts for the 
remaining 20%  [  3  ] . 

 The etiology of small bowel obstruction is multifactorial 
(Table  24.1 ) and includes three major causes: extraluminal, 
intrinsic, and intraluminal  [  4  ] . Extraluminal obstructions are 
caused by adhesions, neoplasms, hernias, constricted bands 
malrotations, and intra-abdominal abscesses.  

   Adhesions 

 The most common cause of small bowel obstruction is 
adhesions, accounting for 60% of all cases. The risk of devel-
oping small bowel obstruction secondary to adhesions post-
operatively has been estimated to be 9% in the  fi rst 
postoperative year and then increases to 19% by 4 years 
postoperatively and 35% by 10 years postoperatively  [  5  ] . 
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Thus, informed consent for any abdominal operation should 
include the risk of developing adhesions and the potential 
need for further surgery in the future. It is dif fi cult to predict 
when the patient will develop small bowel obstruction. In a 
study of 446,331 abdominal operations Barmparas et al. 
showed a strong and independent association between surgi-
cal procedure type utilized and the proportion of patients with 
adhesion-induced small bowel obstruction (Table  24.2 )  [  6  ] . 
The identi fi cation of surgical procedure type as an indepen-
dent risk factor for small bowel obstruction may have a pre-
dictive value for stratifying patients. A recent report by 
Angenete et al. suggests that factors such as age, previous 
abdominal surgery and comorbidity are important predictors 
of risks of hospitalization for small bowel obstruction or sur-
gery for small bowel obstruction  [  7  ] . The incidence of small 
bowel obstruction among patients who have had bariatric 
surgery, including gastric bypass, was 3.2%. The estimated 

overall incidence of small bowel obstruction among patients 
who underwent abdominal trauma surgery operations was 
4.6%  [  6  ] .   

   Neoplasm 

 Neoplasms are the second most common cause of small 
bowel obstruction, comprising 20% of the cases  [  8  ] . If an 
adult patient presents with a small bowel obstruction and has 
a virgin abdomen (meaning the patient has not had any previ-
ous abdominal procedures) the etiology of a neoplasm as the 
source of obstruction must be entertained. Other causes 
could include in fl ammatory bowel disease, gallstones, ileus, 
or intussusceptions. More common origins of neoplasms 
include colorectal carcinoma, and ovarian carcinoma in 
women. Extrinsic compression, adhesions, and carcinomato-
sis are often seen as the etiology of small bowel obstruction 
in these cases.  

   Hernias 

 Hernias are the third leading cause of small bowel obstruc-
tion, comprising 10% of cases  [  8  ] . When examining a patient 
with a small bowel obstruction, the surgeon must be cogni-
zant of the potential hernia etiologies. A meticulous exami-
nation of the groin, femoral region, parastomal region, and 
old surgical scar sites is warranted. In thin females an obtura-
tor hernia can be the cause of small bowel obstruction. One 
must have a high index of suspicion and this type of hernia 
can be identi fi ed with abdominal CT.  

   Other Extrinsic Causes 

 Malrotation and congenital or acquired hernias are less com-
mon causes of small bowel obstruction. Malrotation can 
present in both the pediatric and adult populations. Congenital 
hernias include transmesenteric, transomental, and paraduo-
denal hernias  [  9  ] . Acquired hernias develop after a resection 
of bowel where there exists a mesenteric defect. Bowel can 
herniate through this defect and cause a small bowel obstruc-
tion. The idea has been proposed that with the increase in 
laparoscopic procedures, defects are not closed as often, and 
the incidence of internal hernia increases. Experience with 
laparoscopic Roux-en-Y-gastric bypass (LRYGB) has 
attempted to answer these questions about small bowel 
obstruction and internal hernia incidence. However, the lit-
erature is mixed. What is important for the acute care sur-
geon to realize is that you will be seeing these patients come 
into the emergency department with small bowel obstruction 
secondary to internal hernias. There are three potential 

   Table 24.1    Causes of small bowel obstruction   

 Extrinsic lesion  Intrinsic lesion 
 Obstruction 
of normal bowel 

 Adhesions  Intussusception  Gallstones 
 Hernia  Congenital malformation  Feces or meconium 
 Volvulus  Neoplasms  Bezoar 
 Extrinsic neoplasms  Intussuception  Gallstones 
 Intra-abdominal 
abscesses 

 Congenital malformation  Feces or meconium 

 Aneurism  Neoplasms  Bezoar 
 Hematomas  In fl ammatory    strictures  Ascaris infection 
 Endometriosis  Crohn’s disease  Barium 

  Adapted from  [  4  ]   

   Table 24.2    Association between surgical type or surgical procedure 
and the incidence of adhesion-induced small bowel obstruction   

 Procedure type/group  Incidence of SBO 

 Ileal pouch-anal anastomosis  19.3% (1,018/5,268) 
 Open colectomy  9.5% (11,491/121,085) 
 Gynecological procedures  11.1% (4,297/38,752) 
 • Open anexal surgery 
 • After cesarean section 

 • 23.9% 
 • 0.1% 

 Cholecystectomy 
 • Open 
 • Laparoscopy 

 • 7.1% 
 • 0.2% 

 Hysterectomy 
 • Total hysterectomy 
 • Laparoscopy 

 • 15.5% 
 • 0.0% 

 Adnexal operations 
 • Open 
 • Laparoscopy 

 • 23.9% 
 • 0.0% 

 Appendectomy 
 • Open 
 • Laparoscopy 

 • 1.4% 
 • 1.3% 

  Adapted from  [  6  ]   
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spaces: Petersen’s space, the mesocolic space, and the 
mesomesenteric space. The Petersen’s hernia occurs in a 
potential space posterior to the gastrojejunostomy (for exam-
ple: See Fig.  24.1 ). Laparoscopic Roux-en-Y gastric bypass 
is done with an antecolic or retrocolic anastomosis. If a ret-
rocolic anastomosis is performed, a defect in the mesocolon 
is necessary and there exists a potential space. The mesomes-
enteric potential space at the jejunojejunostomy is another 
area where an internal hernia can develop. Intra-abdominal 
abscesses may cause bowel obstruction via extrinsic causes 
by kinking the bowel as it adheres to the abscess cavity or 
even within it.   

   Intrinsic Causes 

 Intrinsic obstructions are due to such causes as aganglionic 
megacolon, primary tumors, Crohn’s disease, tuberculosis, 
and intussusceptions. Crohn’s disease causes strictures 
responsible for small bowel obstruction. Multiple resections 
of small bowel in patients with Crohn’s can eventually lead 
to an endpoint of short bowel syndrome. Strictures can also 
be caused by radiation and ischemia. Irradiated bowel is very 
friable and the risks of enterotomies and subsequent  fi stula 
development are high. Intussusception is commonly identi fi ed 
with CT scans; however, the clinical signi fi cance can be 
questionable. However, when the intussusception is the lead 
point for small bowel obstruction in an adult, malignancy 
should be ruled out. In trauma, small bowel hematomas can 
cause bowel obstruction. The duodenum is particularly sus-
ceptible because a portion is  fi xed in the retroperitoneum. 

Most duodenal hematomas resolve without the need for 
operative interventions. 

 Intraluminal obstructions are caused by impacted feces, 
gallstones, enterolith, bezoar, tumors, large polyps, and 
ingested foreign bodies. Small bowel tumors are rare but an 
important etiology of small bowel obstruction. They present 
with vague abdominal symptoms and ultimately cause small 
bowel obstrution. These include small bowel adenocarci-
noma, carcinoid tumors, and lymphoma. 

 There is clinically signi fi cant morbidity associated with 
small bowel obstruction, although the mortality rate for 
patients with mechanical obstruction has been dramatically 
reduced in recent years. The observed improvements in mor-
tality rate have been attributed to early diagnosis, appropriate 
strategic use of isotonic  fl uid resuscitation, gastric tube 
decompression, antibiotics, and surgery.   

   Clinical Presentation and Diagnosis 

 A well-conducted patient history is essential for formulating 
an initial working diagnosis for small bowel obstruction. 
Informative patient symptoms include the following: abdom-
inal pain, nausea, vomiting, abdominal distension, obstipa-
tion, fever, tachycardia, or diarrhea secondary to increased 
peristalsis. Pain paroxysms at 4–5 min intervals are associ-
ated more frequently with distal obstructions whereas nau-
sea and vomiting are sometimes more common in patients 
with more proximal obstructions. The past surgical history 
should be detailed. As shown in Table  24.2 , there is strong 
association between surgical procedure type/group and the 
risk of developing a small bowel obstruction. On physical 
examination, a patient with a small bowel obstruction can 
present with tachycardia, fever, distended abdomen, and 
evidence of previous surgical scars. The time course of 
development of a small bowel obstruction is often re fl ected 
in an early rise in hyperactive bowel sounds (e.g.,  borborygmi) 
followed by signi fi cant reduction or complete cessation of 
bowel sounds. In re fi ning the diagnosis for small bowel 
obstruction, it is important to exclude speci fi c explanatory 
etiologies such as incarcerated hernias in the groin, the fem-
oral triangle, and the obturator triangle. Extraluminal masses 
need to be excluded and distal colon obstruction can some-
times be excluded by rectal examination. Patients with posi-
tive rectal exam results should prompt a test for occult blood 
to assess for the possibility of a malignancy, intussuscep-
tion, or infarction. The abdominal exam is extremely impor-
tant in the diagnosis of a small bowel obstruction. Patients 
with suspect small bowel obstruction often have abdominal 
distension and tenderness. The tenderness may be localized 
but more often is diffuse. The reason the physical exam is so 
important is because patients with small bowel obstruction 
either resolve or progress and the intestines can become 

  Fig. 24.1    Axial CT demonstrating Petersen’s hernia with swirling of 
the mesentery evident in this image. Small bowel is seen herniating 
above the level of the stomach. There is a potential space posterior to 
the gastrojejunostomy where this herniation occurs. Radiopaedia.org 
(  http://radipaedia.org/cases/peterserns-hernia    ), case ID: 14053       
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 ischemic if not taken to the operating room in a timely 
 manner. A worsening physical exam may be a signal of 
bowel necrosis. Consequently, the patient may begin to 
exhibit signs of peritonitis, diffuse tenderness, rebound, and 
guarding. Laboratory data should be obtained to include 
complete blood count (CBC) and basic metabolic panel at a 
minimum. Other tests such as liver function tests, arterial 
blood gas (for base de fi cit) and lactate may be helpful but 
are not absolutely essential. An increasing white blood cell 
(WBC) count, increasing base de fi cit or lactate, intravascu-
lar volume depletion, and low urine output are measures of 
a patient that is getting worse clinically (for treatment algo-
rithm see Fig.  24.2 ).  

 Patients who present with partial small bowel obstruction 
or low-grade obstruction are treated with nasogastric decom-
pression, nothing by mouth (NPO), and intravenous  fl uids. If 
no resolution occurs with this treatment, then repeat CT with 
water soluble contrast, CT enteroclysis, CT enterography, or 
small bowel series with oral contrast is indicated to further 
delineate the area of obstruction. The small bowel series 
should be done with water soluble contrast in case the patient 
needs to go to the operating room for a bowel resection. 
Computed tomography enteroclysis is valuable in low-grade 
and partial small bowel obstruction where the etiology is not 
clear on regular CT. The CT enteroclysis has the advantage 
of active luminal distension whereby the lumen can be evalu-
ated. Thus, cross-sectional analysis of the bowel is feasible. 
It involves the insertion of a nasojejunal tube that lies at the 
duodenojejunal junction. Barium is directly injected into the 
bowel. Computed tomography enterography with large vol-
ume contrast compares in accuracy to enteroclysis without 
the need for a nosojejunal tube. The sensitivity of CT entero-
clysis is 93.1% and speci fi city 96.9% as reported by Dixon 
and coworkers  [  10  ] . 

 There is some controversy over the use of plain  fi lms in 
patients with small bowel obstruction. Based on the authors’ 
personal exposure and experience, plain  fi lms are not neces-
sary if one is going to obtain a CT scan. However, in the 
absence of CT scans, plain  fi lms can be extremely useful 
(see Fig.  24.3 ). The Eastern Association for the Surgery of 
Trauma (EAST) practice management guidelines recom-
mend plain  fi lms on all patients who are being evaluated to 
rule out small bowel obstruction  [  2  ] . The plain  fi lms should 
consist of  fl at and upright abdominal  fi lms along with a chest 
X-ray (CXR) also known as an abdominal series. Serial plain 
 fi lms may be necessary to add to the physical exam during 
the hospital course. Computed tomography scans of the 
abdomen and pelvis are commonly obtained during the ini-
tial evaluation in the ER. The use of CT scans has largely 
replaced plain  fi lms in many hospitals and has proven to be 
very sensitive for the diagnosis of small bowel obstruction 
 [  2  ] . The sensitivity increases when the CT is performed with 
oral and intravenous contrast. As with plain  fi lms, the CT 

  Fig. 24.2    An algorithm for the diagnosis and management of small 
bowel obstruction       

  Fig. 24.3    Plain abdominal X-ray demonstrates air  fl uid levels in small 
bowel obstruction       
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scan may need to be repeated during the hospital course to 
assess small bowel obstruction progression or resolution. 
There are certain characteristics on CT scans that are helpful 
in planning the management of a patient with a small bowel 
obstruction. Identi fi cation of a transition zone between nor-
mal and abnormal intestinal diameter may localize the area 
of the obstruction and the probable cause of the obstruction. 
Similarly, proximal dilation of the small bowel (diameter 
>2.5 cm) and the presence of multiple free air- fl uid levels are 
highly suggestive. Thus speci fi c CT  fi ndings include the fol-
lowing: (1) dilated small bowel loops usually greater than 
2.5 cm, (2) small bowel feces, (3) extrinsic causes such as 
hernias, (4) gas- fi lled loops, (5) intussuception, and (6) mes-
enteric vessel abnormalities such as haziness, obliteration 
congestion, or hemorrhage. The CT  fi ndings are best in 
determining the site, cause as well as complications of small 
bowel obstruction (Figs.  24.4 – 24.9 ).        

 Jones et al. performed a retrospective study to attempt to 
answer the question regarding the usefulness of a CT scoring 
system in predicting need for surgery in patients with small 
bowel obstruction  [  11  ] . The results demonstrated that CT 
can successfully predict the necessity for surgery 75% of the 
time. The CT scoring system when used in combination with 
speci fi c criteria increased the ability to predict the need for 
surgery from 75 to 79%. Other modalities that have been 
used to aid in the diagnosis of small bowel obstruction 
include ultrasound and magnetic resonance imaging (MRI), 
but these are not commonly used and have not proved to be 
as sensitive as the previously mentioned studies. The pres-
ence of pneumatosis intestinalis on CT scan is a late  fi nding 
and an ominous sign of bowel ischemia. Air in the portal 
system also may indicate gangrenous bowel in the face of 
small bowel obstruction. 

 The diagnosis of small bowel obstruction is not a dif fi cult 
diagnosis to make. A patient presents with a history consis-
tent with bowel obstruction and con fi rmed with a CT scan or 
plain  fi lms and the diagnosis is made. The challenge is man-
agement of this patient.  

   Management 

 A patient with a CT scan showing complete obstruction in the 
presence of peritoneal signs on physical exam will need opera-
tive intervention, particularly in the presence of fever, leukocy-
tosis, and tachycardia. A well-timed decision to manage small 
bowel obstruction surgically is crucial to minimize the morbid-
ity and mortality associated with intestinal strangulation. Thus 
surgery before onset of irreversible ischemia is a priority. This 
is prudent because the distinction between a patient with sim-
ple obstruction and a patient with strangulation cannot always 
be made reliably based on laboratory, clinical and imaging 

 fi ndings. Standardized and appropriate surgical procedures are 
performed based on the cause of the small bowel obstruction. 
These include lysis of adhesions, resection of tumors or reduc-
tion and repair of hernias. Invariably, viability of the intestine 
must be assessed by visual inspection and when necessary 
Doppler probe studies and arterial perfusion evaluations, 
including the use of Woods lamp. 

  Fig. 24.4    Axial CT demonstrating dilated small bowel in a patient 
with SBO       

  Fig. 24.5    Coronal CT showing dilated and  fl uid  fi lled small bowel in 
partial small bowel obstruction       
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  Fig. 24.8    Axial CT showing jejunojejunal anastomosis as site of 
obstruction       

  Fig. 24.6    Coronal CT showing closed loop obstruction with twisting 
of the mesentery       

  Fig. 24.7    Axial CT view showing the closed loop obstruction       

 The majority of patients with small bowel obstruction can 
initially be managed safely by conservative nonsurgical 
treatment. Conservative treatment involves the administration 
of intravenous (IV)  fl uids, nothing by mouth (NPO), place-
ment of a nasogastric tube if the patient has signi fi cant eme-
sis or if the patient has abdominal distension, and performance 
of serial abdominal exams to evaluate for worsening abdominal 
pain or the presence of peritonitis. The exact de fi nition of 
serial abdominal exams is controversial. Should serial exams 

be performed every 4 h, every 6 h, every 8 h, or longer? This 
is a complicated question because how often the serial exam 
is performed should be based on the patient’s clinical presen-
tation at the time of the exam. If the exam continues to 
improve, the time interval between serial exams may increase. 
If the patient’s abdominal exam is not improving or worsen-
ing, then the frequency of examination should increase. 
During this time, daily monitoring with laboratory testing 
including a CBC and electrolyte panel is a useful adjunct to 

  Fig. 24.9    Axial CT revealing transition zone at the anastomosis       
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track response to conservative treatments. Repeat CT scan 
and or plain  fi lms are usually done in the  fi rst 48 h to monitor 
progression or resolution. 

 The use of enemas, suppositories, and cathartics is con-
troversial. Patients with bowel obstruction are contraindi-
cated for enemas including those containing sodium 
phosphate  [  12  ] . However, in the case of partial small bowel 
obstruction, there have been reports of success with all the 
above interventions. 

 Prior to the evolution of laparoscopic surgery, the surgical 
management of small bowel obstruction was accomplished 
through an exploratory laparotomy. A midline incision is 
made when feaseable, the peritoneum is entered, and dissec-
tion is performed until the point of obstruction is identi fi ed. 
The etiology of the obstruction will dictate the procedure. If 
the obstruction is due to adhesion then adhesiolysis is per-
formed. Small bowel obstruction can present at the previous 
suture line or anastomotic site (Figs.  24.8  and  24.9 ). If the 
obstruction is due to tumor then resection should be per-
formed if possible. In the event that resection is not possible, 
then diversion is an option. In those patients with malignancy 
affecting large segments of the small bowel performance an 
enteroenterostomy (bypass) may be the only option available 
at the time of laparotomy. Indeed, cancers of the colon, stom-
ach or metastasis from the lung or breast are often common 
causes of bowel obstruction. If a hernia is present then per-
form the appropriate hernia procedure; reduce the hernia, 
examine the bowel for viability, and perform hernia repair. In 
the case of internal hernias, the defect must be closed and 
bowel resection is often necessary. When taking a patient to 
the operating room for a small bowel obstruction that has 
previously undergone a Roux-en-Y gastric bypass, remem-
ber the mesomesenteric potential space at the jejunojejunos-
tomy is often the site of the internal hernia. Closed loop 
obstructions pose a special problem. In this situation the sur-
geon must obtain control of the mesentery prior to untwist-
ing the mesentery. The mesentery of the ischemic bowel 
must be clamped off proximally and distally in order to pre-
vent the release of toxic substances within the closed loop. If 
the loop is released prior to obtaining control then bacteria 
and toxins can be released into the systemic circulation. 

 In the case of foreign body ingestion, usually operative 
management is warranted if the foreign body causes overt 
obstruction or perforation. Intra-abdominal abscesses caus-
ing an abdominal obstruction can often be managed nonop-
eratively with a drain placed by interventional radiology, 
nasogastric tube, and antibiotics.  

   Practical Operative Considerations 

 There are a few key issues to take into consideration when 
entering the abdomen for a small bowel obstruction:

    1.    Enter the abdomen in an area away from the prior scar or 
known hernia defect. Entering the abdomen above or 
below previous incisions can help avoid inadvertent 
enterotomies.  

    2.    When the bowel is adherent to the undersurface of the 
abdominal wall use scissors (Metzenbaum or Cooley scis-
sors) or a knife to take sharply down the adhesions. Avoid 
the use of electrocautery in these areas, as it may result in 
inadvertent thermal injury to the bowel that may be unrec-
ognized at the time of operation.  

    3.    When it is dif fi cult to take down an area you have worked 
in without making much progress, it is prudent to leave 
the area, dissect somewhere else and then return later to 
complete your dissection.  

    4.    Take your time with the dissection and get a second pair 
of hands if possible to facilitate exposure.  

    5.    Resect bowel that has been “beat up” too much to avoid 
postoperative complications (strictures, adhesions, leaks).  

    6.    If bowel viability is in question “damage control” is an 
option. Place a temporary abdominal closure and plan to 
come back after 12–24 h for a second look laparotomy.     
 Laparoscopic surgery for patients who need operative 

intervention for small bowel obstruction is becoming much 
more common place for those surgeons who are facile with 
the laparoscope. Proposed advantages of laparoscopy com-
pared to open surgery include quicker postoperative recovery 
and reduced hospital length of stay. The increasing popular-
ity of laparoscopy contrasts with experience in the past when 
small bowel obstruction was considered a contraindication 
for laparoscopy. While there is good agreement on feasibil-
ity, safety and ef fi cacy of laparoscopy in the management of 
small bowel obstruction, there is some debate about its 
appropriateness for patients with an acute obstruction. It had 
been reported that only 50% of cases of small bowel obstruc-
tion could be managed successfully with laparoscopy  [  13  ] . 
Nevertheless, there is excellent prospect for increased utili-
zation of laparoscopy for small bowel obstruction since open 
surgery increases the risk of the development of postopera-
tive small bowel obstruction due to adhesion formation by at 
least fourfold compared to laparoscopy  [  7  ] . 

 Since postsurgical adhesions often result in small bowel 
obstruction, there have been concerted efforts to prevent 
adhesions through the use of adhesion barriers during laparo-
tomy. Currently, there are three US Food and Drug 
Administration (FDA)-approved adhesion barriers including 
Sepra fi lm (Genzyme), Adept (Baxter), and Interceed 
(Gynecare). Sepra fi lm has been reported to decrease the 
severity but not the incidence of postsurgical adhesions  [  14  ] . 
Interceed has a black box warning and is contraindicated as a 
haemostatic agent in laparoscopic surgery. The product label-
ing for Adept carries more contraindications than Sepra fi lm 
and Interceed. These include infections, laparotomy incision, 
bowel resection, appendectomy, and allergy to cornstarch.  
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   Potential Complications 

 Potential complications of surgery for small bowel 
obstruction include sepsis, intra-abdominal abscess, 
wound dehiscence, aspiration,  fi stula formation, colos-
tomy, short bowel syndrome, and death. It is important for 
the operating surgeon to have a detailed discussion with 
the patient and family prior to proceeding to the operating 
room. The estimated overall mortality rate after surgical 
treatment for small bowel obstruction has been reported 
to be as high as 5%  [  15  ] . Some of the factors that in fl uence 
postsurgical mortality in patients with small bowel 
obstruction include: old age, the presence of a comorbid 
condition, the presence of bowel gangrene at laparotomy, 
and delay in diagnosis. Although comorbidity is strongly 
associated with older patients, it seems that comorbidity, 
especially cardiovascular and pulmonary comorbidities 
are independent predictors of death after surgery for small 
bowel obstruction. In addition to increased mortality rates, 
complication rates are also higher in patients older than 
60 years compared to younger patients. Treatment delays 
of more than 24 h, nonviable or strangulated bowel and 
recurrent surgeries are also factors that increase compli-
cations risk.  

   Follow-up 

 Prognosis for the majority of cases of non-strangulated 
small bowel obstruction is very good, as bowel obstruc-
tion may resolve spontaneously. Patients with partial 
small bowel obstructions who are managed nonopera-
tively may spend 2–5 days for recovery and recurrence is 
low. However, patients who were managed surgically 
through resection or adhesiolysis generally spend more 
time in the hospital. The incidence of recurrence of small 
bowel obstruction in patients managed surgically was 
5.8% and risk factors for recurrence were age <40 years, 
adhesions, and postsurgical complications  [  16  ] .  

   Conclusion 

 The diagnosis and management of small bowel obstruction 
has always been accomplished quite successfully by general 
surgeons. Acute care surgeons are increasingly being relied 

upon to treat patients with small bowel obstruction. 
Undoubtedly, thorough physical examination, appropriate 
imaging studies, close monitoring, and timely laparotomy or 
laparoscopy will lead to a reduction in the morbidity and 
mortality of patients presenting with small bowel 
obstruction.      
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         Introduction 

 Acute appendicitis (AA) can be considered the signature 
 disease encountered by the acute care surgeon. It is the most 
frequent abdominal diagnosis treated by surgeons with more 
than 500,000 appendectomies performed yearly in the USA 
 [  1  ] . Its classic presentation, commonality, and relative ease 
of cure can lull the surgeon into underestimating the 
 morbidity that can arise from complicated cases. Generally 
considered a purely surgical disease with a singular treat-
ment pathway, advances in surgical and medical treatment 
have pushed the branches of the decision tree. Recently, 
large national databases of surgical disease have provided 
data that can help the surgeon decide which pathway best 
serves a particular patient population. Current controversies 
exist over laparoscopic versus open technique, appropriate 
timing of intervention, and the appropriateness of nonopera-
tive management.  

   Epidemiology and Pathology 

 In fl ammation of the appendix was initially described more 
than 120 years ago by Fitz who recommended operative 
intervention. McBurney subsequently described a series of 
eight patients who presented with acute appendicitis who 
underwent operative management by appendectomy, thus 
dictating the preferred management for the disease that went 
unchanged for over a century  [  2  ] . Appendectomy remains 

one of the most commonly performed emergency general 
surgery procedures, and is classically one of the  fi rst proce-
dures learned as a surgical trainee. The epidemiology of the 
disease re fl ects a younger male demographic. A minority of 
patients may have a complicated course, primarily occurring 
in the elderly population. 

 The pathophysiology of AA is typically described as 
obstruction of the appendiceal lumen, either by edema, bac-
teria, stool (appendicolith), or tumor. Hyperplasia of the sub-
mucosal lymphoid follicles in response to systemic 
in fl ammation is often present in the pediatric population and 
is termed catarrhal appendicitis. The clinicopathologic pre-
sentation ranges in spectrum from early acute appendicitis, 
suppurative appendicitis, gangrenous appendicitis, perfo-
rated appendicitis, to perforated appendicitis with phlegmon 
or abscess. Stump appendicitis, in which in fl ammation of a 
remaining portion of appendix occurs after appendectomy, 
has also been described. 

 The stepwise temporal progression of appendiceal 
in fl ammation to gangrene to perforation has been questioned, 
with emerging consideration that perforated and non-perfo-
rated appendicitis are actually two different disease processes 
 [  3  ] . Cytokine data suggest that the pathophysiology of perfo-
rated appendicitis follows a more virulent pathway from the 
onset of the disease. Polymorphisms of the promotor for the 
proin fl ammatory cytokine IL-6 have been compared to clini-
cal pathology of appendicitis, with decreased IL-6 produc-
tion correlating with a lowered incidence of complicated 
appendicitis  [  4,   5  ] . Epidemiologic data comparing AA and 
acute diverticulitis have likewise suggested that perforation 
is a separate disease process  [  6  ] . Both diseases are consid-
ered a function of intraluminal pressure and bacterial over-
growth. Both are rare in geographic regions where hygiene is 
poor and diets are high in  fi ber. The incidence of non-perfo-
rated diverticulitis follows the same pattern as non-perfo-
rated AA in these regions  [  7  ] . This evidence seeks to refute 
the idea that perforated AA is ultimately the result of untreated 
appendicitis.  
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   Presentation 

 The history and physical presentation in the healthy, young 
adult as classically described generally does not waver: the 
onset of peri-umbilical pain, with migration to the right lower 
quadrant, nausea following the onset of pain, tenderness at 
McBurney’s point, and mild leukocytosis. Despite the consis-
tency of this presentation, the ease of obtaining a computed 
tomography (CT) scan means these patients often undergo 
unnecessary radiation exposure and time wasted verifying 
AA before a surgeon is even consulted. Occasionally, images 
from the scan may help guide trocar placement for a laparo-
scopic approach in the case of a retrocecal appendix, for 
example. Often this same information can be obtained simply 
from a more dedicated physical exam, speci fi cally the pres-
ence of a psoas or obturator sign. Variation in the clinical 
history may indicate a ruptured appendix, as indicated by the 
patient with increasing pain in the right lower quadrant over 
several days, which then suddenly improves but never fully 
resolves. Palpation of an in fl ammatory mass in the right lower 
quadrant may indicate rupture with phlegmon formation. 

 Acute appendicitis outside of the young, healthy demo-
graphic, however, may have an extremely varied presentation, 
earning the moniker of “the great imitator.” Older patients 
often have more vague symptoms, with mild to moderate 
nonspeci fi c abdominal pain, which is often tolerated for lon-
ger periods of time before presentation. Associated symptoms 
of diarrhea, nausea, and urinary symptoms may be more fre-
quently encountered. The differential diagnosis of right-sided 
abdominal pain is broader in a population with comorbidities, 
previous surgeries, complicating medications, immunocom-
promise, and in the woman of childbearing age. Table  25.1  

lists the more common differential diagnoses to consider. 
Various scores have been developed in an effort to more accu-
rately diagnose AA based on signs and symptoms, such as the 
modi fi ed Alvarado Score depicted in Table  25.2 . Although 
these types of scoring systems are helpful, a high index of 
suspicion for AA should be entertained for any older patient 
with abdominal pain.    

   Imaging 

 As described previously, a careful history and physical exam 
in combination with isolated leukocytosis will often provide 
the diagnosis of AA. Prior to the omnipresence of the CT 
scanner, a 20% negative appendectomy rate was considered 
an acceptable variance. A higher number indicated hasty pro-
cession to the operating room, while a lower number led to 
the concern that cases were being missed. By 1997, the fre-
quent use of CT scanning had reduced the negative appen-
dectomy rate to 15%, with numbers continuing to decrease to 
10% with the use helical or multidetector CT scanners  [  8,   9  ] . 
Since the potential postoperative complications for a nega-
tive appendectomy are the same as for appendicitis, the 
bene fi ts of obtaining a CT scan should be weighed against 
the risks. While a scan increases cost, radiation exposure, 
and potential time prior to proceeding to the operating room, 
it can also provide valuable information for plan of care. The 
presence of a phlegmon, predominant in fl ammation of the 
terminal ileum or cecum, identi fi cation of other pathology, or 
nonspeci fi c  fi ndings in a high-risk patient can all save a 
patient from an unnecessary or dangerous operation and 
guide alternate therapy. 

 Acute appendicitis can often be readily identi fi ed on the 
different variations of abdomen/pelvis CTs performed with a 
sensitivity and speci fi city of approximately 94%  [  10  ] . Non-
contrast (both intravenous and oral) CTs, those with both 
types of contrast or with oral and rectal contrast may all be 
helpful in making the diagnosis. Findings include an enlarged 
appendix, fat stranding around the tip or in the right lower 

   Table 25.1    Differential diagnosis of right lower quadrant abdominal pain   

  Gastrointestinal origin  
 Appendicitis 
 Mesenteric adenitis 
 Intussusception 
 Terminal ileitis 
 Cecal diverticulitis 
 Epiploic appendagitis 
 Typhlitis 
 In fl ammatory bowel disease 
 Constipation 
  Urogenital  
 Ureteral stone 
 Urinary tract infection 
  Gynecologic  
 Tubo-ovarian abscess 
 Ovarian torsion 
 Ectopic pregnancy 
 Hemorrhagic ovarian cyst of corpus luteum remnants 
 Ruptured ovarian cyst 
 Pelvic in fl ammatory disease 
 Perforated duodenal ulcer with retroperitoneal extension 
(“Valentino’s Appendix”) 
 Pancreatic abscess with retroperitoneal extension 

   Table 25.2    Modi fi ed Alvarado’s score  [  71  ]    

  Symptom    Points  
 Migratory right iliac fossa pain 
 Nausea/vomiting 

 2 
 1 

  Sign  
 Right lower quadrant pain 
 Rebound tenderness 
 Fever 
 Rovsign’s sign 

 2 
 1 
 1 
 1 

  Laboratory value  
 Leukocytosis  2 

  Based on patient presentation, a combination of signs, symptoms, and 
laboratory data are totaled to predict likelihood of acute appendicitis 
 1–4 Points: acute appendicitis unlikely 
 5–6 Points: probable appendicitis 
 6–7 Points: de fi nite appendicitis  
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quadrant, the presence of an appendicolith, non- fi lling of the 
appendix with oral or rectal contrast, or a phlegmon with or 
without abscess (see Figs.  25.1 – 25.3 ). Patients with little vis-
ceral adiposity make the diagnosis slightly more dif fi cult, as 
there are reduced fat planes to highlight in fl ammation. 
Enlarged fallopian tubes or adnexal pathology in the female 
patient may also be dif fi cult to distinguish from appendiceal 
in fl ammation on CT scan.    

 Ultrasonography or magnetic resonance imaging (MRI) 
may be obtained for patients in whom radiation exposure 

should be limited. Ultrasound (US) is often used for the pedi-
atric population, as it can be an extension of the exam and 
does not require sedation or travel out of the emergency 
room. The in fl amed appendix on US appears as an incom-
pressible, blind-ended, tubular structure with diameter 
greater than 6–7 mm. With graded compression, differentia-
tion between normal loops of bowel and the appendix can be 
achieved  [  11  ] . Sensitivity and speci fi city of US for AA is 
approximately 83 and 93%  [  10  ] . MRI is often utilized for the 
pregnancy patient, as excellent imaging can be obtained with 
no radiation exposure. Contrast agents should not be admin-
istered. Although MRI is costly and may not be widely avail-
able, the risk of unnecessary laparoscopy or missed 
appendicitis in the pregnant patient can increase preterm 
contractions and fetal mortality. The sensitivity and speci fi city 
of MRI for AA in this patient population is approximately 
100% and 93%, respectively  [  12  ] . 

 Plain abdominal  fi lms are often obtained initially when in 
the emergency room, but these provide little information 
indicative of appendicitis unless an appendicolith is present, 
and are primarily used to rule-out more acute disease pro-
cesses such as a perforated viscus or complete bowel 
obstruction.  

   Surgical Management 

 Most cases of AA will present in an uncomplicated manner 
and often proceed to the operating room with little delibera-
tion regarding management. This holds true for the patient 
with little comorbidity and with suspected non-perforated 
appendicitis. Although a prompt operation is considered 
standard procedure, cases in select patient populations can 
often be delayed up to 12 h with no increase in morbidity 
 [  13  ] . In a large retrospective observational dataset, the risk of 

  Fig. 25.1    Coronal CT image of acute non-perforated appendicitis. A 
dilated tubular structure ( arrow ) in the right lower quadrant is demon-
strated. In fl amed periappendiceal fat can also be appreciated by darken-
ing of the fat plane around the structure       

  Fig. 25.2    Axial CT image of acute appendicitis with appendicolith. 
The appendicolith ( arrow ) is noted as a white structure within the lumen 
of the mid-portion of the appendix       

  Fig. 25.3    Axial CT image of perforated appendicitis with phlegmon. 
Dense mass is noted with no de fi nite separation of cecum from appen-
dix. Generalized in fl ammation is noted in the right lower quadrant       
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rupture for appendicitis was not increased with a delay of up 
to 24 h from hospital admission to operation [  14  ] . A 6% 
increase in rupture rate was encountered if a delay over 36 h 
was noted. Again, the pathology of ruptured versus non- 
ruptured appendicitis has been debated, with less emphasis 
given to early operation for the prevention of rupture. 
A signi fi cant delay in surgery should still be avoided, how-
ever, as an expedited operation can reduce the suffering of 
the patient, in addition to reducing hospital cost by an 
extended length of stay. Preoperative preparation should be 
straightforward, with initiation of intravenous  fl uids, and 
demonstration of a negative pregnancy test for women of 
child-bearing age. Deep venous thrombosis prophylaxis and 
antibiotic prophylaxis should be initiated prior to surgery as 
indicated by standard guidelines  [  15  ] . 

 Postoperative morbidity associated with appendectomy 
ranges from 10 to 20% for non-perforated appendicitis ver-
sus 30% for those with perforation. Most of these complica-
tions are infectious in nature  [  16  ] . Mortality for 
appendectomy is low, with a rate of 0.07–0.7% without per-
foration, and 0.5–2.4% with perforation  [  3,   17  ] . The mortal-
ity rate increases with comorbidities including cardiac risk 
factors, pulmonary disease, and morbid obesity. Age also 
increases mortality, with rates of 2.5% for patients in their 
70s, 6.8% in their 80s, and 16.4% for those 90 years of age 
and older  [  18  ] . 

   Laparoscopic Versus Open Technique 

 Standard open surgical technique for appendectomy 
includes an approximately 5 cm incision in the right lower 
quadrant through which the peritoneum is reached via a 
muscle slitting technique. The appendix and mesoappen-
dix can then be suture ligated and divided, and the wound 
closed in layers after irrigation. With the availability and 
mastery of laparoscopic techniques, as well as the advanc-
ing rate of obesity of the population, this open technique 
is often considered a secondary approach. The laparo-
scopic approach is usually performed using three ports 
placed on the left side of the patient, with left arm tucked 
for better movement of the surgeon and assistant on the 
same side (see Fig.  25.4 ). A Foley catheter is placed to 
decompress the bladder as suprapubic ports are often 
placed. The appendix can be divided with an endovascular 
stapling device or with suture ligation. The mesoappendix 
may also be divided using a stapler, or various cautery 
devices. In theory, the laparoscopic approach provides 
better visualization of the abdomen when other pathology 
may be suspected. There is also the bias towards laparos-
copy due to potential reduction of pain, infection, or 
resumption of diet.  

 The speci fi c merits of a laparoscopic appendectomy 
(LA) over open appendectomy (OA) have been debated, 
however, particularly for obese patients or those with com-
plicated AA. Initial series of comparative studies demon-
strated possible faster recovery, earlier resumption of diet, 
and improved wound healing with LA versus OA. Other 
studies during the same time demonstrated no bene fi t. Most 
of these publications were small, and were thus underpow-
ered. A meta-analysis performed in 2010 included 44 stud-
ies, pooling the results of appendectomy on 5,292 patients 
 [  19  ] . The only signi fi cant differences in outcome between 
the two techniques included slightly (8.67 min) longer 
operative time and slightly shorter length of hospital stay 
(0.6 days) for laparoscopic cases. Further, a Cochrane 
review in 2010 reviewed 56 studies  [  20  ] . This likewise 
demonstrated longer operative time (10 min) and shorter 
length of stay (1 day) with LA. These patients also had a 
lower subjective pain scale on postoperative day 1. While 
operative costs were signi fi cantly higher for laparoscopic 
cases, the out-of-hospital costs were lower. 

 The National Surgical Quality Improvement Program 
(NSQIP) provides a large standardized dataset of sampled 
surgical outcomes that can be accessed on a continuous 
basis. Based on a 2008 query that included 32,683 patients, 
76.4% of appendectomies were performed laparoscopi-

  Fig. 25.4    Operative con fi guration for laparoscopic appendectomy. 
Possible operating room con fi guration for laparoscopic appendectomy 
is illustrated. Both surgeon and assistant stand on the patient’s left for 
better ergonomic approach to the right lower quadrant of the abdomen. 
The patient’s left arm should therefore be tucked to prevent excessive 
extension at patient’s shoulder.  Black X shapes  demonstrate common 
port site placement for appendectomy, although additional or replaced 
ports may be placed as illustrated by the  white plus shapes        
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cally  [  21  ] . Patients who underwent an open technique were 
statistically older, with increased comorbidities. On multi-
variate analysis, patients with LA had a decreased likeli-
hood of developing any morbidity postoperatively, none of 
which were considered serious. Caution must be taken 
when interpreting this data, however, as causality cannot 
be ascertained. Those patients with comorbidities may 
have had an open procedure performed due to perceived 
decrease in operative time, inability to tolerate pneumo-
peritoneum due to cardiopulmonary disease, or other con-
cerns by the surgeon. 

 Further query of the NSQIP dataset delineates more 
speci fi c outcomes for appendectomy, particularly infection 
risk  [  22  ] . When adjusted for body mass index (BMI), sep-
sis, and operative time, wound infection had a risk reduc-
tion of 63% with LA. When adjusted for confounders, 
however, a 44% higher risk of organ space infection was 
noted for LA. Patients with wound class II, III, and IV had 
higher risk of organ space infection with a laparoscopic 
approach. In summary, the overall risk of complications 
was lower for LA, mostly due to a lower rate of wound 
infections; however, those patients with a greater degree of 
contamination had a higher risk of deep space infection 
postoperatively when LA was performed. This opposes the 
conventional wisdom that the laparoscopic approach affords 
a more thorough ability to washout the abdomen. The suc-
tion/irrigator may simply spread bacteria throughout the 
pelvis to a greater degree than with the limited view and 
dissection of the open technique. 

 Often surgeons advocate for the laparoscopic approach 
when operating on the obese patient. Less soft tissue dis-
section and greater visibility are often cited. Obese patients 
may also present a problem for the laparoscopic approach, 
however, due to diminished ability to ventilate during pneu-
moperitoneum and dif fi culty placing trocars or achieving 
appropriate angles for dissection due to soft tissue thick-
ness. While reports of diminished wound infections in 
obese patients are noted in smaller reports, larger series 
comparing open to laparoscopic appendectomy demon-
strate no difference in postoperative complications for these 
patients  [  23  ] . 

 In summary, in a setting where basic laparoscopic exper-
tise and equipment are available, LA has various slight 
advantages over OA, though some effects are small and of 
limited clinical signi fi cance. Women should be considered 
for a laparoscopic approach, as other adnexal pathology can 
be determined at operation. Young, employed, and more 
ambulatory patients also demonstrate added bene fi t from 
LA over OA, particularly in terms of resumption of activity 
and work.   

   Appendiceal Phlegmon or Abscess 

 Patients outside of the young, healthy demographic or who 
complain of prolonged periods of pain, may in fact present 
with an appendiceal phlegmon or abscess instead of simply 
suppurative appendicitis. A phlegmon consists of a mass of 
dense in fl ammatory tissue, often consisting of periappen-
diceal fat, but which may also include the cecum and/or 
terminal ileum. When encountered in the operating room, 
a phlegmon can signi fi cantly increase the dif fi culty of dis-
section, resulting in injury to adjacent tissues, or necessi-
tating cecectomy or right hemicolectomy in order to achieve 
margins of resection that are not in fl amed. An appendiceal 
abscess likewise represents a process which has walled 
itself off and clinically may result in less peritonism or sys-
temic sequelae. In these cases, the acute process has already 
run its course, and secondary stages of in fl ammation with 
 fi brosis have begun. Once in fl ammation has progressed to 
this stage, operative intervention becomes more dangerous, 
with risks of complications threefold higher in surgical 
versus nonsurgical management of cases of appendiceal 
phlegmon  [  24  ] . 

 Overall, 2–6% of patients with AA will have some sort 
of in fl ammatory mass, and of those with an abscess, 20% 
will require drainage  [  25  ] . Of those requiring drainage, 
2–6% will need to be approached in the operating room, 
due to inability to either access or adequately drain the 
collection percutaneously  [  26  ] . The early case series of 
patients treated in this manner were primarily pediatric, 
as the clinical presentation of symptoms was often late 
and surgical intervention less desirable. These patients 
often underwent treatment with antibiotics, with or with-
out drainage, with planned interval appendectomy often 
6–12 weeks later. Delayed operation was favored as the 
majority of the in fl ammation had subsided by this point, 
making operative intervention safer with reduced risk to 
adjacent organs  [  27,   28  ] . With success of this approach in 
the pediatric population, the adult population was treated 
similarly. Overall, conservative management of an appen-
diceal phlegmon was successful (i.e., did not require 
operative intervention) 76–97% of the time  [  29–  32  ] . One 
of the larger studies comparing patients who underwent 
immediate surgery versus percutaneous drainage and 
interval appendectomy for AA with periappendiceal 
abscess included 104 patients. Patients who underwent 
immediate operation had a signi fi cantly higher rate of 
complications at initial hospitalization (58% versus 15%, 
 p  < 0.001). This group likewise had longer length of hos-
pital stay  [  33  ] .  
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   Interval Appendectomy 

 The necessity of interval appendectomy after successful treat-
ment with percutaneous drainage and antibiotics has been 
recently debated. Although expeditious surgical treatment 
has been considered the treatment of choice, the concept of 
delaying operation until in fl ammation has subsided has been 
proposed since the early 1900s  [  34  ] . Interval appendectomy 
is often recommended based on risk of subsequent AA or of 
risk of missing an incidental malignancy. A large retrospec-
tive study demonstrated a total recurrence rate of 14.6% in 
patients treated with antibiotics alone for phlegmon  [  35  ] . 
The majority of these recurrences occur within 3–6 months 
 [  31,   36,   37  ] . At this rate, interval appendectomy at 12 weeks 
would only prevent half of the potential recurrences. The 
recurrences that do occur have a relatively mild clinical 
course  [  24,   38  ] . There are likewise risks to operating in this 
setting, with complication rates for interval appendectomy 
ranging from 4 to 17%  [  29,   30  ] . This information has led 
some practitioners to approach an interval appendectomy 
with more expectant management depending on patient pref-
erence and perceived risk of malignancy  [  39  ] . 

 Acute appendicitis associated with a phlegmon represents 
complicated in fl ammatory disease, and as such, should carry 
a higher index of suspicion for aberrant pathology. As an 
acute care surgeon, malignancy should be considered for any 
common in fl ammatory condition that has a variant presenta-
tion. A growing body of literature advocates for interval 
appendectomy for this reason. In a meta-analysis examining 
immediate versus interval appendectomy for AA, malignant 
disease was detected on follow-up in 1.2% of those who 
underwent interval appendectomy, approximately twice that 
reported for immediate appendectomy  [  24  ] . Patients at higher 
risk are those over 40 years of age, with type of tumor 
strati fi ed per age group. Younger patients (mean 38 years 
old) present with carcinoid more commonly, while mucinous 
adenocarcinoma and intestinal-type adenocarcinoma are 
found in an older population (mean 60 years old)  [  40  ] . 
Colonic malignancy is strongly associated in those diag-
nosed with AA as age increases. The odds ratio for having 
concurrent colonic malignant disease was 38.5 for those over 
40 years of age in a large population-based study  [  41  ] . For 
these reasons, patients who are over age 40 years or who are 
unreliable for dedicated follow-up should have interval 
appendectomy and/or follow-up colonoscopy performed.  

   Incidental Appendiceal Malignancy 

 Any neoplasm of the colon can also occur in the appendix, 
due to embryologic development of the appendix off of the 
cecum. Tumors of the appendix can obstruct the lumen and 

present as appendicitis. The acute care surgeon will therefore 
encounter appendiceal neoplasms either as detected on pre-
operative imaging or during operation. The majority are dis-
covered only on the pathologic specimen, however. 
Approximately 0.7–1.7% of specimens will contain either 
benign or malignant appendiceal neoplasm  [  42,   43  ] . 

 Carcinoid is the most common primary neoplasm of the 
appendix  [  44  ] . These appear as small round, well-demar-
cated tumors, usually at the tip of the appendix. Due to their 
small size and low metastatic potential, these are typically 
only discovered at time of follow-up. Metastatic potential is 
increased in tumors larger than 2 cm and with mesoappen-
diceal extension  [  45  ] . Based on this metastatic risk, patients 
with carcinoid larger than 2 cm, with any mesoappendiceal 
invasion, or any involvement of the base of the appendix 
should undergo right hemicolectomy. If these criteria are not 
met, then simple appendectomy is adequate resection  [  46  ] . 

 Appendiceal adenocarcinomas are discovered on 0.08–
0.1% of specimens  [  40  ] . Several histologic subtypes exist, 
including mucinous, intestinal type, signet ring, neuroendo-
crine, mixed, or undifferentiated. Subtype alone is not a 
signi fi cant prognostic factor, however. These tumors require 
treatment with a right hemicolectomy  [  47,   48  ] . In cases of 
perforated mucinous type (pseudomyxoma peritonei or “jelly 
belly”), a right hemicolectomy should only be performed in 
the setting of cytoreductive surgery and intraperitoneal che-
motherapy (Sugarbaker procedure)  [  49,   50  ] . Handling of the 
tumor can result in further dissemination of peritoneal dis-
ease at time of the original procedure. 

 Speci fi c information regarding rare neoplasms, as well as 
oncologic principles and follow-up are beyond the scope of 
this chapter. However, the acute care surgeon should be able 
to appropriately direct initial management when neoplasm is 
encountered in the setting of AA. If a suspicious mass or 
peritoneal mucin is noted on preoperative imaging, serum 
markers CEA, CA-125, and CA 19-9 should be sent and con-
sideration given to biopsy prior to operative intervention. 
If diagnostic laparoscopy is performed, ports should be 
placed in the midline as these can be resected later if further 
de fi nitive surgical therapy is needed. Colonoscopy may also 
help guide diagnosis and therapy prior to operative 
intervention. 

 If neoplasm is encountered incidentally at the time of 
operation, additional steps are needed to work up the disease 
process. The surgeon should search for extra-appendiceal dis-
ease, paying particular attention to the colon, liver, and omen-
tum. If mucin, local lymph node spread, or other peritoneal 
seeding is noted, biopsies of these specimens should be sent 
to pathology. Unless the patient is at a center in which cytore-
ductive therapy is performed, the safest plan is to obtain good 
specimen for pathology, perform appendectomy, and refer the 
patient based on  fi nal pathology. If there is no evidence of 
additional peritoneal disease, and the tumor is less than 2 cm 
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in size, an appendectomy should be performed  [  51  ] . 
Care should be taken to remove all of the mesoappendix and 
to do extensive washout of the peritoneal cavity and wounds. 
The specimen should be removed intact when able. If the 
mass is larger than 2 cm and there is no mucin or extraperito-
neal spread is present, the case should be converted to open 
and a right hemicolectomy performed  [  52  ].  

 Most often the case exists in which no obvious tumor is 
noted either on preoperative imaging or during surgery, but 
neoplasm is reported on the  fi nal pathology report. If the his-
tology is benign or carcinoid less than 2 cm and con fi ned to 
the appendix, then no further therapy is needed. If the tumor 
has periappendiceal spread or it is larger than 2 cm, then 
right hemicolectomy needs to be performed. For any muci-
nous tumor or perforated epithelial tumor, obtaining tumor 
markers, staging CT scan, colonoscopy, and possible referral 
to a specialist are indicated  [  53  ] .  

   Nonoperative Management of Acute 
Non-perforated Appendicitis 

 With the relative ease and satisfaction of performing an 
appendectomy, the concept of nonoperative management of 
non-perforated appendicitis is almost equivalent to heresy 
for the general surgeon. Pathophysiologic comparison to 
diverticulitis, as well as recognition of success with nonop-
erative management of perforated appendicitis has brought 
this concept back into consideration, however. While opera-
tive morbidity is low, there are still risks to surgery, with 
complication rates reported from 8 to 23%  [  54,   55  ] . 

 Series of nonoperative cases of AA were initially reported 
from regions in which operative intervention is either unavail-
able or not practical. In 1956, Coldrey  fi rst reported on 471 
patients with AA who were treated with antibiotics alone 
with documented low morbidity and mortality  [  56  ] . A 1977 
report from the Chinese Medical Journal documented the 
successful nonoperative treatment of 425 patients with 
appendicitis  [  57  ] . Likewise, reports of Russian and US sail-
ors on submarines treated with antibiotics alone for AA have 
been more recently published with favorable outcomes  [  58  ] . 

 Subsequently, randomized trials have been conducted 
examining appendectomy versus antibiotic therapy for acute 
non-perforated appendicitis. The  fi rst of these was conducted 
in 1995 and included approximately 80 patients  [  59  ] . Of 
those treated with antibiotics alone, the success rate (no sub-
sequent operative intervention required) was 97%. The recur-
rence rate at 1 year was 18% in the antibiotic group. An 
additional study of approximately the same size demon-
strated 10% recurrence rate at 1 year  [  60  ] . 

 Two larger randomized trials demonstrate feasibility of 
nonoperative management for non-perforated appendicitis, 
while providing valuable data regarding long term outcome 

after this approach. In a Swedish multicenter trial, 252 
patients were randomized to appendectomy versus antibiot-
ics  [  61  ] . Antibiotics consisted of IV infusion for 48 h, fol-
lowed by oral antibiotics for 10 days. Of the antibiotic group, 
86% improved without surgery. Recurrence rate of this group 
was 14% at 1 year. Of those who underwent appendectomy, a 
14% complication rate was described. Reported pain by the 
antibiotic group was less and of shorter duration. The authors’ 
conclusion was that AA could be successfully treated with 
antibiotics, with a recurrence rate similar to that of operative 
complication rate. These conclusions are not widely applica-
ble to current practice, however. All patients included in the 
study were men younger than 50 years of age, and only 6% of 
patients underwent laparoscopic procedures. Also, patients 
who required operation within the  fi rst 24 h were not included 
in the number of those considered to have failed nonopera-
tive management. 

 In a second larger trial, 369 patients were randomized to 
appendectomy or antibiotic therapy  [  62  ] . There was a high 
degree of cross-over, however, with half of the patients ran-
domized to antibiotic therapy receiving appendectomy. 
Reasons for cross-over included patient preference and sur-
geon choice. This introduced bias toward operative interven-
tion demonstrated by the fact that patients who underwent 
operation had higher white blood cell counts, pyrexia and 
peritonism compared to the antibiotic group. The authors 
concluded that antibiotic treatment was successful in 90.8% 
of patients. Patient receiving antibiotic therapy had a 13.9% 
recurrence rate at 16 months follow-up. Complications were 
three times higher in the appendectomy group, consisting of 
wound infections, small bowel obstruction, and intra-abdom-
inal infection. Potentially due to this increase in complica-
tions, as well as operative costs, the antibiotic group had 
20–25% less cost induced over the study period  [  63  ] . 

 In summary, nonoperative treatment for AA has regained 
attention as a viable option. Antibiotics are effective in treat-
ing selected patient populations (including pediatrics) 
68–95% of the time  [  64,   65  ] . Antibiotic strategy includes 
intravenous antibiotics for 48 h, then oral antibiotics for 
7–10 days, with coverage aimed at gram-negative and anaer-
obic organisms  [  66  ] . Recurrence appendicitis occurs in 
10–15% of patients at 1 year, is typically mild in presenta-
tion, and has no increased risk of perforation with time  [  67  ] . 
Nonoperative failure occurs most commonly when appendi-
colith is noted on imaging, or when the patient has a compli-
cated or accelerated clinical course  [  68–  70  ] . Overall 
indications for nonoperative management for AA includes: 
complicated appendicitis (phlegmon), a nonsurgical setting 
(boat), high operative risk, early appendicitis without appen-
dicolith, and a compliant patient with access to follow-up. 
Due to risk of malignancy, any patient over age 40 years 
who elects for nonoperative management should undergo 
colonoscopy at 6 weeks.  
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   Conclusion 

 Acute appendicitis is commonly encountered by the acute 
care surgeon. While most cases are straightforward, compli-
cated appendicitis may still present some management chal-
lenges. Laparoscopic and open techniques of appendectomy 
are both appropriate options, with some minor advantages to 
laparoscopy. Perforated appendicitis with phlegmon should 
be approached nonoperatively initially, with percutaneous 
drainage of an abscess if present. The necessity of interval 
appendectomy is debated, although patients over 40 years of 
age should have appendectomy due to increased risk of inci-
dental malignancy. Tumors of the appendix may often pres-
ent as acute appendicitis, and the acute care surgeon should 
be adept at appropriate initial management of these neo-
plasms when encountered. Finally, nonoperative manage-
ment with antibiotics for acute appendicitis has been 
described. This may be a viable option for patients at low 
risk of malignancy, in remote areas, or with prohibitive oper-
ative risk.      
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         Introduction 

   Epidemiology 

 Diverticular disease is one of the most common causes of 
abdominal pain in the Western world. In addition, 
it appears to be increasing in incidence and demonstrates 
an age-dependent distribution. For example, diverticulo-
sis affects only 5% of people age 40, but can be found in 
two-thirds of adults by age 85  [  1  ] . Approximately 20% of 
patients with diverticulosis will suffer from at least one 
episode of diverticulitis. In fact, the prevalence of diver-
ticulitis across all age groups in the United States is 60 
per 100,000  [  2  ] . Over a 7-year period from 1998 to 2005, 
Etzioni et al. demonstrated a 26% increase in hospital 
admissions secondary to diverticulitis. In this study, the 
largest increase (82%) was in the youngest cohort of 
patients age 18–44  [  3  ] . The etiology for this increase is 
unknown, but may be related to dietary considerations. 
A gender predilection for diverticulitis has been demon-
strated in some studies, but not duplicated in others  [  1,   4  ] . 
Obesity has been implicated but these  fi ndings have been 
inconsistent as well. In contrast, geographic patterns have 
been  fi rmly established. While diverticular disease is pre-
dominately left sided (98.5%) in Western societies, it is 
much more common on the right (70%) in Asia  [  5  ] .   

   Clinical Presentation 

 Colonic diverticula are classi fi ed as “false” or pulsion 
diverticula since they do not contain all layers of the bowel 
wall. The colon is predisposed to develop diverticulosis at 
four well-described points secondary to a weakness of the 
bowel wall where the vasa recta penetrate the circular mus-
cle layer (Fig.  26.1 )  [  6  ] . Although the vast majority of 
patients with diverticulosis will remain asymptomatic 
throughout their lives (70%), others will suffer severe and 
sometimes repeated bouts of diverticulitis (20%) and diver-
ticular bleeding (10%).  

 Diverticulitis refers to in fl ammation or infection of a 
diverticulum. The patient with diverticulitis will commonly 
present with fever, leukocytosis, and left lower quadrant 
pain; however, the absence of these does not preclude a diag-
nosis of diverticulitis as about half of patients will not have a 
fever or leukocytosis  [  7  ] . The presence or absence of symp-
toms can be attributed to the severity of the underlying 
in fl ammatory process. Therefore, the diagnosis of diverticu-
litis is further characterized into uncomplicated and compli-
cated to re fl ect the severity of the episode. Uncomplicated 
diverticulitis may be clinically silent with the exception of a 
mild variance in bowel habits. It accounts for the majority 
(75%) of cases and is usually amenable to medical therapy. 
Complicated diverticulitis refers to in fl ammation of the 
diverticula in concert with perforation, abscess, obstruction, 
or  fi stula. The majority of patients with complicated diver-
ticulitis will require intervention. 

 Bleeding is the other major complication of diverticular 
disease. The etiology of a lower gastrointestinal bleed in this 
setting is secondary to progressive weakening of the vasa recta 
as the diverticulum forms. The vessels are placed under ten-
sion and the protective layers are progressively thinned, ulti-
mately leaving them exposed to injury and rupture  [  8  ] . 
Diverticular disease accounts for approximately 40% of all 
lower gastrointestinal (GI) bleeding and is self-limiting 90% 
of the time. Massive bleeding occurs in 5–7% of cases and risk 
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factors are anticoagulation, ischemic heart disease, and the use 
of nonsteroidal anti-in fl ammatory drugs. Despite accounting 
for only 10% of diverticula, the right side of the colon is the 
bleeding source in 50% of cases. Diverticulitis does not 
increase the risk of diverticular bleeding and in fl ammation is 
not classically present during a bleeding episode  [  9  ] .  

   Diagnosis 

 The initial evaluation of a patient with suspected acute diver-
ticulitis includes a history and physical examination, a com-
plete blood count (CBC), urinalysis, and plain abdominal 
radiographs in selected clinical scenarios. A diagnosis of 
acute diverticulitis can often be made based on history and 
physical exam  fi ndings, especially in patients with a history 
of diverticulitis. However, in many cases of abdominal pain, 
it may be unclear whether diverticulitis is the causative etiol-
ogy and adjunctive studies may be helpful and warranted. 
Alternative diagnoses include irritable bowel syndrome, gas-
troenteritis, bowel obstruction, in fl ammatory bowel disease, 
appendicitis, ischemic colitis, colorectal cancer, urinary tract 
infection, kidney stone, and gynecologic disorders. An ele-
vated white blood cell count often is helpful in con fi rming 
the presence of an in fl ammatory process. Pyuria may reveal 
a urinary tract infection, and hematuria may suggest a kidney 
stone. Plain abdominal  fi lms may show pneumoperitoneum 
from a perforated viscus, or signs of bowel obstruction. 

 In the modern era, computerized tomography (CT) scan 
of the abdomen and pelvis is usually the most appropriate 
imaging modality in the assessment of suspected diverticuli-
tis (Fig.  26.2 ). Accuracy is enhanced if oral, intravenous, and 
rectal contrast is used. In this setting, CT is highly sensitive 
and speci fi c, with a low false-positive rate  [  10  ] . Features 
typical of diverticulitis on CT are: presence of diverticula in 

descending or sigmoid colon, surrounding fat stranding, and 
bowel wall thickening. Complications, such as phlegmon, 
abscess, adjacent organ involvement and  fi stula, can also be 
identi fi ed and may alter the treatment regimen. A large 
abscess found on initial CT scan may prompt early percuta-
neous drainage and delay operative intervention. Severity 
staging, most commonly utilizing the Hinchey classi fi cation 
system, aids in the selection of patients who are most likely 
to respond to conservative therapy (Table  26.1 )  [  11  ] . The 
severity of diverticulitis at the time of the  fi rst CT scan not 
only predicts an increased risk of failure of medical therapy 
on index admission but also a high risk of secondary compli-
cations after initial nonoperative management  [  12  ] . The inci-
dence of a subsequent complication is highest in patients 
with severe disease on the initial CT scan  [  13  ] .   

  Fig. 26.1    Diverticular disease: 
( left ) diverticulosis, ( right ) 
diverticulitis       

  Fig. 26.2    CT  fi ndings of diverticulitis       
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 Contrast enema and endoscopy are also occasionally use-
ful in the initial evaluation of a patient with suspected acute 
diverticulitis. A gently administered single contrast enema 
may show stenosis/spasm with intact mucosa and associated 
surrounding diverticulosis. Diverticular strictures may also 
be apparent as they are usually longer and more regular than 
in carcinoma  [  14  ] . This diagnostic modality has largely been 
abandoned given the risk of perforation and subsequent com-
plications. Endoscopy has limited use in the acute setting and 
may exacerbate in fl ammation or cause perforation  [  15  ] . As a 
follow-up modality, however, endoscopy should be utilized 
to exclude an oncologic component to the in fl ammatory dis-
ease process. An Australian study conducted by Lau et al. 
examined the incidence of malignancy after an acute attack 
of left-sided diverticulitis  [  16  ] . Almost 3% of patients 
received a diagnosis of colorectal cancer, while 26% of 
patients were diagnosed with polyps >1 cm. The odds of a 
diagnosis of colorectal cancer were 4 times higher in patients 
with local perforation, 6.7 times higher in patients with an 
abscess, and 18 times higher in patients with a  fi stula when 
compared to patients with uncomplicated diverticulitis. Once 
the acute attack has resolved, colonoscopy should be per-
formed to exclude malignancy prior to elective operative 
intervention.  

   Management of Diverticular Disease 

   Uncomplicated Diverticulitis 

 The treatment of patients with diverticulitis has changed 
signi fi cantly in recent years. Patients may be treated on an 
outpatient basis in the absence of systemic signs. If they dem-
onstrate mild abdominal tenderness, low-grade fever, and the 
ability to tolerate oral intake, reliable patients can be treated 
with oral antibiotics, low residue diet, and close follow-up. 
Antibiotics should be directed toward typical lower gastroin-
testinal  fl ora. Oral antibiotic regimens, based on consensus 
rather than randomized trials, include gram-negative cover-
age typically with a  fl uoroquinolone or sulfa-based drug. 
Anaerobic coverage should be provided with metronidazole 
or clindamycin. Patients not meeting outpatient criteria will 
need to be hospitalized for intravenous  fl uids and antibiotics. 
Immunocompromized patients will also bene fi t from inpa-
tient treatment. Intravenous antibiotic regimens such as 

ampicillin-sulbactam, timentin-clavulanate, or piperacillin/
tazobactam are appropriate in this setting. For patients who 
require intravenous antibiotics but have a demonstrated beta-
lactam intolerance, alternative regimens consist of a 
 fl uoroquinolone and metronidazole or monotherapy with a 
carbapenem. Subsequent to successful treatment of acute 
diverticulitis with conservative therapy, approximately 1/3 of 
patients will experience another episode. After a second epi-
sode, another 1/3 of patients will be subjected to a third attack. 
Of all patients with diverticulitis, about 1/5 will ultimately 
require operative intervention  [  17  ] . 

 Elective resection can be safely performed 4–6 weeks 
after the most recent episode has resolved. Guidelines from 
the American Society of Colorectal Surgeons (ASCRS) task-
force in 2000 recommended segmental resection after two 
uncomplicated attacks of diverticulitis or after a single epi-
sode of complicated diverticulitis. This traditional surgical 
dictum has been called into question since that time. In a 
study from the Lahey Clinic, Hall et al. demonstrated that 
although diverticulitis recurrence was common (36%) fol-
lowing an initial attack that was managed medically, compli-
cated recurrence was uncommon (3.9%) over a follow-up 
period of 5 years. Right-sided diverticulitis also had a low 
rate of recurrence  [  18  ] . Family history of diverticulitis, length 
of involved colon >5 cm, and a retroperitoneal abscess were 
independent risk factors associated with recurrence. In light 
of these and other data  [  19  ]  we have become more liberal in 
our application of expectant management, but still generally 
endorse the guidelines from the ASCRS while also taking 
into consideration:
    1.    Physiologic reserve  
    2.    Frequency of attacks  
    3.    Severity of attacks  
    4.    Impact on quality of life     

 Overall, morbidity after open colectomy for diverticulitis 
ranges from 9 to 54%, while mortality ranges from 0 to 1.2%. 
Risk factors for morbidity after elective left colectomy for 
diverticular disease are  [  20  ] :
    1.    Greater than 10% weight loss  
    2.    Body mass index (BMI) >30  
    3.    Left hemicolectomy (versus left segmental colectomy)     

 Traditionally, patients af fl icted with an episode of diver-
ticulitis are initially treated with bowel rest. Once the clini-
cal picture begins to improve they are instructed to consume 
a clear liquid diet. The diet is then advanced as tolerated. 
A more aggressive approach limits the concept of bowel 
rest, with immediate resumption of a low-residue diet 
instead. Once an acute  fl are has subsided, a high  fi ber main-
tenance diet has been advocated. This may decrease both 
the formation of diverticula and the chance of a symptom-
atic recurrence. This recommendation is based on the idea 
that long-term  fi ber supplementation produces a bulky stool 
that results in a larger diameter colon, thereby decreasing 

   Table 26.1    Hinchey classi fi cation system   

 Hinchey stage 

 I  Pericolic abscess 
 II  Retroperitoneal or pelvic abscess 
 III  Purulent peritonitis 
 IV  Fecal peritonitis 
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segmentation and subsequent pressure, which may be pro-
tective in the formation of diverticula. The data in support 
of this and other dietary measures is not conclusive. Other 
anecdotal recommendations are to avoid caffeine, alcohol, 
and tobacco but the data do not indicate that these are risk 
factors  [  21  ] . Additional dietary restrictions frequently given 
to patients are to avoid seeds, corn, and nuts. While this 
advice makes intuitive sense, these small dif fi cult to digest 
particles could become lodged in a diverticulum and predis-
pose a patient to diverticulitis or perforation, a large obser-
vational study did not reveal an association with diverticular 
disease  [  22  ] .  

   Complicated Diverticulitis 

 Small localized and intramural abscesses may resolve with-
out intervention. Larger abscesses (>3 cm) are best managed 
with percutaneous drainage. After source control has been 
achieved, clinical improvement should occur within 48 h. In 
the absence of clinical improvement or if the condition of the 
patient worsens, repeat imaging may identify a previously 
undetected abscess, or worsening of an existing abscess, 
which would prompt a change of therapy. Conservative man-
agement of diverticulitis has grown more aggressive, recog-
nizing the bene fi ts of converting an emergency surgical 
intervention into an elective one. Advances in imaging, criti-
cal care, parenteral nutrition, and interventional techniques 
have lent themselves towards this goal. Mutch et al. exam-
ined the ef fi cacy of nonoperative management in acute com-
plicated diverticulitis  [  23  ] . Complicated diverticulitis was 
de fi ned as having an associated abscess or free air diagnosed 
by CT scan. Out of 136 patients, 28% required percutaneous 
drainage, and 27% required parenteral nutrition. In total, 
only 5% (seven patients) failed medical management and 
required urgent surgery. Forty-eight percent then went on to 
have elective resections of their diverticular disease. 
Contraindications to a nonoperative approach include hemo-
dynamic instability, generalized peritonitis, CT scan with 
signi fi cant free air and  fl uid, or immunosuppression. 
Operative intervention is also required for clinical deteriora-
tion after a period of expectant management.   

   Operative Approaches 

 The principles surrounding operative intervention focus on 
control of sepsis and determination of proper intestinal con-
tinuity. Preoperative considerations consist of aggressive 
intravenous  fl uid resuscitation and correction of electrolyte 
abnormalities. Bowel preparation is not indicated in the 
emergent setting. Historically there have been four basic 
approaches:

    1.    Staged procedure of (a) proximal diversion and drainage, 
(b) subsequent resection, and (c)  fi nal restoration of bowel 
continuity at a third procedure.  

    2.    Resection and colostomy (modi fi ed Hartmann procedure)  
    3.    Resection with primary anastomosis and diversion  
    4.    Resection with primary anastomosis     

 The  fi rst has largely been abandoned secondary to high 
infectious complications resulting in substantial morbidity 
and mortality  [  24  ] . Rarely, it can be utilized as a temporizing 
procedure in a patient with severe diverticulitis and a frozen 
operative  fi eld. By diverting the fecal stream, diverticulitis 
that has been recalcitrant to antibiotic therapy may respond, 
rendering the subsequent operation less hostile. 

 Indications for a modi fi ed Hartmann’s procedure 
include: fecal peritonitis, immunosuppression, malnutri-
tion, signi fi cant intraoperative  fl uid or vasopressor 
requirements, and uncertain viability of the bowel. 
Preoperative placement of ureteral stents may prove use-
ful during dissection. A dense in fl ammatory reaction 
precludes the usual lateral-to-medial dissection. A more 
appropriate conduct of operation is to go from proximal-
to-distal, beginning the dissection along the lateral peri-
toneal re fl ection of the descending colon and distally in 
the rectum. Careful dissection is often necessary to sepa-
rate the attached viscera, often a “pinching” or  fi nger 
fracture maneuver aids in this endeavor. The proximal 
resection margin should incorporate the entire thickened 
segment. The distal margin should always extend to the 
recto-sigmoid junction, as the extension of the tenia coli 
around the rectum prevents diverticula from occurring at 
this level. The rectal stump should be labeled with a 
long, nonabsorbable suture and pelvic drains may be 
considered. In a study from the Mayo Clinic recurrent 
diverticulitis as it relates to the level of distal resection 
was investigated. Recurrent diverticulitis was noted in 
12.5% of patients with use of the distal sigmoid in the 
anastomosis versus 6.7% where the rectum was used. 
Reoperation was required in 3.4% in the former, and 
2.2% in the latter  [  25  ] . 

 Recent papers have compared resection and primary 
anastomosis (PRA) with and without diversion to Hartmann’s 
procedure and concluded that PRA may be superior except 
in high-risk patients  [  26  ] . In 1982, Farkouh et al. reported 
on 15 patients with perforated diverticulitis and diffuse peri-
tonitis on whom an immediate anastomosis was constructed. 
Their criteria for anastomosis required: the bowel must not 
be distended; the bowel must be empty of feces; there should 
be minimal edema of the bowel wall at the resection edge; 
the distal segment of colon should be above the peritoneal 
re fl ection; there should be no fecal contamination and the 
patient’s general medical condition should be reasonably 
good  [  27  ] . Under these rigid and uncommon circumstances, 
they recommended resection and primary anastomosis. 
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More recently other authors have shown that one-stage 
operations can be safely performed in Hinchey III/IV 
patients in the absence of immunosuppression or chronic 
kidney disease  [  28  ] . 

 There is a growing body of evidence regarding the use of 
laparoscopic lavage and drainage in the face of sealed, puru-
lent peritonitis with low morbidity and mortality rates  [  29  ] . 
This was born out of documentation in the literature that a 
discreet perforation site was rarely identi fi ed in patients that 
underwent urgent operation for diverticulitis with free air. 
Dissection of the phlegmon to identify the perforation should 
be avoided as this may create more spillage and bleeding. 
Franklin et al. reported on 40 patients who underwent intra-
operative peritoneal lavage with excellent results. None 
required more invasive operative intervention during the 
index admission, 50% underwent elective laparoscopic 
colectomy after resolution of the acute attack, and none of 
the remaining 50% required surgical intervention at a fol-
low-up of 8 years  [  30  ] . Given these recent reports of success, 
this may be another effective tool in the hands of an appro-
priately trained surgeon to mitigate the morbidity of an 
urgent operation and diminish the need for colostomy. 

 Recently, the management of peritonitis has been strati fi ed 
into one concerning purulent peritonitis (peritonitis with 
abscess) versus fecal peritonitis (peritonitis with fecal soilage). 
Feculent peritonitis appears to carry with it an increased 
morbidity and mortality (35% vs. 6%) when compared 
directly to purulent peritonitis  [  31  ] . This may indicate the 
need for a more conservative operative approach in the set-
ting of feculent peritonitis. Despite these differences, the 
management of generalized peritonitis warrants several key 
points, as offered by Fazio:
    1.    Resect the perforated segment.  
    2.    Do not do more than is required.  
    3.    Do not open further avenues of sepsis by performing 

extensive peritoneal dissection (i.e., entering the presacral 
space).  

    4.    Do not create a mucous  fi stula.  
    5.    Examine the open specimen for malignancy.     

   Other Considerations 

 Emergent colorectal resections carry with them high risk of 
morbidity and mortality, especially in the rapidly growing 
elderly population. A retrospective review of 292 patients 
65 years and older undergoing emergency colorectal proce-
dures revealed a 35% overall complication rate. Pneumonia 
(25%), persistent or recurrent respiratory failure (15%), and 
myocardial infarction (12%) were the most frequent compli-
cations. Operative time, shock, renal insuf fi ciency and 
signi fi cant intra-abdominal contamination were independent 

risk factors associated with morbidity. Age, septic shock at 
presentation, large estimated intraoperative blood loss, delay 
to operation, and development of a complication were asso-
ciated with in-hospital mortality  [  32  ] . 

 The management of diverticulitis in young patients is 
more controversial. Small and older studies have pointed 
towards diverticulitis being more aggressive in younger 
patients, and hence, these patients were more likely consid-
ered for early resection. Recently, however, studies have 
called into question the natural history and severity of diver-
ticulitis in younger patients. A study from Switzerland 
compared older and younger patients (<50 years) regarding 
clinical and radiologic parameters of acute left colonic 
diverticulitis to determine whether differences existed in its 
presentation and treatment. Younger patients needed fewer 
emergency surgical procedures and fewer colostomies. In 
addition, conservative treatment was more successful in 
younger patients  [  33  ] . Other studies have shown no 
signi fi cant differences in outcomes for younger patients 
 [  34,   35  ] . The most recent ASCRS practice parameters on 
sigmoid diverticulitis state: “There is no clear consensus 
regarding whether younger patients (less than 50 years) 
treated for diverticulitis are at increased risk of complica-
tions or recurrent attacks. Nevertheless, because of their 
longer life span, younger patients will have a higher cumu-
lative risk of recurrent diverticulitis, even if the virulence of 
their disease is no different than that of older patients.” 
Authors from Oxford performed an analysis of the litera-
ture for the management of diverticulitis in younger patients. 
They concluded that the risk of recurrence after conserva-
tive treatment is related to the severity of the attack at pre-
sentation rather than the age of the patient  [  36  ] . 

 Complications of diverticulitis can present acutely, in the 
form of strictures,  fi stulas, or persistent in fl ammation. 
Strictures often do not present as complete bowel obstruction, 
rather with recurrent partial obstructive symptoms. Patients 
should be evaluated endoscopically and radiographically to 
exclude a malignant process and undergo resection when 
appropriate. Colocutaneous  fi stulas usually present as a 
complication of percutaneous drainage tracts. In men, 
 fi stulas are often associated with the genitourinary tract and 
symptoms such as pneumaturia or recurrent urinary tract 
infections may be present on history and physical exam. 
Computed tomography is the diagnostic procedure of choice 
with the  fi nding of air in the non-instrumented bladder being 
pathognomonic. Women can also have colovesicular  fi stulas, 
but if a prior hysterectomy has been performed, they are also 
at risk for a colovaginal  fi stula. Symptoms include passage 
of  fl atus or stool per vagina, vaginitis, or recurrent urinary 
tract infections. Workup with a water-soluble contrast enema 
or a methylene blue enema with a vaginal tampon can aid in 
the diagnosis.   
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   Conclusion 

 The treatment of diverticulitis is more “complicated” than 
ever before. What was once straightforward and amenable 
to a simple algorithm now requires thoughtful consider-
ation of individual patient comorbidities, physiology at the 
time of presentation, and the treating surgeon’s experience 
with an ever-expanding number of treatment options 
(Fig.  26.3 ).       
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         Introduction 

 Acute mesenteric ischemia (AMI) is an uncommon yet life-
threatening syndrome with a grave prognosis. Despite 
advancements in readily available diagnostics and improve-
ments in the ability to care for critically ill patients, patients 
presenting with AMI face a mortality rate approaching 65% 
 [  1–  3  ] . This high predicted mortality has remained relatively 
unchanged over the past several decades even in the era of 
evolving endovascular approaches to management of AMI. 
While the reasons for this stubborn trend are likely multifac-
torial, failure of physicians to quickly recognize symptoms 
of AMI on presentation most likely drives these devastating 
outcomes. Once the diagnosis of AMI is entertained, prompt 
diagnostic studies and swift therapeutic interventions are 
essential to successful treatment. With any delay in interven-
tion, AMI leads to bowel necrosis, inciting a cascade of both 
local organ injury and remote organ system dysfunction, 
which is most often irreversible and fatal. 

 AMI can result from a number of pathophysiologic 
 conditions; however, the clinical syndrome can be divided 
into four clinical presentations:
    1.     Embolic  occlusion of the superior mesenteric and/or 

celiac arteries.  
    2.    Acute  thrombosis  of one of these mesenteric arterial 

vessels.  
    3.     Non-occlusive  mesenteric ischemia (NOMI).  
    4.    Mesenteric  venous thrombosis  (MVT).     

 This chapter will  fi rst describe the clinical presentation 
and diagnostic evaluation of AMI. Subsequently, we will 
provide algorithms for surgical and nonsurgical management, 
guidelines for perioperative and long-term patient care, 
and review current clinical outcomes data for this chal-
lenging surgical emergency.  

   Epidemiology 

 AMI is a devastating but rare disease, occurring slightly 
more frequently than ruptured abdominal aortic aneurysms. 
In a review spanning 12 years, the overall incidence of AMI 
diagnosed at either autopsy or operation was estimated to be 
12.9/100,000 person-years [  4  ] . The prevalence of AMI is 
increasing in the United States, in part as a consequence of 
the aging populations and the high prevalence of associated 
and etiological comorbidities  [  2  ] . Roughly two-thirds of 
cases are caused by acute superior mesenteric artery (SMA) 
occlusion, whereas MVT and NOMI compromise the remain-
ing third  [  4  ] . The incidence was found to increase with age, 
and is distributed equally between genders. Many patients 
(up to 73%) have a history of symptoms consistent with prior 
chronic mesenteric ischemia  [  4  ] . Despite advancements in 
diagnostic technology and therapeutic modalities, including 
endovascular management of AMI, the risk of death in 
AMI remains 60–70%, emphasizing the importance of 
early diagnosis and prompt intervention in this devastating 
disease  [  5,   6  ] .  

   Clinical Presentation 

 The classic presentation of AMI is pain out of proportion to 
that produced upon physical exam. This clinical scenario in 
which the patient complains of excruciating abdominal pain 
prior to the onset of peritonitis, especially in patients at risk, 
is a well-established paradigm that should incite quick diag-
nostic pursuits and a high index of suspicion for AMI. Signs 
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of peritonitis typically develop after the onset of irreversible 
intestinal ischemia and bowel infarction, and waiting for 
peritonitis prior to intervention results in unacceptably high 
patient morbidity and mortality. In a study of all causes for 
AMI, 95% of patients presented with abdominal pain, 44% 
with nausea, 35% with vomiting, 35% with diarrhea, and 
16% with blood per rectum  [  7  ] . Approximately one-third of 
patients present with the triad of abdominal pain, fever, and 
heme-positive stools. In most patients, severe abdominal 
pain progressively worsens while bowel infarction causes the 
initially lagging physical exam  fi ndings to catch up with the 
onset of peritonitis. 

 Different etiologies of AMI may be associated with 
slightly different clinical presentations; for example, patients 
with thrombotic mesenteric occlusion have the typical sud-
den onset of out-of-proportion abdominal pain, but may 
report a chronic history of postprandial abdominal pain and 
signi fi cant weight loss. Patients with NOMI have pain that is 
generally more diffuse and may wax and wane. Patients with 
MVT present a challenging diagnosis, as abdominal com-
plaints may be nonspeci fi c and include nausea, vomiting, 
diarrhea, abdominal cramping, and non-localized abdominal 
pain. Most symptoms in patients with MVT are non-acute, 
and a study of MVT patients found that 84% presented with 
abdominal pain, and of these only 16% presented with peri-
toneal signs; other presenting symptoms included diarrhea 
(42%), nausea and vomiting (32%), malaise (16%), and 
upper gastrointestinal (GI) bleeding (10%)  [  8  ] . 

 Several risk factors for AMI have been identi fi ed and may 
facilitate prompt diagnosis for this scenario. In one study of 
patients with AMI, 78% had a history of hypertension, 71% 
had a history of tobacco use, 62% presented with a history of 
peripheral vascular disease, and 50% had a history of coro-
nary artery disease  [  7  ] . Independent predictors of periopera-
tive mortality for AMI include the presence of cardiac illness, 
elevated plasma urea levels, and the presence of both large 
and small bowel involvement  [  9  ] . Speci fi c etiologies of AMI 
also garner certain risk factors; embolic occlusion of the 
mesenteric circulation is typically associated with recent car-
diovascular events (myocardial infarction, atrial  fi brillation, 
mural thrombosis, mitral valve disease, or left ventricular 
aneurysm) or previous embolic disease. In fact, nearly 50% 
of patients presenting with embolic AMI have atrial 
 fi brillation  [  7  ]  and approximately one-third of patients have 
a prior history of arterial embolus. Additionally, a “paradoxi-
cal” SMA embolism may occur in patients who have cardiac 
defects with a right-to-left shunt such as atrial septal defect 
(ASD) or patent foramen ovale (PFO). Patients with throm-
botic occlusion typically have other manifestations of diffuse 
atherosclerotic disease such as coronary artery disease, 
carotid stenosis, and peripheral artery disease. Risk factors 
for NOMI differ in that NOMI is typically associated with 
low- fl ow states and severe mesenteric vasoconstriction. 

Patients at risk for NOMI include ambulatory patients taking 
ergot alkaloids or digitalis, the critically ill with vasopressor 
requirements, and those undergoing dialysis with large 
volume  fl uid removal. Finally, patients with a history of pre-
vious venous thrombosis or pulmonary embolism, a known 
hypercoagulable state, and those taking oral contraceptives 
or estrogen supplementation are at an increased risk for 
MVT.  

   Diagnosis 

 Given the often nonspeci fi c presentation of patients with 
AMI, the diagnosis is often delayed. The importance of 
prompt surgical evaluation cannot be overemphasized. After 
onset of symptoms, a delay in surgical consultation of greater 
than 24 h or a delay in operation of more than 6 h results in an 
increase in mortality  [  10  ] . Surprisingly, patients who pre-
sented with abdominal distention, elevated lactate, acute renal 
failure, shock, and lack of abdominal pain were more likely to 
have a delay in surgical consultation. Therefore a heightened 
awareness of AMI may lead to swift surgical evaluation, diag-
nosis, and treatment and allow for improved outcomes. 

   Laboratory Tests 

 The diagnosis of AMI generally relies heavily on a thorough 
history and physical examination combined with a high index 
of suspicion. Laboratory tests can alert the physician of the 
diagnosis, although none are speci fi c to AMI. Indicators of 
systemic in fl ammation such as an elevated white blood cell 
(WBC) count (>20,000/mm 3 ) and signs of metabolic acidosis 
such as an increased base de fi cit and elevated serum lactate 
levels are frequently found. In a Mayo clinic study, 98% of 
patients with AMI had an elevated WBC count and 50% had 
counts higher than 20,000 mm 3   [  7  ] . Additionally, 91% had 
elevated lactate levels (61% higher than 3 mmol/L), 71% had 
an elevated AST, and 52% had an abnormal base de fi cit. 
Other studies have identi fi ed D-dimer as a potential diagnos-
tic marker for AMI; however, while the sensitivity was 94.7%, 
the speci fi city only approached 78.6% due to many other 
pathologies that may cause increased D-dimer levels  [  11  ] . 
Therefore, this diagnostic tool must be used with caution.  

   Abdominal X-Rays 

 Abdominal radiographs can neither establish nor exclude the 
diagnosis of AMI; however, they may reveal signs consistent 
with bowel ischemia if obtained late in presentation of this 
disease. Thumb printing along with a generalized pattern of 
ileus, and in severe cases, gas in the bowel and/or portal 
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venous system may be identi fi ed. Patients who have 
abnormalities by the time abdominal radiography is obtained 
have a 78% mortality rate compared to 38% in patients with 
normal  fi lms, indicating the severity of disease progression 
required to produce abnormal plain radiography  [  12  ] . Most 
commonly, abdominal plain  fi lms reveal an ileus or are com-
pletely unremarkable, but can be helpful for excluding other 
causes of abdominal pain such as bowel obstruction, perfora-
tion of a hollow viscus, or kidney stones.  

   Duplex Ultrasonography 

 The role of duplex ultrasonography (US) in diagnosing 
chronic mesenteric ischemia is well established, however, in 
the acute setting, US has a limited application. Given the 
nature of disease in patients with AMI, bowel ileus with 
excessive bowel gas and bowel edema hinders visualization 
of the mesenteric vessels. Additionally, after-hours presenta-
tion of AMI often precludes availability of the vascular labo-
ratory. Furthermore, while duplex US provides accurate 
imaging of stenotic and occlusive lesions at the origin of the 
mesenteric vessels, it fails to adequately image beyond the 
proximal portion of the vessel. Accordingly, duplex US is of 
little value in the presence of NOMI.  

   Computed Tomography 

 Traditional computed tomographic (CT) scanning has pro-
vided successful identi fi cation of arterial patency and anat-
omy, and additionally, has been able to evaluate bowel 
health and identify other causes of abdominal pain such as 
bowel perforation, bowel obstruction, and pancreatitis. For 
example, if identi fi ed along with signs of necrotic bowel, 
the presence of hepatic venous portal gas portends a >50% 
mortality rate in AMI  [  13  ] . With advancements in helical 
(spiral) CT scanning and multi-slice, multi-array helical 
CT scanning, the visceral arterial anatomy can now be 
visualized with three-dimensional special resolution. 
Consequently, CT angiography (CTA) has surpassed 
angiography as the diagnostic evaluation of choice due to 
its combined ability to accurately de fi ne mesenteric arterial 
anatomy and identify secondary signs of ischemia  [  14  ] . 
Spiral CTA has a reported 75% sensitivity and 100% 
speci fi city for detecting >75% stenosis of the celiac artery 
and a sensitivity of 100% and a speci fi city of 91% for 
detection of SMA stenosis  [  15  ] . Recent studies with multi-
detector 16 row CTA reveal a sensitivity and speci fi city of 
96.4% and 97.9%, respectively, in diagnosing AMI with an 
overall accuracy of 95.6%  [  16,   17  ] . 

 While sophisticated CT technology provides excellent 
image clarity and de fi nition, limitations persist. The origins 

of the celiac artery and the SMA are well visualized with CT, 
but secondary and tertiary branches are less apparent, and 
contrast angiography remains the gold standard for these 
small mesenteric vessels. CTA also tends to overestimate the 
degree of critical stenosis compared to conventional angiog-
raphy; however, this limitation appears to be diminishing 
with re fi nements in multi-array or multi-detector technology. 
Additionally, signi fi cant calci fi cation at vessel origins can 
interfere with CTA and make it dif fi cult to determine the true 
degree of stenosis. 

 Computed tomography retains a valuable role in diagnos-
ing MVT and is the preferred diagnostic imaging modality in 
patients presenting with abdominal pain who have a history 
of deep vein thrombosis (DVT) or a known hypercoagulable 
disorder  [  18  ] . It readily identi fi es superior mesenteric vein 
(SMV) thrombosis, with or without bowel abnormalities, 
and in fact, the identi fi cation of SMV thrombosis in asymp-
tomatic patients has expanded our understanding of the 
pathophysiology and broad spectrum of this disease. 
Computed tomographic scanning correctly identi fi es 100% 
of patients with acute MVT and 93% of those with chronic 
MVT, whereas conventional angiography correctly diagno-
ses MVT in only  fi ve of nine patients  [  8,   19  ] . 

 Progress in contrast-enhanced, three-dimensional mag-
netic resonance angiogram (MRA) technology has decreased 
the time requirement for this exam and made vast improve-
ments in practicality and its applicability to the diagnosis of 
AMI. MRA also contains the advantage of employing a less 
nephrotoxic contrast agent, gadolinium, than the contrast 
agents for CT scans. This exam must be avoided, however, 
in patients with end stage renal disease due to the risk of 
nephrogenic  fi brosing dermopathy. Like computed tomogra-
phy angiography (CTA), MRA does not accurately image the 
distal mesenteric branch vessels. Studies comparing CTA 
and MRA demonstrate excellent agreement for proximal 
celiac and SMA disease; however, identi fi cation of intrahe-
patic arterial branches are much more variable  [  20  ] .  

   Contrast Angiography 

 Contrast angiography has long been the gold standard for 
imaging the visceral vessels. This modality can visualize the 
aorta and the main trunks of the mesenteric vessels and can 
adequately asses several orders of distal branches. The 
images obtained with contrast angiography are superior to 
those obtained with CTA or MRA. The procedure can be 
performed from a transfemoral or a transbrachial approach 
using a modi fi ed Seldinger technique, and should be per-
formed in both anterior–posterior (AP) and lateral views to 
identify proximal segments of the celiac, superior mesen-
teric, and inferior mesenteric arteries. The origins of the 
celiac artery and the SMA are best seen on the lateral view, 
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whereas the middle and distal SMA and IMA are best seen 
on the AP view. 

 Classic angiographic patterns can distinguish AMI due to 
SMA embolism versus thrombosis. The SMA is by far the 
most likely visceral vessel for an embolism because its take-
off angle from the aorta is much less acute than that of the 
celiac or inferior mesenteric arteries. SMA emboli usually 
lodge distal to the middle colic and proximal jejunal branches, 
while SMA thrombosis usually occurs at the SMA origin 
where there is formation of an atherosclerotic plaque 
(Figs.  27.1  and  27.2a, b ). Angiographic  fi ndings in patients 
with AMI secondary to NOMI include narrowing of the ori-
gins of SMA branches, alternate narrowing/dilation of branch 
vessels, generalized spasm of distal arteries, and absent 
 fi lling of distal intramural branches. These patterns are often 
best seen in the AP projection, and delayed views are often 
useful in evaluating a patient for NOMI.   

 Angiography is less useful for the diagnosis of MVT. 
Typically, MVT is diagnosed on the venous phase of selec-
tive arterial contrast injection; however, conventional angiog-
raphy is less sensitive and speci fi c for MVT than CTA: the 
diagnostic imaging modality of choice. 

 In addition to providing superior imaging quality, con-
trast angiography enables the surgeon to perform selective 
injection of any of the mesenteric vessels and to perform 
therapeutic intervention. In patients with NOMI, for exam-
ple, the SMA may be selectively catheterized and a vasodila-
tor such as nitroglycerine or papaverine infused directly 
into the vessel (Fig.  27.3 ). In a stable patient with AMI 

from a partially occluding embolus but no peritoneal signs, 
selective catheterization of the SMA allows the institution of 
catheter-directed thrombectomy or intra-arterial throm-
bolytic therapy. Thus, contrast angiography not only repre-
sents the gold standard for diagnostic imaging but also 
provides important therapeutic options.  

 Given the current state of imaging technology, either CTA 
or MRA can con fi rm the diagnosis of AMI. Once the cause 
of ischemia is con fi rmed, and, in the case of SMA thrombo-
sis, if distal targets are identi fi ed for revascularization, it is 
conceivable that the patient could be explored in the operat-
ing room without prior conventional contrast angiography. 
However, if institutions lack access to a hybrid endovascular 
suite, formal contrast angiography remains the best imaging 
modality for evaluation of the mesenteric vasculature.   

   Management 

   Embolic Occlusion of Mesenteric Vessels 

 The goals in surgical treatment of AMI are (1) to restore nor-
mal pulsatile  fl ow to the SMA, (2) to resect any nonviable 
intestine, and (3) to perform second-look laparotomy when 
viability of the intestine is questionable. In general, revascu-
larization precedes resection. The therapeutic approach var-
ies, depending on the speci fi c underlying cause. For embolic 
disease of the SMA, the standard treatment is surgical 
embolectomy. 

 After initial resuscitation with intravenous (IV)  fl uids, 
systemic heparinization, and antibiotics, the patient is taken 
to the operating room where a midline incision is performed 
for abdominal exploration. The transverse colon is re fl ected 
superiorly and the small bowel is re fl ected laterally to the 
patient’s right. The ligament of Treitz is fully incised and the 
root of the mesentery is fully mobilized. The SMA is easily 
palpated by placing four  fi ngers of the surgeon’s hand behind 
the root of the mesentery with the thumb opposite and ante-
rior to the root. The SMA is identi fi ed as the  fi rm tubular 
structure, which may or may not have a palpable pulse. 
Alternatively, the SMA can also be identi fi ed by following 
the middle colic artery through the transverse colon until it 
enters the SMA at the root of the mesentery. Proximal and 
distal control is then obtained by sharp dissection, exposing 
the artery from its surrounding mesenteric tissue. Patients 
with SMA embolus will typically have an identi fi able pulse 
proximally in the root of the mesentery with absent pulse 
distally. Once proximal control is obtained, an arteriotomy 
(either transverse or longitudinal) is them performed and a 
Fogarty balloon embolectomy is performed both proximally 
and distally. The embolus is usually removed with restora-
tion of both back-bleeding as well as return of in fl ow. The 
arteriotomy is then closed either primarily or with a patch 

  Fig. 27.1    Depiction of usual sites of SMA embolus versus thrombosis. 
Note sparing of proximal jejunal branches with more distal lodgment of 
an embolus. Reprinted with permission from Hassoun HT: Acute mes-
enteric ischemia. Chapter in: Current surgical therapy, 9th ed. Cameron 
JL (ed.), Mosby, Inc., pp. 884–889       
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  Fig. 27.2    ( a ) Aortogram demonstrating patent origins of the celiac artery (CA) and SMA. ( b ) Selective SMA angiogram demonstrating embolic 
occlusion of the SMA ( arrow )       

  Fig. 27.3    Selective SMA angiogram in a patient with NOMI before ( a ) and after ( b ) treatment with catheter-directed papaverine infusion. Note 
improved  fi lling of more distal SMA branches after treatment       
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angioplasty. After restoration of  fl ow, a hand-held continu-
ous wave Doppler can be used to detect the adequacy of 
intestinal blood  fl ow. 

 Next, an assessment of bowel viability is performed fol-
lowed by resection of clearly necrotic or nonviable intestine 
at this initial exploration. For cases of SMA embolism, the 
distal small bowel and proximal colon are typically affected 
with sparing of the proximal jejunum and transverse colon. 
Determination of bowel viability of marginally perfused 
intestine can be dif fi cult even in the most experienced hands. 
Continuous wave Doppler ultrasound of the anti-mesenteric 
border, intraoperative IV administration of  fl uorescein and 
transcutaneous oxygen measurements have all been 
described, but none of these modalities are sensitive or 
speci fi c for predicting ultimate bowel viability. Therefore, if 
any sections of intestine demonstrate questionable viability, 
the patient should be scheduled for a second-look laparo-
tomy within 24–48 h for resection of nonviable tissue. The 
decision to perform second-look laparotomy should be made 
at the initial operation and adhered to strictly; often patients 
will improve clinically with resuscitation yet will still harbor 
necrotic bowel that must be removed to prevent systemic 
sepsis. 

 Percutaneous interventional treatment of the SMA occlu-
sion has been described in the literature. At present, how-
ever, the applicability of this approach is limited, since most 
patients present with symptoms that warrant an exploratory 
laparotomy for evaluation of intestinal viability. In patients 
who present with abdominal pain and have no peritoneal 
signs that would necessitate immediate laparotomy, catheter-
directed intra-arterial thrombolytic therapy of partially 
occlusive SMA emboli can be considered. Case reports have 
documented successful thrombolytic therapy, angioplasty 
and stenting in patients with AMI  [  21  ] ; however, this route 
should be used cautiously and in the correct patient popula-
tion (i.e., those without peritoneal signs or radiographic sug-
gestion of bowel infarction). These patients will require close 
monitoring in the intensive care unit (ICU) setting with fre-
quent abdominal examinations, and even if catheter-directed 
therapy does restore  fl ow to affected bowel, the patient may 
still experience pain suf fi cient to warrant exploration. For 
these reasons, our use of thrombolytic therapy is highly 
selective.  

   SMA Thrombosis 

 AMI secondary to acute SMA thrombosis occurs in patients 
with long-standing atherosclerotic disease of the mesenteric 
vessels, and the entire midgut is usually involved. Surgical 
treatment consists of a bypass procedure, which may be done 
in either an anterograde or retrograde manner. The decision 
regarding the optimal method is often made intraoperatively 

based on the quality of the in fl ow vessels and patient condi-
tion. The conduit of choice is a reversed autologous greater 
saphenous vein graft. If possible, synthetic graft material 
should be avoided in the setting of acute bowel ischemia, 
given the risk of transmural infarction and bowel perforation. 
There are several in fl ow options for revascularization of the 
SMA including the supraceliac aorta, the infra-renal aorta, 
and the iliac arteries. While antegrade bypass graft of the 
supraceliac aorta to the SMA tunneled behind the pancreas is 
the optimal con fi guration because of less susceptibility to 
kinking, retrograde bypass from either the infra-renal aorta 
or iliac artery may be easier to perform in the acute setting 
when rapid revascularization is the ultimate goal. Additionally, 
retrograde bypass results in less hemodynamic compromise 
by avoiding supraceliac clamping and associated mesenteric 
and renal ischemia. Many of these patients, however, will 
have severe atherosclerotic disease precluding retrograde 
bypass and therefore the surgeon should be ready to perform 
revascularization from either approach. 

 Recently, a combined open and endovascular approach 
has been described  [  22  ] . With this technique, the infracolic 
SMA is exposed as usual and following thrombectomy and 
patch angioplasty, a sheath is placed in the infracolic SMA 
through the distal end of the patch for retrograde cannulation 
and stenting of the lesion. This hybrid technique offers both 
the advantages of open laparotomy for assessment of bowel 
viability and endovascular management for rapid revascular-
ization, thus limiting ischemic time. 

 Patients with severe comorbidities without signs of peri-
tonitis who present with acute SMA thrombosis may occa-
sionally be treated with catheter-directed thrombolysis 
followed by percutaneous angioplasty and stenting; however, 
this treatment modality should be performed selectively and 
patients should be monitored closely for the need to undergo 
surgical exploration.  

   Non-occlusive Mesenteric Ischemia 

 Management of NOMI is largely nonoperative, and once the 
diagnosis has been established with angiography, treatment 
of the underlying precipitating cause is the key therapeutic 
intervention. Fluid resuscitation, optimization of cardiac out-
put, and elimination of vasopressors are primary measures 
that greatly impact outcome. Selective SMA catheterization 
and papaverine infusion (30–60 mg/h) offers adjunctive ther-
apy, and the infusion is continued for 24–48 h with repeat 
angiography at regular intervals to gauge ef fi cacy. This algo-
rithm is reserved for patients with hemodynamic stability 
and no signs of peritonitis on physical examination. 
Alternative therapy has been described using intra-arterial 
tolazoline and glycerol trinitrite as local dilators with good 
success  [  23  ] . 
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 If a patient presents with peritoneal signs, an exploratory 
laparotomy will be required for resection of frankly necrotic 
or gangrenous bowel. Intra-arterial papaverine infusion 
started prior to operation can be continued throughout surgi-
cal exploration. Additionally, given the propensity of NOMI 
to wax and wane in severity, a second-look laparotomy 
becomes imperative (see later section:  Second-Look 
Laparotomy ).  

   Mesenteric Venous Thrombosis 

 The mainstay of therapy for MVT is anticoagulation; how-
ever, if the patient’s condition does not improve or worsens or 
if signs or symptoms of bowel ischemia develop, abdominal 
exploration is warranted. Most patients with MVT can be suc-
cessfully managed with anticoagulation alone  [  8  ] ; however, 
many will still require small bowel resection. Thrombolytic 
therapy can also treat MVT, with the catheter being placed 
into either the SMA for lysis of portal vein thrombus  [  8  ]  or 
into the SMV or portal vein intraoperatively  [  24  ] . 

 Additionally, once the diagnosis of MVT has been estab-
lished, a hypercoagulable workup should be initiated to iden-
tify the underlying cause. If the patient has a hematologic 
hypercoagulable state, lifelong anticoagulation is recom-
mended; however, if the cause is reversible, anticoagulation 
can be discontinued after 3–6 months.  

   Second-Look Laparotomy 

 Second-look laparotomy is an essential part of AMI manage-
ment. Regardless of which adjunctive measure is employed 
intraoperatively to assess bowel perfusion and viability, sec-
ond-look laparotomy is the most reliable means of determin-
ing the viability of marginally perfused bowel after 
revascularization. Indications for a second look include pre-
sentation with a low- fl ow state, requirement for small bowel 
resection and anastomosis, or requirement of a mesenteric 
thromboembolectomy  [  25  ] . Prior to a second look, appropri-
ate  fl uid resuscitation and correction of any metabolic imbal-
ances should be undertaken. Furthermore, the decision to 
return to the operating room for a second look should be 
made upon initial exploration, and should not be foregone 
regardless of the patient’s condition 24–48 h later. Often, 
patients may retain necrotic bowel even after correction of 
metabolic derangements and volume status. 

 Some authors have advocated the use of second-look 
laparoscopy as an alternative to repeat laparotomy, citing 
lower operative times, shortened anesthesia requirements, 
and fewer postoperative complications such as wound com-
plications  [  26  ] . The role of laparoscopic second-look opera-
tions remains unknown; however, an increasing number of 

recent publications re fl ect the widening experience with this 
modality  [  25,   27  ] .   

   Anatomic Considerations 

 The splanchnic vasculature follows a well-described pattern 
with commonly identi fi ed variations that are crucial to under-
standing the presentation and pathogenesis of AMI. Important 
variations from classic splanchnic arterial anatomy include a 
common celiacomesenteric trunk, “replaced” hepatic arterial 
branches from the    superior mesenteric artery (SMA) supply 
as opposed to their usual celiac origin, and the “Arch of 
Buhler”: persistent ventral anastomosis between the proper 
hepatic and the replaced right hepatic from the SMA  [  28  ] . 

 The SMA arises from the abdominal aorta 1–2 cm below 
the origin of the celiac trunk. Classically, the hepatic arteries 
arise from the celiac axis via the common and proper hepatic 
arteries; however, the right hepatic artery obtains its origin 
from the SMA in 15–20% of patients and the left hepatic artery 
branches from the left gastric artery in 25% of patients  [  29  ] . 
Should the celiac or superior mesenteric arteries experience 
an acute occlusion, the gastroduodenal artery becomes an 
important source for collateral  fl ow. Additional SMA vascu-
lar anastomotic arcades occur with varying degrees of devel-
opment among patients, with important implications during 
AMI. Large-vessel anastomoses arise along the 10–20 jeju-
nal and ileal branches from the SMA. An anastomosis 
between the SMA and inferior mesenteric artery (IMA) 
occurs between the middle and left colic branches of the 
SMA and the IMA at the splenic  fl exure of the colon, termed 
“Grif fi th’s point,” a watershed area. The IMA arises from the 
abdominal aorta 5–6 cm below the origin of the SMA, sup-
plying the left half of the transverse colon and the descend-
ing colon via the left colic artery. The marginal artery of 
Drummond and the arc of Riolan are important SMA and 
IMA collaterals that are capable of enlarging upon occlusion 
of the proximal splanchnic arteries. 

 The venous anatomy of the splanchnic system parallels 
the arterial anatomy, and the con fl uence of the superior mes-
enteric and splenic veins forms the portal vein, supplying 
vital perfusion to the liver. Hepatic blood then drains into the 
systemic circulation via the right, left, and middle hepatic 
veins into the superior vena cava. Speci fi c sites of porto-sys-
temic collateral circulation are of great importance during 
portal hypertension, which is beyond the scope of this chap-
ter. However, in the event of MVT, these collaterals may 
become enlarged similar to the pattern seen in patients with 
portal hypertension. 

 Intestinal blood  fl ow comprises 10–20% of the cardiac 
output, with signi fi cant increases in SMA, but not celiac, 
 fl ow occurring 20–30 min after meal ingestion and sustain 
for 90 min. The intestinal mucosa comprises 1/2 of intestinal 
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mass; however, it receives 75% of resting intestinal blood 
 fl ow, with the remainder supplying the muscular and serosal 
layers. The sympathetic nervous system serves as the pri-
mary regulator of splanchnic blood  fl ow, with in fl uences 
from metabolic, myogenic, and extrinsic factors. Sympathetic 
stimulation increases splanchnic vascular tone, decreasing 
blood  fl ow. Numerous hormonal and molecular substances 
contribute to the regulation of splanchnic blood  fl ow in addi-
tion to many pharmaceuticals, some which may contribute to 
AMI in states of low systemic blood pressure.  

   Potential Complications 

   Mesenteric Ischemia and Reperfusion 

 Although AMI is initially managed surgically, patients face a 
signi fi cant risk of morbidity and mortality after treatment 
from systemic in fl ammation and subsequent multiple organ 
dysfunction syndrome (MODS). Mesenteric ischemia–rep-
erfusion injury (IRI) promotes local synthesis of in fl ammatory 
mediators that exacerbate gut injury, priming circulating 
neutrophils for enhanced superoxide anion production and 
subsequent remote (i.e., pulmonary, hepatic) injury  [  30  ] . At 
the cellular level, mesenteric IRI activates a cascade of oxi-
dative stress-sensitive protein kinases that converge on 
speci fi c transcriptional factors to regulate expression of pro-
in fl ammatory genes. These gene targets include enzymes 
(inducible nitric oxide synthase [iNOS] cyclooxygenase, and 
phospholipase A2), cytokines (tumor necrosis factor- a  
[TNF- a ] and interleukin [IL]-1), chemokines (IL-8), and 
adhesion molecules (intercellular adhesion molecule-1 
[ICAM-1])  [  31–  36  ] . Excessive gene activation leads to a 
maladaptive systemic in fl ammatory response syndrome 
(SIRS) that can trigger early MODS. Locally, this 
hyperin fl ammatory state can cause gut dysfunction charac-
terized by histologic evidence of mucosal injury, increased 
intestinal epithelial and microvascular permeability, and 
impaired motility. Patients then become more susceptible to 
bacteremia, endotoxemia, and eventually, late MODS. 

 Experimental therapies directed at attenuating these 
pathways have been successful in laboratory models of 
mesenteric IRI, and may eventually translate into patient 
care. However, clinical trials investigating the ef fi cacy of 
pharmacologic blockade of individual mediators (TNF- a , 
IL-1, and iNOS) have been largely unsuccessful and even 
deleterious in treating patients with sepsis and MODS  [  37  ] . 
The reasons for failure are probably multifactorial, but it 
appears that both the redundancy and breadth of the 
in fl ammatory cascade and poor timing of therapy are major 
contributing factors. The application of more broadly based 
therapeutic modalities like regional hypothermia for organ 
protection during ischemia may overcome these limitations 

and prove to be ef fi cacious in the clinical setting  [  38,   39  ] . 
Nevertheless, it is likely that to achieve any meaningful 
improvements in the care of patients with AMI, we must 
expand our knowledge of the early molecular pathways 
involved in the activation and proliferation of both local 
and systemic in fl ammation.   

   Surgical Outcomes 

 Most large studies examining outcomes of patients with AMI 
report perioperative mortalities ranging from 32 to 69% with 
5-year survival rates ranging from 18 to 50%  [  40–  42  ] . The 
morbidity and mortality associated with this condition largely 
depends on the underlying etiology. In general, in-hospital 
mortality is highest for NOMI, lower for acute SMA occlu-
sion (with mortality rates for thrombotic occlusion exceed-
ing those for embolic occlusion), and lowest (~20%) for 
MVT  [  4,   43,   44  ] . The difference in mortality between embo-
lic and thrombotic disease may be accounted for by the ten-
dency for thrombosis to occur more proximally and thus to 
be associated with a greater degree of bowel infarction than 
that of embolic disease, and that patients with thrombotic 
disease have a greater burden of underlying cardiovascular 
comorbidity. Multiple organ failure is the most frequent 
cause of death  [  7  ] . Peritonitis and bowel necrosis were found 
to be independent predictors of death or survival dependent 
upon total parenteral nutrition  [  43,   44  ] . In another institu-
tional review, independent predictors of survival include age 
less than 60 years, bowel resection, and the absence of a 
major cardiovascular procedure  [  7  ] . A recent review of the 
National Surgical Quality Improvement Program (NSQIP) 
database revealed that among patients undergoing bowel 
resection for AMI, preoperative and intra-operative variables 
associated with mortality included do not resuscitate orders, 
open wound, low albumin, dirty versus clean-contaminated 
case, and poor functional status  [  42  ] . The authors developed 
a preoperative risk variable calculator to assist with identify-
ing high risk patients and aiding the informed consent 
process. 

 A recent paper has highlighted a trend in the United States 
towards use of endovascular techniques for revascularization 
during AMI and its potential impact on improved outcomes  [  43  ] . 
The study investigated outcomes of 1,857 patients who 
underwent SMA percutaneous transluminal angioplasty with 
or without stenting versus 3,380 patients who underwent 
open surgical exploration from the Nationwide Inpatient 
Sample during 1988–2006. In-hospital mortality was 
signi fi cantly less for patients treated with percutaneous 
angioplasty (15.6%) versus surgical exploration (38.6%). 
While this large retrospective study has inherent limitations 
with regards to comparative effectiveness analysis, novel 
less-invasive therapies may prove to be effective in reducing 



35127 Acute Mesenteric Ischemia

the tremendous morbidity and mortality associated with this 
disease. In another prospective review of 257 patients treated 
for AMI before and after the development of endovascular 
techniques, there were no differences in operative morbidity, 
mortality, or length of stay between patients treated with 
open repair versus endovascular techniques, and at 5-year 
follow-up, there continued to be no differences between the 
groups for primary and secondary patency rates and recur-
rence-free survival  [  45  ] .  

   Follow-Up 

 Patients treated with open or endovascular techniques for 
revascularization during AMI are evaluated by combined 
history and physical examination and duplex ultrasonogra-
phy after hospital discharge. While there is no standard 
algorithm for graft patency surveillance, most surgeons rec-
ommend a clinical examination and duplex ultrasound study 
prior to discharge from the hospital, every 6 months during 
the  fi rst year, and annually thereafter. Rates of restenosis 
are high in patients with both acute and chronic mesenteric 
ischemia, varying from 20 to 66%, and of those nearly half 
will require reintervention because of symptom recurrence 
or progression of the lesion to a preocclusive state  [  46  ] . 
Interventions to correct recurrent stenosis vary depending 
on surgeon’s preference as no guidelines exist for therapeu-
tic reinterventions, and many surgeons employ percutane-
ous angioplasty techniques to correct visceral artery 
restenosis.  

   Conclusion 

 AMI is a rare but devastating disease with severe implica-
tions for the surviving patient. Therapeutic modalities range 
from open operative repair to endovascular revasculariza-
tion, with overall morbidity and mortality largely equal 
across treatment modalities. Timely diagnosis, prompt surgi-
cal intervention, adequate support measures and appropriate 
second-look interventions are mainstays of therapy and 
improve outcomes in all causes of AMI. Future endeavors 
towards early and accurate diagnosis along with prevention 
of mesenteric ischemia–reperfusion injury and multiple 
organ failure may potentially improve outcomes in this 
deadly disease.      
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         Introduction 

 There are many causes of colonic obstruction ranging from 
anatomic to physiologic etiologies (Table  28.1 ). The type of 
obstructions also differ depend on region. In the United 
States, the most common cause of adult colonic obstruction 
is colorectal cancer, whereas in Russia and Africa, colonic 
volvulus is much more common. Clinical presentation, diag-
nosis, and management differ depending on the etiology; 
however, the initial assessment of the patient is similar 
regardless.   

   Clinical Presentation 

 As with any assessment, a thorough history and physical 
examination will help in delineating the problem. Most 
patients with colonic obstruction will present with abdomi-
nal distention, nausea, and vomiting. The duration of these 
symptoms can de fi ne the acuteness the process. Any associ-
ated pain implies urgency of the situation. Weight loss and 
melena would be concerning for a malignant process, as 
would a strong family history of cancer. Passing of  fl atus and 
stool differentiate between complete and partial obstruction. 
A history of previous cancer or current cancer would raise 
the concern for recurrence or disease progression. A previ-
ous history of abdominal surgery increases the likelihood of 
obstruction (adhesions) or incisional hernia. A complete 
assessment of the patient’s comorbidities and medications is 
essential to the overall care of the patient. 

 On physical examination, it is important to assess the 
patient’s vital signs for hemodynamic stability (instability 
witnessed in cases of dehydration, sepsis…). Patients with 
colonic obstruction often have abdominal distention and 
tympany. Dullness to percussion implies ascites as the cause 
of distention. Examine the abdomen for incisional scars and 
hernias. Be mindful of both internal hernias and adhesions as 
a cause of obstruction. The transverse and sigmoid colon 
have been reported to be incarcerated in hernias leading to 
obstruction. As always, a digital rectal examination is a key 
component of the physical examination.  

   Diagnosis 

 Laboratory tests that are usually obtained include a complete 
blood count (CBC), basic metabolic panel, lactate level, and 
coagulation panel. Additional laboratory studies should be 
ordered as indicated. The CBC may point to an infectious 
process with a leukocytosis or a malignancy with anemia. 
The metabolic panel evaluates the patient’s electrolyte bal-
ance and renal function as well as the hydration status. 
A lactate level is frequently ordered in patients with abdomi-
nal pain to rule out an ischemic process. Coagulation studies 
and a type and screen are usually indicated if surgical inter-
vention is entertained. 

 The  fi rst radiologic study commonly ordered is an acute 
abdominal series comprised of an upright chest radiograph, 
and an upright and  fl at abdominal radiograph. If free air is seen 
under the diaphragm (pneumoperitoneum), emergent surgical 
exploration is usually indicated. The presence of stool and/or 
air throughout the colon and rectum often (yet not always) 
points to a nonsurgical etiology. Occasionally, foreign bodies 
are seen on the radiographs. The classic radiographic presen-
tation of sigmoid volvulus is described as a coffee bean, omega 
loop, or bent inner tube appearance (two dilated colonic limbs 
with the round loop in the right upper quadrant and the tip 
pointed to the left lower quadrant). A cecal volvulus appears 
as a dilated loop in the mid-abdomen, sometimes described as 
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a “comma,” and often seen with dilated small bowel on the 
right of the abdomen on radiographic imaging. It is important 
to measure the cecal diameter in all cases of colonic obstruc-
tion as a diameter of 10–12 cm poses an increased risk of per-
foration and may require emergent decompression either 
endoscopically or surgically. Computed tomography of the 
abdomen and pelvis is often performed as a subsequent study. 
It provides signi fi cantly more data as to the underlying pathol-
ogy. It has been reported to be highly accurate in diagnosing 
volvulus demonstrating a “swirl sign” of the twisted mesen-
teric pedicle. 

 Contrast enemas can be both diagnostic and therapeu-
tic. Water-soluble contrast, such as gastrogra fi n, can help 
evacuate the colon in patients with stool impaction. A dou-
ble contrast enema with barium is helpful in cases when 
the colonoscopy in incomplete and localization of the 
stricture site is necessary for surgical planning. However, 
barium should be avoided in cases of high-grade or com-
plete obstruction and in patients with perforation or poten-
tial perforation. 

 Endoscopy is also both diagnostic and therapeutic in cer-
tain types of colonic obstruction. It is invaluable in the diag-
nosis of malignant colonic obstructions. With self-expanding 
metallic stents, it can change an acute colonic obstruction 
with possible two-stage surgery to an elective one-stage 
resection. It has also been recommended to be the  fi rst 
decompressing therapy for volvulus. Colonoscopy is also 
helpful in diagnosing ischemic colitis as well as pseudo-
membranous colitis.  

   Treatment 

 Fluid resuscitation and electrolyte correction are the  fi rst line 
of treatment for patients with colonic obstruction. Nasogastric 
tube is indicated only in those with nausea and vomiting. 
A Foley catheter is required for close monitoring of the urine 
output, an indication of the patient’s volume status. The 
de fi nitive management for differing pathologies will follow. 

   Neoplasms 

 Despite the fact that neoplasms are the most common cause 
of colonic obstruction in the United States, the majority of 
the patients with colorectal cancer do not present with acute 
obstruction. According to Phang et al. 10% of patients with 
rectal cancer presented with a bowel obstruction and needed 
emergent intervention  [  1  ] . 

 Several studies have documented endoscopy with self-
expanding metallic stents as a useful bridge to surgical ther-
apy or as de fi nitive palliative treatment  [  2–  4  ] . Self-expanding 
metallic stents are successful greater than 90% of the time 
and have been associated with decreased lower overall mor-
bidity, mortality, and hospital length of stay. However, they 
are not without risks. Complications include stent occlusion 
from tumor growth, stent migration, severe pelvic pain¸ 
incontinence, bleeding, and perforation. Currently, contrain-
dications to self-expanding metallic stents are low rectal can-
cer, a long stricture segment, and severe angulation. 

 Indications for emergent surgical intervention in malig-
nant colonic obstruction include impending perforation, fail-
ure of stenting, and early stage cancer. The surgical approach 
in most cases of complete malignant colonic obstruction is 
diverting ostomy, either open or laparoscopic. Curative 
resection with primary anastomosis can be done in patients 
with early cancer, whom are hemodynamically stable, and 
have minimal comorbidities. If a malignant process is sus-
pected, especially when a resection is planned, tumor mark-
ers should be obtained preoperatively so as to aid with 
long-term follow-up. In resecting a primary tumor, oncologic 
principles should be maintained: negative margins and ade-
quate nodal sampling with high ligation of the mesenteric 
vessels. Fig  28.1  depicts an algorithm for the management of 
malignant colonic obstructions.   

   Cecal Volvulus 

 Cecal volvulus was  fi rst described in 1837 by Rokitansky. 
It accounts for 1% of all adult intestinal obstructions and 
30% of colonic volvulus  [  5–  7  ] . It occurs when an abnormally 
mobile cecum twists axially or when the ascending colon 
hyper fl exes upon itself (a bascule). The patient may present 
with chronic intermittent abdominal pain with spontaneous 
resolution, acute obstruction with increasing abdominal 
cramping pain and vomiting, or toxic with evidence of peri-
tonitis. Laboratory studies are neither sensitive nor speci fi c, 
but are helpful to assess  fl uid status and electrolyte balance. 
Classic signs on abdominal radiography include cecal dila-
tion, cecal apices in the left upper quadrant, and absence of 
gas in the remainder of the colon. Computed tomography 
 fi ndings including the “whirl” sign, transition points, and 

   Table 28.1    Causes of adult colonic obstruction   

 Neoplasms (polyps, adenoma, and carcinoma) 
 Volvulus (cecal, transverse, and sigmoid) 
 Diverticulitis 
 Incarcerated hernia 
 In fl ammatory bowel disease 
 Intussusception 
 Ischemic colitis 
 Pseudo-obstruction (Ogilvie’s syndrome) 
 Fecal impaction 
 Benign stricture 
 Foreign body 
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distal colon decompression are highly sensitive and speci fi c  [  8  ] . 
Barium enema and colonoscopy have been proposed in the 
past as both diagnostic and therapeutic, but is not recom-
mended now as their diagnostic value has been supplanted 
by CT scans and as therapies have been shown to have a high 
recurrence rate. 

 De fi nitive surgical therapy for cecal volvulus is a right 
hemicolectomy with primary ileocolic anastomosis. 
Detorsion with suture pexy and tube cecostomy is recom-
mended only in debilitated and malnourished patients, or 
those with multiple comorbidities or a hostile abdomen.  

   Sigmoid Volvulus 

 In the Western world, the incidence of sigmoid volvulus 
ranges from 1 to 3% of all intestinal obstruction, but increases 
to 42% in Iran and 55% in Russia  [  5,   9  ] . It is more likely to 
occur in the elderly, those who are institutionalized, and/or 
those who are taking neuropsychiatric medications. Sigmoid 
volvulus also occurs in children, mostly from Hirschprung 
disease (in the United States) and Chagas or other parasitic 
diseases (in less industrialized countries). Like cecal volvu-

lus, sigmoid volvulus is resultant from a redundant, mobile 
sigmoid colon that twists on its short mesenteric axis. Most 
patients present with a history of chronic constipation and 
abdominal distention long before their volvulus occurs. 
Abdominal examination can range from mild localized ten-
derness to diffuse peritonitis. As documented above, the 
plain abdominal radiograph can be diagnostic in 80% of 
cases. A barium enema is more helpful in the pediatric popu-
lation than in the adult, with the “twisted tape” sign. 
Computed tomography has a greater sensitivity and speci fi city 
with its “swirl” sign and gives more details of bowel wall 
thickening and pneumatosis coli (air in the bowel wall). 

 Endoscopic decompression with either rigid or  fl exible 
sigmoidoscopy is the management of choice for noncompli-
cated sigmoid volvulus and is found to be successful 70–90% 
of the time  [  5,   9  ] . However, recurrent volvulus has been 
reported in 18–90% of cases with a mortality of 5–35%  [  5,   9  ] . 
Thus, endoscopic decompression is a mean of converting an 
emergent situation to that of an elective one. De fi nitive surgi-
cal intervention should be done within the same admission 
due to a high recurrence rate after endoscopic reduction. The 
recommended de fi nitive surgery is a sigmoid resection with 
primary anastomosis. This procedure does have a mortality of 

Complete 
obstruction

Hemodynamically 
stable

Early stage

Successful
Colonic stenting

Definitive 
treatment

Stent failure

Diverting ostomy

Advanced stage

Diverting ostomy

Hemodynamically 
unstable

Resuscitate

Diverting ostomy

  Fig. 28.1    Algorithm for the management of malignant colonic obstructions       
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approximately 8%, morbidity of 13–26%, and recurrence of 
1.2%  [  5,   9  ] . In instances where elective resection is not pos-
sible like when there is sign of ischemic bowel present, an 
emergent resection is indicated. Whether to perform a primary 
anastomosis or an end colostomy depends on bowel viability 
and the patient’s hemodynamic stability and comorbidities. 

 It has been believed that chronic constipation, colonic 
redundancy, and colonic atony or dysmotility may contribute 
to the recurrent volvulus or symptoms of volvulus. Some 
authors recommend a subtotal colectomy to prevent recur-
rence of volvulus  [  10–  13  ] . This recommendation seems 
drastic to many who feel that a simple sigmoidectomy is 
suf fi cient. It would seem that in cases where there is megaco-
lon present, a subtotal colectomy would be wise.  

   Pseudo-Obstruction (Ogilvie’s Syndrome) 

 Acute colonic pseudo-obstruction accounts for at least 20% of 
large bowel obstruction. Because of the multiple comorbidi-
ties of these patients, delays in diagnosis, and inappropriate 
treatment, the overall mortality ranges from 25 to 31% with 
40–50% of the patients having ischemia or perforation  [  14  ] . 
Predisposing factors includes post-orthopedic or spinal pro-
cedures, severe burns, myocardial infarction, infection, and 
neuropsychiatric medications. Water-soluble contrast ene-
mas or CT scans can be done to rule out the presence of a 
mechanical obstruction; of note, the CT scan gives a more 
accurate measurement of the cecal diameter, better detail of 
the bowel wall (edema and intramural air), and mesenteric 
in fl ammation. Colonoscopy can be both diagnostic and ther-
apeutic in ruling out mechanical obstruction, assessing 
mucosal ischemia, and decompressing the bowel distention. 

 Supportive therapy such as  fl uid resuscitation and electro-
lyte replacement (speci fi cally hypokalemia and hypomag-
nesemia) is the  fi rst line of therapy. Remove narcotics, 
anticholinergics, and calcium channel blockers from the 
patient’s medication list. Lactulose is contraindicated in this 
disease as it may promote bacterial fermentation and increase 
gas production in the colon. Although a 12 cm cecal diameter 
has been the teaching of an “at risk” cecum, perforation has 
occurred in cecal diameters less than 10 cm and resolution 
has occurred in one greater than 16 cm. In a retrospective 
review, patients with cecal diameters greater than 14 cm have 
a twofold increase in mortality. 

 Neostigmine (0.4–0.8 mg/h IV over 24 h) has been shown 
to be effective in three trials  [  15–  17  ] . It is effective approxi-
mately 80% of the time. Although no major side-effects were 
reported in most studies, its use is not without potential com-
plications. During infusion, vital signs and electrocardio-
gram should be continuously monitored for bradycardia, 
bronchospasm, and hypotension. Bradycardia is a signi fi cant 
concern. As such, patients should be in a monitored setting, 

and Atropine should be readily available. Care should be 
taken in patients with history of myocardial infarction, 
asthma, renal failure, or in those taking beta-blockers. 

 If neostigmine fails, endoscopic decompression should be 
attempted with an 80% success rate; however, 20% of 
patients require a second colonoscopy for recurrence. The 
risk of perforation is approximately 2%. Surgical interven-
tion is also associated with high morbidity and mortality. In 
patients with signs of ischemia or perforation, partial or sub-
total resections are recommended. In patients too ill for sur-
gery, a radiologically placed percutaneous tube cecostomy 
has been shown to be effective with few complications.  

   Obstruction Due to a Foreign Body 

 Another cause of colonic obstruction is foreign body inser-
tion. Patients are often not forthcoming about the presence 
of the object, reason, or duration. In a systematic review, it 
has been found that the characteristic of the patient tends 
to be male (37:1) with a mean age of 44 years  [  18  ] . 
The majority of the removals (76.8%) can be removed 
with manual manipulation with or without endoscopy. 
Twenty-three percent of the time, a laparotomy with or 
without colectomy is required to remove the object. 
General anesthesia or spinal anesthesia is required in many 
of the cases (89%). Perforation and peritonitis occurs in 
6.6% of reported cases either from the inserted object or 
from failed attempts at extraction  [  18  ] . Although most 
objects can be removed without complication or invasive 
surgery, it is important to diagnose and intervene in a 
timely manner to prevent complication.   

   Summary 

 Colonic obstruction has many possible etiologies that can 
lead to high morbidity and mortality.  Accurate diagnosis, 
adequate resuscitation and appropriate treatment are keys to 
a successful outcome. Depending on the cause of the colonic 
obstruction and the hemodynamic stability of the patient, 
diagnostic and therapeutic options may involve radiologist, 
endoscopists and/or surgeon.      
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         Introduction 

 The lower gastrointestinal tract consists of all gastrointestinal 
elements distal to the ligament of Treitz, including the jeju-
num, ileum, cecum, appendix, colon, rectum, and anus. Lower 
gastrointestinal bleeding can originate from any of these loca-
tions and thus represents a broad range of clinical entities. 
Most studies of lower gastrointestinal hemorrhage speci fi cally 
reference lesions of the colon, rectum, and anus, and the 
majority of studies cited herein adhere to this convention. 

 Within the acute care surgical setting, these patients may 
present anywhere along the spectrum extending from occult 
bleeding demonstrated on fecal testing to frank, even mas-
sive, gastrointestinal hemorrhage. Although upper gastroin-
testinal bleeding is found to account for approximately  fi ve 
times the number of annual hospital admissions due to hem-
orrhage from lower gastrointestinal sources  [  1  ] , lower gas-
trointestinal bleeding remains a frequently encountered 
clinical entity and can represent a diagnostic and therapeutic 
challenge for the acute care surgeon.  

   Epidemiology 

 Lower gastrointestinal bleeding accounts for a signi fi cant 
number of hospital admissions; the reported incidence in the 
US adult population is about 20–22 cases per 100,000 admis-
sions, representing 0.5–0.7% of all annual hospital admis-
sions in the acute care setting  [  2,   3  ] . The incidence of lower 
gastrointestinal bleeding is directly correlated with increas-
ing patient age, with patients in the ninth decade of life expe-
riencing an annual lower gastrointestinal bleeding rate 

approximately two hundred times greater than comparable 
patients in the third decade of life  [  2,   3  ] . As the US demo-
graphic shift toward an older population continues, lower 
gastrointestinal bleeding can be expected to increase in over-
all incidence in coming years. 

 Hospitalization for acute lower gastrointestinal bleeding 
is also somewhat more common in males than females, with 
a reported annual incidence of about 24 per 100,000 in males 
versus 17 per 100,000 in females  [  2  ] . 

 It should be intuitively obvious that certain etiologies of 
lower gastrointestinal bleeding are more common in particu-
lar age groups, and patient age is certainly a factor to be 
taken into account when developing a reasonable differential 
diagnosis for lower gastrointestinal bleeding. For example, 
bleeding due to angiodysplasia, diverticular disease, and col-
orectal malignancy are all markedly more common in older 
individuals, a re fl ection of the increasing incidence of these 
diagnoses in older populations. 

 Patients with lower gastrointestinal bleeding are more 
likely to require surgical intervention in comparison to those 
with upper gastrointestinal bleeds  [  3  ] . The severity of lower 
gastrointestinal bleeding varies widely, and a number of pre-
dictive models have been developed to identify which of 
these patients are at greatest risk for massive bleeding. Strate 
and colleagues identi fi ed seven factors which, taken together, 
predict the severity of lower gastrointestinal bleeding, includ-
ing tachycardia, hypotension, syncope, benign abdominal 
examination, rectal bleeding, aspirin usage, and the presence 
of greater than two signi fi cant comorbidities  [  4  ] . According 
to this model, patients with four or more risk factors were 
classi fi ed as high risk (approximately 80% were expected to 
experience severe bleeding), patients with one, two, or three 
risk factors were classi fi ed as moderate risk (approximately 
43% were expected to experience severe bleeding), and 
patients with no risk factors were classi fi ed as low risk, with 
an expected rate of severe bleeding less than 10%  [  5  ] . Severe 
bleeding was de fi ned generally as a requirement for 2 U of 
packed red blood cells and/or a decrease in hematocrit of 
20% or greater within the  fi rst 24 h after presentation in this 
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study. Velayos and colleagues studied patients admitted with 
lower gastrointestinal hemorrhage in an acute care setting 
and found three factors noted within the  fi rst hour after initial 
presentation that were associated with the severity of bleed-
ing and adverse outcomes: abnormal vital signs (hypoten-
sion or tachycardia) 1 h after initial evaluation, an initial 
hematocrit at or below 35%, and gross blood on initial rectal 
examination  [  6  ] . 

 Fortunately most patients who present with lower gastro-
intestinal hemorrhage will stop bleeding spontaneously 
without any procedural or surgical intervention; in some 
series estimates range as high as 80%  [  7–  10  ] . Estimates of 
mortality from major lower gastrointestinal bleeding in the 
acute setting vary widely, with reported rates from 2.1 to 
21% in various case series  [  6,   11–  13  ] . Higher mortality is 
seen in patients who initially present with lower gastrointes-
tinal bleeding while already hospitalized for treatment of 
another condition; in this circumstance, the reported mortal-
ity rises to about one in four  [  2  ] .  

   Clinical Presentation 

 The clinical presentation of a patient with lower gastrointes-
tinal bleeding can run the gamut from occult bleeding 
identi fi ed on a stool guaiac assay to frank, even profuse, 
bleeding per rectum. Alternative presentations include 
fatigue, syncope, anemia, abdominal pain, and hemodynamic 
instability  [  3  ] . In many cases a patient may report a history 
of bright red blood per rectum that occurs intermittently and 
may not be present to any degree at the time of the actual 
clinical examination. The majority of patients presenting 
with a complaint of hematochezia or melena will be clini-
cally stable at the time of presentation, and a thorough and 
complete diagnostic workup can be performed. 

 In some cases, however, particularly in a patient present-
ing with signi fi cant hematochezia, there may be signi fi cant 
vital sign abnormalities and other evidence of physiologic 
derangement, such as electrolyte imbalances and/or altered 
mental status, evident at the time of presentation. In these 
patients, as with all patients presenting with instability in the 
acute care setting, the detailed, comprehensive workup is 
brie fl y and appropriately deferred while initial stabilization 
and resuscitation measures are instituted.  

   Diagnosis 

 The diagnostic algorithm pertaining to a patient with lower 
gastrointestinal bleeding will to some extent be dependent 
on the severity and acuity of the clinical presentation; 
a patient experiencing torrential lower gastrointestinal hem-
orrhage would of course represent a differing set of initial 

management priorities compared with a patient who reported 
intermittent bright red droplets of blood with defecation 
(Fig.  29.1 ). However, in the acute care setting, the initial 
management priorities for all patients would always priori-
tize ensuring hemodynamic stability and adequate resuscita-
tion prior to a more detailed evaluation. If there is any 
concern that a patient presenting with a stable clinical picture 
is at risk of signi fi cant deterioration, the prudent clinician 
will establish intravenous access and have crystalloid and, 
possibly, blood products available to support resuscitation. 
If resuscitation is begun, a urinary catheter should be placed 
to monitor urine output as a marker for the adequacy of 
resuscitation. It should also be kept in mind that up to 15% of 
cases of signi fi cant lower gastrointestinal bleeding can be 
traced to an upper gastrointestinal source  [  7  ] . Unless there is 
a speci fi c contraindication, patients presenting with lower 
gastrointestinal bleeding should have a nasogastric tube 
placed to help rule out the possibility of an upper gastrointes-
tinal source. The presence of bilious nasogastric aspirate is 
an important indicator that upper gastrointestinal bleeding is 
unlikely; conversely, clear aspirate is not useful in eliminat-
ing upper gastrointestinal sources from the differential  [  14  ] .  

 An important diagnostic caveat must be kept in mind in 
the evaluation of lower gastrointestinal bleeding, speci fi cally 
that multiple sources of bleeding are not infrequently 
identi fi ed in this patient population. Among patients admit-
ted in the acute care setting for lower gastrointestinal bleed-
ing, the number of patients with multiple sources of 
hemorrhage is estimated at 4.4%  [  13  ] . In a prospective 
study of patients presenting with a chief complaint of 

  Fig. 29.1    Initial assessment of lower gastrointestinal bleeding       
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intermittent bright red blood per rectum, Graham and col-
leagues documented additional abnormal  fi ndings on 
colonoscopy in 27% of patients with identi fi able abnormal-
ities on rectal examination  [  15  ] . The workup is therefore 
not complete once a single likely source of bleeding is 
identi fi ed; rather, optimal patient care dictates that a com-
prehensive evaluation be completed and other reasonably 
likely etiologies ruled out clinically. 

 As with any clinical situation, a thorough evaluation 
must begin with a detailed history and physical examina-
tion. A relevant history for the evaluation of lower gastroin-
testinal bleeding should, at a minimum, address the 
following areas:

   Acute bleeding symptoms: What is the nature of the • 
bleeding? Is the patient experiencing hematochezia or 
melena? While traditional clinical dogma holds that 
hematochezia signi fi es a lower gastrointestinal bleed 
while melena is indicative of an upper gastrointestinal 
source of hemorrhage, the clinical reality is frequently 
less clear-cut, and it is widely acknowledged that particu-
larly brisk upper gastrointestinal bleeding can present 
with hematochezia. Is the bleeding continuous or inter-
mittent? Lower gastrointestinal bleeds are, in fact, inter-
mittent in nature, making localization a true diagnostic 
challenge. How long has the bleeding been occurring? 
Has the patient experienced previous episodes of upper or 
lower gastrointestinal bleeding? Is there any pain associ-
ated with the bleeding?  
  Possibly related systemic symptoms: Is the patient expe-• 
riencing angina, palpitations, syncope, of unusual fatigue? 
Does the patient report any fevers or chills? Is nausea or 
vomiting present? Is there associated diarrhea or consti-
pation? Does the patient report a history of gastroesopha-
geal re fl ux or antacid use? Has there been any recent 
unintentional weight loss?  
  Relevant medical history: Has the patient previously • 
experienced any type of upper or lower gastrointestinal 
bleeding? Any history of in fl ammatory bowel disease, 
diverticulosis, hemorrhoids, gastrointestinal neoplasm, 
liver disease? Does the patient report any history of gas-
tric or duodenal ulcer? Is there a known history of atrial 
 fi brillation or other cardiac dysrhythmia? Does the patient 
report a history of peripheral vascular disease or isch-
emia? Any history of hematologic disorders, including 
thrombocytopenia or clotting cascade abnormalities? Has 
the patient ever experienced a transient ischemia attack or 
cerebrovascular accident? Has the patient recently been 
treated with radiation therapy?  
  Medication history, including both prescription and non-• 
prescription agents as well as herbal preparations. Speci fi c 
inquiry regarding warfarin, aspirin, nonsteroidal anti-
in fl ammatory agents, or other anticoagulant agents is of 
obvious importance.  

  Health maintenance: Has the patient undergone any health • 
screening that might reveal gastrointestinal disease, such 
as fecal occult blood testing,  fl exible sigmoidoscopy, or 
colonoscopy? When were these studies done, and what 
were the results? Has the patient recently had a polypec-
tomy performed?  
  Family history: Any relatives with any form of cancer, • 
particularly cancers of the gastrointestinal tract? Any rel-
atives with a history of in fl ammatory bowel disease? Any 
record of hereditary coagulopathies or other hematologic 
abnormalities?  
  Social history: Is there any history of alcohol and/or • 
tobacco usage? Recent travel, particularly to less-devel-
oped countries or regions? Recent sick contacts?    
 A focused yet thorough physical examination is also indi-

cated as a key element of the initial workup. Vital signs will 
often be within normal limits in the setting of a lower gastro-
intestinal bleed unless the rate of bleeding is so substantial as 
to cause a signi fi cant volume depletion effect; in that case, 
tachycardia would be observed somewhat earlier, while 
hypotension and/or altered mental status would represent 
later  fi ndings associated with the acute loss of greater than 
30% of the circulating blood volume (class III or higher 
hemorrhagic shock)  [  16  ] . Any evidence of vital sign altera-
tion due to blood loss should prompt immediate placement 
of large-bore peripheral access and the institution of aggres-
sive resuscitation with crystalloid and/or, in especially severe 
cases, blood products. In this circumstance, restoration and 
stabilization of volume status is the clinician’s priority, and 
the further detailed physical examination is accordingly 
deferred until physiologic stability has been achieved. 

 A generalized visual inspection of the patient should 
reveal any anemic pallor, jaundice, or cachexia which might 
be present and associated with particular underlying condi-
tions that could be associated with lower gastrointestinal 
bleeding. The abdominal examination should evaluate for 
generalized or focal tenderness,  fi rmness or rigidity, any 
peritoneal signs such as guarding or rebound, organomegaly, 
and the presence of palpable masses. Presence of pain on 
abdominal examination generally argues in favor of an 
in fl ammatory process, while lower gastrointestinal bleeding 
due to diverticular disease or angiodysplasia in more com-
monly associated with a benign abdominal examination. 
Importantly, in the setting of a lower gastrointestinal bleed of 
unclear etiology, the examining clinician should perform a 
cardiac and peripheral pulse examination with particular 
attention to evidence of atrial  fi brillation. 

 The rectal examination is among the most critical com-
ponents of the physical examination in the patient with an 
acute lower gastrointestinal bleeding. A thorough and com-
plete rectal exam should establish the presence or absence 
of gross blood, the existence of internal or external hemor-
rhoids or other perianal lesions including  fi stulae or  fi ssures, 
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and the presence and position of any palpable rectal masses. 
If no gross blood is apparent upon rectal examination, a 
stool guaiac test can be quickly performed in either the 
clinic or emergency department setting to establish the pres-
ence of occult gastrointestinal bleeding. Be aware, however, 
that the sensitivity of this assay is relatively low  [  17  ] , and is 
further reduced in patients who take iron supplements or 
who have recently consumed red meat or peroxidase-rich 
fruits and vegetables, and speci fi city is reportedly dimin-
ished if a patient’s diet is rich in citrus fruits or other con-
centrated sources of vitamin C  [  18,   19  ] . 

 Initial laboratory studies should be sent to aid in the 
immediate evaluation of both the etiology and magnitude of 
a lower gastrointestinal bleed. A complete blood count 
(CBC) might be expected to reveal a decreased hematocrit 
in a patient with an active gastrointestinal hemorrhage; how-
ever, if the hemorrhage is of particularly acute onset, the 
intravascular volume may not yet be fully re-equilibrated 
and thus the hematocrit may be arti fi cially elevated relative 
to true oxygen-carrying capacity. The CBC would also be 
expected to reveal evidence of thrombocytopenia, albeit 
with the same caveat that a hyperacute process might not 
permit an adequate intravascular re-equilibration interval 
before the laboratory study is drawn. Presence of a signi fi cant 
leukocytosis on CBC should prompt further consideration 
of an infectious process as the inciting etiology versus an 
in fl ammatory or ischemic mechanism. 

 Basic laboratory studies of electrolyte status as well as 
hepatic and renal function may serve the dual purposes of 
elucidating underlying comorbidities which may contribute 
to a gastrointestinal bleed while also identifying physio-
logic imbalances which could potentially be corrected prior 
to surgical or other procedural interventions. Likewise, 
coagulation parameters in this patient population may 
uncover underlying coagulopathies contributing to the pre-
senting problem and permit the practitioner to order blood 
products where appropriate. It should be noted that the rou-
tine administration of vitamin K to correct patients on 
chronic warfarin therapy should be avoided in the setting of 
a lower gastrointestinal hemorrhage due to the dif fi culty 
and delay this presents when attempting to reestablish ther-
apeutic anticoagulation once the acute hemorrhagic episode 
has been resolved  [  8  ] . 

 Radiographic imaging may play an important role in 
establishing a de fi nitive diagnosis in patients with lower gas-
trointestinal bleeding. Most patients with lower gastrointes-
tinal bleeding who report concurrent abdominal pain acutely 
will undergo plain abdominal radiographs prior to the surgi-
cal consult. The information gleaned from these studies is 
somewhat limited; however,  fi ndings such as pneumoperito-
neum or closed-loop obstruction may narrow the differential 
diagnosis That being said, the utility of plain abdominal 
radiographs is of limited utility in the evaluation of lower 
gastrointestinal bleeding. 

 Most patients in the acute setting of lower gastrointestinal 
bleeding with concurrent abdominal pain will, if hemody-
namically stable, be appropriate candidates for computed 
tomography (CT) scanning of the abdomen and pelvis. A CT 
with oral and intravenous contrast may help identify mass 
lesions, such as colorectal adenocarcinomas, as well as sites 
of in fl ammation or potential perforation, as is seen with acute 
diverticulitis or in fl ammatory bowel disease. Bowel wall 
thickening or pneumatosis may also be noted in the case of 
ischemia or hypoperfusion-mediated bowel injury; an acute 
thromboembolic process would be expected to demonstrate 
these types of pathologic changes within a discrete vascular 
territory, while a more global low- fl ow mechanism would be 
expected to generate corresponding diffuse bowel involve-
ment. Optimally, a CT scan in this setting would be per-
formed with the administration of both oral and intravenous 
contrast. The patient’s history should be reviewed for men-
tion of impaired renal function or radiographic contrast 
allergy; initial laboratory studies including blood urea nitro-
gen and serum creatinine should likewise be reviewed prior 
to contrast administration. 

 Ultimately, the majority of patients undergoing an evalu-
ation for lower gastrointestinal bleeding will undergo a 
colonoscopy. In addition to its utility as a diagnostic study, 
colonoscopic evaluation offers the advantage of potential 
therapeutic interventions. In acute lower gastrointestinal 
bleeding, the reported diagnostic utility of colonoscopy 
ranges between 45 and 89%  [  7,   20–  23  ] . Complications of 
colonoscopy in the acute care setting, most signi fi cantly per-
foration, occur in up to 3% of cases  [  24  ] . 

 The utility of colonoscopy in the acute setting is in fl uenced 
by a number of factors including the quality of bowel prepa-
ration prior to the procedure, the rate of active bleeding (very 
slow bleeds may be below the diagnostic threshold of the 
procedure, while very brisk bleeding may impair adequate 
visualization and source localization), whether or not the 
bleeding is continuous or intermittent, and the skill/experi-
ence of the endoscopist. Additionally, not all facilities have 
24-h availability of this procedure. 

 The quality of bowel preparation that can be achieved 
prior to colonoscopy has a clear in fl uence on the success of 
the procedure from both a diagnostic and therapeutic per-
spective. That being said, a lack of bowel preparation does 
not preclude the successful use of endoscopic techniques in 
the diagnosis and treatment of lower gastrointestinal bleed-
ing. In fact, some clinicians report that lower gastrointestinal 
bleeding actually acts to help purge the colon, and any 
impaired visualization on colonoscopy can be addressed via 
 fl ushing the scope during the procedure, although diagnostic 
yield in this circumstance is only about 35%  [  23  ] . If a routine 
oral electrolyte-polyethylene glycol prep solution is admin-
istered prior to colonoscopy in the setting of an acute lower 
gastrointestinal bleed, improved diagnostic yields, approach-
ing 80% are reported  [  25  ] . 
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 If colonoscopy is performed for acute lower gastrointestinal 
bleeding, and a de fi nitive source is identi fi ed, therapeutic 
options include the following: sclerotherapy via direct epi-
nephrine injection in a 1:10,000 concentration, bipolar or 
monopolar coagulation, and endoscopic clip application. 
Jensen and colleagues directly compared urgent colono-
scopic intervention versus surgical treatment in a prospective 
study of patients with severe diverticular bleeding and dem-
onstrated comparable ef fi cacy  [  26  ] . 

 In cases where resource issues or other patient factors 
make colonoscopy an unsuitable clinical option,  fl exible sig-
moidoscopy may be utilized for visualization of the distal 
gastrointestinal tract. In cases in which a hemorrhagic lesion 
is identi fi ed within this segment of the colon, sigmoidoscopy 
can prove to be a valuable clinical adjunct for both diagnos-
tic and treatment purposes. One must keep in mind that a 
signi fi cant portion of patients with distal lesions are also 
found to have more proximal sources of hemorrhage  [  15  ] ; 
therefore, the performance of  fl exible sigmoidoscopy does 
not obviate the requirement for a more thorough examination 
via a complete colonoscopy at a later point in time. 

 If an anorectal source of bleeding is evident on examina-
tion or is suspected based on the clinical history and patient 
presentation, anoscopy is another tool which may be utilized 
to facilitate direct visualization and examination. Again, the 
identi fi cation of a distal lesion as a source of lower gastroin-
testinal hemorrhage does not in any way preclude the exis-
tence of a more proximal lesion. Therefore, it is advisable 
that these patients also be scheduled for a complete colonos-
copy at a later date. 

 While colonoscopy is the preferred initial investigation 
for lower gastrointestinal bleeding  [  7,   27  ] , angiography is 
another modality that offers the advantage of both diagnostic 
and therapeutic capabilities if colonoscopy is unavailable. 
The sensitivity for visceral angiography in the detection of 
active gastrointestinal bleeding is approximately 0.5 cm 3 /
min  [  10,   28  ] . Angiography is similarly poor in detecting 
venous bleeding, intermittent bleeding, and bleeding from 
small vessels. Finally, angiography is not without complica-
tions to include: hemorrhage at the catheter insertion site, 
arterial dissection, microembolization, pseudoaneurysm for-
mation, puncture site infection, allergic reaction to contrast, 
and contrast-induced nephropathy  [  20,   29  ] . 

 The reported success rates for angiography in the local-
ization of lower gastrointestinal bleeding vary widely, with 
recent studies citing rates between 30.5 and 86%  [  7,   12,   30  ] . 
If angiography is able to detect a discrete bleeding source, 
several therapeutic interventions are possible including: 
embolization therapy and direct injection of vasopressin or 
sclerosing agents at the bleeding site. Unfortunately, angio-
graphic capabilities are not available on a 24-h basis univer-
sally. If a signi fi cant delay in angiography is anticipated, 
other diagnostic and therapeutic modalities should be 
considered. 

 Radionuclide scintigraphy is yet another diagnostic 
modality for identi fi cation of the site of hemorrhage in a 
patient presenting with lower gastrointestinal bleeding. This 
technique can utilize either technetium-99m sulfur colloid or 
technetium-99m-labeled red blood cells. The latter tech-
nique, commonly referred to as a tagged red blood cell scan, 
is utilized more frequently. Sulfur colloid scanning has the 
advantage of relative ease of preparation in comparison with 
preparation of tagged red blood cells. However, it clears 
quickly, thus decreasing the likelihood of repeat scanning 
following a single infusion (an option with tagged red blood 
cell scans). All that being said, the detection rates are similar 
between the two techniques  [  31  ] . 

 Radionuclide scintigraphy is able to identify bleeding at 
rates as low as 0.1 cm 3 /min  [  32  ] . Thus, the tagged red blood 
cell scan is of greatest utility in identifying slow bleeds that 
are not localizable via other diagnostic techniques. Ng and 
colleagues evaluated the question of whether time to positive 
radionuclide scan (“blush”) correlates with, and can be used 
to predict, the yield on angiographic intervention. In their 
series, 60% of patients with an immediate appearance of 
blush on radionuclide scan subsequently underwent a posi-
tive angiogram. Among patients in whom no blush had 
appeared after 2 min, only 7% had a positive angiogram  [  33  ] . 
While sensitivity of the tagged red blood cell scan can sur-
pass either colonoscopy or angiography in the setting of 
active bleeding and can be used to predict which patients will 
bene fi t from angiogram, radionuclide scanning does have the 
signi fi cant disadvantage of representing a diagnostic modal-
ity only, with no capability for direct therapeutic interven-
tion. Furthermore, 27% of patients who undergo a negative 
radionuclide study will experience recurrent lower gastroin-
testinal bleeding at a later date  [  34  ] . 

 Despite these many modalities, bleeding will cease spon-
taneously and no de fi nitive source of lower gastrointestinal 
bleeding will occur in 10.7–22.8% of patients  [  2,   22,   35–  37  ] . 
However, it must be emphasized that a thorough workup 
which fails to identify a de fi nitive source of bleeding is not 
without bene fi t to the patient, in that a number of potentially 
serious causes of lower gastrointestinal bleeding, such as 
colorectal adenocarcinoma, can be effectively eliminated 
from the differential diagnosis following the workup.  

   Management 

 In the majority of cases (70–85%), the lower gastrointestinal 
bleeding will cease without any therapeutic intervention 
(Table  29.1 )  [  8,   9  ] . Re-bleeding is not uncommon, occurring 
in up to 25% of cases  [  38  ] . Thus, the absence of active bleed-
ing at a particular point in time should not preclude de fi nitive 
evaluation and treatment of the underlying condition.  

 Severe, persistent hemorrhage is the clinical presentation 
of lower gastrointestinal bleeding which most frequently 
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requires surgical management. General indications for sur-
gery include continued hemodynamic instability despite 
adequate resuscitation, requirement for transfusion of four 
or more units of packed red blood cells over 24 h, or severe 
recurrent bleeding  [  10  ] . Among patients who require a 
blood transfusion for the management of lower gastrointes-
tinal bleeding, approximately one in four will ultimately 
require surgery  [  39  ] . The operative procedure of choice is a 
segmental resection for those patients in whom a hemor-
rhage source can be localized  [  40  ] . This approach is associ-
ated with greater control of bleeding and lower morbidity 
in comparison with the primary surgical alternative, a sub-
total colectomy  [  7  ] . 

 If efforts of localization are unsuccessful, as is the case in 
8–12% of cases of acute lower gastrointestinal hemorrhage 
 [  25,   41  ] , a subtotal colectomy is required to establish de fi nitive 
control of bleeding  [  10  ] . Patients who undergo a total colec-
tomy for control of lower gastrointestinal hemorrhage are at 
risk for considerable morbidity and mortality; overall mortal-
ity in this circumstance is between 10 and 20%, and those 
individuals with a transfusion requirement of ten or more 
units are subject to a mortality rate approaching 50%, likely 
mirroring the severity of underlying illness  [  42  ] . 

 Given that a lower gastrointestinal bleed may result from 
a broad range of clinical conditions, the management of 
this patient population is dependent on the underlying diag-
nosis; however, there are general principles applicable to the 
management of all patients presenting with this clinical 
complaint. 

 Diverticular disease (Fig.  29.2 ) is the most frequently 
cited etiology for lower gastrointestinal bleeding in which a 
de fi nitive source is identi fi ed, accounting for approximately 
40–55% of all cases of acute lower gastrointestinal bleeding 
 [  2,   20  ] . The pathophysiology of bleeding due to diverticular 
disease is related to stretching and weakening of the vasa 
recta at the site of a colonic diverticulum. Diverticula are 

typically multiple. Diverticulosis is more commonly found 
in the left colon, in particular the sigmoid colon  [  10  ] , but, 
curiously, diverticular bleeds are more commonly localized 
to the ascending colon  [  9  ] . Approximately one in six patients 
with diverticular disease will experience some degree of 
bleeding  [  10  ] .  

 It is worth noting that lower gastrointestinal bleeding 
related to diverticular disease can occur within the setting of 
acute diverticulitis, but an acute episode of diverticulitis is by 
no means a prerequisite to bleeding. Although it might seem 
intuitive that the in fl ammatory changes associated with an 
episode of acute diverticulitis would increase the risk of 
acute hemorrhage, most diverticular bleeding occurs outside 
of acute diverticulitis. For unclear reasons, the hemorrhage is 
almost exclusively into the bowel lumen rather than into the 
extraluminal tissues  [  43  ] . 

 Patients with acute diverticular hemorrhage present with 
painless, often brisk hematochezia, and in many cases, physi-
ologic evidence of signi fi cant blood loss. Diverticular bleed-
ing is highly unusual in patients under the age of 40, but the 
incidence rises with advancing age. The regular use of non-
steroidal anti-in fl ammatory drugs (NSAIDs) is also correlated 
with an increased likelihood of diverticular bleeding  [  44  ] . 
Ultimately, only a minority of patients with diverticular 
disease will experience bleeding, and of those patients 
who do, spontaneously resolution of bleeding occurs in 
approximately 75–80%  [  11,   45  ] . Re-bleeding is common, 
the rate of  fi rst re-bleed is estimated at 25–30%, and once 
this has occurred, the risk of subsequent re-bleeding is 
upwards to 50%  [  9  ] . 

   Table 29.1    Treatment options in lower gastrointestinal bleeding   

 Etiology  Treatment options 

 Diverticular disease  1. Resection ± anastomosis 
 2. Angiography with embolization 

 Angiodysplasia  1. Colonoscopy with hemostatic maneuvers 
 2. Angiography with embolization 
 3. Resection ± anastomosis 

 Ischemic colitis  1. Resuscitation and antibiotics 
 2. Resection with diversion 

 Infectious colitis  1. Resuscitation with antibiotics 
 2. Resection ± anastomosis 

 Hemorrhoids  1. Anoscopy with resection 
 Neoplasm  1. Resection ± anastomosis 
 Radiation proctitis  1. Intraluminal steroids 

 2. Colonoscopy with hemostatic maneuvers 

  Fig. 29.2    Bleeding diverticulum       
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 The management of diverticular bleeding is dependent on 
several factors, including the severity of bleeding, whether or 
not the patient is experiencing a concurrent episode of acute 
diverticulitis, and the patient’s history of previous episodes 
of diverticular bleeding and/or diverticulitis  [  46  ] . A diver-
ticular bleed in the absence of acute diverticulitis is generally 
well-suited to an initial attempt at evaluation and treatment 
via colonoscopy. If bleeding is ongoing and of suf fi cient rate, 
colonoscopy can localize the bleeding site and endoscopic 
treatments can be undertaken with a goal of achieving hemo-
stasis. In patients with a history of recent diverticular bleed-
ing who do not appear to be actively bleeding at the time of 
examination, colonoscopic evaluation is nonetheless worth-
while, because in many instances, the stigmata of recent 
bleeding, including adherent clots and visible vessels  [  10  ] , 
are readily identi fi ed. 

 In the setting of acute diverticulitis, colonoscopy is gener-
ally contraindicated due to the acute in fl ammation and perfo-
ration associated with this diagnosis. For hemodynamically 
stable patients experiencing lower gastrointestinal bleeding 
concomitant with acute diverticulitis, the diverticulitis is the 
clinical priority in accordance with evidence-based standards 
of care. Milder cases are generally managed with a regimen 
of bowel rest, appropriate antibiotics, and serial abdominal 
examinations. More severe cases, especially those character-
ized by evidence of purulent or feculent peritonitis (i.e., 
Hinchey grade III or IV disease), are managed operatively. 
Surgical resection is also indicated for patients experiencing 
recurrent lower gastrointestinal hemorrhage due to diverticu-
lar disease. This represents a signi fi cant portion of patients 
with diverticulosis, with the incidence ranging from 10% at 
2 years to 25% at 4 years  [  2  ] . 

 If bleeding is severe in a patient with acute diverticulitis, 
angiography is a reasonable option for localization of the 
hemorrhagic site and establishment of hemostasis. In the 
event angiography is unsuccessful, surgical exploration is 
often required. Approximately 5% of patients admitted for 
diverticular bleeding ultimately require surgical intervention 
 [  47  ] . Such exploration may be performed via either laparo-
scopic or open approach based on surgeon preference and 
experience. Surgical resection is also the standard of care fol-
lowing a second signi fi cant diverticular bleed given the high 
(approximately 50%) risk of subsequent re-bleeding  [  48  ] . 

 The question of primary anastomosis at the time of initial 
bowel resection depends in part on whether or not the patient 
is experiencing active and extensive diverticulitis-mediated 
in fl ammation; if such is not present, as is true in the majority 
of cases, primary anastomosis of the remaining viable bowel 
is generally deemed safe and appropriate. If active 
in fl ammation is present to a considerable extent, the surgeon 
may reasonably elect to perform a diverting ostomy with a 
plan for delayed anastomosis to take place once the acute 
in fl ammatory changes have resolved. 

 Angiodysplasia encompasses a broad range of lesions 
including arteriovenous malformations, vascular ectasias, 
and angiomas  [  9  ] . It is commonly considered in cases of 
lower gastrointestinal bleeding; however, its incidence is 
only 2.7% (hospital admissions for acute lower gastrointesti-
nal bleeding, with age-speci fi c bleeding rates showing a 
strong, positive correlation)  [  2,   49  ] . The pathophysiology is 
thought to relate to normal age-related degeneration of 
smaller venous structures located within the gastrointestinal 
submucosa. It is therefore seen predominantly in older 
patient populations. Boley and colleagues hypothesized that 
the lesions arise largely due to chronic, low-grade obstruc-
tion of the submucosal venous system  [  50  ] . The cecum is the 
most common site of angiodysplastic lesions  [  10  ] . There 
appears to be a possible correlation between angiodysplastic 
lesions and aortic stenosis and/or renal failure; however, 
there is no strong evidence to suggest a causative relation-
ship  [  49,   51  ] . 

 The bleeding associated with angiodysplastic lesions 
often presents as a history of intermittent, painless, bright red 
blood per rectum. In most circumstances, angiodysplasia-
associated bleeding is subtle and may not be noted overtly by 
the patient. In these cases, the signs and symptoms of anemia 
may be the only evidence pointing to a gastrointestinal bleed, 
and angiodysplasia may be discovered as part of a broader 
workup. In approximately 15% of cases, however, angiodys-
plasia presents with signi fi cant hemorrhage  [  9  ] . Abdominal 
pain is infrequently associated with bleeding due to angiodys-
plasia, and a complaint of signi fi cant abdominal pain in a 
patient with known angiodysplasia should prompt a thorough 
workup for other diagnoses. 

 While angiodysplastic bleeding ceases spontaneously in 
roughly 90% of cases  [  41,   52  ] , the majority of patients who 
present with one angiodysplastic bleed will bleed again, 
ultimately requiring a comprehensive evaluation  [  9  ] . 
Colonoscopy is the diagnostic and therapeutic modality of 
choice in the treatment of acute lower gastrointestinal 
bleeding due to angiodysplasia. The lesions have a charac-
teristic stellate, bright red appearance on colonoscopic 
examination which facilitates identi fi cation. The right 
colon, in particular the cecum, is the most frequent site of 
bleeding angiodysplastic lesions  [  9,   50  ] . 

 Angiography is sometimes used in the identi fi cation and 
treatment of bleeding angiodysplastic lesions. While angiog-
raphy enjoys an overall greater diagnostic sensitivity in com-
parison with colonoscopy, it is thought by some authors to be 
less sensitive in identifying and treating the small venous 
lesions which are characteristic of angiodysplasia, while oth-
ers cite increased sensitivity for angiography versus colonos-
copy in this setting  [  53  ] . Overall, most patients with 
angiodysplastic bleeding are diagnosed and treated via 
colonoscopy. Endoscopic treatments include electrocautery, 
laser, and heater probe as well as the increasingly well-studied 
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argon plasma coagulation (APC) technique. The APC tech-
nique appears to be well tolerated and is associated with 
fewer complications and lower risk of re-bleeding  [  8,   54  ] . 
Because of the documented explosive risk associated with 
APC in this setting, a complete bowel preparation is strongly 
recommended prior to utilization  [  55,   56  ] . 

 In some instances, a patient with a history compatible 
with angiodysplasia-mediated lower gastrointestinal bleed-
ing may present for evaluation between active bleeds, this 
may prove to be quite dif fi cult or impossible. Patients should 
be warned that angiodysplastic lesions are likely to re-bleed 
in the majority of cases (up to 80% in some series)  [  52  ]  and 
that timely evaluation in the event of a re-bleed may greatly 
increase the likelihood of successful identi fi cation and treat-
ment of the lesion in question. Colon resection is generally 
employed as a last resort when recurrent angiodysplastic 
bleeding is unable to be controlled through colonoscopic 
treatment or angiography  [  7  ] . 

 Bleeding secondary to colonic ischemia or hypoperfu-
sion, termed ischemic colitis, is not infrequently encountered 
and should be entertained in the differential diagnosis for any 
patient presenting with acute lower gastrointestinal bleeding, 
particularly in those with abdominal pain and bloody diar-
rhea. “Pain out of proportion to the physical examination” is 
commonly associated with intestinal ischemia. In a large 
series of patients admitted for acute lower gastrointestinal 
bleeding, 8.7–11.8% of cases were ultimately attributed to 
ischemic colitis  [  2,   57  ] . Typically hemorrhage is a relatively 
minor component of the clinical presentation and blood loss 
is not of suf fi cient magnitude to independently affect hemo-
dynamic stability  [  7  ] . Although acute mesenteric ischemia 
may present with a similar clinical picture, colonic ischemia 
is in fact considerably more common secondary to the rela-
tively poorly collateralized vascular supply to the colon in 
comparison to the small intestine. Those areas with poorly 
collateralized vascular supply are at highest risk for colonic 
ischemia, namely, the ascending colon, splenic  fl exure, and 
rectosigmoid junction. Conventional wisdom has held that 
Grif fi th’s point is the single most common site of ischemic 
colitis, but rigorous investigation has failed to support this 
contention  [  58  ] . The diagnosis of ischemic colitis can be 
con fi rmed via colonoscopy with the characteristic  fi ndings 
including mucosal edema, erythema, mucosal necrosis, and 
hemorrhage with a clearly demarcated boundary between 
involved and uninvolved regions of bowel, re fl ective of the 
underlying vascular distribution  [  20,   59  ] . 

 The pathophysiology of ischemic colitis is hypoperfusion 
of the involved segments secondary to cardiovascular issues, 
the administration of vasopressors, thromboembolic disease 
or known hypercoagulability, and generalized hypovolemia. 
Fernandez and colleagues identi fi ed diabetes mellitus, 
dyslipidemia, heart failure, peripheral arterial disease, and 
treatment with digoxin or aspirin as variables independently 

associated with the development of ischemic colitis  [  60  ] . 
Another large series found that a majority of ischemic colitis 
patients were receiving vasoactive agents prior to the devel-
opment of the condition  [  59  ] . All that being said, in many 
cases of ischemic colitis, no speci fi c underlying cause is 
identi fi ed. 

 Most cases of ischemic colitis resolve with conservative 
management alone  [  20  ] . If such measures fail and there is 
evidence of bowel compromise (increasing abdominal pain 
and distention, peritoneal signs, rising lactate, and pro-
nounced leukocytosis), surgical resection of the involved 
segment is indicated  [  10  ] . This is reported to occur in approx-
imately 15–22% of all cases of ischemic colitis, and is asso-
ciated with signi fi cant mortality  [  59,   61  ] . O’Neill and 
colleagues identi fi ed four factors—ischemia localized to the 
right colon, guarding on physical examination, lack of bleed-
ing per rectum, and a history of chronic constipation—as 
being associated with severe ischemic colitis, de fi ned as 
patients who either required surgical intervention and/or died 
from the disease process  [  62  ] . 

 Ischemic colitis is diffuse rather than focal, and as such, 
endoscopic and angiographic treatment modalities are not 
well suited to the management of this condition. In cases 
where compromise is uncertain, a colonoscopy should be 
performed to assess bowel viability. If a bowel resection is 
required, it should encompass the vascular territory involved. 
A second-look laparotomy may be useful in further delineat-
ing overall bowel viability. Patients who undergo surgery for 
ischemic colitis have increased mortality rates versus those 
managed medically, which is re fl ective of a more severe dis-
ease process in these individuals as evidenced by variables 
including serum lactate, acute renal failure, duration of vaso-
active drug administration, and the requirement for mechani-
cal ventilation  [  61,   63  ] . 

 Another etiology of lower gastrointestinal bleeding which 
can present similarly to ischemic colitis is hemorrhagic coli-
tis of infectious origin. There are several commonly recog-
nized infectious agents which can present with bloody 
diarrhea and associated abdominal pain, including 
 Campylobacter ,  Clostridium dif fi cile ,  Escherichia coli  
O157:H7,  Histoplasma ,  Salmonella ,  Shigella , and  Yersinia . 
Recent research has investigated strains of  Klebsiella oxy-
toca  linked to antibiotic-associated hemorrhagic colitis  [  64  ] . 
Cytomegalovirus is also recognized as a relatively common 
cause of bloody diarrhea in immunocompromised individu-
als. An evaluation for an infectious etiology should be largely 
dictated by the patient’s history, with a focus on possible 
foodborne or waterborne exposures, development of diar-
rhea antecedent to lower gastrointestinal bleeding, recent 
antibiotics administration in the case of  C .  dif fi cile  or  K .  oxy-
toca , and any history of immune system compromise. 
Colonoscopy is infrequently utilized as the primary diagnos-
tic modality in cases of infectious colitis; however, if it is, 
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characteristic pseudomembranes are seen in cases of  C . 
 dif fi cile  colitis. Laboratory assays are available to identify 
the presence of each of these pathogens, and as such, serve as 
the primary diagnostic modality. Timely administration of 
the appropriate pathogen-speci fi c antimicrobial or antiviral 
agents constitutes the cornerstone of treatment. Adjunctive 
treatment is largely supportive in nature, and surgical inter-
vention is not generally required for colitis of infectious ori-
gin. A notable exception is the development of toxic 
megacolon in the setting of  C .  dif fi cile  colitis; this fulminant 
colitis frequently necessitates emergent colectomy. 

 Hemorrhoids represent another signi fi cant source of lower 
gastrointestinal bleeding, about 5% of all lower gastrointes-
tinal bleeds evaluated in the acute inpatient setting  [  2  ]  and 
the majority of cases in the outpatient setting  [  10  ] . Among 
younger adult patients, hemorrhoids represent by far the 
most common etiology of bright red blood per rectum. While 
many patients with hemorrhoids will report only intermittent 
rectal bleeding in small amounts, in some cases hemorrhoidal 
bleeding can be profuse and result in clinically signi fi cant 
blood loss. While many patients may report typical hemor-
rhoidal symptomatology such as anorectal pruritus, pain, a 
sensation of rectal fullness, and/or a history of constipation 
and pain with defecation, some patients with hemorrhoids 
are entirely asymptomatic except for bleeding. Therefore, 
hemorrhoids need to be ruled out on physical examination in 
any patient with lower gastrointestinal bleeding, regardless 
of the presence of typical hemorrhoidal symptoms. 

 Anoscopy is the diagnostic modality of choice in the 
detection and evaluation of hemorrhoids, with detection 
rates superior to  fl exible sigmoidoscopy  [  65  ] . This examina-
tion may be performed in the clinic or emergency depart-
ment, but in some cases patient discomfort precludes 
effective examination. If hemorrhoidal disease is highly sus-
pected, some surgeons prefer to perform examination under 
general anesthesia in the operating room. An advantage of 
this approach is that a full range of therapeutic interventions 
may be undertaken during the course of the same operation. 
However, it should be noted that surgical intervention is not, 
as a rule, required for the management of most hemorrhoidal 
bleeding, and most patients with this complaint will respond 
well to conservative measures such as Sitz baths, stool soft-
eners, and increased dietary  fi ber  [  66  ] . Where conservative 
medical management fails, the most common treatment 
modalities include band ligation, sclerosant injection, cryo-
therapy, electrocautery, and laser photocoagulation  [  67  ] ; 
among these options, band ligation appears to offer the great-
est ef fi cacy  [  68  ] . 

 Absolute indications for endoscopic or surgical therapy in 
patients with hemorrhoidal bleeding include hemodynami-
cally signi fi cant hemorrhage as well as persistent lower-vol-
ume bleeding that is unable to be controlled through 
conservative measures. It should also be noted that, as with 

all patients presenting with a lower gastrointestinal bleed, 
multiple concurrent sources of bleeding may be present. In 
particular in patients with hemorrhoidal bleeding over age 40 
or with any evidence of elevated risk for colorectal adenocar-
cinoma, a colonoscopy should be performed to rule out con-
current malignancy. It is not mandatory that this study be 
carried out in the acute care or emergency setting, but rather 
the patient can be scheduled for colonoscopy on an outpa-
tient basis several weeks after the acute lower gastrointesti-
nal bleeding issue has been addressed. 

 Other anorectal lesions may also present with bleeding, 
including anal  fi ssure and  fi stula-in-ano. Patients with ano-
rectal  fi ssure often present with complaints of anal pain, par-
ticularly with defecation, and small amounts of bright red 
blood per rectum. It is unusual for there to be profuse bleed-
ing due to anal  fi ssure, and large volume blood loss in a 
patient with anal  fi ssure should prompt a thorough search for 
an alternate, concurrent etiology. Anal  fi ssure is frequently 
readily detectable on basic physical examination. Anoscopy 
can also prove to be an important diagnostic adjunct in this 
circumstance  [  7  ] . In almost all cases, anal  fi ssure will respond 
well to conservative management and surgical intervention 
will not be required to control bleeding. 

 Stercoral rectal ulcerations may also cause signi fi cant rec-
tal bleeding if the ulcerative lesion erodes into a major blood 
vessel. In some cases the blood loss from this etiology can be 
of suf fi cient magnitude to affect hemodynamic stability. The 
most common pathophysiology of stercoral ulceration relates 
to severe constipation and fecal impaction; patients will typi-
cally report a signi fi cant prior history of constipation. Plain 
radiography and CT imaging in this case will often reveal a 
considerable stool burden, and these patients are obviously at 
risk for stercoral perforation elsewhere in the lower gastroin-
testinal tract. 

 If stercoral ulceration has not yet progressed to bowel per-
foration, endoscopic therapy can be employed for both diag-
nostic and therapeutic purposes. The ulcers have a sharp, 
nodular border with associated edema and erythema. 
Treatment consists primarily of thermal probe application, 
often with concomitant injection of epinephrine  [  69  ] . 
In cases of profuse hemorrhage due to stercoral perforation, 
most patients will typically require surgical correction as 
well as aggressive peritoneal irrigation to reduce the burden 
of contamination. 

 There are a number of less common causes of lower gas-
trointestinal bleeding which may be seen in the acute setting. 
Rectal and/or anal trauma may, depending on mechanism, 
result in hemodynamically signi fi cant hemorrhage. Trauma 
to adjacent structures (i.e., pelvic fractures) may also result 
in lower gastrointestinal bleeding if bone fragments disrupt 
the bowel wall. The digital rectal examination performed on 
as part of advanced trauma life support provides an initial 
screen for gross blood and obvious deformities which could 
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indicate penetration or disruption of the bowel wall. This 
examination is typically performed quickly as part of the ini-
tial trauma patient assessment and may well overlook more 
subtle injuries. Practitioners caring for trauma patients who 
identify signi fi cant damage to adjacent structures, particu-
larly pelvic fractures, should maintain a high index of suspi-
cion for involvement of adjacent bowel, particularly if 
laboratory studies demonstrate evidence of ongoing blood 
loss and no other obvious source of hemorrhage is identi fi ed. 
These types of bleeds may be amenable to angiographic 
intervention if they fail to stop spontaneously. 

 In fl ammatory bowel disease, including both Crohn’s dis-
ease and ulcerative colitis, occasionally present with acute 
lower gastrointestinal bleeding, most commonly seen as 
bloody diarrhea  [  7  ] . However, more commonly these disease 
entities present with a history of abdominal and/or anorectal 
pain, recurrent diarrhea, and unintentional weight loss. 
Massive hemorrhage is unusual in the setting of in fl ammatory 
bowel disease, occurring in only 6% of patients with 
in fl ammatory bowel disease  [  70,   71  ] , while occult blood loss 
is considerably more common. In most cases gastrointestinal 
blood losses in patients with Crohn’s disease or ulcerative 
colitis are managed via treatment aimed at controlling the 
underlying in fl ammatory pathology. In such cases, lower 
gastrointestinal bleeding stops spontaneously in about half 
of patients  [  70  ] , but roughly one third of these patients will 
experience recurrent bleeding  [  10  ] . For this reason, most sur-
geons will recommend resection after one episode of 
signi fi cant lower gastrointestinal bleeding in this clinical set-
ting. Total abdominal colectomy is the standard operation in 
this setting unless the rectum is the source of major bleeding, 
in which case coloproctectomy should be performed  [  7  ] . 

 Colonic neoplasms infrequently cause overt lower gastro-
intestinal hemorrhage. Often, the only indication of bleeding 
is the development of an otherwise-unexplained anemia. 
This type of bleed may also be detected on a routine screen-
ing fecal occult blood test. Although most cases of lower 
gastrointestinal bleeding are not associated with a neoplastic 
process, it is critically important to rule this out in the evalu-
ation of these patients. Hence, the importance of a full 
colonoscopic examination in patients presenting with lower 
gastrointestinal bleeding, even those in whom an “obvious” 
source is identi fi ed. 

 Radiation proctitis/colitis is another unusual cause of 
lower gastrointestinal bleeding. This diagnosis will be either 
included or excluded from the differential on the basis of a 
thorough and accurate patient history, with special attention 
given to any history of prostate, rectal, bladder, cervical, or 
uterine cancer for which the patient was treated with radia-
tion therapy. Con fi rmation is obtained via endoscopic exami-
nation which demonstrates friable mucosa with telangiectatic 
lesions  [  10,   20  ] . Bleeding due to this etiology is typically 
lower-grade and chronic  [  8  ] , and massive hemorrhage 

secondary to radiation proctitis/colitis is rare  [  20  ] . 
Nevertheless, this diagnosis must be kept in mind for that 
portion of the patient population who possess the appropriate 
history. Conservative therapy, including rectal steroids, rec-
tal sucralfate, and short-chain fatty acid enemas  [  72  ] , is suc-
cessful in controlling bleeding due to radiation. If conservative 
therapies fail, endoscopic applications including argon laser 
 [  73  ] , argon plasma coagulation  [  74  ] , and electrocautery are 
frequently successful. 

 Clinically signi fi cant bleeding can also occur after a recent 
polypectomy, and estimates of the frequency of this compli-
cation range from 2.2 to 6.1%  [  75,   76  ] . Post-polypectomy 
bleeding can be either immediate or delayed. If immediate, 
the bleed is usually noted by the endoscopist and appropriate 
treatment, via either direct pressure on the residual polyp 
stalk, epinephrine injection, electrocautery, or clip applica-
tion, is provided at that time. In other cases, bleeding after 
polypectomy may be delayed for up to 1 month  [  7,   8,   77  ] . 
The use of aspirin and NSAIDs prior to the procedure does 
not appear to increase the bleeding risk  [  75,   77  ] , although 
warfarin therapy, even with a non-supratherapeutic interna-
tional normalized ratio (INR), is correlated with an increased 
risk  [  75  ] . Bleeding will typically cease spontaneously. If 
bleeding is persistent, standard endoscopic interventions 
(epinephrine, cautery, or clipping) are  fi rst line therapy  [  78  ] . 
If the hemorrhage proves dif fi cult or impossible to control, 
or the patient demonstrates signs of hemodynamic instabil-
ity, urgent surgical intervention is necessary.  

   Complications 

 A number of diverse complications can occur in the manage-
ment of patients with lower gastrointestinal bleeding, 
re fl ective of the diverse etiologies attributable to this condi-
tion. Each treatment modality carries distinct risks. While 
conservative management is often the least “risky” clinical 
strategy, it can only be considered as such for the appropri-
ately selected patient population. In the acute setting, patients 
with signi fi cant lower gastrointestinal bleeding may require 
considerably more aggressive interventions to avoid 
signi fi cant morbidity and mortality. 

 Patients undergoing colonoscopy for either diagnostic or 
therapeutic purposes in the setting of lower gastrointestinal 
bleeding are at risk for bowel perforation during the proce-
dure, in some series up to 3%  [  24  ] . This risk is likely elevated 
in the setting of signi fi cant in fl ammation. It also seems logi-
cal that perforation risk would increase in the setting of brisk 
bleeding which might compromise effective visualization 
during the procedure. 

 Angiography carries its own set of unique risks, including 
the development of a hematoma, pseudoaneurysm, or uncon-
trolled bleeding at the puncture site. There is also a nontrivial 
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risk of damage to vascular structures along the path of the 
angiographic catheter. Additionally, there is an increased 
risk of thromboembolic events associated with angiographic 
intervention. Patients are also subject to the standard risks of 
contrast dye administration and the associated contrast-
induced nephropathy. Targeted vasopressin therapy must be 
closely monitored due to the risks of systemic cardiovascular 
effects, and this therapy confers a signi fi cantly increased risk 
to patients with severe cardiovascular disease  [  32  ] . 
Embolization of larger-caliber bleeding vessels can result in 
bowel ischemia, in some cases progressing to bowel necro-
sis. These risks will, of course, vary based on the underlying 
risk pro fi le of the patient as well as the skill and experience 
of the angiographer. 

 Surgical intervention for the management of lower gas-
trointestinal bleeding carries all of the risks of major abdom-
inal surgery. As with all surgical procedures; the risk pro fi le 
for the procedure must be adjusted based on the patient’s 
underlying comorbidities, as well as the physiologic state at 
the time of operation. A patient with lower gastrointestinal 
bleeding of signi fi cant magnitude to warrant acute or emer-
gent surgical intervention is, by de fi nition, not physiologi-
cally stable to the same degree as a patient undergoing a 
planned, elective procedure; therefore, the risk pro fi le is ele-
vated as with any patient undergoing an urgent or emergent 
procedure. In all but the most emergent of circumstances, the 
patient going to the operating room for the management of 
lower gastrointestinal bleeding will bene fi t from appropriate 
preoperative  fl uid resuscitation and correction of electrolyte 
abnormalities. Similarly, patients with any evidence of coag-
ulopathy should also be aggressively corrected prior to oper-
ative intervention if possible.  

   Conclusion 

 The appropriate follow-up for patients presenting with acute 
lower gastrointestinal hemorrhage is determined in large part 
by the underlying etiology of the bleeding, the severity of the 
presentation, and any operative or procedural interventions 
that were undertaken to address the bleeding. Patients who 
present with an initial lower gastrointestinal bleed are at ele-
vated risk of a subsequent bleed, and should be counseled as 
such. For patients who present with recurrent bleeding, the 
recurrent nature of the problem should be weighed when 
considering whether surgical intervention is appropriate. 

 For patients who presented with chronic low-grade bleed-
ing and anemia, it may be worthwhile to follow serial hema-
tocrits on an outpatient basis as a noninvasive preliminary 
screen for recurrent bleeding. Fecal occult blood testing can 
also be performed intermittently, although the yield from a 
single test is relatively low. If this method of surveillance is 
selected, testing should occur at least annually. With regard 

to longer term surveillance, all patients over 50 with a 
 non-elevated risk pro fi le should be receiving colon cancer 
screening per the US Preventive Services Task Force recom-
mendations  [  79  ]  via either annual fecal occult blood testing, 
 fl exible sigmoidoscopy every 3 years, or colonoscopy every 
10 years. A history of lower gastrointestinal bleeding does 
not, per se, alter these screening recommendations; however, 
if the etiology of the lower gastrointestinal bleed represents 
a factor associated with elevated risk for colorectal adeno-
carcinoma (i.e., lower gastrointestinal bleeding in the setting 
of ulcerative colitis), the screening intervals should be short-
ened accordingly.      
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         Introduction 

 Colonic volvulus was  fi rst recorded in the Ebers Papyrus in 
ancient Egypt. The authors astutely recognized that detor-
sion of the colon was crucial and that if the colon did not 
spontaneously reduce, it “rotted.” Early management of 
colonic volvulus was nonoperative and various techniques 
evolved from ancient Egypt until the late nineteenth century. 
Hippocrates proposed the insertion of a suppository, 12 in. in 
length to promote detorsion. Other practitioners used air 
insuf fl ation, oral ingestion of metal and lead balls as well as 
external manipulation in order to relieve the volvulus and 
concomitant bowel obstruction  [  1  ] . In 1859, Gay published 
his observations in an article entitled “Fatal obstruction from 
twisting of the meso-colon.” Through his work on cadavers, 
he observed that insertion of a rectal tube detorsed sigmoid 
volvulus, which led him to propose that all patients with sig-
moid volvulus have a rectal tube inserted  [  2  ] . By the late 
nineteenth century, nonoperative treatment was well estab-
lished. Operative treatment was avoided, as surgical mortal-
ity rates were high. In 1851 Malgaigne warned “you cannot 
be too reserved” in operating on volvulus. Trousseau echoed 
this sentiment and suggested that laparotomy be reserved for 
cases where “there was imminent danger to life.” [  1  ]  

 In the twentieth century, as surgical mortality rates 
declined, the transition to prompt operative management of 
volvulus began. In 1883, Atherton published the  fi rst 
reported case of successful operative reduction of sigmoid 
volvulus in the United States. Senn recognized the high 
rate of recurrence after simple detorsion of the colon and 
advocated an operative approach that included mesenteric 
shortening  [  3  ] . Surgeons used a variety of operative 

approaches during this time period including simple 
 detorsion, sigmoidopexy and sigmoid resection. By the end 
of the twentieth century, immediate surgical treatment was 
standard and nonoperative management was abandoned. 
This persisted until 1947 when Bruusgaard challenged this 
paradigm with the results of his success using nonoperative 
decompression in 91 patients with sigmoid volvulus. 
Reduction with a combination of proctoscopy and a rectal 
tube was successful in 123 attempts. Surgery was required 
acutely in 18 patients. Overall mortality for the 91 patients 
was 14.2%. These results swung the pendulum back to the 
middle and af fi rmed that in the acute phase, “treatment 
may be either non-operative or operative.” [  4  ]   

   Sigmoid Volvulus 

   Epidemiology 

 The word volvulus originates from the Latin “volvere,” 
which means to twist around. Colonic volvulus is the cause 
of 5–7% of large bowel obstructions in the United States. In 
other regions such as India, Turkey, Russia, Iran, Norway, 
and Africa, however, it is the most common cause of large 
bowel obstruction. The most common location of volvulus in 
the large bowel is the sigmoid (60–80%) followed by the 
cecum (20–40%)  [  5  ] . 

 Incidence, age distribution, and etiology vary by geo-
graphic region. For example, in Brazil, Chagas’ disease 
results in megacolon. In one study of 365 patients, 30% of 
patients with megacolon developed sigmoid volvulus. 
Volvulus is the most common cause of intestinal obstruction 
in pregnancy. Jain and colleagues reviewed 182 cases of 
bowel obstruction in pregnant women in which 44% were 
caused by sigmoid volvulus  [  6  ] . Adhesions from prior 
abdominal surgery may also contribute to the development 
of volvulus. In their series of 59 patients with sigmoid vol-
vulus, Ballantyne et al. found that 53% had a previous 
abdominal operation  [  5  ] . 

      Sigmoid and Cecal Volvulus       
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 In the United States, the most common patient presenting 
with sigmoid volvulus is chronically ill, elderly, and/or insti-
tutionalized. In a series of 99 patients with sigmoid volvulus 
published by Arnold et al., the average age was 66 and 13 
patients were admitted from nursing homes  [  7  ] . It is pro-
posed that patients of long-term care facilities and patients 
who require psychotropic medications have chronic consti-
pation, which promotes colonic lengthening and results in a 
redundant sigmoid colon. A number of studies con fi rm the 
relationship between chronic constipation and sigmoid vol-
vulus. Sinha documented that 85% of 211 patients with vol-
vulus were chronically constipated. Of 45 cases reviewed by 
Hines et al., 73% of the patients reported severe, chronic 
constipation  [  8  ] . Regardless of the etiology, the twisting of 
the sigmoid colon on its mesentery results in decreased arte-
rial in fl ow and venous out fl ow leading to intestinal ischemia. 
Prompt intervention is necessary to avoid progression to 
intestinal necrosis.  

   Clinical Presentation and Diagnosis 

 The sigmoid colon is, on average, 38 cm in length but may 
range from 15 to 50 cm. The arterial supply to the sigmoid 
originates from the inferior mesenteric artery with two to six 
sigmoid branches that form collaterals with the left colic 
artery. These arterial arcades also contribute to the marginal 
artery of Drummond. Venous and lymphatic drainage fol-
lows the arterial supply. In general, the sigmoid colon is 
mobile with a long and  fl oppy mesentery. Two anatomic fea-
tures contributing to the development of sigmoid volvulus 
are acquired and include a redundant sigmoid colon along 
with a narrow, elongated mesentery. As stated previously, 
altered intestinal motility from factors such as chronic con-
stipation, diets high in  fi ber and vegetables and psychotropic 
medications is believed to promote colonic lengthening  [  5  ] . 

 Colonic volvulus is a surgical emergency that must be 
recognized and treated promptly. Delayed intervention leads 
to signi fi cant morbidity and mortality from intestinal isch-
emia and bowel necrosis. Patients with sigmoid volvulus 
generally present with evidence of large bowel obstruction. 
Signs and symptoms include abdominal pain and/or disten-
tion, nausea, vomiting, constipation, and obstipation. 
Abdominal distention is the most signi fi cant clinical exam 
 fi nding. In some cases the distention is so pronounced that it 
interferes with cardiac and respiratory function. Up to 60% 
of patients presenting with sigmoid volvulus have a history 
of similar episodes. In cases where volvulus has progressed 
to intestinal ischemia, patients may exhibit systemic mani-
festations including: peritonitis, fever, tachycardia, and 
leukocytosis. 

 Although the patient’s history and physical exam  fi ndings 
may suggest a diagnosis of sigmoid volvulus, radiographic 

imaging is used for con fi rmation. Plain abdominal X-rays 
are diagnostic in over 50% of cases and have a reported 
speci fi city of 85%. The volvulus will appear as a “bent inner-
tube,” with a markedly dilated, ahaustral colon (Fig.  30.1 ). 
This characteristic shape is also referred to as an “omega,” 
with the convex aspect pointing toward the right upper quad-
rant (Fig.  30.2 ). The addition of a barium enema increases 
the diagnostic accuracy of plain X-rays to 90%. On these 
contrast studies the distal colonic tapering produces the clas-
sic “bird’s beak” appearance. Using a contrast enema to 
attempt reduction of sigmoid volvulus, however, is not rec-
ommended because of the risk of colonic perforation. 
Computed tomography (CT) may also be used in the diag-
nostic process. The twisted mesentery seen on CT is referred 
to as a “whirl” sign, created by the rotation of afferent and 
efferent bowel loops around the point of obstruction. The 
advantage of CT scan over plain radiographs is that other 
sources of abdominal pathology can be identi fi ed if the diag-
nosis is not sigmoid volvulus.    

   Management 

 The initial management of sigmoid volvulus involves prepar-
ing the patient for intervention. Typically, patients are volume 

  Fig. 30.1    “Bent inner tube” sign associated with sigmoid volvulus. 
Published with permission from William Herring, MD, FACR, learnin-
gradiology.com       
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depleted and may have electrolyte abnormalities. A nasogastric 
tube and urinary catheter should be inserted. Broad spectrum 
antibiotics are recommended due to the potential for bacte-
rial translocation through the compromised bowel wall. 
Depending on the severity of systemic manifestations, cen-
tral venous pressure (CVP) monitoring should be considered 
to help guide in the resuscitation. 

 A proposed algorithm for the management of sigmoid 
volvulus is presented in Fig.  30.3 . Since the publication of 
Bruusgaard’s article in 1947, nonoperative decompression is 
considered the initial treatment of choice for patients with 
sigmoid volvulus. However, the  fi rst decision that must be 
made is whether or not the patient is a candidate for nonop-
erative reduction. If there is any evidence that the patient has 
colonic ischemia, there should be no delay in operative treat-
ment and the patient should proceed immediately to surgery. 
These patients should  not  have an attempt at endoscopic 
reduction. Mortality rates for patients with sigmoid volvulus 
increase dramatically in the presence of compromised bowel. 
In a study published more than 100 years ago by Moynihan 
looking at patients with sigmoid volvulus, mortality was 
80% in patients with gangrenous bowel as compared to 
10.6% in patients with viable colon  [  9  ] . This has not changed 
dramatically. In 2000, Madiba and Thompson cited an over-
all 38% mortality rate in patients with gangrenous colon, 
which (similar to the Moynihan study) is eight times higher 
than the mortality rate for those with viable bowel  [  10  ] .  

 Patients with peritonitis or any signs of bowel ischemia 
should proceed directly to the operating room. Likewise, 
patients who fail endoscopic decompression or those that 
have evidence of ischemia on endoscopic evaluation also 

  Fig. 30.2    “Omega” sign associated with sigmoid volvulus. Published 
with permission from William Herring, MD, FACR, learningradiology.
com       

  Fig. 30.3    Algorithm for the 
management of sigmoid volvulus       
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require surgical resection. The type of operation in this case 
will depend on the viability of the colon and the patient’s 
clinical condition. Although there are reports describing non-
resectional operations for sigmoid volvulus such colopexy, 
mesosigmoidoplasty and laparoscopic  fi xation, they are not 
considered standard and are beyond the scope of this chapter. 
Therefore, only resectional options are discussed. 
If the colon is viable at the time of operation it is appropriate 
to proceed with sigmoid resection and primary anastomosis. 
The extent of sigmoid resection should be limited to the area 
of sigmoid colon that is redundant and freely mobile. If the 
bowel is ischemic and/or the patient is hemodynamically 
unstable, the operation of choice is a sigmoid resection and 
end colostomy (Hartmann procedure). As stated previously, 
if the volvulus has progressed to the point of intestinal gan-
grene at the time of colectomy the mortality rate is extremely 
high (50–80%). Cirocchi et al. reviewed 23 patients with sig-
moid volvulus and separated them into two groups: patients 
who were completely obstructed and those with symptoms 
considered “sub-occlusive.” The mortality rate in the obstruc-
tion group overall was 44% but increased to 57% in patients 
who had signs and symptoms of peritonitis and required sig-
moid resection with end colostomy. In the group with sub-
occlusive symptoms, mortality increased from 35 to 50% in 
patients with a delayed diagnosis who required sigmoid 
resection with end colostomy  [  11  ] . 

 If there is no evidence of ischemia, the  fi rst step in man-
agement is endoscopic detorsion. As mentioned previously, 
in the Bruusgaard series, reduction was achieved 123 times 
with a combination of proctoscopy and rectal tube place-
ment. A review of 19 American series involving a total of 
596 patients also con fi rmed that endoscopic decompression 
is successful in the majority of cases. In these patients, non-
operative reduction was successful 417 times. Nineteen per-
cent of cases were reduced with proctoscopy, 40% with a 
combination of proctoscopy and rectal tube and 0.2% with 
colonoscopy  [  1  ] . A more recent study, published in 2010 by 
Tan et al. reviewed their 9-year experience with sigmoid vol-
vulus. Seventy-one patients were admitted 134 times for 
acute sigmoid volvulus. The authors were able to achieve 
endoscopic decompression with a success rate of 78%. They 
used  fl exible sigmoidoscopy as their modality of choice. 
Decompression with a rectal tube only was successful in 
57.1% of cases. Their results also reinforce the bene fi ts of 
endoscopic decompression as the mortality rate for emer-
gency surgery in their series was 17.6%  [  12  ] . 

 Endoscopic decompression may be performed with either 
a rigid or  fl exible scope. An advantage of the  fl exible scope 
is that it is longer and easier to maneuver. The rigid scope, 
however, allows for the placement of a rectal tube through 
the lumen of the scope. The patient should be positioned 
supine, on their left side with knees  fl exed towards the chest. 
The scope is gently inserted through the anus and advanced 

slowly to the point of obstruction. The most common loca-
tion of obstruction is around 15 cm above the anal verge. 
It should be noted that if there is  any  evidence of intestinal 
ischemia or necrosis, the scope should be terminated and the 
patient taken immediately to the operating room. In the case 
of viable mucosa, gentle insuf fl ation and advancement is 
employed until the loop of colon is decompressed. This is 
usually veri fi ed by the scope passing into a more dilated seg-
ment of colon along with a return of  fl atus and stool. The 
evacuation of  fl atus and stool may be immediate so the prac-
titioner should be prepared and dressed in a gown, gloves 
and mask. When using the rigid scope, a rectal tube can be 
inserted via the lumen. If a  fl exible scope is used it should be 
gently withdrawn and a rectal tube advanced. It is appropri-
ate to use either a red rubber catheter or Foley catheter as the 
rectal tube. This must be secured to the thigh or perineal 
region to prevent dislodgement and left in place for 48–72 h. 
Fig.  30.4  shows successful decompression of the colon after 
rectal tube placement.  

 Although nonoperative reduction of sigmoid volvulus spares 
the patient emergent surgery, it is not considered de fi nitive 
treatment as patients decompressed by endoscopy are likely to 
recur. In a study from Northwestern, the recurrence rate after 
endoscopic decompression was 90%  [  13  ] . In the Tan study, the 
rate of recurrence after successful nonoperative reduction was 

  Fig. 30.4    Decompressed sigmoid colon after rectal tube placement. 
Published with permission from William Herring, MD, FACR, learnin-
gradiology.com       
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60.9%. Furthermore, a 15.4% mortality rate is associated with 
detorsion without resection. Brothers et al. reviewed 39 patients 
with colonic volvulus over a 9-year period. Twenty-nine 
attempts were made at reduction with either colonoscopy or 
sigmoidoscopy with a success rate of 55%. The recurrence rate 
after successful decompression, however, was 57%  [  14  ] . 

 Endoscopy is a temporizing measure that allows the 
patient to be prepared for elective resection, ideally with pri-
mary anastomosis. Once detorsion is achieved, the patient 
can be adequately hydrated and undergo bowel preparation 
for surgery scheduled during the same hospital admission. 
Elective resection would proceed as described previously 
with removal of the redundant and freely mobile segment of 
sigmoid colon involved in the volvulus. This procedure is 
associated with low morbidity and mortality rates and an 
approximately 5% anastomotic leak rate. In a small percent-
age of cases, the remaining colon is massively dilated (mega-
colon) as a result of the distal obstruction caused by the 
volvulus. If megacolon is present and there is concern for the 
viability of the remaining colon, the surgeon should consider 
a total abdominal colectomy with either ileo-rectal anasto-
mosis or end ileostomy and planned reconstruction at a sec-
ond operation. This is a rare circumstance and typically not 
encountered at operation for sigmoid volvulus.  

   Summary 

 Sigmoid volvulus is a clinical entity that has been recognized 
and treated since ancient times. It is a surgical emergency 
that the practicing acute care surgeon must recognize and 
treat promptly. Diagnosis is based on physical exam  fi ndings 
in combination with radiographic imaging. As mentioned 
previously, patients with evidence of bowel ischemia must 
proceed directly to the operating room without delay. In the 
absence of signs of bowel ischemia, the initial treatment is 
endoscopic decompression followed by de fi nitive operative 
intervention. Overall the patients who have the best out-
comes after sigmoid volvulus are those that undergo success-
ful endoscopic detorsion followed by resection and primary 
anastomosis of prepared bowel on the same hospital 
admission.   

   Cecal Volvulus 

   Epidemiology 

 Cecal volvulus was  fi rst described by Hildanus in the 
sixteenth century and later by Rokitansky in 1837. It is a sur-
gical emergency, resulting from an axial twist of the cecum, 
distal ileum and proximal colon around a mesenteric pedicle. 
It is the second most common location for colonic volvulus 

following the sigmoid and is responsible for 20–40% of all 
cases. The overall incidence of cecal volvulus in the general 
population is approximately 2.8–7.1 million people per year  [  5  ] . 
Unlike sigmoid volvulus in which the predisposing ana-
tomic factors are acquired, cecal volvulus has a congenital 
etiology. The right colon is a midgut structure that initially 
leaves the abdominal cavity during fetal development and 
rotates counterclockwise around the superior mesenteric 
artery. When the midgut structures return to the abdominal 
cavity at 9 weeks gestation, the ascending colon assumes a 
 fi xed retroperitoneal position. Patients who present with 
cecal volvulus have a mobile cecum that lacks normal retro-
peritoneal  fi xation. In a review of 125 cadavers at 
Northwestern, 11.2% were found to have freely mobile 
right colons and 25.6% had enough cecal mobility to allow 
volvulus to occur  [  5  ] . 

 The age, geographic distribution, and predisposing fac-
tors of patients who present with cecal volvulus are different 
than those with sigmoid volvulus. In 1949, Donhauser 
reviewed 100 patients with cecal volvulus; the mean age of 
presentation was 40  [  16  ] . Rabinovici and colleagues reviewed 
561 cases of cecal volvulus from 1959 to 1989. This is the 
largest review in the literature to date. The mean age at pre-
sentation was 53.3 years and there was a slight female pre-
dominance  [  15  ] . In the Ballantyne series of 71 patients with 
cecal volvulus, the mean age at presentation was 59 years 
and the authors also noted a female-to-male predominance 
(59% versus 41%)  [  5  ] . More recent literature re fl ects an 
increase in age at presentation but this may be due to the 
aging of the population. Cecal volvulus is more prevalent in 
India where it accounts for 4.3% of cases of acute obstruc-
tion. In the United States, Britain and Western Europe, cecal 
volvulus is the cause of 1% of acute obstructions  [  7  ] . 

 Although a mobile cecum is the anatomic predisposing 
factor for volvulus, not all individuals with cecal mobility 
will develop volvulus. Precipitating factors for cecal volvu-
lus include prior abdominal surgery, pregnancy, mental ill-
ness, obstructing lesions of the distal colon, and the presence 
of other acute medical conditions. Adhesions from prior sur-
gery may act as a  fi xed point for the colonic volvulus. 
Rabinovici found that 39% of patients with cecal volvulus 
had a history of prior abdominal surgery and Ballantyne 
noted that 68% of their patients had a prior abdominal opera-
tion  [  5,   15  ] . During pregnancy the gravid uterus can displace 
a mobile cecum from its normal anatomic position. In the 
Rabinovici series, 10% of patients with cecal volvulus were 
pregnant, which is consistent with the  fi ndings of Donhauser 
et al. in 1949  [  15,   16  ] . Similar to sigmoid volvulus, acute 
medical illnesses, including psychiatric disorders, are associ-
ated with the development of cecal volvulus. The mechanism 
for this is not entirely clear but is most likely related to the 
chronic constipation associated with these conditions. 
Finally, mechanical factors also play a role in cecal volvulus. 
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In 1969, Krippaehne found that 8 out of 22 patients with 
cecal volvulus had distal colonic obstruction  [  17  ] . Two 
patients in the Ballantyne series had distal colonic obstruc-
tion. Although patients may present without any of the risk 
factors outlined previously, it is crucial to obtain a thorough 
history on initial presentation.  

   Clinical Presentation and Diagnosis 

 The cecum is a sac-like portion of the ascending colon. It has 
a diameter of 7.5 cm and a length of 10 cm. The arterial sup-
ply to the cecum is derived from the ileocolic branch of the 
superior mesenteric artery. Although the cecum is thin walled 
and can tolerate distention, there is a risk of perforation and 
necrosis when it reaches a diameter of  ³ 12 cm. True cecal 
volvulus involves axial torsion, or a twist of 180–360°, along 
the longitudinal axis of the ascending colon. A subset of 
patients may present with the “loop” type of cecal volvulus. 
In this case, the cecum and often the terminal ileum twist  and  
invert into the left upper abdominal quadrant. It is important 
to differentiate these from a separate entity, cecal bascule, 
which is often confused with cecal volvulus. Cecal bascule is 
an anteromedial  fold  of the cecum in relation to the ascend-
ing colon that creates a mechanical obstruction at the site of 
cecal  fl exion. It does not result from a lack of retroperitoneal 
 fi xation and ischemic changes are infrequent. It is found in 
10–33% of patients who undergo surgery for cecal volvulus. 
A consistent operative  fi nding in patients with cecal bascule 
is a constricting band across the ascending colon of unclear 
etiology. 

 Patients with cecal volvulus present with signs and symp-
toms of small bowel obstruction. Early diagnosis is critical 
as cecal volvulus creates a closed loop obstruction and 
20–30% of patients with cecal volvulus will have gangre-
nous bowel at the time of laparotomy. The most common 
symptoms of cecal volvulus in the Rabinovici series (in order 
of frequency) were: abdominal pain, abdominal distention, 
constipation, nausea/vomiting and diarrhea. The most com-
mon abdominal signs in the same series (in order of fre-
quency) were: distention, hyper-peristalsis, peritoneal signs, 
abdominal mass and hypoperistalsis  [  15  ] . Many patients 
with cecal volvulus report a history of waking from sleep 
with the sudden onset of pain leading some to hypothesize 
that the normal movements during sleep may displace a pre-
disposed right colon to an abnormal location. 

 In addition to history and physical exam  fi ndings, radio-
graphic imaging is used to diagnose cecal volvulus. Plain 
abdominal X-rays have a speci fi city of 60% and show the 
dilated cecum directed upwards into the left upper quadrant 
with a characteristic “coffee bean” appearance (Fig.  30.5 ). In 
the case of cecal bascule, abdominal X-rays show the cecum 
located more centrally, rather than towards the left upper 

quadrant. Ballantyne diagnosed 38% of patients with cecal 
volvulus based solely on abdominal radiographs. In the 
Rabinovici series, 46% of plain abdominal X-rays were con-
cerning for cecal volvulus; 30% were misinterpreted as small 
bowel obstruction. Only 17% were diagnostic  [  15  ] . The 
addition of water-soluble contrast or barium enema may aid 
in diagnosis if plain  fi lms are equivocal. Rabinovici found 
that the addition of barium enema to plain  fi lms increased 
accuracy to 88%  [  15  ] . Over the past several years, CT scan 
has become the more common initial imaging for patients 
presenting with acute abdominal pain. The bene fi ts of CT 
versus plain X-rays are that they are more sensitive at detect-
ing complications of volvulus such as ischemia and perfora-
tion. The  fi rst indication of the presence of cecal volvulus 
visualized on CT scan is massive dilation of the cecum with 
displacement into the left upper quadrant, similar to what is 
seen on abdominal radiographs (Figs.  30.6  and  30.7 ). 
Haustral markings on the enlarged cecum indicate that it is 
large bowel despite its abnormal anatomic position. Two CT 
scan  fi ndings, typically attributed to sigmoid volvulus, which 
are also applied to cecal volvulus are the “bird beak” and the 
“whirl” sign. The bird beak is created by the tapering of both 
ends of the closed loop obstruction. The whirl is created by 
loops of collapsed large bowel along with an engorged, 
twisted colonic mesentery  [  18  ] .     

   Management 

 Endoscopic detorsion is  only  advised for volvulus of the sig-
moid colon. Although there is a reported success rate of 
5–25% for endoscopic detorsion of cecal volvulus in the lit-
erature, it is not the appropriate treatment for this disease 

  Fig. 30.5    Cecal volvulus on plain X-ray. Image courtesy of the 
Department of Radiology, Cooper University Hospital       
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process  [  19  ] . Several reports demonstrate that while detor-
sion of the cecum is feasible, it is technically dif fi cult, often 
unsuccessful and not considered standard of care. Once the 
diagnosis of cecal volvulus is made, the patient will need 
operative intervention. Early recognition and operative inter-
vention are essential to avoid colonic ischemia, perforation, 
sepsis and death  [  20  ] . Patients with bowel obstruction from 
cecal volvulus must be prepared for prompt surgical man-
agement. They may be volume depleted with electrolyte 

abnormalities. Intravenous access must be secured to allow 
for  fl uid resuscitation and a nasogastric tube and Foley cath-
eter inserted. As in the case of patients with sigmoid volvu-
lus, broad spectrum antibiotics should be administered 
preoperatively. 

 A proposed algorithm for the management of cecal vol-
vulus is presented in Fig.  30.8 . Patients with any evidence 
of or concern for bowel ischemia are taken immediately to 
the operating room. For this patient population a resec-
tional procedure, right hemicolectomy, is advised. The 
decision of whether or not to perform a primary anastomo-
sis after right hemicolectomy is based upon  fi ndings at the 
time of operation and sound surgical judgment. If the 
bowel is viable and the patient is stable, it is appropriate to 
proceed with a right hemicolectomy and ileocolic anasto-
mosis. If the patient is unstable and/or the bowel viability 
is in question, a right hemicolectomy with end ileostomy is 
the surgical procedure of choice. In the Ballantyne series, 
27 patients had a right hemicolectomy with primary anas-
tomosis. None had recurrence during the follow-up period 
which ranged from 4 months to 20 years. Of the patients 
that required right hemicolectomy with end ileostomy, 
none had subsequent gastrointestinal complications and all 
had bowel continuity restored  [  5  ] . In rare cases of hemody-
namic instability and bowel necrosis, damage control lapa-
rotomy is an option. In this procedure, necrotic bowel is 
resected, bowel continuity is  not  restored at the  fi rst opera-
tion and the patient returns to the operating room in 24–48 h 
after resuscitation in an intensive care setting. A full dis-
cussion of damage control surgery is beyond the scope of 
this chapter. However, the acute care surgeon should be 
familiar with the principles of damage control surgery and 
prepared to utilize this technique if the patient’s condition 
requires it.  

 In patients diagnosed with cecal volvulus where there is 
no concern for bowel ischemia, operative intervention must 
still be prompt. There are surgical options for viable colon 
that do not involve resection, which include detorsion, 
cecopexy, and cecostomy. Cecal detorsion does not address 
the underlying issue and is not currently recommended—it 
simply relieves the obstruction and is associated with high 
rates of recurrence (10–20%). Cecopexy involves suturing 
the right colon to the right paracolic gutter. One technique 
involves creating a  fl ap from the parietal peritoneum and 
securing it anteriorly to the cecum and ascending colon. This 
creates a retroperitoneal “pocket,” which secures the cecum 
in place. Cecopexy does not involve resection or anastomo-
sis and consequently, is associated with low rates of infec-
tion. However, the placement of sutures through a thin walled 
and distended cecum is dif fi cult and may result in perfora-
tion. Recurrence rates with cecopexy are also high (20–38%) 
and the mortality rate associated with cecopexy is approxi-
mately 9%  [  20  ] . 

  Fig. 30.6    CT scan “scout”  fi lm of patient with cecal volvulus. Image 
courtesy of the Department of Radiology, Cooper University Hospital       

  Fig. 30.7    Cecum located in  left  upper quadrant on CT scan. Image 
courtesy of the Department of Radiology, Cooper University Hospital       
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 Historically, cecostomy tube placement was utilized as a 
non-resectional alternative for cecal volvulus. Cecostomy 
involves the creation of an enterotomy in the cecum to 
facilitate the placement of a soft rubber tube. Circumferential 
purse-string sutures are placed in the cecal wall prior to 
enterotomy. Once the catheter is placed through the entero-
tomy the purse string sutures are secured. For added secu-
rity, the cecum may be af fi xed to the anterior abdominal 
wall. This provides bowel decompression as well as  fi xation. 
In some series, cecostomy was associated with low rates of 
recurrence (1–2%). In the Rabinovici series, however, 
cecostomy tube placement was associated with the highest 
rate of complications. The authors noted a 52% complica-
tion rate, 22% mortality rate and 14% recurrence rate after 
tube cecostomy  [  15  ] . Complications included wound infec-
tion, abdominal wall necrosis, cecal necrosis, and intra-
abdominal leakage around the cecostomy tube. The authors 
strongly recommended in their conclusions that “cecos-
tomy should be abandoned.” Currently, cecostomy tube 
placement is reserved only for patients who are too unstable 
to undergo colonic resection because of medical comor-
bidities. Tube cecostomy can be performed safely under 
local anesthesia. 

 Although non-resectional procedures were described and 
utilized into the 1990s, Meyers et al. advocated as early as 
1972 that patients with cecal volvulus undergo right colon 
resection whenever possible  [  21  ] . A right hemicolectomy 
precludes the possibility of recurrent volvulus and is cur-
rently considered the standard operative treatment for patients 
with cecal volvulus who have viable bowel. Although an 
open operation is most commonly performed, laparoscopic 

approaches are described. Right hemicolectomy is safe and 
effective and morbidity and mortality rates are low. If a cecal 
bascule is encountered at operation for diagnosis of cecal 
volvulus, there are two possible options: ileocecectomy or 
right hemicolectomy. If it is a true cecal bascule (limited to 
the cecum only with a normally  fi xed ascending colon), ileo-
cecectomy is appropriate. If the ascending colon is mobile 
and not  fi xed to the retroperitoneum, a right hemicolectomy 
should be performed  [  22  ] .  

   Summary 

 Cecal volvulus was recognized in the sixteenth century and 
is considered a surgical emergency. As in the case of sigmoid 
volvulus, delay in diagnosis and treatment is the leading 
cause of morbidity and mortality. Diagnosis is based on 
physical exam  fi ndings in conjunction with the results of 
radiographic imaging. Approximately 30% of patients who 
present with cecal volvulus will have bowel compromise at 
laparotomy. In comparison to sigmoid volvulus, complica-
tions from surgical treatment for cecal volvulus are much 
lower. Therefore, an aggressive approach to management 
which involves colonic resection and primary anastomosis is 
advocated. Although non-resectional options have been 
described, they are primarily of historical interest. Cecostomy 
tube placement is still reserved for patients with a diagnosis 
of cecal volvulus who are unable to tolerate operative inter-
vention. Overall, patients who have the best outcomes after 
cecal volvulus are those that are diagnosed early and have 
immediate operative intervention.   

  Fig. 30.8    Algorithm for the 
management of cecal volvulus       
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   Conclusion 

 Although colonic volvulus is not the most common cause of 
bowel obstruction in adults, it is a serious condition that the 
acute care surgeon may encounter in their practice. Any 
patient presenting with signs and symptoms of bowel obstruc-
tion must be evaluated promptly and colonic volvulus should 
be included on the list of differential diagnoses. The type of 
intervention depends on the location of the volvulus and the 
patient’s clinical presentation. The information and algo-
rithms provided in this chapter are intended to serve as a 
guide for the acute care surgeon when faced with this rela-
tively uncommon yet life-threatening disease process.      
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         Introduction 

 Benign anorectal emergencies are among the most com-
monly encountered surgical emergencies in the acute care 
setting. Although nearly all anorectal emergencies are benign 
in nature, and rarely life threatening, the severity of pain 
often demands the most immediate attention. This chapter 
reviews the acute presentations of  fi ssure, hemorrhoids, 
abscess,  fi stula, and anorectal trauma. In order to fully appre-
ciate the nature of these disease processes, and the most 
appropriate therapies, a review of basic anorectal anatomy is 
required.  

   Anatomy 

 The surgical anal canal measures approximately 4 centime-
ters (cm) in length, originating from the rectum as it passes 
through the levator ani muscle where the puborectalis muscle 
loops behind the anorectal junction (the anorectal ring), and 
extending distally to the anal verge. Within the anal canal, 
the dentate line lies 2 cm proximal to the anal verge. This is 
a critical surgical landmark demarcating the transition of 
columnar epithelium proximally and strati fi ed squamous 
epithelium distally. In fact, the mucosa 1 cm proximal to the 
dentate line may be columnar, cuboidal, or squamous, and 
is therefore termed the transitional, or cloacogenic, zone. 
The columns of Morgagni reside in this zone. The dentate 

line also serves as a point of division for the nervous system, 
vascular supply, and lymphatic drainage of the anal canal. 
Proximal to the dentate line, the anorectal mucosa is inner-
vated by the autonomic nervous system and relatively insen-
sate. Distal to the dentate line, the anoderm and anal mucosa 
is richly innervated by the somatic nervous system, which 
accounts for the signi fi cant pain associated with anorectal 
diseases. The vascular supply to the anal canal is highly col-
lateralized and supplied by the inferior mesenteric artery 
(IMA) via the superior rectal (hemorrhoidal) artery, the inter-
nal iliac arteries via the middle rectal arteries, as well as the 
internal pudendal arteries via the inferior rectal arteries. 
Proximal to the dentate line, venous return is via the inferior 
mesenteric vein (IMV) to the portal circulation, with lym-
phatics draining into the inferior mesenteric and internal iliac 
nodes. Distal to the dentate line, venous drainage proceeds 
through the systemic circulation by way of the internal iliac 
and internal pudendal veins, with lymphatic drainage pri-
marily to the inguinal lymph nodes. 

 The internal sphincter is a continuation of the circular 
smooth muscle of the rectum, is innervated by the auto-
nomic system, and under involuntary control. On the con-
trary, the external sphincter is a continuation of the 
skeletal longitudinal muscle layer of the rectum and is 
under voluntary control. The space between the internal 
and external anal sphincters is termed the intersphincteric 
space and normally contains 6–10 anal glands, which are 
implicated in anal abscess and  fi stula formation. There is 
a preponderance of glands at the posterior aspect of the 
anal canal. 

 In order to communicate  fi ndings of physical examination, 
accurate anatomic description is required. Historically, loca-
tions related to the face of a clock have been commonly used to 
describe pathology around the anus. However, without know-
ing the patient position during the exam—i.e., prone jackknife, 
lateral, lithotomy—it is impossible to correlate clock location 
to anatomic location. Therefore, all terminology should be with 
reference to the patient, independent of positioning, such as 
anterior/posterior and right/left lateral positions.  
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   Anal Fissure 

   Epidemiology/Pathophysiology 

 Anal  fi ssure is one of the most common reasons for patients 
to present with severe anal pain. Anal  fi ssure, also called 
 fi ssure-in-ano, is a linear ulcer in the squamous epithelium of 
the anoderm. Fissures are typically found in the posterior 
midline extending from the dentate line to the anal verge. 
This condition affects both men and women equally and is 
often seen in young adults, as well as peripartum women. 
The process begins with a break in the anal mucosa as a 
result of hard stool, diarrhea, or direct trauma (anal inter-
course, vaginal delivery). A majority of these epithelial dis-
ruptions heal spontaneously; however, some  fi ssures do not 
heal and become chronic. Increasing evidence suggests that 
the acute  fi ssure causes spasm of the internal sphincter, per-
haps due to pain and in fl ammation. Spasm of the internal 
sphincter diminishes perfusion to the  fi ssure, resulting in 
relative ischemia. This theory is supported by documentation 
that increased sphincter pressures cause ischemia, and that 
perfusion of the posterior midline, the most common loca-
tion of  fi ssure, suffers the most signi fi cant ischemia  [  1,   2  ] . 
Schouten et al. established this relationship between pro-
longed spasm of the internal anal sphincter, increased anal 
pressures, decreased blood  fl ow to the posterior anal canal, 
and non-healing of the  fi ssure  [  3  ] . For this reason, treatment 
modalities, both medical and surgical, are directed towards 
treating the hypertonicity of the internal anal sphincter, 
which restores perfusion, and subsequent healing of the 
 fi ssure.  

   Clinical Manifestations 

 The most common symptom reported by patients with anal 
 fi ssure is severe anal pain, which can be incapacitating. This 
pain is typically described as sharp or tearing. The pain is 
precipitated by the passage of stool and may last hours after 
a bowel movement due to internal sphincter spasm. 
Characteristic symptoms also include hematochezia, usually 
described as a few drops of bright red blood on the toilet 
paper, and less commonly pruritus or drainage. A history of 
constipation and/or diarrhea can sometimes be elicited either 
as a precipitating factor or a consequence due to severe 
pain.  

   Diagnosis 

 Although the diagnosis can often be made by the clinical his-
tory, con fi rmation requires physical exam. In the of fi ce or the 

emergency room, the ability to perform a digital rectal exam 
(DRE) or anoscopy is often limited secondary to pain and 
thus should be appropriately deferred. Gentle spreading of 
the buttocks, without DRE, will usually reveal the distal edge 
of the anal  fi ssure. In approximately 90% of cases, the anal 
 fi ssure is identi fi ed at the posterior midline, but can be seen 
in the anterior midline in 10–20% cases. Fissures occurring 
in lateral or ectopic locations, as well as multiple  fi ssures, 
require a more thorough and specialized workup as this 
raises the suspicion of an underlying disease such 
in fl ammatory bowel disease (Crohn’s disease), acquired 
immunode fi ciency syndrome (AIDS), syphilis, tuberculosis, 
trauma, or systemic malignancy. 

 In patients with acute  fi ssures (less than 6 weeks), the 
exam will often reveal a simple tear in the anoderm, whereas 
patients with chronic  fi ssures demonstrate more edema and 
 fi brosis around the  fi ssure. Speci fi cally, a sentinel skin tag 
(“sentinel pile”) can be seen at the distal aspect of the  fi ssure. 
This is often confused with a painful hemorrhoid by both the 
patient and physician. Close inspection of the base of the 
 fi ssure will reveal exposed  fi bers of the internal sphincter. 
There may also be a hypertrophied anal papilla proximal to 
the  fi ssure within the anal canal.  

   Treatment 

 All treatment strategies are directed at breaking the cycle of 
pain, sphincter spasm, ischemia, and non-healing of the 
 fi ssure. The  fi rst line of treatment for most  fi ssures is medical 
management, which includes stool bulking agents ( fi ber), 
stool softeners or lubricants, and increased water intake in 
order to reverse or prevent constipation. Patients should also 
be advised to take warm sitz baths three to four times daily, 
which relaxes the internal sphincter. Additionally, some sur-
geons prescribe lidocaine ointment for topical anesthesia. 
This may provide symptomatic relief; however, it is ineffec-
tive at relieving sphincter spasm. All patients should be 
reevaluated after 4–8 weeks of continuous therapy. Some 
patients may require oral analgesics, and should be informed 
regarding the constipating effects of narcotics. Acute anal 
 fi ssures will often heal with resolution of symptoms during 
this time, and these patients should be advised to continue on 
a high- fi ber diet to prevent recurrent constipation. 

 Patients with severe or persistent symptoms should be 
offered further therapy with topical nitrates or calcium chan-
nel blockers (CCB). Topical therapy with nitric oxide donors, 
such as nitroglycerin (NTG), or calcium channel blockers 
(CCB), such as nifedipine or diltiazem, is thought promote 
healing by causing muscle relaxation, with accompanying 
vasodilation and increased blood  fl ow. The healing rate asso-
ciated with nitrates is approximately 50–60%. A recent 
Cochrane review concluded that topical NTG therapy 



38531 Anorectal Emergencies

remains only marginally better than placebo for the treat-
ment of anal  fi ssures  [  4  ] . Once nitrate therapy has stopped, 
anal pressures may return to pretreatment levels, and thus, 
the recurrence rates after nitrate treatment when compared 
with operative treatment are dramatically higher  [  5  ] . 
Treatment with nitrate therapy can also be associated with 
signi fi cant headaches in 20% of patients, resulting in cessa-
tion of therapy. There is little data directly comparing CCB 
therapy to placebo; however, clinical trials suggest healing 
rates similar to nitrates, without a signi fi cant incidence of 
headaches  [  4  ] . In the case of both nitrate and CCB therapy, 
increasing dosage does not improve healing, but instead 
increases the dose-dependant incidence of headaches  [  6  ] . 
A typical dosing regimen is 0.2% NTG ointment or 0.3% 
nifedipine ointment applied three times daily to the anal mar-
gin for 8 weeks. 

 For those patients who have failed medical management, 
an additional treatment option is botulinum toxin injection, 
which inhibits the release of acetylcholine from presynaptic 
nerve endings, thereby promoting relaxation of the internal 
sphincter. Due to signi fi cant variations in dose (10–100 U), 
injection location (intersphincteric space versus internal or 
external sphincter), and number of injections, the true effec-
tiveness of botox injections remains unclear. A recent recom-
mendation from the American Society of Colon and Rectal 
Surgeons supports botox injection as a second line therapy for 
patients who have failed other medical therapies. Published 
healing rates are within the range of 60–80%, and subsequent 
recurrence rate of 40%  [  7  ] . The effects of botox are tempo-
rary, typically lasting 3 months, which is adequate time for 
the  fi ssure to heal. This temporary effect of botox is appealing 
to patients, since a major side effect is incontinence to  fl atus 
and/or stool in up to 18% of patients. The effect is temporary 
and resolves as the effects of botox dissipate over time. 

 Surgical therapy remains the treatment of choice for 
patients with refractory anal  fi ssures unresponsive to nonop-
erative therapy, or those whose symptoms are so severe that 
they cannot tolerate a trial of medical therapy. In the majority 
of cases, surgical therapy can be done on an elective basis. 
The “gold standard” of surgical therapy is lateral internal 
sphincterotomy (LIS), which has been shown to be superior 
to the historical method of anal dilation with regard to heal-
ing and complications rates. Indeed, anal dilation has largely 
been abandoned due to inef fi cacy and unacceptable inconti-
nence rates. Lateral internal sphincterotomy is an operation 
in which a portion of the internal anal sphincter is divided. 
This operation yields 95% initial healing rate with only 3% 
recurrence  [  8  ] . The complication rates are similar between 
the open and closed technique and include bleeding, infec-
tion, and incontinence to  fl atus or stool in 10–20% of patients. 
Kang et al. suggested that closing the anoderm after open 
sphincterotomy may decrease the complication rates associ-
ated with bleeding and infection, but not incontinence  [  9  ] . 

 Lateral sphincterotomy has historically been described at 
the left lateral location; however, an incision at the right lat-
eral position avoids the left lateral hemorrhoidal plexus. 
There is no speci fi c length of the sphincterotomy that can be 
standardized. Some authors have advocated that the sphinc-
terotomy should extend proximally to the base of the  fi ssure. 
A recent Cochrane review suggested that a longer sphinc-
terotomy, extending to the dentate line, is associated with a 
lower risk of recurrence without a signi fi cant increase in 
incontinence  [  8  ] . If a sentinel pile is present, it should be 
excised in order to promote healing of the  fi ssure.  

   Complications 

 The major complications of lateral internal sphincterotomy 
include bleeding, infection, and incontinence. Although the 
incidence of incontinence with LIS is very low, it is highly 
morbid. For this reason, most surgeons will begin treatment 
with a trial of bowel regulation and NTG or calcium channel 
blockers. If the patient fails, then botox or sphincterotomy is 
indicated.  

   Follow-up 

 Initial treatment is usually continued for 6–8 weeks with 
subsequent reevaluation of symptoms. Failure of therapy, 
and ongoing pain, will result in many patients progressing 
to additional therapy prior to that time. Once the  fi ssure is 
successfully treated, long-term follow-up can be per-
formed as needed. Bleeding should be further investigated 
in appropriate patients with colonoscopy after the  fi ssure 
is healed.   

   Hemorrhoids 

   Epidemiology/Pathophysiology 

 Hemorrhoids are one of the most common anorectal disor-
ders affecting more than 15 million people annually in the 
United States  [  10  ] . Men and women are equally affected by 
hemorrhoids. Symptoms usually develop in patients greater 
than 30 years of age, and the incidence increases further with 
advancing age. However, the true prevalence of hemorrhoidal 
disease is unknown since both patients and practitioners 
alike falsely attribute many, if not most, anorectal complaints 
to hemorrhoids, regardless of the true pathology (i.e.,  fi ssure, 
 fi stula, abscess, incontinence, etc.). In addition, the large 
majority patients with symptomatic hemorrhoids do not seek 
professional treatment, or self-medicate with over-the-coun-
ter remedies. 
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 Although the term “hemorrhoids” typically refers to a 
state of symptoms, hemorrhoids are a normal part of anal 
anatomy and require treatment only when they acquire 
pathologic changes associated with symptoms. Hemorrhoids 
are classi fi ed into two types based on their location with 
respect to the dentate line: internal and external. Internal 
hemorrhoids consist of three, thick vascular cushions that lie 
in the submucosa of the transitional zone immediately proxi-
mal to the dentate line. These three  fi brovascular cushions lie 
in the left lateral, right anterior, and right posterior positions 
of the anal canal. Internal hemorrhoids are thought to engorge 
during defecation in order to protect the anal canal from 
abrasions. The internal hemorrhoids also engorge during 
coughing, sneezing, or straining so as to complete the clo-
sure of the anal canal and maintain continence during times 
at highest risk for incontinence. In comparison, external 
hemorrhoids are also vascular cushions; however, they are 
located distal to the dentate line covered with squamous epi-
thelium. Hemorrhoids become symptomatic due to factors 
that cause prolonged or substantially increased intra-abdom-
inal pressure, thus increasing vascular pressures, which 
results in hemorrhoidal engorgement. Traditionally, these 
factors include chronic constipation/diarrhea, prolonged 
straining or attempts at defecation (i.e., reading on the toilet), 
low- fi ber diets, obesity, increased use of laxatives/enemas, as 
well as pregnancy and vaginal delivery.  

   Clinical Presentation 

 The most common presentation to an acute care surgeon is 
likely that of symptomatic external hemorrhoids, speci fi cally 
a thrombosed external hemorrhoid (an intravascular clot 
within a sinusoid of an external hemorrhoid). Because of 
their location distal to the dentate line within the richly inner-
vated anoderm, a thrombosed external hemorrhoid can cause 
acute, severe pain (Fig.  31.1 ). The pain typically peaks within 
48 h, thus prompting the patient to seek immediate medical 
attention. When not thrombosed, external hemorrhoids can 
be mistaken for simple skin tags and are commonly associ-
ated with only mild discomfort and swelling. Additionally, 
external hemorrhoids may cause irritation, itching, and may 
interfere with proper anal hygiene.  

 Internal hemorrhoids, on the other hand, rarely present 
with pain because of their location proximal to the dentate 
line. In the absence of an obvious thrombosed external hem-
orrhoid, a complaint of severe pain should alert the surgeon 
to search for another diagnosis. Patients with symptomatic 
internal hemorrhoids typically present with painless bleed-
ing as the overlying mucosa becomes thin and friable. The 
bleeding associated with internal hemorrhoids typically 
occurs with defecation and is described by patients as bright 
red blood on the toilet paper. Occasionally, the blood will be 

noted to drip into the toilet bowl. Additionally, as a conse-
quence of excessive straining and increased intra-abdominal 
pressure there is prolonged and increased engorgement of 
the internal hemorrhoidal plexus. Over time, the bulky hem-
orrhoids lose their attachment to the underlying anorectal 
wall, resulting in prolapse. The severity of internal hemor-
rhoids is graded according to severity of prolapse based on a 
classi fi cation system described below in Table  31.1 .  

 Patients with prolapse may experience mucous drainage 
causing irritation and in fl ammation of the perianal skin, and 
some patients may report the feeling of incomplete evacua-
tion. It is only in the rare circumstance of strangulation that a 
patient will experience pain associated with an internal 
hemorrhoid.  

  Fig. 31.1    Acute presentation of massive thrombosed external hemor-
rhoids. This patient was brought to the operating room for emergent 
hemorrhoidectomy       

   Table 31.1    Grading of internal hemorrhoids   

 Grade I  Prominent hemorrhoidal tissue without 
prolapse 

 Grade II  Prolapse on straining with spontaneous 
reduction 

 Grade III  Prolapse on straining requiring manual 
reduction 

 Grade IV  Prolapse is irreducible. Incarcerated 
and/or strangulated 
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   Diagnosis 

 The completion of a full history is followed by a thorough 
rectal exam, starting with external inspection. Inspection 
should make note of any evidence of perianal skin irritation 
caused by anal discharge, skin tags, external hemorrhoids or 
evidence of an alternative diagnosis such as the external 
opening of a perianal  fi stula. During inspection, the surgeon 
may also ask the patient to “bear down” in order to demon-
strate the prolapse of internal hemorrhoids with strain. 
Following visual inspection is the digital rectal exam; how-
ever, hemorrhoids are not easily palpated on DRE. Therefore, 
the clinician should proceed to anoscopy. Although anos-
copy often reduces any prolapsed internal hemorrhoids, the 
physician will be able to visualize the redundancy of the 
engorged hemorrhoidal cushions. 

 For patients who present with bleeding, it is necessary to 
recommend a full colonoscopy, once their acute issues related 
to hemorrhoids have resolved, to rule out a more proximal 
source of bleeding as well as other potential diagnoses 
including in fl ammatory bowel disease and cancer. This 
colonoscopy can be done as an outpatient and should be done 
in patients older than 40 years of age, as well as in younger 
patients with other risk factors, such as family history, and in 
whom hemorrhoids are the not the obvious source of 
bleeding.  

   Treatment 

 Since hemorrhoids are a physiologic part of normal anat-
omy, the decision to treat should be based on the frequency 
and severity of symptoms. For thrombosed external hem-
orrhoids—the most common presentation of hemorrhoidal 
disease to an acute care surgeon—treatment options 
include excision or observation. For patients that present 
within the  fi rst 48 h from the onset of pain, current guide-
lines recommend surgical excision in order to provide the 
patient with the most rapid relief from pain. Excision can 
easily be performed in the emergency room under local 
anesthesia, or if desired in the operating room. Excision is 
preferable to simple unroo fi ng and evacuation of clot due 
to higher rates of recurrence and re-thrombosis with the 
latter. Post-procedure the wound can be left open with or 
without packing (based on surgeon preference), with post-
operative care focused on pain control and proper hygiene. 
Patients should be instructed to soak in warm sitz baths 
after each bowel movement to aid in cleanliness. Beyond 
48 h, the clot begins to reabsorb, and patients will often 
report improvement in pain. Subsequently, supportive 
treatment with sitz baths, analgesics, and prevention of 
constipation with  fi ber supplements are usually effective 
without the need for excision. After treatment, patients 

should be advised of the risk of possible recurrence: 25% 
after supportive nonsurgical therapy and 6.5% after exci-
sion  [  11  ] . 

 For internal hemorrhoids, the treatment options can be 
classi fi ed based on the degree of symptoms and grade of 
hemorrhoids. For Grade I and II internal hemorrhoids associ-
ated with minor symptoms such as bleeding and do not 
signi fi cantly interfere with daily activities, the initial treat-
ment should begin with conservative therapy, which includes 
 fi ber supplements and a high- fi ber diet. The rationale is to 
produce soft, bulky stools that decrease the need for strain-
ing. Patients should also be advised to avoid prolonged 
straining or attempts at defecation. The addition of sitz baths 
may provide symptomatic relief as well as over-the-counter 
topical therapies; however, there are no studies that demon-
strate their ef fi cacy. In contrast, conservative therapy has not 
demonstrated signi fi cant ef fi cacy in Grade III or IV hemor-
rhoids with signi fi cant prolapse and therefore treatment 
should begin with more aggressive treatment modalities dis-
cussed as follows. 

 For hemorrhoids that do not respond to conservative man-
agement, as well as Grade III and IV hemorrhoids with 
signi fi cant prolapse, the  fi rst line of therapy is rubber band 
ligation, with other options including sclerotherapy and 
infrared photocoagulation. All of these therapies are tech-
niques of  fi xation. By securing the hemorrhoids to the nor-
mal anatomic location, high in the anal canal, the incidence 
and degree of prolapse diminishes, the venous drainage of 
the hemorrhoids improves, and the size of the hemorrhoids 
ultimately diminishes. Sclerotherapy is the oldest treatment 
and similar to that used for esophageal varices. It works by 
injecting a sclerosing agent into the submucosa, resulting in 
 fi brosis and  fi xation of the hemorrhoidal cushion. Infrared 
photocoagulation has been well studied, and alternatively 
causes tissue destruction by delivery of heat via an infrared 
light source. However, the most commonly used treatment 
for severely prolapsed or refractory internal hemorrhoids is 
rubber band ligation. In a recent meta-analysis reviewing 
over 18 prospective, randomized controlled trials comparing 
rubber band ligation to sclerotherapy and infrared photoco-
agulation, rubber band ligation was more effective, with a 
decreased recurrence rate; albeit with a higher incidence of 
post-procedure pain  [  12  ] . 

 Rubber band ligation can be performed in the of fi ce, or 
emergency room, using a fenestrated anoscope. A circular 
rubber band is then placed around the base of the internal 
hemorrhoid resulting in an in fl ammatory response, which 
causes  fi xation to the sphincter. By constricting the blood 
supply, the tissue and the band will typically slough within 
5–10 days, and the patient should be informed that this is 
normal. Typically, banding all three hemorrhoidal cushions 
at once is avoided due to increasing patient discomfort with 
increased banding. However, one or two hemorrhoids can be 
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banded simultaneously, with further ligations done at 4-week 
intervals. During placement, it is imperative that placement 
of the band is proximal, and not including, the dentate line so 
as to avoid pain associated with somatic nerve  fi bers. A band 
that has slipped or is placed too distally should be suspected 
in patients who complain of immediate, severe pain. The 
band should be removed and replaced correctly. Rubber band 
ligation is not painless and even when the band is placed 
properly patients will experience some mild discomfort usu-
ally secondary to sphincter spasm. Post-procedure, patients 
should be advised to take sitz baths to reduce their pain as 
well as oral analgesics as needed. They should also be 
advised to increase their dietary  fi ber or add supplements to 
their diet. The success rate of rubber band ligation approaches 
80%  [  13  ] . 

 Excisional hemorrhoidectomy is the gold standard and 
most effective therapy for symptomatic hemorrhoids, and is 
recommended for those patients who have failed less inva-
sive treatment options, those who have combined symptom-
atic external and internal hemorrhoids, as well as those with 
severe symptoms including incarcerated or strangulated 
Grade IV internal hemorrhoids. Surgical hemorrhoidectomy 
is performed in the operating room as a Ferguson closed 
hemorrhoidectomy. This procedure involves an elliptical 
incision starting at the anal margin with extension to the ano-
rectal ring, making sure to include both the internal and 
external hemorrhoidal plexus. Dissection is carried out in the 
submucosal plane taking care to avoid injury to the sphinc-
ters. The wound is completely closed using running suture. 
The primary complaint postoperatively is signi fi cant pain, 
which is treated with analgesics, sitz baths, and bulk laxa-
tives starting on postoperative day 1. 

 Although excisional hemorrhoidectomy is considered 
the “gold standard,” it is not without complications, includ-
ing signi fi cant pain, urinary retention, and possible anal 
stenosis. As a less painful alternative to excisional hemor-
rhoidectomy, stapled hemorrhoidopexy, or the procedure 
for prolapsed hemorrhoids (PPH), was introduced  [  14  ] . In 
lieu of hemorrhoidal excision, this procedure makes use of 
a specially engineered circular stapler to divide the hemor-
rhoidal blood supply, excise the redundant submucosal tis-
sue, and suspend the prolapsing internal hemorrhoids. The 
staple line lies entirely within the anal canal, proximal to 
the dentate line. This eliminates very painful external inci-
sions. A recent Cochrane review compared PPH to conven-
tional excisional hemorrhoidectomy, and concluded stapled 
hemorrhoidectomy is associated with decreased postopera-
tive pain and hospital stay; however, it is associated with 
increased recurrence, increased prolapse, and an increased 
need for further procedures. Therefore excisional hemor-
rhoidectomy is still considered the “gold standard” of sur-
gical care  [  15  ] .  

   Complications 

 Complications for most procedures include bleeding, infec-
tion, urinary retention, and pain. After excision for external 
hemorrhoids, complications are rare but may include bleed-
ing and perianal abscess and/or  fi stula  [  11  ] . After rubber 
band ligation, the most common complications include pain 
due to malpositioning of the band, as mentioned previously, 
as well as bleeding. For this reason, it is recommended that 
patients taking nonsteroidal anti-in fl ammatory drugs 
(NSAIDs) or anticoagulants stop therapy seven days prior to 
anticipated banding. For the rare instance when a patient 
presents post-banding with a triad of delayed pain, urinary 
retention, and fever, one must be suspicious of infection and/
or perianal sepsis, which can be fatal if not immediately 
diagnosed and treated with antibiotics +/− drainage of asso-
ciated infection/abscess. Due to this risk, albeit low, some 
surgeons avoid rubber band ligation in immunocompromised 
patients who are at increased risk of morbidity from this 
complication. 

 Complications of excisional hemorrhoidectomy include: 
bleeding (2–4%), urinary retention (2–32%), anal stenosis 
(0–6%), and infection (0–5%). Coagulopathic patients and 
immunocompromised patients pose a unique problem due to 
already high risk of bleeding and the morbidity of a potential 
non-healing with an open wound. Furthermore, for patients 
with portal hypertension, although the incidence of patho-
logic hemorrhoids does not increase, bleeding from hemor-
rhoids can be life-threatening and dif fi cult to stop. In addition 
to correcting any abnormal coagulopathy, the recommended 
treatment is to suture ligate the bleeding hemorrhoid includ-
ing the mucosa, submucosa, and underlying muscle in order 
to effectively stop bleeding. Excisional hemorrhoidectomy 
in these patients should be reserved for when suture ligation 
fails.  

   Follow-up 

 The follow-up for hemorrhoids is dependant on the treat-
ment prescribed. For thrombosed external hemorrhoids that 
were treated with supportive management or internal hem-
orrhoids treated with conservative management, no fol-
low-up is necessary unless they experience recurrent 
symptoms. However, patients who underwent excision for 
thrombosed external hemorrhoids should be reevaluated 
within 1–2 weeks to check for proper healing. After rubber 
band ligation, the patient should be seen in 4–6 weeks unless 
they develop signs of infection or sepsis. At this interval, 
further banding can be performed if necessary. After either 
conventional or stapled hemorrhoidectomy, the patient 
should be seen soon after surgery and then at 4–6 weeks to 
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ensure proper healing. All suitable patients with bleeding 
should be considered for colonoscopy upon completion of 
treatment for hemorrhoids.   

   Anorectal Abscess 

   Epidemiology/Pathophysiology 

 The large majority of anorectal abscesses result from infec-
tion of the anal glands and crypts, called crypto-glandular 
infection, and are thought to be part of the same disease pro-
cess as anorectal  fi stula, which is discussed later. The 
abscesses are the acute manifestation of disease and  fi stula 
represent the chronic stage. Anorectal abscesses can affect 
patients at all ages; however, they most often present during 
the third decade of life. They are more common in men than 
women and typically affect healthy individuals; however, 
there are some conditions that predispose patients to abscess 
and these include diabetes mellitus, trauma (i.e., foreign 
body or surgery), Crohn’s disease, malignancy, radiation, 
human immunode fi ciency virus (HIV), or other immunosup-
pressed states that may leave the patient susceptible to oppor-
tunistic infection. 

 The pathogenesis of an anorectal abscess is thought to 
start with infection of one of the 6–10 anal glands that lie in 
the intersphincteric space and normally function to secrete 
mucous and lubricate stools. These glands traverse the inter-
nal anal sphincter and empty into the 10–15 anal crypts, 
which lie circumferentially around the dentate line. Therefore, 
infection of the anal gland or crypt, usually by blockage, fol-
lows the path of least resistance and spreads along one of 
several planes in the anorectal region to form a perianal or 
perirectal abscess. Indeed, anorectal abscesses are classi fi ed 
according to location (Table  31.2 ), which aids in diagnosis as 
well as treatment and requires the surgeon to be familiar with 
the anatomy of anorectal spaces.   

   Clinical Presentation 

 The presentation of an anorectal abscess may depend on its 
location; however, the initial presentation of most abscesses, 
regardless of location, is anal pain. This pain is usually 
described as dull or achy and is often independent of defeca-
tion. However, patients may note that the pain worsens with 
straining, coughing, or even walking. In rare circumstances, 
patients may present with fever, chills, urinary retention, and 
signs of sepsis suggestive of systemic illness, which should 
raise the suspicion of a necrotizing soft tissue infection.  

   Diagnosis 

 Diagnosis starts with a complete history and physical elicit-
ing pertinent past medical history including comorbidities 
and predisposing risk factors as listed previously, as well as 
a focus on prior abscesses or prior anorectal surgery. Physical 
exam should include a thorough abdominal and rectal exam, 
as well as a bimanual exam in women to rule out involve-
ment of the vaginal wall. In the case of a perianal abscess, 
external inspection may reveal perianal swelling with associ-
ated erythema, cellulitis, and/or  fl uctuance. Intersphincteric 
abscess are usually without external signs, yet digital rectal 
exam will often elicit severe tenderness. Ischiorectal 
abscesses have the potential to be large and DRE may elicit 
lateral swelling and pain, however, with less obvious exter-
nal  fi ndings. Supralevator abscess are the most dif fi cult to 
diagnose since they may be the result of a cephalad progres-
sion of perianal infection or a manifestation of an intra-
abdominal process such as diverticulitis. Therefore, computed 
tomography (CT) scan may be required to con fi rm the diag-
nosis. If there is ever a doubt as to the diagnosis or location 
of an anorectal abscess, an exam under anesthesia should be 
performed to allow for con fi rmation of the diagnosis as well 
as an opportunity for treatment.  

   Treatment 

 The treatment for an anorectal abscess is incision and drain-
age. Perianal abscesses are often super fi cial and the easiest to 
drain, and can be performed in the emergency room under 
local anesthesia. An elliptical or cruciate incision should be 
made over the most prominent,  fl uctuant part of the abscess, 
taking careful measures to avoid injury to the sphincter mus-
cles. The incision should also be made large enough so as to 
prevent premature closure of the skin before complete drain-
age of the abscess has occurred, and should also be made 
close to the anal verge in order to limit the extent of any poten-
tial  fi stulas that may develop in the future. The abscess cavity 

   Table 31.2    Classi fi cation of anorectal abscesses.   

 Perianal abscess  Most common. Lies beneath the anal verge 
and lateral to, without traversing, the 
external anal sphincter 

 Intersphincteric 
abscess 

 Occurs between the internal and external 
anal sphincters, commonly posterior. Most 
commonly associated with  fi stula and likely 
to recur 

 Ischiorectal 
(Ischioanal) abscess 

 A progression of the intersphincteric 
abscess that traverses the external sphincter 
and occupies the area bounded by the 
levators superiorly, the transverse perineal 
septum inferiorly, the external sphincter and 
anal canal medially and the ischial 
tuberosity laterally. May cross the midline 
posteriorly to form a  horseshoe abscess  

 Supralevator abscess  Occurs above the levator ani 
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should then be thoroughly irrigated and loculations broken by 
either the surgeon’s  fi nger or a blunt hemostat. No packing is 
necessary if the incision is adequate; however, a super fi cial 
dressing is ideal to prevent drainage onto the patient’s cloth-
ing. An ischiorectal abscess can be drained by a similar 
method, but may require a larger incision with a more thor-
ough evacuation of the abscess. In the case of a horseshoe 
abscess that spreads posteriorly to both ischiorectal fossas, 
drainage often necessitates regional or general anesthesia in 
the operating room. At that time, an incision is made either 
posterior to the anus or over each ischiorectal fossa with a 
Penrose placed to allow for adequate drainage of the postanal 
space. The surgical drainage for intersphincteric abscesses is 
slightly more complicated in that it requires an incision in the 
anal mucosa overlying the abscess, followed by a partial divi-
sion of the internal anal sphincter in order to access and fully 
clear the abscess. Again, packing is not necessary after drain-
age. Finally, in the case of supralevator abscesses, the treat-
ment requires accurate diagnosis and identi fi cation of location 
prior to drainage. If the cause originates from cephalad spread 
of an ischiorectal or intersphincteric abscess then the drainage 
should be performed as discussed previously via the ischi-
orectal fossa or the rectum, respectively. For those supraleva-
tor abscesses caused by an intra-abdominal source, drainage 
is performed via the most direct route and often requires 
CT-guided drainage. Post-procedurally, patients should be 
given analgesia and instructed to take sitz baths three to four 
times a day to keep the area clean. 

 If a  fi stula is identi fi ed at the time of draining the abscess, 
then a seton may be placed through the  fi stula tract. This will 
keep the  fi stula open at both the internal and external open-
ings, and promote drainage. Suture material or silastic vessel 
loops may be used as the seton. The  fi stula will not heal while 
the draining seton is in place, but it will protect the patient 
from recurrent abscess. Subsequently, the seton must be 
removed, or the  fi stula treated operatively in order to heal. 

 The success of incision and drainage for an anorectal 
abscess averages 50% with approximately 20–30% develop-
ing a recurrent abscess or  fi stula  [  16  ] . Recurrence is thought 
to be more common with ischiorectal fossa abscesses, poten-
tially secondary to inadequate primary drainage; however, 
recurrence should also prompt the surgeon to look for a pos-
sible underlying disease such as Crohn’s disease or malig-
nancy. Historically, surgeons prescribed post-procedure 
antibiotics to decrease this relatively high recurrence of 
abscess or  fi stula; however, data from a recent randomized 
control trial demonstrate that adjuvant therapy with antibiot-
ics does not decrease the incidence of  fi stula formation at 1 
year  [  17  ] . Certain patient populations should, however, be 
given adjuvant antibiotics, and likely require hospitalization. 
These groups include those patients who are immunocom-
promised, patients with diabetes mellitus, those with pros-
thetic devices or valvular heart disease as well as those 

patients with extensive cellulitis or a necrotizing soft tissue 
infection  [  18  ] .  

   Complications 

 The main complication with abscesses, as previously dis-
cussed, is abscess recurrence or development of a  fi stula at the 
time of diagnosis. The risk of abscess recurrence increases 
signi fi cantly if there is a concurrent anal  fi stula. Fittingly, the 
role of primary  fi stulotomy at the time of anorectal abscess 
drainage has been debated as a method to reduce recurrence. 
While initial studies looking at the success of a combined pro-
cedure concluded no difference in the rate of abscess recur-
rence in those patients treated with incision and drainage 
alone versus the addition of a  fi stulotomy, a recent Cochrane 
review demonstrates that simultaneous  fi stula treatment and 
incision and drainage of the anorectal abscess does indeed 
decrease the incidence of persistent or recurrent abscess as 
well as the need for repeat surgical procedures  [  19  ] . A small 
number of patients may experience incontinence after this 
combined procedure; however, it is often transient. In our 
experience, when a  fi stula is discovered at the same time of 
abscess drainage, it is best to avoid extensive exploration of 
the tract due to the risk of creating false passages, and instead 
we place a seton to identify the tract for future de fi nitive ther-
apy once the in fl ammation surrounding the abscess has 
resolved. With proper drainage of the abscess, the  fi stula may 
heal on its own without the need for any further procedures.  

   Follow-up 

 After de fi nitive incision and drainage of an anorectal abscess, 
complete healing takes approximately 4–8 weeks. 
Postoperatively, patients should be evaluated soon after sur-
gery, within 1–2 weeks, and then again closer to 8 weeks to 
ensure proper healing. Afterward, patients only need to be 
seen on an as-needed basis based on recurrence of symp-
toms. Follow-up in patients with underlying Crohn’s disease 
or those who are immunosuppressed should, however, be 
more aggressive with almost weekly of fi ce visits to ensure 
healing without signs of perianal sepsis.   

   Anorectal Fistula 

   Epidemiology/Pathophysiology 

 The term “ fi stula” is de fi ned as an abnormal communication 
between two epithelial lined surfaces. In the case of anorectal 
 fi stulas, or  fi stula-in-ano, they are communications between 
an external opening at the perianal skin and an internal 
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 opening within the anal canal at the dentate line. As men-
tioned in the previous section, anorectal  fi stulas represent the 
chronic in fl ammatory process after incomplete drainage or 
healing of a previous acute anorectal abscess. Therefore, their 
incidence is analogous with abscesses and similarly, condi-
tions such as Crohn’s disease, malignancy, radiation, and 
trauma increase the predisposition for  fi stula development. 
Persistent infection resulting in  fi stula formation is usually 
crypto-glandular in origin and the course of the  fi stula can 
often be predicted by the location of the previous abscess 
such that a drained perianal abscess typically results in an 
intersphincteric  fi stula, and an ischiorectal abscess typically 
forms a transphincteric  fi stula. The tract formed by the  fi stula 
as it courses from the internal opening at the dentate line to 
the external perianal skin can be classi fi ed based on its loca-
tion with respect to the anal sphincter and described in 
Table  31.3 . More recently, the term “complex”  fi stula has 
been used to identify  fi stulas involving >30% of the anal 
sphincter, high  fi stulas or those with multiple tracts, as well as 
those occurring in setting of underlying disease such as local 
irradiation or Crohn’s.   

   Clinical Presentation 

 The most common symptom of an anorectal  fi stula is drain-
age—either intermittent or constant—with a history of ano-
rectal abscess. Additionally, patients may experience perianal 
itching and irritation as well as discharge. Pain is rare in the 
absence of a recurrent anorectal abscess and in those circum-
stances often manifests as cyclical pain. In patients who 
complain of recurrent or non-healing  fi stulas, one should be 
suspicious of an underlying disorder such as Crohn’s disease 
or malignancy.  

   Diagnosis 

 Delineation of the  fi stula tract is the most important part of 
diagnosis and subsequent treatment. In the clinic or the emer-
gency room, external inspection of the anus often reveals the 
external opening as a red cluster of granulation with or with-
out spontaneous drainage. However, determination of the 
internal opening and extent of sphincter involvement typi-
cally requires an exam under anesthesia performed in the 
operating room. Anoscopy and the use of a probe can often 
track the  fi stula from the external opening to the internal 
opening using the principles of Goodsall’s rule, which helps 
relate the position of the internal  fi stula opening to the exter-
nal opening (Fig.  31.2 ). Speci fi cally, the rule states that 
 fi stulas with an external opening anterior to an imaginary 
transverse anal line, tract directly to the dentate line in a 
short, linear fashion. On the other hand,  fi stulas with external 
openings posterior to this imaginary transverse anal line will 
likely tract in a curvilinear fashion to internal opening at the 
posterior midline. An exception to this rule is when an ante-
rior external opening lies greater than 3 cm from the anal 
margin. In these cases, the  fi stula tracts to the posterior mid-
line. One should be careful, however, not to make false pas-
sages with the probe. If it does not pass easily, do not force 
it. In cases where the internal opening still cannot be found, 
one can inject dilute methylene blue or hydrogen peroxide 
into the external opening and look for ejection of the respec-
tive  fl uid from the internal opening.  

 In the event that the internal opening still cannot be 
located, recent data suggests the use of magnetic resonance 
imaging (MRI) and/or transrectal ultrasound (TRUS) as 

   Table 31.3    Classi fi cation of anorectal  fi stula (incidence)   

 Intersphincteric (70%)  Fistula tract lies within the intersphincteric 
space with an external opening in the 
perianal skin near the anal verge. Often 
results from a perianal abscess 

 Transsphincteric (23%)  Fistula tract starts in the intersphincteric 
space and traverses the external sphincter to 
the ischiorectal fossa and then perianal skin. 
Often results from an ischiorectal abscess 

 Suprasphincteric (5%)  Fistula tract starts in the intersphincteric 
space and tracts cephalad above the 
puborectalis muscle, then back downward 
through the ischirectal fossa to the perianal 
skin 

 Extrasphincteric (2%)  Often derived from trauma or a foreign body 
since the  fi stula tract is derived from the 
rectal wall (not the anus) and tracts 
downward through the levator into the 
ischiorectal fossa and perianal skin without 
traversing anal sphincter muscle 

  Fig. 31.2    Goodsall’s rule       

 



392 M.L. Cowan and M. Singer

adjuncts to examination under anesthesia (EUA). The use of 
MRI in delineating  fi stulous tracts has signi fi cantly improved 
the accuracy of diagnosis, especially in the case of supras-
phincteric and extrasphincteric  fi stulas, which are more 
dif fi cult to fully identify, and allows the surgeon to visualize 
the  fi stula tract in relation to the surrounding anatomy as 
well as track progress after healing  [  20  ] . Speci fi cally, data 
suggests that MRI, as well as TRUS, are more accurate in 
diagnosis when compared to digital exam, correctly diagnos-
ing the extent of the  fi stula in 90%, 81%, and 61%, respec-
tively  [  21  ] . As a result, surgeons are starting to use MRI 
preoperatively to accurately locate and evaluate the extent of 
 fi stulization in complex cases involving perianal sepsis or 
Crohn’s disease (Fig.  31.3 ).  

 Of note, in cases of recurrent or non-healing  fi stula where 
there is a concern for Crohn’s disease or malignancy, as men-
tioned previously, a proctoscopy or sigmoidoscopy should be 
performed along with biopsies of the  fi stula tract to aid in 
diagnosis.  

   Treatment 

 Treatment of anorectal  fi stulas is based on the dual goals of 
closing the  fi stula and preserving continence. Choice of 

operation is based on the classi fi cation, location, and extent 
of the  fi stula, as well as the patient’s bowel function and con-
tinence. Most  fi stula operations can be done in the operating 
room on an outpatient basis using local anesthesia combined 
with intravenous sedation. While there is not one procedure 
that is ideal for all  fi stulas, the “gold standard” operation for 
anorectal  fi stulas is  fi stulotomy. Fistulotomy is typically rec-
ommended for intersphincteric as well as low transphincteric 
 fi stulas involving only a small amount of sphincter muscle 
and is the preferred surgical option. Fistulectomy has mostly 
been abandoned due to the creation of a larger wound and 
higher rates of incontinence. Fistulotomy is performed by 
 fi rst placing a probe through the  fi stula in order to document 
the entire length of the track, including the internal opening. 
Then, using electrocautery, the tissues overlying the probe 
are divided all the way from the internal opening to the exter-
nal opening on the perianal skin. Once unroofed, epithelial-
ized tissue is removed from the  fi stula tract using a curette 
and hemostasis is obtained. Finally, marsupialization of the 
wound edges has been shown to accelerate wound healing as 
well as decrease postoperative bleeding  [  22,   23  ] . Success 
rates of  fi stulotomy approach 95%, however, not without a 
high incidence of postoperative incontinence reported any-
where from 20 to 50%. Therefore, other treatment options 
have evolved in an attempt to heal anal  fi stulas without the 
associated incidence of incontinence. These other treatment 
options include  fi brin glue,  fi stula plug, seton placement, as 
well as endorectal advancement  fl ap. 

 Treatment with  fi brin glue has gained increasing popu-
larity due to the low risk–bene fi t ratio and is now recom-
mended as one of the  fi rst-line treatments for anorectal 
 fi stulas  [  18  ] . The  fi stula should be prepared with an indwell-
ing draining seton for 6 weeks prior to  fi brin glue injection 
in order to minimize the in fl ammatory process within the 
tract. The injection procedure for  fi brin glue requires one 
enema as a bowel preparation the morning of the procedure 
followed by inspection and identi fi cation of the entire  fi stula 
tract. Once identi fi ed, the tract is irrigated and gently debri-
ded with a curette or cytology brush in order to remove any 
remaining pus or  fi brotic epithielized tissue. Retained pus or 
gross infection may sabotage the effectiveness of the  fi brin 
glue. Once cleared,  fi brin glue is injected into the entire 
 fi stula tract. Advantages of  fi brin glue treatment for anorec-
tal  fi stulas include the elimination of incontinence as a side 
effect since this treatment does not require division of the 
anal sphincter. Additionally, the procedure is simple and can 
be repeated multiple times without complicating or preclud-
ing future  fi stula operations if indicated. The success rate of 
 fi brin glue therapy with regard to complete healing for sim-
ple  fi stulas is 60%, with failures typically due to expulsion 
of the glue or persistent infection, prompting some to 
explore the option adding antibiotics to the sealant  [  24  ] . 
Furthermore, randomized controlled trials have now 

  Fig. 31.3    Fistula identi fi ed by probing the tract during an examination 
under anesthesia       
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 proposed  fi brin glue as an option for complex  fi stulas and 
demonstrate increased success rates after  fi brin glue treat-
ment for complex, high anal  fi stulas when compared to con-
ventional  fi stulotomy  [  25  ] . 

 Similar to the  fi brin glue, surgeons have also started using 
a synthetic product, the collagen plug, to treat  fi stulas. The 
collagen plug is commercially available lyophilized porcine 
intestinal submucosa. The  fi stula should be prepared with a 
draining seton for 6 weeks prior to plug insertion in order to 
minimize the in fl ammation within the tract. In the operating 
room, the plug is inserted into the  fi stula tract and secured 
with sutures at the internal opening. It does not carry any risk 
of incontinence because there is no disruption of the sphinc-
ter. Early fallout of the plug can be problematic, but the main 
drawback is the modest healing rate. Some authors have 
reports >80% success, but most publications suggest 20–40% 
rate of healing  [  26,   27  ] . 

 For high transsphincteric and suprasphincteric  fi stulas 
that involve a greater amount of sphincter muscle, initial 
treatment involves placement of a seton, either cutting or 
loose. A cutting seton is typically a heavy suture (silk) that 
is tightened every 2 weeks with the theory that slow division 
of the external anal sphincter allows for  fi brosis and scar 
formation, which hopefully decreases the rate of associated 
incontinence by decreasing the muscular defect and acute 
retraction of the sphincter muscle as seen with conventional 
 fi stulotomy. Alternatively, a loose, non-cutting seton can be 
placed to allow for drainage and mark the  fi stula tract for a 
later, staged  fi stulotomy after adequate control of the peria-
nal sepsis (Fig.  31.4 ). In fact, a loose draining seton is now 
the more preferred method of treatment when compared to 

cutting setons secondary to the signi fi cant pain associated 
with cutting setons as well as their incidence of inconti-
nence, which approaches 2–20%, albeit less than that seen 
with  fi stulotomy.  

 High  fi stulas may also be treated with an endorectal 
advancement  fl ap, which is considered to be a sphincter spar-
ing surgical procedure. Flaps are utilized in patients in whom 
the risk of postoperative incontinence prevents  fi stulotomy, 
such as patients with some degree of fecal incontinence, ante-
rior  fi stulas in women, patients with Crohn’s disease, etc. In 
these patients, the risk of incontinence with  fi stulotomy would 
be unacceptably high. Creation of the  fl ap involves elevation 
of a broad based, U-shaped mucosal  fl ap starting at the inter-
nal opening of the  fi stula and progressing cephalad. Once 
elevated, the  fi stula tract is debrided with curettage and the 
internal opening sutured closed. At that time the  fl ap is then 
brought down to cover this closure and sutured to the distal 
anal canal. Although endorectal advancement  fl aps are suc-
cessful in approximately 60–90% of patients, it is technically 
demanding and takes a signi fi cant time to learn and, therefore, 
is not commonly performed in the acute care setting but 
instead performed by experienced colorectal surgeons. 

 In the special cases of patient’s with Crohn’s disease, 
perianal disease with  fi stulas can be very morbid. Often, 
these  fi stulas are multiple and disobey the rules typically 
applied to anorectal  fi stula. Contrary to the surgical options 
described previously, aggressive surgical intervention is dis-
couraged in Crohn’s patients with perianal  fi stulas with the 
reasoning that they typically do not heal well and even mini-
mal division of the sphincter may result in signi fi cant incon-
tinence or new  fi stulas. For these patients, any abscess should 

  Fig. 31.4    Silastic vessel loop 
as draining seton       
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be appropriately drained and a loose seton placed in the 
 fi stula to keep the tract open for further drainage. Once com-
plete, the primary treatment modality for these patients 
should be medical therapy. In a landmark randomized con-
trolled trial published in 1999, Present et al. tested the chi-
meric, monoclonal, tumor necrosis factor (TNF) antagonist 
antibody in fl iximab (Remicade) against placebo for the treat-
ment of  fi stula in patients with Crohn’s. This trial demon-
strated a signi fi cant reduction in the percentage of draining 
 fi stulas in those patients treated with in fl iximab versus pla-
cebo, with 40–50% complete healing at 3 months in the 
in fl iximab treated group compared to 13% in the placebo 
group  [  28  ] . Therefore, in fl iximab therapy remains the pri-
mary medical therapy offered to Crohn’s patients suffering 
from perianal  fi stula.  

   Complications 

 Treatment for anal  fi stula requires balancing the desire to 
provide a cure without sacri fi cing continence. With the 
exception of  fi brin glue or a collagen plug, all treatment 
options for anal  fi stula involve some degree of postopera-
tive incontinence. Overall, sphincter cutting procedures, 
such as  fi stulotomy, offer the best chance of cure, however, 
with the highest rates of incontinence. Also, complex 
 fi stulas are associated with a higher risk of postoperative 
incontinence when compared to simple  fi stula. This mor-
bidity is exacerbated if the complex  fi stulas are treated with 
sphincter cutting procedures versus sphincter sparing pro-
cedures such as  fi brin glue or endorectal advancement  fl ap, 
which may be less effective but have a more favorable risk–
bene fi t ratio  [  29  ] .  

   Follow-up 

 Healing after treatment for anal  fi stula may take 3 months 
and patients should be made aware of this prior to treat-
ment. Postoperatively, patients should be given oral anal-
gesics and advised to take sitz baths three to four times 
daily to keep the area clean and prevent recurrent infec-
tion. They should also maintain bulk in their diet to avoid 
constipation and straining. Of fi ce follow-up should be 
performed initially within the  fi rst 3 weeks to ensure there 
is not premature closure of the  fi stula tract, and then again 
closer to the 8–10 weeks period to ensure proper healing. 
During follow-up patients should be questioned for symp-
toms of incontinence, especially those with preoperative 
risk factors as discussed previously. For those treated 
with cutting setons, follow-up is more regular, usually at 
2 week intervals to check progress and perform tighten-
ing of the seton itself.   

   Anorectal Trauma 

   Epidemiology/Pathophysiology 

 As a result of the location deep within the pelvis, anorectal 
trauma is less common than that of colonic trauma. 
Penetrating trauma accounts for approximately 95% of ano-
rectal injuries, with a majority of these secondary to gunshot 
wounds as compared to stab wounds. Blunt trauma accounts 
for the remaining 5% of anorectal trauma injuries and is usu-
ally secondary to pelvic fracture; however, injury may also 
occur as a consequence of transanal impalement by a foreign 
object usually secondary to assault, sexual misadventure, or 
even body packing used by drug traf fi ckers. Although 
reported in all ages, a retained foreign body is often seen in 
young men in the second to third decades of life. Fundamental 
to understanding the pathophysiology of anorectal trauma is 
a basic knowledge of rectal anatomy since it in fl uences the 
clinical presentation and diagnosis as well as guides surgical 
treatment options and subsequent outcomes. Of particular 
importance is the distinction between intraperitoneal versus 
extraperitoneal rectal injuries. The anterior two-thirds of the 
rectum both anteriorly and laterally are covered with perito-
neum, whereas the posterior-upper two-thirds and lower one-
third of the rectum circumferentially are devoid of peritoneal 
serosa. This anatomic distinction divides the overall group of 
anorectal trauma injuries into a heterogenous collection of 
injuries, each with their own clinical picture.  

   Clinical Presentation 

 The recognition of anorectal injuries requires a high degree 
of suspicion, and this begins with the patient history. For 
penetrating trauma injuries, the history is signi fi cantly easier 
to ascertain as it relates to mechanism and timing of the 
injury. On the contrary, patients with foreign body injuries 
are often reluctant to fully disclose their history. Regardless 
of mechanism, patients often present with abdominal and/or 
pelvic pain. Based on the severity of the injury as well as the 
timing of presentation in relation to the timing of the injury, 
patients may also present with obstructive signs such as nau-
sea and/or vomiting, blood per rectum, peritonitis, or in the 
most severe instances, shock.  

   Diagnosis 

 The same level of suspicion exercised during the patient his-
tory should be maintained during the physical exam and sub-
sequent workup. In obvious penetrating trauma after 
completion the primary trauma survey, the surgeon must 
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carefully examine the abdomen for signs of peritonitis or 
other abnormalities, as well as the perineum, thighs, but-
tocks, and external anus for any gunshot or stab wounds. 
Patients with extraperitoneal injuries may not develop peri-
tonitis. Additionally, other traumatic injuries should be cata-
logued including pelvic fractures, ureteral injuries, and 
bladder injuries that are located near the rectum and may 
imply associated injury. For all patients with suspected ano-
rectal trauma, regardless of cause, digital rectal exam is man-
datory. This is especially important in cases of foreign body 
insertion since low items may be palpated on exam. 
Identi fi cation of gross blood by DRE implies an anorectal 
injury; however, a negative DRE does not rule out injury. 
Therefore, rigid proctoscopy should be performed in all 
cases of suspected anorectal injury regardless of the presence 
of blood on DRE. Often this exam is performed in the oper-
ating room and with the patient in lithotomy position. 
Proctosopy may clearly identify the injury as well as its ana-
tomic location; however, it may not and instead be obscured 
by blood or stool. The presence of blood on proctoscopy is a 
positive indicator of anorectal injury and visualization of the 
injury itself is not essential. In cases of suspected perforation 
after penetrating trauma, imaging with plain X-ray is often 
performed, however, not useful since even in the absence of 
extra-luminal air the patient may still have an injury that 
needs repair, i.e., extraperitoneal injuries. However, plain 
X-ray is useful in cases of suspected foreign objects as they 
often identify the retained object(s). Additionally, the use of 
CT scan with rectal contrast as well as water-soluble contrast 
studies can be onerous and are typically only performed after 
completion of the aforementioned workup to aid in the diag-
nosis of equivocal cases in stable patients.  

   Treatment 

 The treatment of anorectal trauma has evolved from war-
time surgical experience. In response to the morbidity 
associated with war-related colonic injuries, in 1943 the 
Surgeon General announced mandatory exteriorization or 
diverting colostomy for colonic injuries  [  30  ] . This was 
substantiated by Ogilvie who soon after reported on the 
severe complications in patients undergoing primary repair 
in lieu of diversion, including sepsis and death  [  31  ] . 
However, treatment options have changed over the last sev-
eral decades from mandated diversion to more current ther-
apies based on anatomic location, extent of injury, as well 
as patient stability  [  32  ] . 

 Intraperitoneal rectal injuries should be treated as colonic 
injuries. As previously mentioned, in the past these injuries 
were treated with routine fecal diversion. However, multiple 
trials examining civilian injuries studies, as well as a recent 
Cochrane review, have established that primary repair is now 

the accepted standard of care for penetrating colon injuries 
 [  33,   34  ] . Exceptions to this rule may include patients who 
present in hemodynamic shock, those requiring a massive 
transfusion of more than 6 U of blood, those who present 
greater than 6 h after the injury, and those with gross fecal 
spillage. However, even in the presence of these risk factors, 
data shows that primary anastomosis with or without resec-
tion can still be performed, with surgeons often adding a 
diverting proximal loop ileostomy/colostomy. Furthermore, 
studies have also shown that the method of anastomosis, 
either stapled or hand-sewn, does not affect postoperative 
complication rates  [  35  ] . Thus, primary repair is advocated 
for intraperitoneal rectal injuries; however, the speci fi c pro-
cedure performed is ultimately the surgeon’s choice based on 
the type of injury and patient factors. 

 Extraperitoneal rectal injuries can be divided into two cat-
egories: high (proximal) and low (distal). High extraperito-
neal injuries are often extensions of intraperitoneal wounds 
and can usually be easily accessed. Therefore, they are 
treated in a similar manner to intraperitoneal injuries. On the 
other hand, distal or low extraperitoneal injuries present a 
dif fi cult challenge, as they are frequently dif fi cult to access. 
In the instances where the injury can be seen at the time of 
laparotomy, a primary repair should be performed with a 
proximal diversion. However, more commonly, the injury is 
not easily exposed and in these situations the traditional 
treatment is proximal diversion with placement of presacral 
drains in order to avoid the complication of a retrorectal or 
presacral abscess. Presacral drainage is typically performed 
by creating an incision posteriorly between the anus and the 
coccyx in combination with the placement of drains. 
Recently, however, the value of presacral drainage has been 
challenged with some data strongly supporting drain place-
ment quoting a signi fi cant decrease in abscess formation, 
whereas in contrast, there is prospective data that suggests 
there is no difference in outcome; however, it is dif fi cult to 
distinguish those wounds that were repaired versus not 
repaired in the latter  [  36,   37  ] . Therefore, it is our practice to 
continue presacral drain placement in the case of distal rectal 
injuries not amenable to primary repair, with the goal of 
decreasing pelvic sepsis. 

 The management of a retained foreign body within the 
rectum deserves special attention, as it will likely present 
itself for care by an acute care surgeon. Possible approaches 
for removal include a transanal approach, an endoscopic 
approach as well as a standard laparotomy taking care regard-
less of approach, to make sure that the impacted foreign body 
is not broken, which may lead to further rectal damage  [  38  ] . 
Oftentimes, the removal of the foreign object requires an 
examination under anesthesia in the operating room in order 
to achieve the necessary patient relaxation. In the transanal 
approach, the patient is placed in lithotomy and if palpable, 
the object is removed using blunt surgical graspers or the 
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surgeon’s  fi ngers. In higher objects or objects that are dif fi cult 
to grab, such as jars or light bulbs, a catheter can be placed 
alongside the object, within the rectum, to break the vacuum 
seal and together with gentle valsalva the object can be dis-
lodged. For object even more proximal within the rectum, 
endoscopy has proven useful for visualization and extrac-
tion. After either of these procedures, once the object is 
removed, proctoscopy should be performed to rule out resid-
ual objects or injuries. If neither of the aforementioned 
approaches is successful, then the patient should undergo 
standard laparotomy for object removal. Milking the object 
from proximally to distally with subsequent transanal extrac-
tion is the preferred method, and in the most infrequent of 
circumstances, colostomy with removal can be required.  

   Complications 

 The most common complication after anorectal trauma is 
infection; however, other complications include  fi stula, stric-
ture, hernia, obstruction, urinary or fecal incontinence, as 
well as the need for possible colostomy closure. Infection 
may take on a number of different manifestations including 
retrorectal or presacral abscess as mentioned previously, sur-
gical site infections, necrotizing soft tissue infection, and 

pelvic sepsis. In the absence of obvious wound or soft tissue 
infection, an abscess should be suspected in patients who 
postoperatively develop worsening pain, leukocytosis, or 
fever. A CT scan is usually suf fi cient for diagnosis and if an 
abscess is identi fi ed, drainage is imperative either through 
interventional radiology or if inaccessible, operative 
drainage.  

   Follow-up 

 Once discharged from the hospital, patients should be seen 
according to standard postoperative protocols. In patients 
who underwent proximal diversion as part of their surgical 
treatment, our practice is to schedule colostomy reversal no 
sooner than 2–3 months post-op providing that they have 
completely healed without active complications. Prior to 
colostomy reversal, we routinely obtain preoperative con-
trast studies to evaluate for anastomotic leak.   

   Conclusion 

 Fig.  31.5  shows an algorithm to identify the sources of ano-
rectal pain and possible treatments.       

  Fig. 31.5    Anorectal pain algorithm.  EUA  examination under anesthesia,  Hx  history,  PE  physical exam,  Rx  treatment,  BM  bowel movement,  NTG  
nitroglycerin,  CCB  calcium channel blockers,  IBD  irritable bowel disease       
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         Introduction 

 The use of advanced surgical techniques in the realm of endo-
scopic and laparoscopic therapy is constantly evolving and for 
many surgical procedures these techniques are now consid-
ered the standard of care. In the USA, an estimated 14.2 mil-
lion colonoscopies and 9 million esophagogastroduodenoscopies 
(EGDs) are performed annually in the USA  [  1,   2  ] . The thera-
peutic applications of these procedures have also been 
expanded in recent years. 

 Laparoscopy has also been in a constant state of evolution 
over the last quarter century. Since Mühe performed the  fi rst 
laparoscopic cholecystectomy in 1985, the application of lap-
aroscopy has expanded into all areas of surgery, including her-
nia, solid organ, colorectal, anti-re fl ux, and bariatric surgery. In 
fact, in the  fi eld of bariatrics an estimated 200,000 procedures 
are performed annually and this number is on the rise  [  2  ] . 

 These innovations in surgical technology have offered 
many bene fi ts to patients. However, with the advent of these 
minimally invasive techniques, we have also seen a unique set 
of complications that have accompanied these procedures. 
Patients with these complications often present to emergency 
rooms and it is important that these problems be recognized 
so that prompt intervention can ensue for optimal outcomes. 
The purpose of this chapter is to highlight the unique compli-
cations that occur with upper and lower endoscopy as well as 
those complications that occur with some of the most com-
monly performed laparoscopic procedures performed today. 
While not every surgeon may perform all these procedures 
described in this chapter, it is important for the acute care 
surgeon to be familiar with these procedures and their unique 
complications. This chapter describes the presentation of 
these complications as well as recommendations for their 
management.  

   Complications of Upper Endoscopy 

 Upper endoscopy is performed in the USA today by a variety of 
health care providers. Predominantly used as a diagnostic 
modality, the use of EGD can also be therapeutic by means of 
controlling upper gastrointestinal (UGI) bleeding, retrieval of 
foreign bodies, treatment of esophageal malignancies, dilatation 
and stenting of benign and malignant esophageal strictures, 
achalasia, and gastric outlet obstruction, and also placement of 
enteral access for nutrition. It is in the therapeutic application of 
upper endoscopy that we see the most common complications 
that include infection, perforation, hemorrhage, and pain. 

   Complications of Endoscopic Hemostasis 

 UGI endoscopy has been an important modality in the 
 treatment of UGI bleed. The most commonly employed 
modalities for controlling upper GI bleed are endoscopic 
sclerotherapy, band ligation, or thermal electrocoagulation. 

 Bleeding from esophageal varices is a major complica-
tion of portal hypertension and can occur in up to 30% of 
patients with chronic liver disease and the mortality rate of 
an initial bleed is 30–50%  [  3–  14  ] . Endoscopic techniques 
are the  fi rst-line therapy employed to manage acutely bleed-
ing esophageal varices. The techniques most commonly 
employed are sclerotherapy and band ligation. Complications 
occurring after both of these procedures include ulceration, 
bleeding, esophageal stricture, and perforation. 

 The overall complication rate for sclerotherapy has been 
reported between 3 and 56% with a procedure related mortal-
ity rate of 0–5%  [  4,   14  ] . Sclerotherapy can cause esophageal 
erosions and ulceration in 70–100% (many of which are 
asymptomatic) and this can lead to recurrent bleeding in 
2–13% of patients. Perforation can occur from direct iatro-
genic injury or esophageal necrosis and may occur acutely in 
2–5% of patients after undergoing sclerotherapy. Delayed per-
foration can also occur, but the incidence of this is unknown. 
Perforation is also a diagnostic dilemma as up to 50% of 
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patients undergoing sclerotherapy can have chest pain, but this 
usually resolves within 24–48 h. Dissemination of the sclero-
sant can also cause pleural effusion, pneumonia, and bactere-
mia  [  4,   14  ] . 

 Endoscopic band ligation is the preferred intervention for 
the treatment of esophageal varices as it has been proven to 
be superior with regard to control of active bleeding and has 
a more favorable side effect pro fi le. Ulcer formation is seen 
in only 5–15% and there is a lower tendency for bleeding 
from these ulcers as compared to sclerotherapy  [  4,   5,   14  ] . 
Perforation has been reported in <1% of patients undergoing 
band ligation. Many of these perforations were reported with 
use of an overtube to facilitate passage of the endoscope, 
which have been eliminated with the development and com-
mon use of multi fi re devices. 

 Nonvariceal hemostasis is usually obtained endoscopi-
cally by means of injection of sclerosants and/or thermal 
electrocoagulation  [  6  ] . As is the case of sclerosant therapy 
for esophageal varices, injections of sclerosants (most com-
monly epinephrine) can lead to tissue necrosis and ulceration 
at the injection site due to vasoconstriction. Perforation after 
epinephrine injection has not been seen in randomized trials 
 [  12  ] . Thermal energy is used to obtain hemostasis in nonva-
riceal bleeding by means of multipolar electrocoagulation, 
heater probes, or laser. Bleeding is common and occurs in up 
to 5% of cases. Heater probes and multipolar electrocoagula-
tion have similar rates of perforation of 0–2%. 

 Management of the complications associated with endo-
scopic management of homeostasis depends on the timing 
and nature of the complication. With regard to ulcer forma-
tion, proton pump inhibitors (PPIs) do not appear to prevent 
the formation of these ulcers, but can play a role in the heal-
ing of these ulcerations. Recurrent bleeding can be approached 
with repeat endoscopy regardless of the underlying etiology. 
In the case of bleeding from varices, repeated episodes of 
bleeding that cannot be controlled with repeat endoscopy 
should be managed with temporary balloon tamponade and 
transjugular intrahepatic portosystemic shunt (TIPS) or sur-
gical shunt, but further details of this are outside the scope of 
this chapter. In the cases of nonvariceal UGI bleeding, repeat 
endoscopy is comparable with surgical intervention with 
regard to transfusion requirements, mortality, and duration of 
hospital stay. If the bleeding cannot be controlled endoscopi-
cally or if patient is persistently hemodynamically unstable, 
then surgery is indicated for de fi nitive management. Patients 
who are poor surgical candidates can alternatively be man-
aged with percutaneous angiography and selective emboliza-
tion. Stricture can be managed with endoscopy and dilatation 
regardless of the underlying etiology. Often serial or repeat 
dilatations are needed. Management of perforation is largely 
dependent on timing, location, and clinical condition of the 
patient. In a retrospective review done by Fernandez et al. the 
recommendations was that if a perforation is detected at the 

time of endoscopy, it should initially be treated endoscopi-
cally (by hemostasis,  fi brin sealing, clip, or stent)  [  15  ] . If an 
injury was suspected they recommended an early esophago-
gram or contrasted CT scan and then treatment strategy was 
based on the clinical symptoms, the preexisting disorders, 
and the general condition of the patient. Cervical perforations 
of the esophagus rarely require surgical intervention other 
than simple drainage. The management of intrathoracic 
esophageal perforations is more controversial. Intramural 
perforations are rare, but usually can be treated conserva-
tively. Possible endoscopic therapeutic measures after esoph-
ageal perforation are  fi brin sealing, clipping, and bridging of 
the leakage with a stent. Perforations into the mediastinum 
can also be managed with aggressive conservative therapy 
consisting of nasogastric suction, intravenous antibiotics, 
and parenteral hyperalimentation. Exceptions to this are con-
trast leaks into the pleural or peritoneal cavity. Thoracotomy 
almost always is indicated if the visceral pleura is injured 
and a recent esophageal perforation with the corresponding 
clinical symptoms should be treated with immediate surgical 
interventions. If a perforation is not diagnosed until a few 
days after the injury, and if the patient is without symptoms, 
a watch-and-wait strategy is proposed. A study done by 
Merchea et al. quoted an 18% failure rate for nonoperative 
management and stated that nonoperative management is 
feasible if there is no evidence of contrast extravasation or 
free  fl uid on radiographic studies  [  16  ] .  

   Complications of Endoscopic Foreign 
Body Retrieval 

 The majority of foreign body ingestion occurs in the pediat-
ric population, but it is not uncommon to have adults present 
in the acute setting secondary to esophageal foreign body. 
The most common esophageal foreign body in adults is 
impacted meat or food bolus, but a myriad of other true for-
eign bodies can also be encountered in the patient population 
with psychiatric disorders, mental retardation, or impairment 
caused by alcohol or other drugs. Endoscopy is often used in 
the retrieval of these foreign bodies with a reported compli-
cation rate of up to 8% of cases  [  17,   18  ] . It is dif fi cult to 
determine if these complications are truly due to the endos-
copy or to the foreign body itself. Impaction, perforation, or 
obstruction most often occurs at areas of acute angulation 
or physiologic narrowing—most notably in upper endoscopy 
at the level of the cricopharyngeus muscle. Passage of for-
eign bodies through the esophagus predicts morbidity as 
most ingested foreign bodies pass through the rest of the GI 
tract without further complications. When dealing with esoph-
ageal foreign bodies, the primary goal is to not only remove 
the foreign body, put do so in a safe manner. Aspiration and 
mucosal injury can be reduced by use of an esophageal overtube, 
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but overtubes have been associated with bleeding and perfo-
ration themselves and that should be considered when deter-
mining their utility. Mucosal injury can be reduced by placing 
a latex hood over the endoscope and when dealing with sharp 
or pointed object, assuring that the sharp or pointed end if 
trailing. With regard to impacted meat, use of meat tenderizer 
should be avoided due to increased risk for perforation. It is 
not always necessary to retrieve the foreign body, especially 
in the case of impacted food as the push technique, in which 
the impacted food is pushed past the area of obstruction, 
has a reported success rate up to 97%  [  19  ] . The important 
consideration in dealing with esophageal foreign bodies is 
to reinsert the endoscope after removal or clearance of the 
foreign body to reassess for bleeding, mucosal injuries, or 
underlying pathology. Most of these injuries can be treated 
conservatively at the time of detection by either observation 
alone or  fi brin sealing, clipping, or stenting if the injury is 
more extensive. Prolonged bleeding can be treated with the 
same techniques as listed previously.  

   Complications of Treatment of Esophageal 
Malignancies and Stenting 

 Endoscopy has offered many bene fi ts in both the treatment 
and palliation of esophageal malignancy. Ablative techniques 
such as injection of sclerosants, thermal methods (bipolar 
cautery, laser, argon plasma coagulation), and photodynamic 
therapy (PDT) are all susceptible to similar complication 
pro fi les including the minor complications of pain, edema, 
and strictures with major complications such as perforation 
or development of  fi stulae in up to 10%  [  20–  24  ] . Unique to 
PDT is sun photosensitivity, and dysphagia may initially 
worsen after PDT. Endoscopic mucosal resection has also 
proven to be extremely bene fi cial in the treatment of early 
esophageal squamous-cell carcinoma or high-grade intraepi-
thelial neoplasm with a reported overall complication rate of 
20–30% with these complications being minor stenoses and 
bleeding  [  21,   22  ] . Esophageal stenting has been employed as 
a palliative measure in advanced esophageal carcinoma. 
These self-expanding metal stents have a post-deployment 
complication rates from 20 to 40% and include tumor 
ingrowth or overgrowth, stent migration, hemorrhage, and 
food impaction  [  23,   24  ] . Tumor ingrowth or overgrowth can 
be avoided by use of a covered stent or treated with an abla-
tive technique or placement of an additional stent. Stent 
migration has been reported to occur in 2–8% of cases  [  23, 
  24  ] . The majority of migrated stents have an indolent course 
and can either be removed nonsurgically, allowed to exit 
the body spontaneously, or be allowed to remain in the body 
in an uncomplicated state. Only 2–4% of migrated stents 
causing bowel obstruction require surgical intervention 
 [  23,   24  ] .  

   Complications of UGI Dilatation 

 Endoscopic dilatation is used in the treatment of benign and 
malignant esophageal strictures, and gastric outlet obstruction. 
Complication rates are largely dependent on the underlying 
pathology. For benign esophageal strictures, the main complica-
tions are perforation, hemorrhage, and bacteremia. The reported 
rate of perforation is 0.3% and this is higher when dealing with 
dilatation of caustic strictures  [  25  ] . The majority of perforations 
can be treated with conservative management. Hemorrhage can 
usually be managed with conventional endoscopic therapy. 

 Transient bacteremia has a low incidence and the rate of 
bacterial endocarditis or other complications can be avoided 
by use of the appropriate antibiotic prophylaxis  [  26  ] . With 
regard to malignant esophageal strictures, the rate of perfora-
tion is higher than for benign strictures with a rate up to 10% 
 [  25  ] . The same management principles apply as with benign 
dilatation complications. Dilatation of gastric outlet obstruc-
tion (GOO) has also proven to be successful with a perfora-
tion rate of 2–6.7% and most perforations occurring when 
attempts to dilate the gastric outlet exceed 1.5 cm diameter 
 [  25  ] . Again, conservative management can be employed with 
perforation after dilatation of GOO with surgery reserved for 
those who do not respond to medical management.  

   Complications of Percutaneous Endoscopic 
Gastrostomy Tube Placement 

 Percutaneous endoscopic gastrostomy (PEG) placement has 
become the modality of choice for providing enteral access 
for long-term nutritional support. It should be considered in 
patients who have a functional, non-obstructed GI tract but 
are unable to take adequate nutrition PO to meet metabolic 
needs or in those requiring gut decompression secondary to 
abdominal malignancies causing chronic obstruction or ileus. 
PEG placement is generally considered safe, but can be asso-
ciated with many potential complications as well. Minor 
complications occur in 13–43% of patients and include skin 
maceration from leakage around the tube, tube occlusion, and 
pain that is usually self-limited  [  27–  29  ] . These complications 
can usually be managed by local wound control and good 
tube maintenance. Major complications have an occurrence 
rate of 0.4–8.4% with a procedure related mortality rate of 
1–2%  [  27,   28  ] . These major complications include wound 
infection, necrotizing fasciitis, aspiration, device dislodgement, 
colon injury, and colocutaneous  fi stula. Antimicrobial pro-
phylaxis it is cost-effective and may reduce the risk of peris-
tomal wound infection. Necrotizing fasciitis is a rare 
complication of PEG placement and has been linked with not 
making the abdominal incision large enough to allow adequate 
drainage. Patients with preexisting comorbidities such as 
malnutrition, diabetes, wound infections, and impaired 
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immunity are at increased risk. Treatment requires wide 
debridement, antibiotics, and planned reoperation to assess 
the wound. The risk of aspiration after PEG placement is 
0.3–1.0% with the majority of aspirations events occurring at 
a later time unrelated to the PEG procedure  [  27,   28  ] . This is 
largely due to the fact that many patients undergoing PEG 
placement have neurologic sequelae of traumatic brain injury 
or stroke. Despite the fact that most aspiration events occur 
unrelated to placement of the PEG, the endoscopist should 
avoid excessive sedation, thoroughly aspirate gastric content 
before and after the procedure and perform the procedure 
ef fi ciently. Inadvertent early PEG dislodgment occurs in 1.6–
4.4% of patients and is a unique challenge  [  27,   28  ] . Typically 
PEG tract maturation begins to occur in roughly 7–10 days 
but in the malnourished, diabetic, and immunocompromised 
patient this can take signi fi cantly longer. If the dislodgement 
occurs prior to 1 month since placement, repeat endoscopy 
should be performed to replace the tube, as the stomach may 
have separated from the anterior abdominal wall resulting in 
free perforation. If recognized early, the replacement PEG 
can be placed either through the same site or close to it. If 
recognition is delayed, the patient should be made NPO, a 
nasogastric tube should be placed and broad-spectrum 
intravenous antibiotics started. If the clinician believes that 
the tube has become dislodged through a mature tract, then a 
water-soluble contrast study should be obtained after the tube 
is replaced prior to reinstituting use of the tube. Surgical 
exploration is indicated if sign of peritonitis or sepsis are 
present. Colon injuries can occur during placement of a PEG 
tube. This can be avoided during placement by assuring ade-
quate gastric insuf fl ation, appropriate transillumination, and 
endoscopically visualized depression of the gastric wall on 
trans-abdominal palpation. Colonic injuries usually present 
with peritonitis and often require surgical intervention, but 
nonoperative management can be attempted in the hemody-
namically stable patient without signs of abdominal sepsis.   

   Complications of Lower Endoscopy 

 Lower endoscopy serves as both a diagnostic and manage-
ment tool for colonic and rectal disorders. Its diagnostic capa-
bilities include evaluation of abnormalities, gastrointestinal 
bleeding, colorectal cancer screening, surveillance, examina-
tion of prior colorectal surgery, evaluation and surveillance of 
in fl ammatory bowel disease or abnormal bowel habits, and 
intraoperative uses including tumor or hemorrhage localiza-
tion. At the same time, it is also an effective tool for manag-
ing active bleeding lesions, excision of polyps, reduction of 
sigmoid volvulus, removal of foreign bodies, decompression, 
and dilation of strictured areas. Overall complication rates for 
lower endoscopy falls around 0.3%  [  30–  33  ] . 

 Patients who are at higher risks for complications include 
those with perforated viscus, severe acute diverticulitis, or an 
active in fl ammatory process. Moderate risk factors include 
uncooperative patients, inadequate bowel preparation, medi-
cal comorbidities, or abdominal pathology. 

 Despite its numerous functional capabilities, there are 
many risks of complications that can occur during colonos-
copies such as bleeding, perforation, and solid organ 
injury. 

   Hemorrhage 

 The most common complication of colonoscopy is hemor-
rhage, and it has an occurrence of about 0.03%  [  30–  33  ] . 
Signi fi cant hemorrhage after a colonoscopy is de fi ned as 
lower gastrointestinal bleeding requiring transfusion, hospi-
talization, re-intervention, or surgery. The source of bleeding 
may be from the biopsy site, endoscopic induced laceration 
to the colonic mucosa, and tearing of the mesentery or 
splenic capsule  [  30,   31  ] . Once the bleeding has been 
identi fi ed, management depends on timing and severity of 
the bleeding. 

 If bleeding is identi fi ed at the time of the colonoscopy, it 
can be controlled by reapplication of the snare to the pedicle 
with electrocautery or strangulation of the bleeding point for 
5–10 min if electrocautery is deemed unsafe. Delayed 
hemorrhage may occur up to 29 days after the procedure, 
but most of these bleeds may be managed conservatively. 
However, if these bleeds fail conservative management, 
repeat endoscopy with sclerotherapy, bipolar cautery, or 
heater-probe application may be necessary.  

   Perforation 

 Perforations that occur during lower endoscopy often 
result from mechanical forces against the bowel, barotrauma, 
or direct insults from therapeutic procedures. Most often 
perforations occur within the sigmoid colon  [  32,   33  ] . 

 Perforation should be suspected if intraperitoneal structures 
are visualized, or if there is inability to maintain insuf fl ation. 
Early post-procedural signs include persistent abdominal 
pain and abdominal distension with later manifestations to 
include fever and leukocytosis. 

 If the perforation is recognized early on then surgical 
intervention with primary repair is suf fi cient. However, there 
remains controversy in those who are asymptomatic or 
minimally symptomatic with delayed presentation and 
pneumoperitoneum. Conservative management including 
bowel rest, broad-spectrum antibiotics, and serial abdominal 
examinations can be employed.  
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   Solid Organ Injury 

 Iatrogenic splenic injury after lower endoscopy is extremely 
rare but a potentially fatal complication  [  31  ] . Mesocolon 
avulsion, serosal tear, or splenic hematoma causing extralu-
minal intra-abdominal bleeding is extremely rare but does 
occur. The most common reason for splenic rupture after 
colonoscopy is due to forceful stretching of the splenocolic 
ligament. It is often due to the aggressiveness of instrumen-
tation at the splenic  fl exure and the degree of adhesions at the 
splenocolic ligament. However, the exact incidence of splenic 
injury during colonoscopy is unknown despite large reviews 
reported in the literature. 

 Patients often present with symptoms of splenic injury 
24 h following a colonoscopy. Most often the chief complaint 
is abdominal pain that should raise a high level of suspicion 
and warrant a computed tomography (CT) scan of the 
abdomen. 

 Colonoscopy-induced splenic injuries often have a higher 
grade of injury needing earlier operative intervention. 
Conservative management may be used until patient’s hemo-
dynamic status deteriorates despite aggressive resuscitation. 
It may be feasible to perform a laparoscopic splenectomy; 
however, it should be based on the comfort level of the oper-
ating surgeon.   

   Complications of Bariatric Surgery 

 With the introduction of minimally invasive techniques, the 
 fi eld of bariatric surgery has grown exponentially over the 
last 15 years. More than 200,000 bariatric operations are per-
formed per year  [  34–  36  ] . The most commonly performed 
operations today are the laparoscopic Roux-en-Y gastric 
bypass (RGYB), the laparoscopic adjustable gastric band, 
and the laparoscopic sleeve gastrectomy. While rates of 
major complications from these procedures are low as a 
whole  [  37  ] , it is not uncommon for patients having under-
gone these procedures to present to emergency rooms and it 
is important for the on-call surgeon to be able to recognize 
and manage the unique problems that may be encountered in 
these patients. 

   Complications of Laparoscopic Access 

 Trocar injuries are potentially preventable complications 
in laparoscopic surgery and are often the most serious. 
Most frequent organs injured during insertion of trocars 
include small bowel, iliac artery and vein, and less com-
monly the bladder. 

 Incidence of major vascular injuries from trocars and Veress 
needles averages around 0.1%  [  38–  41  ] . Most commonly 

injured vessels include iliac vessels, then the aorta or IVC, 
and less commonly mesenteric vessels  [  38–  41  ] . 

 Early recognition is essential in management of the above 
states injuries. Small bowel or bladder injuries can often be 
repaired laparoscopically, but major vascular injuries often 
require conversion to an open procedure to repair.  

   Complications of Laparoscopic RYGB 

   Anastomotic Leaks 
 Anastomotic leak is typically an early complication of 
laparoscopic RYGB with an incidence of 0–5.2%  [  42–  49  ] . 
Most patients present in the  fi rst 7–10 postoperative days 
with nonspeci fi c symptoms of sepsis including tachycardia, 
fever, and abdominal pain. They may or may not have leuko-
cytosis. Radiologic diagnosis is often a dilemma as these 
patients’ body habitus often precludes obtaining a CT scan. 
CT also has a low sensitivity for the detection of leaks seen 
in one large case series as being 56%  [  46  ] . Upper GI series 
also has a low sensitivity (30%) as shown in this same case 
series and the combination of the two was shown in this series 
to detect leaks 70% of the time  [  46  ] . With the sensitivities of 
these studies being relatively poor, any patient with tachycar-
dia and sepsis in the early post-op period should be consid-
ered for re-laparoscopy. Management of these patients is 
often determined by their timing of presentation. Many of 
these patients will already be discharged home and present to 
the on-call surgery team  [  50  ] . Many patients can be managed 
nonoperatively with retaining surgically placed drains, intra-
venous antibiotics, and withholding oral intake. In the unsta-
ble patient, a laparoscopic washout and drain placement can 
be a temporizing measure until the bariatric team is available 
for de fi nitive management. In stable patients, it is sometimes 
possible to stent leaks endoscopically, thus avoiding high-risk 
surgery. Percutaneous drainage of localized, contained leaks 
is also possible, but these measures should both be done in 
coordination with the bariatric team.  

   Gastrointestinal Bleeding 
 The incidence of GI hemorrhage after laparoscopic RYGB 
ranges from 1.1 to 4%  [  51,   52  ] . Patients with GI hemorrhage 
present either early (within 48 h) or late (after 48 h). Early 
bleeding is usually from poor hemostasis at the time of sur-
gery or bleeding from staple lines. There are four potential 
areas for staple line bleeds: the gastric pouch, the gastroje-
junostomy, the jejunostomy, and the bypassed stomach. 
Patients usually present with hematemesis, hematochezia, 
and/or hypotension. The initial management of GI hemor-
rhage consists of  fl uid resuscitation and preparation for blood 
transfusions. Ongoing bleeding in the early group with a 
decline in hematocrit indicates active bleeding that will likely 
require intervention. Endoscopic therapy can be employed to 



404 N.M. Brown et al.

control staple line bleeding by injection of epinephrine or 
thermal coagulation. Endoscopic management is usually 
limited to the gastric pouch and the gastrojejunostomy due 
to the long Roux limb length but successful endoscopic 
management at the jejunojejunostomy has been described. 
Reoperative intervention is indicated in the hemodynami-
cally unstable patient. It consists of either laparoscopy or 
open surgery based on the degree of instability as laparos-
copy is relatively contraindicated in the unstable patient as 
pneumoperitoneum can result in worsened hemodynamics. 
In the event that bleeding is from the bypassed stomach, a 
gastrotomy can be performed in the distended remnant 
stomach and clot evacuated. It is important to oversew the 
staple line in the remnant stomach and it may be necessary to 
place a gastrostomy tube in the remnant stomach for decom-
pression, potential radiography, and feeding. Late bleeding, 
usually after the  fi rst postoperative week is commonly asso-
ciated with ulceration at the anastomosis or ulceration due to 
nonsteroidal anti-in fl ammatory drugs (NSAIDs). It can also 
be commonly associated with gastritis, and evaluation is 
usually by upper endoscopy. If no bleeding is visualized on 
upper endoscopy it may be prudent to repeat endoscopy 
using a longer scope to visualize the more distal jejunoje-
junostomy. Treatment of late bleeding can usually be accom-
plished by endoscopic intervention as needed, acid reducing 
therapy, and identi fi cation and eradication of  Helicobacter 
pylori  infection.  

   Internal Hernias 
 The overall incidence of internal hernia in the laparoscopic 
RYGB is estimated to be between 3 and 4.5%  [  53–  56  ] . 
Depending on the type of procedure performed, there are up 
to three potential hernia spaces at the mesenteric defect of 
the jejunojejunostomy, the Peterson defect (posterior to the 
Roux limb) and in the case of a retrocolic anastomosis at the 
transverse mesocolon. Internal hernias can result in intestinal 
obstruction, ischemia, or both. Presenting symptoms are usu-
ally intermittent abdominal pain and, less commonly, emesis. 
When bilious emesis is present, more distal obstruction 
should be expected. Laboratory  fi ndings are also nonspeci fi c 
and only about one-quarter of patients will be present with 
leukocytosis. Radiologic evaluation is often unreliable with 
UGI (33–55% positive for obstruction) and CT (48–90% 
positive for obstruction)  [  57  ] . The presence of a mesenteric 
swirl sign is a more reliable indicator of internal hernia (sen-
sitivity 61–83% and speci fi city 67–94%)  [  57  ] . With 
nonspeci fi c symptoms, laboratory values and a potentially 
unremarkable radiologic workup, the on-call surgeon should 
have a low threshold for exploring patients when internal 
hernia is clinically suspected or patients fail to improve. 
Laparoscopic management of internal hernia after gastric 
bypass is feasible in 83–100% of patients with low conver-
sion rates of 7–17%  [  55  ] . Resection of necrotic bowel 

segments should be performed, but is rarely necessary if 
exploration is performed promptly and all hernias should be 
reduced and the mesenteric defects closed  [  53  ] .  

   Anastomotic Stricture 
 Stricture can follow any anastomosis and in the case of 
RYGB is most common at the gastrojejunal anastomosis 
with a reported incidence between 3.1 and 15.7%  [  58–  60  ] . 
The method in which the gastrojejunal anastomosis was per-
formed is important as circular staplers seem to have higher rates 
of stricture than linear staplers or a hand-sewn anastomosis. 
Causes of stricture include subclinical leak,  fi brosis second-
ary to ulceration, ischemia or technical error. Patients present 
dysphagia, nausea and or obstruction typically between 3 
weeks and 3 months after surgery. Diagnosis can usually be 
made based on history alone. A UGI study may be helpful, 
but is only diagnostic. An EGD can be both diagnostic and 
therapeutic. Endoscopic dilatation of the stricture is the treat-
ment of choice and is successful in 55–83% of cases after a 
single dilatation to 15–18 mm  [  58  ] . Serial dilatation may be 
required in late anastomotic strictures. Perforation is a poten-
tial complication of dilatation (2.1%) particularly if dilata-
tion is done in the  fi rst month after surgery  [  58,   59  ] . Revisional 
surgery is occasionally recommended for resistant stenosis, 
but typically not in the acute setting.  

   Marginal Ulceration 
 Marginal ulcers occur in approximately 1–16% of patients 
 [  61–  64  ] . They usually occur on the jejunal side of the gas-
trojejunal anastomosis because while acid reduction is 
signi fi cant following a RYGB, the jejunum does not have the 
defense mechanisms against acid exposure that are present in 
the duodenum. The etiology of ulcer formation following 
RYGB is likely multifactorial. Potential etiologies for this 
complication include gastric acid causing peptic digestion of 
the unprotected jejunal mucosa as discussed above, foreign 
body (staples or nonabsorbable suture) in fl ammatory reac-
tion, exogenous substances (alcohol, tobacco, NSAIDs), and 
 H .  pylori  infection  [  61–  64  ] . The clinical presentation of mar-
ginal ulceration is that of severe pain, nausea, unheralded 
bleeding, or, rarely, perforation. The diagnosis can be made 
on clinical presentation, but upper endoscopy is usually the 
employed in making the diagnosis and this also allows for a 
tissue sample for  H .  pylori  testing. Treatment is usually med-
ical initially and includes acid suppression and eradication of 
 H .  pylori  if present. Predisposing factors such as alcohol, 
tobacco and NSAIDs are also discontinued. At the time of 
endoscopy, when suture material of staples are observed it 
may be prudent to remove them endoscopically if this can be 
done safely. Treatment with PPIs and sucralfate often pro-
mote resolution of the ulcers. Duration of treatment is not 
clearly de fi ned, but studies recommend 6 weeks to 6 months 
duration of treatment followed by repeat endoscopy to evaluate 
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success of medical treatment  [  61–  64  ] . Surgical treatment is 
reserved for marginal ulcers refractory to medical treatment 
or, as is more prudent for this chapter, those patients who 
present with acute perforation. Acute perforation occurs in 
approximately 1% of patients according to a large retrospec-
tive review of 3,430 patients undergoing laparoscopic RYGB 
 [  64  ] . Treatment options are similar to that of a perforated 
peptic ulcer and are based on the size of the perforation, 
amount of contamination and clinical condition of the 
patient. One surgical option is the open or laparoscopic 
placement of an omental patch and/or closure of the perfora-
tion. This is the most prudent procedure for the clinically 
unstable patient. Another option is resection of the anasto-
motic segment containing the ulcer along with gastric resec-
tion to reduce the pouch size (and thus the amount of acid 
secreted) and re-creating the gastrojejunostomy with or 
without a vagotomy. A gastrostomy tube may also be placed 
in the remnant stomach to facilitate postoperative enteral 
nutrition. All patients with perforation should be maintained 
on acid reducing therapy for a minimum of 3 months or 
inde fi nitely in those patients who refuse to make lifestyle 
modi fi cations (i.e., cessation of smoking, alcohol abuse and 
NSAIDs).   

   Complications of Laparoscopic Adjustable 
Gastric Band 

   Infection 
 Infection can be divided into intra-abdominal and port-site 
infection. The laparoscopic adjustable gastric band (LAGB) 
is a foreign body and thus acts as a potential nidus for infec-
tion and may precipitate infection and abscess formation  [  50, 
  65–  68  ] . In the presence of an intra-abdominal abscess, the 
band should be removed and the area widely drained and the 
stomach tested for occult leaks. Port-site infections are 
classi fi ed as early or late  [  69  ] . Early infections manifest with 
signs similar to those of cellulitis: pain, edema, and ery-
thema. These early port-site infections can usually be treated 
with oral antibiotics. In the event that these infections do not 
clear, then IV antibiotics should be used. When the infection 
does not respond to antibiotics and is limited to the port, then 
the infection requires adjustment port removal. The wound is 
then allowed to heal by secondary intention while antibiotics 
are tailored to cultures obtained from the adjustment port. 
Late port-site infections are due to erosion until proven oth-
erwise. The band should be removed, cultured and the even 
if there is no erosion present, the stomach and esophagus 
should be tested for occult leak.  

   Gastric Prolapse 
 Gastric prolapse or band slippage occurs with cephalad 
herniation of the body of stomach through the band (poste-

rior slip) or caudal migration of the band (anterior slip). 
Historically, it has been reported to be as high as 25%, but 
this has decreased to less than 5% with widespread adoption 
of the pars  fl accida technique for band placement  [  50,   65, 
  66  ] . Up to 20% of patients may be asymptomatic or present 
with dysphagia, nausea, vomiting and re fl ux  [  50,   65,   66  ] . 
Abdominal pain may be an ominous sign when dealing with 
gastric prolapse indicating possible gastric ischemia. Gastric 
prolapse is diagnosed radiographically with a UGI study. 
With the pars  fl accida technique for band placement, the 
most common type of gastric prolapse after LAGB is ante-
rior slip. Posterior slip was more common with the peri-gas-
tric technique of band placement. Either type can lead to 
UGI bleeding, aspiration pneumonia, or complete obstruc-
tion of the stomach, gastric perforation, or ischemia of the 
prolapsed stomach. The treatment of all types of gastric pro-
lapse is  fi rst to remove  fl uid from the band as this can some-
times improve the patient’s condition. Gastric prolapse does 
require operative intervention and sometimes this needs to 
be done acutely in the patient with abdominal pain as this can 
indicate gastric ischemia. Most of the time surgery can be 
accomplished laparoscopically. Some surgeons remove and 
replace the band, others take down the plicated fundus and 
attempt to reposition the band. For a surgeon who is not 
familiar with treatment of this complication or in the pres-
ence of gastric ischemia, the most appropriate management 
is band removal. The band can either opened, but this is often 
a dif fi cult maneuver and the simplest option is sharp transec-
tion of the band.  

   Gastric Pouch Dilatation 
 Gastric pouch dilatation is a common occurring late compli-
cation of LAGB, occurring in 5–25% of cases  [  50,   65–  69  ] . 
It may involve the stomach, the esophagus, or both. Symptoms 
included dysphagia, vomiting, re fl ux, and heartburn. It is 
thought to occur secondary to overin fl ation of the band or 
overeating with resulting high pressure within the pouch. It 
is diagnosed by means of a UGI contrast study or by upper 
endoscopy. The  fi rst-line treatment and the important step to 
remember for the on-call surgeon who may not be familiar 
with troubleshooting a LAGB is band de fl ation with a fol-
low-up contrast study in 4–6 weeks  [  50  ] . If the pouch size 
returns to normal then attempts at re-in fl ating the band may 
be done at this time. If the patient cannot tolerate band  fi lls or 
if the pouch fails to return to its original size on repeat UGI 
then surgical revision is often required with replacement of 
the band at a higher position.  

   Band Erosion 
 Band erosion is an uncommon complication of LAGB with 
an incidence less than 1%  [  67,   68  ] . It is a slow process and 
rarely results in perforation and peritonitis. As stated previ-
ously, the band is exposed to gastric  fl ora and the tubing can 
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become infected. Many patients are asymptomatic, but some 
patients present with weight-gain as the band loses its restrictive 
effect. Some patients present with epigastric pain and gastro-
intestinal bleeding, but one of the most common presenta-
tions are recurrent port-site infections. Diagnosis can be 
made with contrast studies, endoscopy, or both. Band removal 
can be accomplished either laparoscopically or use of endos-
copy depending on degree of erosion. Our institution is cur-
rently investigating a method of placing a stent across a 
partially eroded band to complete the erosion allowing later 
facilitation of endoscopic removal. There have been case 
reports of an eroded band migrating and causing small bowel 
obstruction, but rarely is emergent surgery necessary with 
this complication  [  68  ] . In some instances, band removal may 
be delayed for many months in the asymptomatic patient to 
facilitate endoscopic removal of the eroded band.   

   Complications of Laparoscopic Sleeve 
Gastrectomy 

 Laparoscopic sleeve gastrectomy is the newest bariatric pro-
cedure that is commonly done today. This procedure has 
been utilized in the past as a staged procedure for inpatients 
undergoing a duodenal switch procedure but has recently 
been utilized as a standalone procedure in bariatric surgery. 
Studies quote excess body weight loss at 1 year to be around 
50%  [  70–  73  ] . The procedure is attractive to both patients 
and surgeons as it does not require a gastrointestinal anasto-
mosis or intestinal bypass and is thought to be less techni-
cally demanding than RYGB. It also eliminates the presence 
of a foreign body as in the LAGB. The commonly identi fi ed 
complications of laparoscopic sleeve gastrectomy are 
abscess, hemorrhage, sleeve stricture, gastric  fi stula, and 
leak. Abscess formation is an uncommon occurrence and 
can be managed by percutaneous drainage and antibiotics. 
Unlike the LAGB, the laparoscopic sleeve gastrectomy does 
not involve a foreign body requiring explantation in the 
event of intra-abdominal infection. Hemorrhage is reported 
in the literature as occurring in 0–15.8% of cases and usu-
ally occurs from the staple line  [  71  ] . Most bleeding is self-
limited and resolves with conservative management. 
Bleeding causing hemodynamic instability can often be 
addressed endoscopically by injection of epinephrine or 
thermal coagulation at the staple line. Laparoscopy or open 
surgery to oversew the staple line is reserved for patients 
who are unresponsive to surgical measures and usually 
involves oversewing the staple line or looking for other 
intra-abdominal injuries (i.e., liver and splenic lacerations). 
Sleeve stricture is another uncommon complication, with 
sleeve stricture presenting in <1% of patients and usually 
presenting 3–4 weeks after surgery  [  71  ] . This can be man-
aged most of the time with endoscopic dilatation. Gastric 
 fi stula is another potential complication reported in one 

prospective study as being as high as 5.1%  [  72  ] . This was 
diagnosed in this series either by UGI contrast study or CT 
scan at a median time of diagnosis of 4.8 days. Patients in 
this series were treated with IV antibiotics, parenteral nutri-
tion, and somatostatin analogues. This complication can be 
treated with conservative therapy as stated previously, along 
with endoscopic stent placement and/or histoacryl glue. The 
most dreaded complication following laparoscopic sleeve 
gastrectomy is gastric leak. Its incidence is reported in the 
literature as 0–5.5%  [  73  ] . Leaks can present with signs of 
sepsis including fever, tachycardia, and abdominal pain as 
well as leukocytosis on lab evaluation. A study done by Tan 
et al. de fi ned an algorithm for management of leaks follow-
ing laparoscopic sleeve gastrectomy  [  73  ] . The principle 
behind the treatment of these patients was control of sepsis, 
nutritional supplementation, and de fi nition of anatomy of 
the leak for de fi nitive therapy. Early leaks in patients with 
signs of sepsis with no discernible abscess were treated with 
either laparoscopic or open washout with drain placement, 
and either an omental patch or insertion of a T-tube into the 
defect. A feeding jejunostomy was also placed at this time. 
If a drainable abscess was identi fi ed on CT scan, a percuta-
neous drain was placed and a nasojejunal feeding tube was 
placed for enteral nutrition. In non-septic patients and late 
leaks, an NJT was placed for enteral nutrition and if there 
was a drainable collection it was either drained percutane-
ously or with surgery  [  73  ] .  

   Complications of Laparoscopic 
Cholecystectomy 

 Bleeding can arise at many different points during a laparo-
scopic cholecystectomy  [  74  ] . Such instances may include 
trocar insertion injuring abdominal vessels that can be 
detected under direct visualization. Bleeding can be con-
trolled with a  fi gure of eight stitch placed under direct visu-
alization with a suture passer or a straight needle. Another 
option may be inserting a Foley catheter into the trocar site to 
tamponade the bleeding for several hours. 

 Liver bed bleeding can also be problematic, if not con-
trolled with electrocautery; other options include direct pres-
sure with sponges, and packing with hemostatic agents or 
 fi brin sealant. If bleeding continues to persist, clipping or 
electrocautery may be used, however, with extreme caution 
due to high risk of bile duct or hepatic vessel injuries. 
If bleeding still cannot be adequately controlled, conversion 
to an open approach should be done immediately. 

 Bile leaks after laparoscopic cholecystectomy occurs in 
approximately 1% of the patient population  [  74  ] . Most 
often, these patients have already been discharged home. 
Patients often present with persistent abdominal pain, 
distention, or leukocytosis. Diagnostic imaging includes 
ultrasound and if a  fl uid collection is visualized, a hepatobiliary 
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iminodiacetic acid (HIDA) scan is performed to con fi rm 
presence of a bile leak. 

 If a bile leak is con fi rmed, it can be drained percutaneously 
in addition to cholangiography (magnetic resonance cholan-
giopancreatography [MRCP] or endoscopic retrograde cho-
langiopancreatography [ERCP]) performed to de fi ne the 
biliary anatomy. Most often the source of bile leak is the 
cystic duct. These are often managed conservatively with 
percutaneous drainage, endoscopic sphincterotomy with 
temporary stenting. 

 If the leak is from a major bile duct, it is advisable to 
place drains at the time of surgery and refer care to an expe-
rienced biliary surgeon for the de fi nitive therapy.   

   Complications of Laparoscopic Hernia Repair 

   Laparoscopic Inguinal Hernia Repair 

 Laparoscopic inguinal hernia repair (LIHR) offers many 
advantages to traditional open hernia repair including 
decreased level of post-op pain, earlier return to normal activ-
ities, and the ability to visualize the contralateral side and 
repair both hernias at the same time  [  75–  79  ] . The two widely 
recognized approaches to laparoscopic inguinal hernia repair 
are the trans-abdominal pre-peritoneal repair (TAPP) and the 
totally extraperitoneal repair (TEP). Postoperative complica-
tions following LIHR include seroma, chronic pain second-
ary to nerve entrapment and neuralgia, and there have been 
reports of small bowel obstruction (more common after the 
TAPP repair)  [  79  ] . Additional complications include bowel or 
bladder injury from trocar placement or intraoperative manip-
ulations, vessel injury (mainly epigastric vessels), transection 
of the ductus deferens, and scrotal emphysema, but these are 
usually appreciated and managed at the time of surgery. 
Seroma formation, which occurs in approximately 3% of 
patients, usually has an indolent course and most resolve 
without need for any intervention  [  76,   77  ] . Occasionally, 
large and persistent scrotal seromas may require needle drain-
age or possible even formal exploration and treatment for 
hydrocele. Chronic pain and/or parasthesia secondary to 
nerve entrapment and neuralgia (including the genital branch 
of the genitofemoral nerve, the lateral femoral cutaneous 
nerve, and the ilioinguinal nerve) have become less common 
as surgical techniques have improved. In the event of pain or 
paresthesia secondary to nerve entrapment, conservative 
management is the best initial option as most of these symp-
toms will resolve on their own without intervention. Repeat 
laparoscopy is sometimes required with removal of the 
offending staple or suture causing the entrapment. The use of 
absorbable sutures and tacks is thought to make nonoperative 
management of these complications even more feasible. 
Small bowel obstruction following LIHR has been reported 
in the literature at 0.5% for TAPP repairs and 0.07% for TEPP 

repairs  [  79  ] . These are usually secondary to peritoneal tears 
not repaired at the time of surgery. Small bowel obstruction in 
the perioperative period following LIHR is best managed 
with surgically as the hernia is likely at a peritoneal defect 
causing mechanical obstruction. This can usually be managed 
laparoscopically with reduction of the hernia and closure of 
the peritoneal defect.  

   Laparoscopic Ventral Hernia Repair 

 Laparoscopic ventral hernia repair (LVHR) has been widely 
adopted for repair of both ventral and incisional hernias due 
to its decreased rate of wound complications, visualization 
of the entire abdominal wall and intra-abdominal placement 
of mesh with generous overlap and  fi xation to healthy 
abdominal wall fascia to ensure a successful repair  [  80,   81  ] . 
The most common complications following LVHR are ileus, 
seroma, suture site pain, and missed or delayed bowel injury. 
Ileus can occur in patients undergoing any type of surgery, 
but those undergoing repairs of ventral hernias requiring 
extensive adhesiolysis or those with large defects are more 
prone to development of ileus. Most of the time, the ileus 
will resolve on its own with conservative management with 
IV  fl uids and possibly pro-motility agents. Persistent ileus is 
present in <1% of all patients undergoing LVHR  [  80–  82  ] . 
The importance is to not mistake persistent ileus for internal 
herniation between the mesh and the abdominal wall. This is 
a rare complication, but can present as a bowel obstruction of 
the mesh is not properly secured or if  fi xation devices fail. 
This can be diagnosed by abdominal series and/or CT scan. 
Incidence of seroma increases with size of the defect repaired 
as  fl uid  fi lls the space formerly occupied by the hernia con-
tents—in essence, almost all ventral hernia repairs will 
develop some sort of seroma. Persistent seromas (lasting >4 
weeks) are very common after LVHR occurring in 4–10.7% 
of the population  [  80–  82  ] . These are usually asymptomatic 
and can be treated conservatively. In the event that they 
become symptomatic, the common presentation is pain and 
these seromas can be aspirated if needed, but again, most 
seromas resolves and the complication of draining the seroma 
is that introduction of the needle can lead to infection. 
Persistent suture site pain is present in 2–3.3% of the popula-
tion and is usually due to the trans fi xion sutures used in the 
repair  [  80–  82  ] . Occasionally a tacking device can also cause 
persistent pain by nerve entrapment. Many of these patients 
will present to the emergency room with complaints of pain 
at the incision site. Management is usually by the use of anti-
in fl ammatory medications and the pain will usually resolve 
over time. Local injections are sometimes used in persistent 
suture site pain and, in the rare occasion, sometimes removal 
of the anchoring suture is needed to alleviate the pain. 
The most devastating complication in LVHR is delayed 
or missed bowel injury. Enterotomy is not an uncommon 
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complication during LVHR occurring in up to 6% of patients 
undergoing LVHR  [  80–  82  ] . These are usually appreciated 
intraoperatively and can be addressed at that time. However, 
when an injury is missed or delayed, patients will present the 
 fi rst few days after surgery with worsening abdominal pain 
and may begin showing signs of sepsis such as fever, hypoten-
sion, tachycardia, and oliguria. Lab results usually reveal a 
leukocytosis. These patients should be watched closely and 
stable patients should undergo radiologic evaluation with a 
CT scan to rule out an intra-abdominal source for their pre-
sentation. If a missed or delayed bowel injury is strongly sus-
pected or proven by radiographic studies, then reoperation 
with mesh removal should be prompt as this can prove to be 
a fatal injury.   

   Complications of Anti-re fl ux Surgery 

 Although the majority of gastroesophageal re fl ux disease 
(GERD) is treated medically, anti-re fl ux surgery remains as 
appropriate and effective management for the treatment 
GERD refractory to medical treatment or those on lifelong 
acid suppression. As anti-re fl ux procedures have evolved, 
morbidity and mortality have decreased for these procedures 
as well, but complications do exist for this procedure and can 
be divided into complications occurring early and late. Early 
complications occur in 2–3% of patients and include severe 
dysphagia, gas bloating, bleeding, pneumothorax, wrap her-
niation, wrap ischemia, and perforation  [  83–  85  ] . The most 
common late complication is failure of anti-re fl ux surgery 
with return of symptomatic GERD. Failure of surgery as a 
late complication rarely necessitates immediate operative 
intervention. Severe dysphagia and food impaction occurs in 
the postoperative patient between postoperative day 10 and 
usually resolves within 3 weeks. This is usually due to post-
operative edema and usually will resolve on its own. Severe 
cases lasting longer than 6 weeks will sometimes require 
esophageal dilatation. If this is necessary than serial dilata-
tions with Savary dilators is preferred over balloon dilatation 
as it is less likely to disrupt the wrap. Gas bloat is another 
complication of anti-re fl ux surgery that usually manifests 
from a wrap that is too tight or persistent edema. Commonly, 
this is associated with preoperative delayed gastric empty-
ing. Workup for this is primarily a patient’s history. The main 
complaint is postprandial abdominal pain that makes belch-
ing or vomiting dif fi cult. Most of these symptoms will 
resolve without further intervention, but in some cases it is 
necessary to perform a gastric emptying study to determine 
contributing factors to the patient’s symptoms. If the symp-
toms persist, then consideration may be given to placement 
of a PEG tube as a vent to control the patient’s symptoms. 
In some patients with signi fi cant delayed gastric emptying a 

pyloroplasty is needed to alleviate the gas bloat symptoms. 
Postoperative bleeding is unusual occurring in <1% of anti-
re fl ux surgery patients  [  85  ] . It is commonly due to hepatic or 
splenic injury at the time of surgery or from the short gastric 
vessels. UGI bleeding from a peptic ulcer or gastritis can 
also occur, but is rare. Management in the stable patient is 
conservative with possible contrasted CT study to determine 
a site of bleeding if thought to be from inadvertent injury to 
the liver or spleen. If the patient presents with hematemesis, 
then an EGD should be performed to determine the etiology. 
The limitation of this is that the wrap itself cannot be visual-
ized. In the case of unidenti fi ed UGI bleeding in the hemody-
namically unstable patient, urgent laparoscopy or laparotomy 
with take down of the wrap should be performed to allow for 
endoscopic visualization of the remainder of the stomach. 
Pneumothorax is another potential complication of anti-
re fl ux surgery secondary to entrance into the pleural cavity 
during trans-hiatal dissection. It is usually identi fi ed at the 
time of injury, but occasionally this can present in the post-
operative period. Small pneumothoraces can be managed 
conservatively by placing patients on oxygen and serial chest 
X-rays to determine resolution. Larger and symptomatic 
pneumothoraces require tube decompression. Wrap migra-
tion has an incidence of 7–20% and accounts for up to 
84% of failed laparoscopic repairs  [  83–  85  ] . Acute wrap 
herniation occurs in 0.5–1.3%  [  83–  85  ] . This is most com-
monly preceded by a sudden increase in intra-abdominal 
pressure as a result of postoperative emesis or coughing. 
Acute wrap herniation can present with intractable mide-
pigastric abdominal pain, nausea, vomiting, or dysphagia, 
or in some instances as new onset dysphagia. Workup 
includes a UGI contrast study that is diagnostic. Early 
wrap herniation (within the  fi rst postoperative week) war-
rants reoperation involving reduction of the hernia and 
reconstruction of the esophageal hiatus. If wrap herniation is 
discovered past the  fi rst postoperative week then surgery 
should be delayed secondary to potential for dense adhesions 
making the repair tedious. Wrap ischemia with or without 
perforation is fortunately a rare complication occurring in 
<1% of all anti-re fl ux procedures  [  83–  85  ] . If a leak is sus-
pected then an early UGI contrast study can help aid in the 
diagnosis. Elderly vasculopathic patients are particularly 
prone to this complication. Urgent reoperation is indicated 
when this complication is suspected and can usually be man-
aged laparoscopically. If minimal contamination is encoun-
tered then a primary repair covered by a fundoplication or 
omental patch is a reasonable option. A drain and gastros-
tomy tube should also be placed in this situation. In the event 
of gross contamination then drainage with diversion and a 
venting gastrojejunostomy may be the best option. In the 
event of gastric ischemia, the resection of the ischemic seg-
ment is warranted.      
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         Introduction 

 There has been a virtual explosion in the number of bariatric 
procedures done in the USA and globally in the past 5 years. 
It is anticipated that more than 200,000 bariatric procedures 
will be done in the USA in 2012. Bariatric procedures car-
ried out today are generally safe, in most cases effective, and 
commonly cost-effective in the total health care cost of this 
population  [  1  ] . This chapter reviews the short- and long-term 
complications of bariatric procedure. 

 Bariatric operations are designed to reduce excess weight 
by either reducing the amount of food one consumes (restric-
tive) or by causing malabsorption and/or maldigestion of an 
ingested meal. Numerous variations on this theme of proce-
dures have been attempted with variable success  [  2  ] . Presently, 
there are two widely accepted procedures that are purely 
restrictive: laparoscopic adjustable gastric band (LAGB) and 
sleeve gastrectomy (SG). There are three widely utilized bar-
iatric procedures which are a combination of restrictive and 
malabsorptive. Roux-en-Y gastric bypass (RYGBP) is primar-
ily restrictive but does have a malabsorptive component from 
the bypassed stomach, duodenum, and proximal jejunum. 
Biliopancreatic diversion with duodenal switch (BPD-DS) is 
primarily malabsorptive, but has a restrictive component 
because a sleeve gastrectomy is performed as part of this pro-
cedure. Biliopancreatic diversion (BPD) as described by 
Scopanaro is a purely malabsorptive procedure. Because of 
the relatively high frequency of metabolic complications (e.g., 

malnutrition, osteoporosis) following procedures that rely on 
malabsorption primarily (BPD, BPD-DS), these procedures 
are less often performed in the USA. Descriptions of these 
procedures can be found in several articles  [  1,   2  ] . 

 The complications following bariatric surgery can be 
loosely divided into metabolic, nutritional, infectious, and 
anatomic. The complications can also be divided into acute 
perioperative complications and long-term complications 
(Table  33.1 ). While nearly all patients develop some metabolic 
or nutritional compromise in the months to years following 
bariatric surgery, the infectious and anatomic complications 
occur in a small percentage  [  3–  5  ] .   

   Anatomic Complications Following Bariatric 
Surgery 

 When discussing anatomic complications, it is worthwhile to 
separate those problems directly related to surgery (e.g., 
anastomotic leakage, pneumonias, pulmonary embolus, etc.) 
versus those that occur as a result of the anatomy of the 
operation (i.e., internal hernias, diarrhea, hypoglycemia, etc.). 

 Overall, the surgical mortality and morbidity from bariatric 
procedures is very low when procedures can be performed 
laparoscopically, except under extenuating circumstances 
(e.g., extensive intra-abdominal adhesions, extremely high 
body mass index). Factors associated with increased mortality 
and morbidity were nicely described by Wolfe et al.  [  1,   6  ] . 

 Obviously, the technically easier operations have lower 
complication rates than the most complex operations. That is 
to say that complication rates for LAGB (technically the 
easiest operation) report fewer complications than for 
BPD-DS with GS and RYGBP having complication rates 
between these two extremes. In a study involving outcomes 
of 4,776 patients undergoing bariatric surgery from ten cen-
ters, the 30-day mortality was 0.3% with 4.3% of patients 
having at least one adverse outcome  [  1  ] . These numbers are 
quite low and are very acceptable when one examines risks 
versus gains from the surgery. 
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   Immediate Perioperative Complications 

 Although immediate postoperative complication rates in bar-
iatric surgery are relatively low, they are potentially lethal. In 
the morbidly obese person, symptoms of a complication may 
be subtle and extremely dif fi cult to diagnose often yielding a 
delay in treatment. The physician caring for these patients 
should be aware of the potential complications and their pre-
sentation, however subtle they may be. Recent litigation would 
indicate that even surgeons who do not perform bariatric sur-
gery are required to understand and be aware of the complica-
tions of bariatric surgery if they see surgical consults involving 
bariatric patients in the emergent setting  [  7,   8  ] . 

 For any operation involving suture or staple lines (i.e., 
RYGBP, BPD, SG), one worries about leakage from a 
suture line. Leak from a suture line can produce a collec-
tion of  fi ndings that are associated with sepsis. Mental 
changes (agitation, disorientation), sustained tachycardia 
( p  > 120/min), fever, and renal failure are all manifesta-
tions of a suture line leak. These symptoms often occur 
without overt signs of peritonitis secondary to the dif fi culty 
of the abdominal exam in the morbidly obese  [  9  ] . The 
patient often presents with only one or two of these mani-
festations, so the physician must have a high index of 
 suspicion. When recognized early and treated promptly, 
the patient usually survives with little morbidity. If diag-
nosis is delayed until the patient becomes overtly septic 
(i.e., hypotensive, in respiratory and renal failure), the 

prognosis is much worse, and in some instances will lead 
to death. If one suspects a suture line leak and the patient 
is stable, the leak can be con fi rmed or excluded by com-
puted tomography (CT) scan with oral contrast. 
Anastomotic breaches may also be investigated with an 
endoscopic approach. If the leak is noted at the time of 
endoscopy, there have been numerous reports of covered 
metal stents across the leak with initiation of oral nutri-
tion leading to closure of the leak  [  10–  12  ] . This study 
has been shown to be effective in up to 81% of patients 
(17 of 21)  [  13  ] . Recent studies have shown leaks with 
 fi stualization can also be treated endoscopically  [  14  ] . 

 If the surgeon is relatively sure that a leak is present and 
the patient is unstable, the patient should be taken to the 
operating room for exploratory laparoscopy or laparotomy. 
Commonly, intraoperative endoscopy is helpful in  fi nding 
the location of small areas of leak from the staple lines. 
Operative treatment of the leak consists of irrigation, rein-
forcement of the suture line, and wide drainage  [  9,   15,   16  ] . 
With this treatment, the leak often stops or an enterocuta-
neous  fi stula occurs along the drain tract. If the  fi stula is 
resulting from a small leak, it will commonly close with 
conservative management. With larger leaks, a secondary 
surgery will be required for closure several months later. 
Attempting to do major reconstructive surgery in the face of 
a leak and infection is fraught with complications and results 
in anastomotic failure commonly  [  9  ] . While surgery with 
drainage is the mainstay of therapy, their stable patients can 
be managed non-operatively as long as adequate drainage 
can be assured. 

 Fortunately, leakage from a suture or staple line occurs in 
less than 2% of patients undergoing a primary bariatric pro-
cedure. Again, the patient’s obesity and recent surgery makes 
the abdominal exam much less reliable in diagnosing postop-
erative leaks. Therefore, the surgeon or emergency depart-
ment physician must have a high level of suspicion and rely 
on evaluating multiple criteria (e.g., pulse rate, respiratory 
status, temperature, white blood cell count, etc.), which 
could help determine evidence of leak. 

 Other acute complications in bariatric surgery popula-
tions that occur in the immediate postoperative period are 
similar to those non-obese patients undergoing abdomi-
nal major surgery with the exception of wound infection, 
which occurs in 20–30% of obese patients undergoing an 
open (non-laparoscopic) bariatric procedure  [  17  ] . Wound 
infections should be treated as any other post-op wound 
infections with the caveat that the risk of deep  fl uid/puru-
lent collections that are inadequately drained are more 
common than in the lower body mass index (BMI) patient 
 [  18  ] . Bariatric surgeons are concerned about the potential 
for post-op thrombophlebitis and pulmonary embolus in 
these patients; and prophylactic low molecular weight hep-
arin, as well as anti-embolus stockings, is recommended in 

   Table 33.1    Complications of bariatric surgery   

 Complications of bariatric surgery 

 Short-term ( fi rst 30–90 days)  Long-term 
 Nausea/vomiting  Fistulae 

 ● Gastro-gastric, gastro-cutaneous, etc. 
 Dehydration  Diarrhea 

 ● Maldigestion, malabsorption, 
bacterial overgrowth 

 Fatigue  Dumping 
 Anastomotic stricture  Reactive hypoglycemia 
 Leaks/sepsis  Failure to maintain weight loss 
 GI bleed 
 • Marginal/anastomotic 

ulcerations 
 • Staple line hemorrhage 

 Vitamin and mineral de fi ciency 

 Venous thromboembolic 
disease/DVT 

 Bowel obstruction 
 • Adhesions, internal hernias 

 Wound complications  Ventral hernia 
 Band slippage  Anastomotic stricture 

 Anastomotic ulcerations 
 Gallstones 
 Gastric band erosion 
 Gastric band slippage 
 Band infections 



41533 Metabolic and Anatomic Complications Following Bariatric Surgery

the postoperative period. The reported incidence of clini-
cal pulmonary embolus is low (0.3–0.6%) and compares 
with the incidence in non-obese patients  [  19  ] . Pulmonary 
embolus often presents as persistent O 

2
  desaturation as 

measured by pulse oximeter or arterial blood gas. When 
suspected, pulmonary embolus (PE) should be excluded 
with a pulmonary angio CT scan, and if PE is present, the 
patient should be fully anticoagulated for 6 weeks. 

 Most bariatric patients are thoroughly assessed for coro-
nary artery and pulmonary disease preoperatively; and con-
sequently, the incidence of postoperative respiratory failure, 
heart failure, or pneumonia is extremely low  [  20  ] . 

 Lap bands have the potential to develop a unique set of 
postoperative complications, including band slippage, 
unrecognized perforation of the esophagus, infection, and 
erosion into the stomach. Bands can “slip” in the acute set-
ting following surgery or long after the initial procedure. 
The slippage occurs when the band “slips” more distal 
along the greater or lesser curvature and the distal stomach 
herniates through the band. This complication is usually 
manifested by the inability to tolerate anything by mouth 
and rather severe abdominal pain  [  21  ] . The diagnosis is 
made by a contrast swallow. Water soluble contrast is sug-
gested as the  fi rst attempt; and if no leaks are present, bar-
ium can be used to better de fi ne the anatomy  [  22  ] . A slipped 
band should be acutely repositioned surgically; this can 
usually be done laparoscopically. If adequately skilled bar-
iatric surgical support is unavailable to reposition the band 
should be removed. This procedure can be usually be done 
by freeing up the band cautiously with cautery then when 
adequately exposed just cut the band and remove. If con-
cern for gastric injury exists, the band removal can be com-
bined with endoscopy to evaluate for small leaks. Allowing 
the slipped portion of the stomach to remain for prolonged 
periods will often result in ischemia and full thickness 
necrosis of the herniated segment of stomach  [  23  ] . (See 
“Band Slippage” in next section.)  

   Long-Term Complications 

 Long-term complications in bariatric patients fall into three 
groups: post-op adhesions, metabolic complications, and 
complications which are procedure speci fi c. 

 As with any intra-abdominal surgery, postoperative adhe-
sions causing bowel obstruction are a risk when bariatric 
procedures are performed. Most bariatric procedures are now 
performed laparoscopically, and there are minimal adhesions 
following laparoscopic procedures. 

 Postoperative incisional hernias are very common (up 
to 30%) following open bariatric procedures  [  24,   25  ] . Trocar 
site hernias following laparoscopic bariatric procedures are 
reported to occur between 0 and 5.2% of the time  [  26,   27  ] . 

Patient risk factors for trocar site hernias are older age and 
higher body mass index. Technical risk factors for trocar site 
hernias are related to the design and size of trocars  [  26  ] . 

   Internal Hernia 
 Both biliopancreatic diversion with or without duodenal 
switch and gastric bypass are procedures that employ Roux-
en-Y reconstruction; and with this reconstruction, the patients 
can develop internal hernias. Three types of internal hernias 
make up the majority of these herniations following bariatric 
procedures. These include (1) hernia through the transverse 
mesocolon into the lesser sac, (2) internal rotation of the bil-
iary limb under the Roux-en-Y limb (often called Petersen 
Hernia), and (3) herniation through the divided leaves of 
the mesentery where the jejunojejunostomy was performed 
 [  4,   28  ] . The usual presentation for internal hernias is quite 
variable. The presentation can be from subtle vague intermit-
tent cramping epigastric pain to severe unrelenting constant 
abdominal pain making this diagnosis very dif fi cult. It may 
present as closed loop bowel obstruction with ischemia or 
necrosis of the loop  [  29  ] . One must remember also that with 
the Roux-en-Y reconstruction, the biliary limb can become 
obstructed without having the alimentary limb obstructed; 
and thus a standard upper gastrointestinal (GI) series with 
small bowel follow-through may appear normal when the 
biliary limb is obstructed. CT scan is the best test to diagnose 
obstruction of the biliary limb and internal hernia in general 
 [  29,   30  ] . When a patient presents with post-gastric bypass 
abdominal pain or has abdominal pain from biliary pancre-
atic diversion, a CT scan should be performed to help rule 
out obstruction of the biliary limb; the scan will sometimes 
diagnose internal hernias. If the CT is negative, laparoscopy 
or laparotomy may be required to rule out internal hernia.  

   Marginal Ulcerations 
 Roux-en-Y reconstruction consists of anastomosing jeju-
num to gastric pouch (in RYGBP) or duodenum (in BPD). 
This reconstruction is ulcerogenic, as the jejunum is with-
out buffering components from pancreatic and biliary 
secretions, so marginal ulcers can occur after these two 
procedures  [  31,   32  ] . If the ulceration occurs on the jejunal 
side, it is most likely secondary to acid exposure and will 
most likely respond to treatment with H 

2
  receptor antago-

nists or proton pump inhibitors. However, if the ulcer 
occurs on the gastric pouch side of the anastomosis, it is 
most likely due to ischemia in that part of the pouch and 
may need resection. The majority of these patients will 
respond to treatment with proton pump inhibitors (PPI), 
which con fi rms that unbuffered acidity is the major cause 
of these lesions. The incidence of anastomotic ulcers varies 
from 3 to 12%. These ulcers may be under diagnosed since 
a substantial (>5%) number may be asymptomatic. The 
majority of these ulcers occur acutely, that is within 1 year 
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from surgery  [  33,   34  ] . The development of marginal ulcers 
is higher in patients who had history of 
 H .  pylori  infections even when eradication has been 
attempted  [  35  ] . Marginal ulcer formation is also common 
source of blood loss. Most bleeds can be managed conser-
vatively with proton pump inhibitors (PPI) via IV or infu-
sion and blood transfusion; however, if the bleeding remains 
persistent, endoscopic evaluation is warranted. When 
source of bleeding is noted, hemostasis should be achieved 
with the use of endoscopic clips over cautery or epineph-
rine injection as the clips do not produce additional tissue 
injury  [  36  ] . Although most marginal ulcerations heal with 
PPI therapy, there will be some that are recalcitrant to PPI 
therapy or that result in an anastomotic stricture not ame-
nable to dilatation. These ulcers are treated with resection 
of the gastrojejunostomy with formation of a new gastroje-
junostomy  [  37  ] . 

 Anastomotic strictures can be secondary to technical 
problems constructing the anastomosis, chronic in fl ammation 
of the tissue around the anastomosis, an ulcer at the anasto-
mosis, or ischemia. Strictures are primarily treated with PPIs 
and balloon dilation up to 15–18 mm. This has been shown 
to have a success rate of up to 93% in symptom resolution 
and subsequent resumption in weight loss  [  38  ] . It is often 
necessary to dilate multiple times, but if the stricture recurs 
following the third dilatation, it is usually an indication for 
elective resection and making a new anastomosis. Like mar-
ginal ulcers, strictures occur rather acutely following surgery, 
and it is unusual to see a new stricture forming after 1 year. 
Anastomotic strictures following bariatric surgery occur 
about 3% of the time, and it is often dif fi cult to determine the 
exact etiology (i.e., technical versus ulcer or ischemia  [  39  ] ). 
The symptoms produced by marginal ulcers or anastomotic 
strictures are chronic epigastric pain and often symptoms of 
gastric outlet obstruction. The diagnosis is made endoscopi-
cally, and the treatment is proton pump inhibitors at least 
initially  [  40  ] . 

 Patients following Roux-en-Y gastric bypass are also 
known to have a higher incidence of intussusception of small 
intestine  [  41,   42  ] . When a patient who has had a Roux-en-Y 
gastric bypass presents with bowel obstruction and epigastric 
pain, one must consider intussusception as a possible cause. 
The bloody or “currant jelly” stools often seen in ileocolic 
intussusception is not commonly seen in intussusception 
following gastric bypass surgery  [  43  ] . 

 Surgeons and emergency department (ED) physicians are 
often presented with a patient who has had RYGH or BPD 
who presents with abdominal pain or symptoms suggestive 
of bowel obstruction; one must consider not only adhesions 
as the cause, but also internal hernia and intussusception. 
In someone presents with epigastric pain or occult hemor-
rhage and possible symptoms of gastric outlet obstruction, 
marginal ulcer or stricture is a probable diagnosis.  

   Slippage of the Gastric Band 
 Those patients with LAB have minimal to no problems with 
adhesions or internal hernias since their anatomy has not 
been altered. Their problems are related to the band and its 
attachments (i.e., tubing and reservoir). These problems are 
principally slippage of the band, erosion of the band, infection 
of the port site, and malfunction of the insuf fl ation system 
(leakage from the port, tubing, or the balloon on the inside 
of the band  [  44–  46  ] ). 

 Symptoms of slippage are often manifested by symptoms 
of gastric outlet obstruction; that is, early satiety, nausea, and 
vomiting. This slippage occurs when the posterior and greater 
curvature aspects of the stomach herniate through the band, 
placing a signi fi cantly greater amount of stomach on the 
proximal or cephalad side of the band. Slippage can occur 
acutely or gradually. The diagnosis is best made with an 
upper GI (UGI) series, which will demonstrate the herniated 
stomach with limited or no passage of contrast beyond the 
band  [  22  ] . A plain  fi lm of the abdomen may show the band 
at an inappropriate angle or tilt  [  22  ] . When this problem 
occurs acutely, it is an emergency and should be treated 
promptly because the herniated stomach may be at risk for 
ischemia and perforation  [  22  ] . Repositioning of the band 
with reduction of the hernia can often be done; however, 
occasionally, it is necessary to remove the band. These pro-
cedures can virtually always be performed laparoscopically 
unless it is associated with band erosion  [  22  ] .  

   Band Erosion 
 Band erosion occurs when the band erodes through part or 
all of the gastric wall. This process occurs gradually and 
most commonly does not produce peritonitis from free 
leakage of gastric content into the peritoneal cavity  [  47  ] . The 
erosion may be asymptomatic and manifest by weight gain, 
as the constrictive effect of the band can be lost  [  47  ] . Another 
common manifestation of transmural band erosion is infec-
tion of the port site on the abdominal wall. As the contamina-
tion from gastric contents seeds the exposed gastric band, it 
forms a bio fi lm containing viable bacteria along the length of 
the tubing to the port  [  45,   48  ] . Upper GI hemorrhage, often 
acute and severe, can also occur secondary to band erosion 
 [  49,   50  ] . When band erosion is suspected for any of these 
symptoms, endoscopy should be performed, and a segment 
of the band will most often be seen on the luminal side of 
the stomach. If on plain X-ray of the abdomen the band is 
unusually angled, this also would suggest erosion. 

 CT is very helpful in making diagnoses of the more subtle 
band erosions. It will usually show the change in angulation 
and often show air outside the lumen of the stomach at the 
site of the band erosion  [  51  ] . 

 In virtually all cases of transmural erosion, the band 
should be removed because it has the potential to produce 
infectious complications (i.e., infection of the extra-gastric 
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parts of the band and local abscesses and hemorrhage) and 
because it usually loses its effectiveness in weight loss. 
Eroded bands can sometimes be removed endoscopically 
when the buckle has eroded into the stomach  [  52,   53  ] . They 
are most often removed laparoscopically and can in some 
cases be removed endoscopically  [  54  ] . Following removal 
the surgeon must insure that no unsecured or unrecognized 
defects in the gastric wall remain. This is done by combining 
endoscopy with air insuf fl ation watching for leaks. Once 
removed and leaks are ruled out, the patient usually can 
undergo a subsequent bariatric procedure such as sleeve gas-
trectomy or gastric bypass.  

   Biliary Disease 
 Rapid weight loss that occurs following bariatric procedures 
leads to gallstone formation in up to 50% of patients  [  55  ] ; 
however, only 10% will develop symptomatic gallstones, and 
these patients can be treated with cholecystectomy  [  56,   57  ] . 
Treatment with Ursodiol for 6 months postoperatively will 
lower the incidence of gallstones by as much as 50%  [  58  ] ; 
therefore, the most common algorithm in performing bariatric 
surgery is to not perform cholecystectomy in the patient who 
is asymptomatic at the time of his or her bariatric procedure 
and to prophylactically treat with Ursodiol for 6 months post-
operatively. However, these patients are at risk to develop 
cholecystitis in the future and should have cholecystectomy 
when and if they become symptomatic. To evaluate a symp-
tomatic patient for the presence of stones magnetic resonance 
imaging in the form of magnetic resonance cholangiopancre-
atography (MRCP) or computed tomography is preferred to 
ultrasound because body fat can distort imaging leading to 
missed diagnosis  [  59,   60  ] . Proven gallstones via imaging 
should still be approached with endoscopy. Given the complex 
postsurgical anatomy Laparoscopic-assisted and enteroscopy 
with either balloon or rotational device have been used to 
achieve stone extraction prior to cholecystectomy  [  61  ] .   

   Metabolic and Nutritional Complications 

 Restrictive and malabsorptive bariatric surgery signi fi cantly 
alters anatomical space and digestive physiology commonly 
prompting certain nutritional de fi ciencies and metabolic 
complications. Globally in bariatric surgery, the most common 
nutritional de fi cits encountered are iron, protein, calcium, 
vitamin B12, and vitamin D de fi ciencies. Complications 
after the restrictive/malabsorptive (RYGPB) and malabsorptive 
(BPD, BPD-DS) procedures contribute to the majority of 
observed short-term and long-term metabolic imbalances 
and overt de fi ciencies (Table  33.2 ). More speci fi c nutritional 
complications are observed after restrictive procedures 
(banding); however, these de fi cits are much less common and 
usually related to changes in dietary patterns, food choices 

and noncompliance with the post-op nutritional supplement 
recommendations.  

 At least 30% of bariatric surgery patients will develop 
some nutrition-related complication  [  62  ] . These complica-
tions are typically a macronutrient or micronutrient 
de fi ciency, and commonly both de fi ciencies develop  [  63, 
  64  ] . Numerous speci fi c nutrient related complications have 
been widely reported, and these include anemia iron; folate; 
vitamins B12, A, and E, copper and zinc de fi ciencies; all of 
which can result in anemia and/or metabolic bone disease 
resulting from calcium and/or vitamin D de fi ciency. Other 
speci fi cs include protein-energy malnutrition, steatorrhea, 
Wernicke encephalopathy (thiamine), polyneuropathy and 
myopathy (thiamine, copper, vitamins B12 and E), visual 
disturbance (vitamins A and E, thiamine), skin rash (zinc, 
essential fatty acids, vitamin A), and a litany of non-symptomatic 
or clinically silent micronutrient de fi ciencies. The etiology 
of most nutrition de fi ciencies following bariatric surgery is 
multifactorial, with contributions from reduced dietary 
intake, altered dietary choices, and malabsorption. 

 The most common trace mineral de fi ciency following 
RYGB and BPD is iron with up to one-third of patients hav-
ing low ferritin stores  [  65,   66  ] . De fi ciencies in B12, although 
less common than iron depletion, typically follow bariatric 
procedures as well. Two mechanisms are known to cause 
depleted ferritin stores and decreased B12, they include 
decreased intake of foods rich in these nutrients and/or anas-
tomotic changes related to these bariatric procedures. These 
anastomotic changes can cause inadequate digestion of meats 
to release B12 and iron. If not released from the native 
source, B12 is not able to bind with R protein or intrinsic 
factor thereby decreasing net absorption. Supplementation 
of B12 is required following RYGB. Folic acid de fi ciency 
occurs less frequently than iron or vitamin B12 de fi ciency; 
however, one-third of patients with folic acid de fi ciency 
are also depleted in serum vitamin B12  [  30  ] . Folate supple-
mentation is important in all women of childbearing age, but 
becomes critically important in women who are post-bariatric 

   Table 33.2    Etiology of postoperative nutritional de fi ciencies   

 Etiology of postoperative nutritional de fi ciencies 

 ● Caution: estimated 15% de fi cient pre-op! 
 ○ Altered dietary intake 
 ○ Decreased intake 
 ○ Small pouch 
 ○ Change in food preferences 

 ● Anatomic post-op complications of the procedure 
 ● Malabsorption of ingested nutrients 

 ○ Decreased intestinal absorptive surface area 
 ○ Altered mixing and preparation 

 ● De fi ciency will depend on: 
 ○ The procedure performed 
 ○ The individual patient compliance 

 ● De fi ciency can develop years later 
 ● Serum levels often not accurate measure of de fi ciency 
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procedures, to prevent fetal neural tube defects. Serum 
de fi ciencies are easily corrected with vitamin supplemen-
tation  [  67  ] . 

 The frequency of thiamine de fi ciency is relatively rare 
after bariatric surgery; but when it occurs, the consequences 
can be serious and life threatening. Thiamine de fi ciency may 
lead to Wernicke encephalopathy, which has been described 
after gastric bypass surgery  [  68,   69  ] . As previously described, 
the reduction in dietary intake of thiamine is often the primary 
cause, but malabsorption and bacterial overgrowth of the 
small bowel also play a role. A common scenario occurs 
after several visits to an ED for nausea and vomiting with 
inadequate PO intake between visits. This is usually a result 
of an anastomotic stricture. The patient receives IV hydration 
and D5 and then develops acute Wernicke’s encephalopathy. 
Supplementation of IV multivitamins with the hydration 
should correct or prevent this de fi ciency; however, in serious 
cases IM/IV thiamine is warranted. 

 In general, vitamin D de fi ciency is common in the obese 
population both preoperatively and postoperatively. Patients 
within 3–9 months after gastric bypass have an increase in 
bone resorption associated with a decrease in bone mass as 
compared to controls  [  30,   70  ] . Vitamin D and calcium are 
absorbed preferentially in the jejunum and ileum. Nonetheless, 
there have been reports of osteomalacia and secondary 
hyper-parathyroidism after RYGB  [  71  ] . Daily supplementation 
of 400 IU of vitamin D and 1,500 mg of elemental calcium is 
adequate to maintain suf fi cient levels. De fi ciencies of fat-
soluble vitamins A, D, and K will be de fi cient in two-thirds 
of these patients within 4 years after surgery  [  62  ] . 

 Protein de fi ciencies are uncommon with RYGB and have 
a higher association with BPD procedures. Two retrospective 
studies demonstrated that decreased serum albumin was neg-
ligible in both RYGB and BPD 1–2 years after the proce-
dure. Many of the cases are secondary to noncompliance 
with protein supplements or a relative meat intolerance of 
unknown etiology. Often following duodenal switch, patients 
have either decreased protein intake or suffer from protein 
malabsorption resulting in hypoalbuminemia, anemia, 
edema, weakness, and alopecia, which characterize a serious 
potential late complication  [  72  ] . 

 Adhering to dietary and post bariatric surgery nutritional 
supplement recommendations will alleviate most, if not all, 
nutrient speci fi c de fi ciencies. Patients should be aware that 
compliance with these recommendations following bariatric 
surgery is essential for reducing the risk of acute and chronic 
nutritional de fi ciencies. 

 Restrictive and malabsorptive bariatric surgery signi fi cantly 
alters anatomical space and digestive physiology commonly 
prompting certain nutritional de fi ciencies and metabolic 
complications. Globally in bariatric surgery, the most common 
nutritional de fi cits encountered are iron, protein, calcium, 
vitamin B12, and vitamin D. Complications after the restrictive/

malabsorptive (RYGPB) and malabsorptive (BPD, BPD-DS) 
procedures contribute to the majority of observed short-term 
and long-term metabolic imbalances and overt de fi ciencies. 
More speci fi c nutritional complications are observed after 
restrictive procedures (banding); however, these de fi cits are 
much less common and usually related to changes in dietary 
patterns, food choices, and noncompliance with the post-op 
nutritional supplement recommendations.   

   Conclusion 

 Medical and surgical management of the bariatric patient 
presenting with post surgical complications are fortunately 
relatively uncommon. Now that more bariatric procedures 
are being done in American College of Surgeons Centers of 
Excellence for Bariatric Surgery fewer patients are presenting 
to emergency departments and hospitals without ability to 
have immediate bariatric surgeon call coverage. However, 
with more than 200,000 bariatric procedures being done in 
the USA in 2012, many bariatric patients will present with 
complications in the immediate perioperative period 
while many others will present months to years following 
bariatric surgery with a more insidious indolent presentation 
of serious complications. The acute care surgeon, gastroen-
terologist, and emergency room physician must be aware of 
the dif fi culty in early recognition, management, and potential 
endoscopic and surgical needs. This population by nature of 
their size is at especially high risk for major complications, 
including death, if a delay in diagnosis ensues.      
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   Epidemiology 

 Abdominal wall hernia repair is one the most common 
groups of major operations in acute care surgery, with 
more than a million hernia repairs performed annually in 
the United States alone  [  1  ] . The latest understanding of 
hernia epidemiology in the United States comes from 
studies performed in 1996 by the National Center for 
Health Statistics  [  2  ] . Abdominal wall hernias can be 
classi fi ed broadly into two groups: ventral hernias (includ-
ing  fl ank and lumbar) and groin hernias. The most com-
mon abdominal hernia operation performed is groin 
herniorrhaphy, totaling more than 75% of the abdominal 
wall hernia repairs. Ventral hernia repairs comprise the 
remaining 25%  [  1  ] .  

   Ventral Hernia Epidemiology 

 Ventral hernias (including  fl ank and lumbar) have two eti-
ologies—primary and acquired (traumatic or incisional)—
and can be further subclassi fi ed by their respective locations. 
In 2009, Muysoms et al. proposed an anatomic classi fi cation 
scheme, based primarily on location relative to the midline 
(Figs.  34.1  and  34.2 )  [  3  ] . Additionally, there are speci fi c 
ventral hernias classi fi ed by their eponyms, i.e., Spigelian 
(“lateral hernia” at or below the linea arcuata, bound medi-

ally by the rectus and laterally at the linea semilunaris), 
Grynfelt’s (superior lumbar triangle), and Petit’s (inferior 
lumbar triangle). Some eponyms describe a structure that is 
contained in the hernia, irrespective of location, i.e., 
Richter’s (hernia strangulating single wall of intestine), 
Littre’s (Meckel’s diverticulum in hernia sac), and Maydl’s 
(incarceration of two adjacent loops of intestine). Women 
appear to be nearly twice as likely to develop incisional 
hernias as men (65% to 35%) but are only slightly more at 
risk for primary ventral hernias (57% to 43%) (Tables  34.1  
and  34.2 )  [  2  ] . Incisional hernia repair is the most common 
ventral hernia operation, owing to the more than 2 million 
laparotomies performed each year in the United States with 
a complication rate of hernia formation of 2–23%  [  4,   5  ] . 
Repair of such hernias has a dismal 31–63% failure rate 
following open primary suture repair, and 12–24% failure 
following open mesh repair.  [  4,   6–  10  ]  There are numerous 
risk factors for ventral incisional hernia including surgical 
technique, morbid obesity, smoking, chronic obstructive 
pulmonary disease, postoperative wound complications 
(such as infection or seroma), renal failure, chronic corti-
costeroid use, malignancy, male gender, and prostatism.  [  4  ]  
Postoperative wound infection and aneurysmal disease are 
independent risk factors in the development of incisional 
hernia  [  4  ] . Studies looking at time to incisional hernia for-
mation reveal that half are detected within the  fi rst year, 
and over 90% by the third year, with a 2% per year failure 
rate thereafter  [  4  ] . Surgical technique is the most control-
lable of all the variables, and the two most recent meta-
analyses  [  11,   12  ]  reveal that incisional hernia formation 
risk is lowered by (1) mass closure, (2) simple running 
technique, (3) the use of nonabsorbable mono fi lament 
suture, and (4) suture-to-wound length ration of 4:1  fi rst 
documented by Jenkins  [  13  ] . More recent work regarding 
defects in collagen metabolism, the ratio of Type I to Type 
III procollagen, cathepsin G, tropoelastin, and matrix met-
alloproteinase (MMP) activity may help to shed light into 
individual risk of incisional and primary hernia formation 
in the future.      

      Abdominal Wall Hernias       
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   Groin Hernia Epidemiology 

 Groin hernias are divided into inguinal and femoral types. 
Inguinal hernias are subdivided into direct and indirect based 
on the relation of herniation to that of the epigastric vessels. 

Indirect hernias are lateral to the epigastric vessels and are 
generally related to a congenital weakness via a patent 
processus vaginalis. Direct hernias are medial to the epigastric 
vessels and bound by Hesselbach’s triangle, whose lateral bor-
der is the epigastric artery, the medial border is the lateral aspect 
of the rectus muscle, and the inferior border is the inguinal 
ligament. A Pantaloon hernia is an inguinal hernia with its 
sac extending through both the direct and indirect spaces. 
Numerous eponyms for femoral hernias exist based on anatomic 
location, such as Cooper’s (a hernia with extension into 
the femoral space and a second sac anterior to the femoral 
vessels), Hesselbach’s (hernia medial to the femoral vessels), 
Velpeau’s (hernia anterior to the femoral vessels), Sera fi ni’s 
(hernia posterior to the femoral vessels), Laugier’s (hernia 
through the lacunar ligament), and Cloquet’s (hernia through 
the pectineal fascia). There are also eponyms based on what 
is contained in the hernia sac, i.e., Amyand’s (appendicitis in 
inguinal hernia sac), De Garengeot’s (appendicitis in femoral 
hernia sac), and Busse’s (testicle in hernia sac). The term 
“sliding hernia” when referring to a groin hernia is one in 
which a wall of hernia sac is composed of an organ, such 

  Fig. 34.1    Classi fi cation of ventral hernias between the two lateral margins 
of rectus muscles. Five zones are de fi ned. (Reprinted with permission 
from Muysoms FE, Miserez M, Berrevoet F et al. Classi fi cation of pri-
mary and incisional abdominal wall hernias. Hernia. 2009;13(4):
407–414)       

  Fig. 34.2    For lateral hernias, 4 zones lateral to the rectus sheath are 
de fi ned. (Reprinted with permission from Muysoms FE, Miserez M, 
Berrevoet F, et al. Classi fi cation of primary and incisional abdominal 
wall hernias. Hernia. 2009;13:407–414)       

   Table 34.1    Abdominal wall hernia operations in the USA during 1996   

 Type of hernia 

 Number of 
outpatient 
procedures 

 Number of 
inpatient 
procedures 

 Total 
number of 
procedures 

 Inguinal hernia 
 Unilateral repair  458,000  62,000  520,000 
 Bilateral repair  73,000 (76,000 a )  15,000 (30,000 a )  176,000 a  

 Total repairs  604,000 a   92,000 a   696,000 a  
 Femoral hernia  19,000  6,000  25,000 
 Umbilical hernia  120,000  46,000  166,000 
 Incisional hernia  40,000  57,000  97,000 
 Other abdominal wall 
hernias (epigastric, 
Spigelian) 

 45,000  31,000  76,000 

  The numbers do not include US Veterans’ Administration and other 
federal facilities, so to compensate, the number of groin hernia repairs 
should be increased by an estimated 5%. Adapted from  [  2  ]  
  a The number of bilateral repairs has been doubled to account for the 
total number of individual bilateral inguinal hernia repairs  

   Table 34.2    The age and gender of herniorrhaphy patients in the United 
States during 1996   

 Type of hernia 

 Gender (%)  Age (%) 

 Male  Female 
 <15 
years 

 15–44 
years 

 45–64 
years 

 >65 
years 

 Inguinal hernia  90  10  18  29  23  30 

 Femoral hernia  30  70  <1  19  29  48 

 Umbilical hernia  57  33  13  33  36  17 

 Incisional hernia  35  65  <1  25  35  39 

 Other abdominal wall 
hernias (epigastric, 
Spigelian, etc.) 

 43  57  1  32  40  25 

  The numbers do not include US Veterans’ Administration and other 
federal facilities, so the actual number of groin hernia repairs is likely 
to be higher among males. Adapted from  [  2  ]   
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as the bladder or colon. Finally, Gilmore’s groin, AKA sports-
man’s hernia, is understood to be groin pain associated with 
dilated external ring and/or tears in the musculature or 
tendonous insertions in the area of the inguinal canal. 
Approximately 96% of groin hernias are inguinal and 4% are 
femoral. The overall lifetime risk of developing an inguinal 
hernia is 27% for men and 3% for women  [  14  ] . There is a 9:1 
male-to-female predominance for inguinal hernias and a 7:3 
female-to-male predominance for femoral hernias  [  2  ] . Groin 
hernia classi fi cation is important for purposes of literature 
review and comparison of techniques. As with most 
classi fi cation systems, numerous have been developed. 
However, the traditional classi fi cation of indirect, direct, 
and femoral remains the most consistent over time. In such, 
the most commonly used classi fi cation systems utilize these 
basic anatomic descriptors as seen in Table  34.3   [  15,   16  ] . In 
2002, the “Updated Traditional Classi fi cation” was proposed 
at a consensus conference and serves as the current method 
most commonly agreed upon today  [  16  ] .   

   Clinical Presentation, Diagnosis, 
and Therapeutic Options 

 The acute care surgeon will encounter all types of abdominal 
wall hernias. Fortunately, there is little dilemma in the diag-
nosis of most abdominal wall hernias. As with any problem in 
surgery, careful history and physical examination will pro-
vide most all of what is needed to make the diagnosis. 
However, the diagnoses of some hernias, such as sportsman’s, 
Spigelian, femoral, and lumbar hernias can be challenging. 
The “sportsman’s hernia” incidence remains unclear, and its 
diagnosis relies almost completely on history and symptoms 

alone. Spigelian hernias only constitute 0.12% of all hernias 
 [  17  ] , femoral hernias make up 2–8% [  18  ]  of all groin hernias, 
and lumbar hernias are so rare that it is likely most general 
surgeons will only have the opportunity to repair one in his/
her lifetime  [  19  ] . Therefore, for these latter three hernias, the 
surgeon needs to have a high index of suspicion and employ 
judicious utilization of abdominal-pelvic computed tomogra-
phy (CT) scanning to make a de fi nitive diagnosis. 

 More often, the acute care surgeon will be faced with the 
emergent presentation of hernias with associated incarcera-
tion, obstruction, strangulation, and/or contamination, along 
with complex giant ventral hernias related to catastrophic 
loss of abdominal wall integrity. As such, this chapter will 
focus on the diagnosis and management of these two issues. 
Of note, although an important tool, even in the emergency 
setting, laparoscopic repair is not discussed in this chapter. 
One of the pitfalls we have encountered in this age of hernia 
repair is that many surgeons entering practice have performed 
very few “tissue-only repairs” (repairs without some type of 
mesh). This is especially salient when faced with the need to 
perform groin herniorrhaphy in a contaminated  fi eld. 

   Groin Hernias 

 The focus of groin hernia repair in this chapter has been 
limited to emergent tissue-only repair in a contaminated 
environment. In situations, where the surgeon encounters 
obstructed, strangulated bowel or perforated bowel, mesh 
placement is generally unfavorable. In these instances, the 
fundamentals of tissue-only repair remain immutable and 
the tenets of identifying bowel viability and control of 
contamination with bowel resection remain paramount. 

   Table 34.3    Comparison of groin hernia classi fi cations schemes   

 Traditional updated  Gilbert  Nyhus  Schumpelick 

  Indirect  

 1. Small  1. Snug  I. Indirect, small normal internal ring, sac in canal  L1 < 1.5 cm 
 2. Medium  2. Moderately dilated ring  II. Indirect, medium enlarged internal ring, sac not in scrotum  L2 1.5–3 cm 
 3. Large  3. Greater than 2  fi nger-breadths  III. B. Combined–indirect large, encroaching into direct  fl oor  L3 > 3 cm 
  Direct  

 4. Small  4. Diverticular  III. A. Direct–Floor only. No more than one  fi nger-breadth  M1 < 1.5 cm 
 5. Medium  –  III. A.  M2 1.5–3 cm 
 6. Large  5. Entire  fl oor  –  M3 > 3 cm 
  Combined  

 7. Pantaloon  6. Combined  III. B.  Mc 
 Femoral 
 8. Femoral  7. Femoral  III. C. Femoral  F 
 0. Other  –  –  – 
 Recurrent  –  IV. Recurrent 

 A. Direct 
 B. Indirect 
 C. Femoral 
 D. Combinations of A-B-C 

 – 

  Adapted from  [  15,   16  ]   



424 J.F. Sucher and M. Klebuc

This is not to say that laparoscopic repair or mesh repair is 
absolutely contraindicated in emergency groin surgery; 
rather we have chosen to establish an updated reference of open 
tissue-only repairs for surgeons whose training may have 
focused on tension-free and laparoscopic mesh repairs. 
More than 70 tissue-only repairs have been described  [  20  ] , 
with a handful remaining especially important for the acute 
care surgeon. Four tissue-only repairs provide an excellent 
foundation for groin hernia surgery in settings where the 
implantation of mesh is at high risk for infection. These are 
reviewed as follows. 

   Indirect and Direct Inguinal Hernia Tissue-Only 
Repairs 
 The Marcy repair is optimal for the small indirect hernias 
that are more often encountered in children and young adults. 
After dissecting the hernia sac free, the cord structures are 
retracted laterally and the hernia sac is ligated high. Subsequent 
approximation of the transverse aponeurotic arch to the 
iliopubic tract with one or two mono fi lament sutures 
(Fig.  34.3 ), returns the deep inguinal ring to its normal size, 
completing the repair.  

 The Bassini technique is a three-layer repair that can be 
employed for any indirect, direct, or pantaloon groin hernias. 
The external abdominal oblique aponeurosis is divided 
along its  fi bers and the cord is identi fi ed and encircled. 
The cremasteric  fi bers are incised longitudinally. The medial 

 fl ap is avascular and resected entirely, the lateral  fl ap 
contains the genitofemoral nerve and spermatic vessels that 
can be divided and ligated. The indirect hernia sac (if pres-
ent) can be ligated high or reduced. The surgeon then divides 
the transversalis fascia from the deep ring to the pubic 
 tubercle and actualizes the preperitoneal space allowing for 
repair of the “triple layer” (transversalis fascia, transversus 
 abdominis, and internal oblique muscle) (Fig.  34.4a ). 
Nonabsorbable suture is used in an interrupted fashion to 
approximate the “triple layer” supero-medially to Poupart’s 
ligament infero-laterally. This begins at the pubic tubercle 
medially and ends with the recreation of a normal sized deep 
inguinal ring (Fig.  34.4b ). If necessary, a relaxing incision can 
be performed medially to the internal abdominal oblique 
aponeurosis to reduce the tension prior to the repair.  

 The Shouldice repair  [  21  ]  for indirect, direct, or panta-
loon hernias incorporates the same initial steps as the Bassini 
repair. Following the opening of the transversalis fascia, a 
relaxing incision is created over the medial internal abdominal 
oblique aponeurosis. The repair uses two running nonabsorbable 
mono fi lament sutures (originally a 32- or 34-gauge steel 
wire), with the  fi rst starting at the pubic tubercle, approxi-
mating the iliopubic tract laterally to the undersurface of the 
transverse aponeurotic arch (transversalis fascia, transverses 
abdominis and internal abdominal oblique) (Fig.  34.5a ). This 
moves supero-laterally to the deep ring, picking up the lat-
eral stump of the cremasteric muscle to form the new deep 
ring, and returning back along the medial edge of the trans-
verses and internal oblique to Poupart’s ligament, ending at 
the pubic tubercle and tied to itself (Fig.  34.5b ). The second 
running suture begins at the internal ring grabbing the inter-
nal oblique and transversus muscles laterally and brings 
them to the external oblique aponeurosis just super fi cial to 
Poupart’s ligament. The direction is reversed and runs just 
super fi cial to itself, ending at the internal ring. Thus 4 suture 
lines are created in this repair.  

 Finally, the McVay repair is best suited for reconstruction 
of a femoral hernia with high risk for postoperative infection. 
Like Bassini and Shouldice, the initial steps of the dissection 
remain the same. After opening of the transversalis fascia 
and creating a relaxing incision medially, the repair is 
begun at the pubic tubercle with interrupted nonabsorbable 
mono fi lament suture. The transverse aponeurotic arch 
(lateral) is af fi xed to the deep and medial Cooper’s ligament 
(instead of the inguinal ligament as performed in the Bassini 
repair). This proceeds supero-laterally up to the medial and 
anterior femoral sheath, with a “transition stitch” into the 
inguinal ligament (Fig.  34.6 ). From here, the repair proceeds 
laterally as in the Bassini repair. Af fi xing the aponeurotic arch 
to Cooper’s ligament accomplishes the task of narrowing the 
femoral canal. Additionally, the complete repair  fi xes the 
deep ring, the myopectineal ori fi ce and Hesselbach’s trian-
gle. Thus, it addresses all areas of potential herniation.    

  Fig. 34.3    Marcy repair. (Reprinted with permission from Fitzgibbons 
RJ, Richards AT, Quinn TH. “Open Hernia Repair” in: ACS Surgery: 
Principles and Practice 2004. Wilmore DW et al. (eds) 603–624. 
WebMD Professional Publishing, 2004. In: ACS Surgery Online. 
Ed: Ashley SA. Decker Intellectual Properties (2012).   http://www.acs-
surgery.com    )       
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  Fig. 34.4    ( a, b ) Bassini repair. (Reprinted with permission from 
Bergman S, Feldman L, “Inguinal Hernia Repair” in: ACS 
Surgery: Principles and Practice, 6th Edition, Wilmore DW et al. 

(eds) BC Decker Inc, 2009. In: ACS Surgery Online. Ed: 
Ashley SA. Decker Intellectual Properties (2012).   http://www.
acssurgery.com    )       

  Fig. 34.5    ( a, b ) Shouldice repair. (Reprinted with permission 
from Bergman S, Feldman L, “Inguinal Hernia Repair” in: ACS 
Surgery: Principles and Practice, 6th Edition, Wilmore DW, et al. 

(eds), BC Decker Inc, 2009. In: ACS Surgery Online. Ed: Ashley 
SA. Decker Intellectual Properties (2012).   http://www.acssurgery.
com    )       
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   Femoral Hernia Tissue-Only Repairs 

 Due to its low incidence and complexity, emergency femoral 
hernia repair remains a vexing problem in acute care surgery. 
They are the most common incarcerated groin hernia, and 
due to its higher incidence of bowel strangulation it carries a 
mortality of up to 14%  [  18  ] . Additionally, due to its multiple 
con fi gurations (Fig.  34.7 )  [  22  ] , diagnosing its presence, 
choosing an optimal approach, and constructing an appropri-
ate repair can be challenging. While the McVay repair is the 
mainstay for the inguinal approach to repair femoral along 
with any associated indirect or direct hernias, it is not a pana-
cea. The acute care surgeon often faces tightly incarcerated, 
strangulated, or even grossly contaminated femoral hernias. 
The approach will be predicated on numerous factors, includ-
ing size of hernia, the state of its contents, the ability to 
reduce the hernia and whether the diagnosis of femoral her-
nia was made preoperatively (versus misidentifying the her-
nia as inguinal preoperatively). Generally speaking, an 
inguinal incision 1 cm above the medial half of the inguinal 
ligament, will allow access to visualize the femoral hernia 
both above and below the inguinal canal  [  18  ] . In simple, 
non-contaminated cases with easy reduction of the bowel 
and sac, a repair can be accomplished by approximating the 
lacunar ligament to the pectineal ligament, thus closing 
the femoral space. In complex cases, when contents cannot 
be reduced but are viable, division of the lacunar ligament, 
from below the inguinal ligament, generally grants enough 
room to achieve reduction. The surgeon should ovoid divid-
ing the inguinal ligament, as restoration of this structure is 
challenging at best.  

 In cases where the contents are nonviable, the surgeon can 
proceed with two different approaches via the same incision. 
First, for large hernia defects, a trans-inguinal approach can 
be easily achieved. The transversalis fascia is opened and the 
neck of the strangulated bowel can isolated at its healthy 
point. Here the bowel is divided and a primary anastomosis 
can be performed. The necrotic bowel can be delivered dis-
tally from under the inguinal ligament and a McVay repair 
can be performed. Second, for smaller hernia defects, a prep-
eritoneal approach can be achieved by developing a plane 
over the external oblique and then entering into the rectus 
sheath at the linea semilunaris. The rectus is retracted medi-
ally and the transversus is incised. The preperitoneal space 
can be developed toward the inguinal ligament. Here the neck 
of the hernia sac can be encountered. Again, the peritoneum 
can be opened and the bowel resected as above. After per-
forming the primary anastomosis, the peritoneum is closed 
and a mesh-free repair can be achieved by approximating 
Cooper’s ligament to the iliopubic tract (Fig.  34.8 )  [  23  ] .   

   Complex Ventral Hernias in Acute Care Surgery 

 Complex ventral hernias constitute large (>10 cm diameter 
or 100 cm 2 ) abdominal wall defects with a range of asso-
ciate problems such as loss of abdominal domain, skin and 
soft tissue integrity de fi ciencies, enteric  fi stulas, and/or 
acute peritonitis with gross contamination. For 25 years, 
we contributed to the increase in complex abdominal wall 
problems through a practice of massive crystalloid resuscita-
tion, thus promoting abdominal compartment syndrome with 
subsequent problems in the management of the open abdo-
men leading to  fi stulas and giant abdominal wall defects 
 [  24  ] . With the improving understanding of shock resuscita-
tion, we might expect to see a decrease in the incidence 
of abdominal compartment syndrome and the need for the 

  Fig. 34.6    McVay repair. (Reprinted with permission from Bergman S, 
Feldman L, “Inguinal Hernia Repair” in: ACS Surgery: Principles and 
Practice, 6th Edition, Wilmore DW et al. (eds) BC Decker Inc, 2009. In: 
ACS Surgery Online. Ed: Ashley SA. Decker Intellectual Properties 
(2012).   http://www.acssurgery.com    )       

  Fig. 34.7    Variable locations of femoral hernias. ( a ) Hesselbach’s her-
nia. ( b ) Velpeau’s hernia (prevascular). ( c ) Femoral hernia. ( d ) Laugier’s 
hernia. ( e ) Sera fi ni’s hernia (retrovascular). ( f ) Cloquet’s hernia. 
(Adapted from  [  22  ] )       
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management of the open abdomen. However, on the  fl ip side, 
patients may be more likely to survive from abdominal 
catastrophes due to improvements in surgical critical care, 
management of septic shock, and advancements in the 
care of complex enterocutaneous and “entero-atmospheric” 
 fi stulas. Three management strategies have evolved to 
address the repair of these complex problems. As it pertains 
to large defects (>10 cm), the  fi rst option is primary closure 
with bridging mesh. The second option is transfer of autolo-
gous tissue by rotational or free  fl ap transfer with or without 
mesh reinforcement. Finally, the third option is components 
separation with or without mesh reinforcement. 

 The overarching theme for the approach to the manage-
ment of ventral hernias is to restore abdominal wall integrity 
and dynamic function in a tension-free manner  [  4  ] . Five rec-
ommendations from the Ventral Hernia Working Group 
(VHWG) provide the evidence-based foundation for this 

goal (Table  34.4 )  [  10,   25–  32  ] . To accomplish this “meticulous 
attention to technique, timing, utilization of new technology, 
and tension-free repair in a clean, well-vascularized wound 
continue to be the cornerstones of the ideal repair”  [  33  ] . 
Therefore, performing a primary repair with bridging mesh is 
suboptimal, as restoration of dynamic function is not achieved. 
Reconstruction with rotational or free  fl aps is not desirable 
as they demand reduction of function and distortion of the 
donor site with poor functional results at the recipient site 
 [  34  ] . With this in mind, the utilization of components separa-
tion techniques (Fig.  34.9 ) pioneered by Donald H. Young in 
1961  [  35  ]  and popularized by Oscar M Ramirez et al. in 1990 
 [  36  ]  has accelerated signi fi cantly in the past decade. Since 
1990 there have been many modi fi cations of the Ramirez 
components separation technique. In 1994 Fabian et al.  [  37  ]  
reported their modi fi cation with a more recent long-term 
follow-up report by DiCocco et al. that stated that their 
modi fi cation (Fig.  34.10 ) “…allows for more extensive 
mobilization and local advancement of autologous tissue, 

  Fig. 34.8    Posterior preperitoneal approach to femoral hernia repair 
(Reprinted with permission from Nyhus LM. The posterior (preperitoneal) 
approach and iliopubic tract repair of inguinal and femoral hernias—an 
update. Hernia. 2003;7(2):63–67)       

   Table 34.4    Recommendations of the Ventral Hernia Working Group 
(VHWG) for the technique of repair of incisional ventral hernias   

 Recommendation 
 Strength of 
recommendation 

 Level of 
evidence 

 Evidence source 
( fi rst author) 

 1. Reinforcement 
recommended for 
repair of all incisional 
ventral hernias 

 1  A/B  Burger  [  26  ]  
 Espinosa-de-los-
Monteros  [  27  ]  
 Luijendijk  [  10  ]  

 2. Centralize and 
reapproximate 
rectus muscles 
when feasible 
under physiologic 
tension 

 1  C  de Vries Reilingh 
 [  28  ]  
 Espinosa-de-los-
Monteros  [  27  ]  
 Kolker  [  29  ]  
 VHWG opinion 

 3. Reduce bioburden 
prior to repair 

 1  B  Mangram  [  30  ]  
 VHWG opinion 

 4. Placement of repair 
material: Underlay 
is the recommended 
technique for the 
placement of 
appropriate repair 
material for open 
and laparoscopic 
repairs; overlay 
placement of repair 
material should 
only be considered 
when complete 
fascia-to-fascia 
repair has been 
achieved 

 2  B  Awad  [  31  ]  
 Espinosa-de-los-
Monteros  [  27  ]  
 Korenkov  [  32  ]  
 VHWG opinion 

 5. In the setting of 
gross, uncontrolled 
contamination, it is 
appropriate to 
consider delayed 
repair 

 1  C  VHWG opinion 

  Adapted from  [  25  ]   
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essentially doubling the mobilization compared with the 
original description”  [  38  ] . In the report by DiCocco, a vari-
ety of techniques were employed, including standard compo-
nents separation (SCS) alone, modi fi ed components 
separation (MCS) alone, or SCS or MCS with prosthetic 
mesh implantation. They had a follow-up of 14.6 years (mean 
5.3 years) of 114 patients with a 14% overall recurrence, but 
only a 5% recurrence when the MCS technique was employed 
without any prosthetic implantation. Interestingly, they had a 
fourfold increase in recurrence when a prosthetic mesh was 
used. This observation is disputed in other studies, which 
show that the addition of mesh reduces recurrence rates 
 [  27–  29,   39–  41  ] .    

 There are no data to support or refute utilization of the 
components separation technique to achieve de fi nitive 
abdominal closure in the face of acute illness associated with 
massive trauma or surgical sepsis. However, given recurrence 
and wound complication rates of 4–53% and 8–84%, respec-
tively  [  25,   28,   33,   42,   43  ]  for this technique, one should give 
strong consideration to winning the immediate battle 
and coming back later for the de fi nitive closure procedure. 

A staged approach to the management of these complex 
problems has become accepted and may be necessary to 
reduce the risk catastrophic failures in order to increase overall 
long-term success  [  37,   42,   44–  46  ] . In general, when faced 
with a patient who presents with multiple comorbidities in a 
high in fl ammatory state during the acute phase of trauma or 
sepsis, the surgeon should consider limiting the extent of the 
index abdominal closure to restoration of integrity only. Then, 
if necessary, the second stage can focus on restoration of both 
integrity and function, and can be delayed until such time as 
the patient recovers fully from their initial insult. The follow-
ing three general scenarios utilizing components separation 
for repair of complex ventral hernias form the foundation of 
techniques that should be in the armamentarium of the acute 
care surgeon. 

   Scenario 1. Large Complex Ventral Hernia 
with Enterocutaneous Fistula 
 Enterocutaneous  fi stula(s) in the presence of a large ventral 
hernia can be safely managed as a single stage procedure 
 [  45,   47,   48  ] . Preoperative planning and preparation begin 

  Fig. 34.9    Cross-sectional 
diagram of components 
separation. (Reprinted with 
permission from Ramirez 
OM, Ruas E, Dellon AL. 
“Components separation” 
method for closure of 
abdominal-wall defects: An 
anatomic and clinical study. 
Plast Reconstr Surg. 
1990;86:519)       
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with local management of the  fi stula with special focus on 
protecting the skin from further damage and allowing for 
complete healing of the surrounding tissues. Attention must 
be paid to optimal nutritional support along with  fl uid and 
electrolyte control. For those patients who require total 
parenteral nutrition, optimizing wound care for rapid healing 
is critical, as these patients are at high risk for catheter related 
bacteremia and sepsis. The more complex “entero-atmo-
spheric”  fi stulas will require massive time resources, attention 
to detail, extreme patience, and ingenuity (Fig.  34.11a–e ). 
However, when taken care of well, the results can be truly 
amazing (Fig.  34.11f ).  

 Once the wound is optimized (Fig.  34.12a ), de fi nitive 
repair is undertaken. We advocate utilizing the technique 
of components separation  [  36,   49  ]  with an underlay of a 
biologic mesh implant. Although there is convincing evi-
dence that the use of synthetic mesh with components release 
(tension-free repair) is superior to that of components release 
only  [  40,   50  ] , there is no de fi nitive evidence to support or 
refute the use of biologic mesh in conjunction with compo-
nents release. The current literature has not provided 
signi fi cant controlled studies or even a large case series that 
standardize the patient characteristics, technique, or biologic 
product used. Therefore, given the high-risk of wound 
complications with components separation technique and 
the potential for catastrophic consequences of synthetic mesh 
infection, our opinion is that the use of biologic reinforcement 
in conjunction with components separation for contaminated 
cases is safe and ef fi cacious.  

 The initial step is to isolate the enterocutaneous  fi stula 
and ensure bowel integrity along its entire length (Fig.  34.12b ). 
A partial enterectomy with primary anastomosis is performed, 
removing the damage portion of bowel in its entirety. The 
components separation (Fig.  34.12c, d ) is performed as 
described by Ramirez et al.  [  51  ]  with or without mesh rein-
forcement. As mentioned, we recommend the placement of 
biologic mesh in an underlay fashion in cases where there is 
any tension bringing the midline together, or when unable to 
completely close the hernia defect. Figure  34.13a–c  show the 
outcome after a single stage procedure.   

   Scenario 2. Large Complex Ventral Hernia 
with Loss of Abdominal Domain 
 Loss of abdominal domain is the inability to restore the 
abdominal viscera to the con fi nes of the abdominal cavity 
without an undue increase in intra-abdominal hypertension, 
potentially resulting in impaired pulmonary, cardiac, and/or 
renal function (abdominal compartment syndrome). To avoid 
this, preoperative planning and proper patient selection are 
paramount. Figure  34.14  shows a patient whose ventral her-
nia has been left unattended for more than 25 years, resulting 
in liver and almost all of the intestinal tract herniated outside 
the true abdominal cavity, thus resulting in complete loss of 
abdominal domain. Although radical techniques, such as 
intestinal resection for reducing abdominal visceral contents, 
have been performed successfully  [  52  ] , this patient was 
unsuitable for abdominal wall reconstruction, not withstand-
ing advanced age (>80 years) and multiple comorbidities. 
However, this is an extreme case. Most giant abdominal wall 
defects are able to be reconstructed with proper attention 
paid to the preoperative patient risk assessment along with 
focused assessment of the abdominal wall anatomy as it 
relates to its structural (musculofascial units) and coverage 
(skin and soft tissue) components (Fig.  34.15 ). In fact, perform-
ing components separation for abdominal reconstruction 

  Fig. 34.10    Modi fi ed components separation technique for abdominal 
wall reconstruction. ( a ) Normal anatomy above the arcuate line. ( b ) The 
posterior rectus sheath is mobilized from the rectus muscle, and the 
external oblique fascia is divided. ( c ) The internal oblique component 
of the anterior rectus sheath is divided down to the arcuate line. ( d ) 
Completed repair, suturing the medial border of the posterior sheath to 
the lateral border of the anterior sheath, with approximation of the 
medial portion of the anterior sheath in the midline. Illustration by 
Steven P Goldberg. (Reprinted with permission from DiCocco JM, 
Magnotti LJ, Emmett KP, et al. Long-term follow-up of abdominal wall 
reconstruction after planned ventral hernia: a 15-year experience. J Am 
Coll Surg. 2010;210(5):686–695, 695–698)       
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may reduce the risk of intra-abdominal hypertension  [  53  ] . 
The patient in Fig.  34.16a, b  is a good example of how giant 
abdominal wall defects can be closed with use of tissue 
expansion techniques in conjunction with components sepa-
ration. This patient has a 21 × 20 cm ventral hernia defect 
with associated muscle, skin, and soft tissue loss. The skin 
and soft tissue assessment reveals that there is not enough to 
provide coverage to the midline. However, there is enough 
local tissue for expansion, which was achieved by endo-
scopic placement of subcutaneous tissue expanders 
(Fig.  34.17a, b ). Serial expansion was performed over a 
6-week period of time, gaining a signi fi cant increase in skin 
volume (Fig.  34.18 ). An additional bene fi t of local tissue 
expansion is the incitement of neovascularization during 
capsule formation around the expanders. This well vascularized 
tissue capsule can be seen at time of removal of the expanders 

(Fig.  34.19 ). The patient underwent components separation 
with an underlay of a bridging biologic mesh and primary 
soft tissue closure. The patient has had no hernia recurrence in 
a 4-year postoperative follow-up visit (Fig.  34.20  shows 4 
weeks postoperative).         

   Scenario 3. Large Complex Ventral Hernia 
with Peritonitis 
 Not uncommonly, the acute care surgeon will be faced with 
a patient who presents with peritonitis in the face of a chronic 
giant ventral hernia (Fig.  34.21a, b ). The algorithm for the 
management with this presentation becomes more focused 
on resolving the peritonitis and achieving abdominal wound 
coverage more so than repairing the structural integrity by 
closure of the hernia defect (Fig.  34.15 ). As noted previously, 
the postoperative wound complications alone in an elective 

  Fig. 34.11    ( a ) Patient with open “frozen” central abdomen and two 
entero-atmospheric  fi stulae. Two red rubber catheters have been tun-
neled laterally and enter directly into the  fi stulae to divert enteric con-
tents away from the open wound. ( b ) Stoma paste is placed around the 
 fi stulae providing a barrier between the enteric leak and the rest of the 
open wound. A clear plastic sheet is placed over this area, providing an 
anterior barrier. White dense foam sponge (VersaFoam—KCI, Kansas 
City, MO) is placed directly over the granulating bowel. ( c ) White 

dense foam sponge (VersaFoam) covers all of the granulating bowel. 
( d ) White dense foam sponge (VersaFoam) covers the entire granulat-
ing bowel. ( e ) Black foam (GranuFoam—KCI, Kansas City, MO) is 
placed over this and a sterile sticky plastic barrier is applied and a hole 
is cut in the plastic barrier for the KCI TrackPad with suction tubing to 
cover. Suction at 125 mmHg can be applied. This system is changed at 
least every 3 days, or as needed. ( f ) Post split thickness skin graft. 
Duodenal  fi stula remains in right upper abdomen       
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setting should caution the surgeon on engaging in attempting 
to reconstruct the musculofascial defect by employment of 
components separation in this emergent setting. The patient 
in Fig.  34.21a, b  presented with an acute abdomen, giant 
ventral hernia, morbid obesity, and loss of skin abdominal 
skin integrity. An emergent laparotomy revealed perforated 
appendicitis with gross peritonitis (Fig.  34.22 ). An appen-

dectomy was performed, the gross peritonitis was cleared, and 
the unviable skin was excised. We elected to close the giant 
central defect (150 cm 2 ) without components separation by 
placement of a large biologic implant in an underlay fashion 
(Fig.  34.23 ). The skin was closed over 4 large subcutaneous 
drains. The patient had an uneventful recovery with good 
results in a 6-week postoperative visit (Fig.  34.24a, b ).     

  Fig. 34.12    ( a ) Large enterocutaneous  fi stula with associated giant hernia. ( b ) Isolation of EC  fi stula prior to complete resection of the damage 
bowel. ( c ) Components separation. ( d ) Midline fascial closure       
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  Fig. 34.13    ( a, b, c ) Post-op outcome       

 Although bridging fascial defects with biologic mesh 
implants is known to have recurrence rates of 21–50%  [  54  ] , 
we advocate its employment for two reasons (instances). 
First, standard practice of simply closing the skin or bridging 
the defect with absorbable mesh such as Polyglactin 910 has 
a 100% recurrence rate, whereas bridging with a biologic 
implant has a potential for a long lasting repair. Caution is 

warranted because, as noted previously, there is a high 
incidence of recurrent herniation when bridging with biologic 
implants. However, new products and careful, long-term, 
prospective studies remain to be published. Second, the cur-
rent biologic products hold up well to infected environments 
with a 3%  fi stula rate, as compared to Polyglactin 910  fi stula 
rate of 9–12% during management of open abdomens  [  37, 
  54,   55  ] .    

   Complications/Outcomes 

   Open Emergency Groin Hernia Repair 

 Emergency groin hernia surgery carries an increased morbidity 
and mortality as compared to elective surgery. Patients that 
present emergently do so in a delayed fashion, tend to be 
older (>60 years old), have a threefold higher incidence of 
femoral hernias, and an increased risk of bowel obstruction 
or strangulation, thus leading to a six- to ninefold increase in 
mortality  [  56–  59  ] . The mortality increases 20-fold if bowel 
resection is required, which occurs in 4.5–19% of emergency 
cases  [  58,   60  ] . Other common acute morbidities include 
bleeding, cardiac and pulmonary complications, along with 
wound and urinary tract infections with an overall 30-day 
complication rate of 12–31%. Recurrence after groin hernia 
operation is 2.3–20% for inguinal repairs and 11.8–75% 
for femoral repairs, depending on presentation, anatomy, and 

  Fig. 34.14    Patient with history of more than 10 previous abdominal 
operations and >25 year history of ventral hernia. CT shows massive 
loss of abdominal domain       
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surgeon experience  [  56,   58,   61  ] . Early postoperative pain is 
common, with an incidence of 15–20% due to neuropraxias 
and hypesthesias. However, chronic pain is generally seen in 
only 5% of patients  [  61  ] . Other less common, but signi fi cant 
complications are ischemic orchitis, testicular atrophy, 
disruption of the vas deferens or lymphatics, and osteitis 
pubis. Risk mitigation for these complications occurs by 
attention to careful surgical technique with avoidance of 

aggressive dissection of the spermatic cord and avoidance 
of suture  fi xation to the pubic tubercle.  

   Open Complex Ventral Hernia Repair 

 The repair of giant complex ventral hernias has an overall 
morbidity of 24–53% and mortality less than 2%  [  27,   38,   39, 

  Fig. 34.15    Algorithm for repair of giant abdominal wall defects       
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  Fig. 34.16    ( a, b ) Stage I. Anatomical assessment of abdominal wall components       

  Fig. 34.17    ( a, b ) Stage II endoscopic expansion of skin and soft tissues       
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  55,   62–  71  ] . Proper patient selection through appropriate 
preoperative evaluation and optimization is necessary to 
maintain the current low mortality rate. However, the mor-
bidity remains signi fi cant and long-term outcomes of repairs 
utilizing the components separation technique remain unclear 
due to the retrospective nature of the studies along with a 
heterogeneous patient mix and lack of standardization of 
techniques. While the follow-up period for most is 2 years or 
less, there are two recent publications with mean periods 

of 5 years and large numbers of patients (114 and 545) 
 [  38,   71  ] . Table  34.5  summarizes the current literature and shows 
that the recurrence rate is 5–32% after repair of complex 
ventral hernias with components separation technique with 
or without mesh prosthesis.  

 Wound complications are the most vexing issues related 
to components separation. The original Ramirez technique 
requires dissecting from the midline laterally, raising large 
soft-tissue  fl aps to reach the external abdominal oblique fascia. 

  Fig. 34.18    Stage III serial 
balloon expansion of skin and 
soft tissues       

  Fig. 34.19    Stage IV removal 
of balloon expanders, 
components separation, and 
placement of bridging 
underlay of biologic implant       
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  Fig. 34.20    Four weeks post-op       

  Fig. 34.21    ( a, b ) Giant hernia with peritonitis and loss of skin integrity       
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Doing so often requires interruption of the perforators sup-
plying blood to the soft tissue of the anterior abdominal wall 
via the deep epigastric arcade. This leaves the blood supply 
coming from the super fi cial epigastric and circum fl ex iliac 
arteries as well as the intercostals, resulting in a risk of 
ischemia to the midline closure  [  64  ] . Additionally, the dis-
section leaves a large subcutaneous space, increasing the risk 
of seroma or hematoma formation with a concomitant rise in 

the risk for surgical site infections. More recently, minimally 
invasive approaches for components separation have been 
popularized to reduce the risk of tissue ischemia and seroma/
hematoma formation  [  64,   72–  78  ] . Endoscopically assisted 
components separation appears to have similar results for 
achieving midline fascial closure with comparable hernia 
recurrence rates but with signi fi cantly reduced wound 
complications (0–33%).   

   Conclusion 

 Finally, as it relates to reduction of hernia recurrence, the 
type of mesh reinforcement or whether to use mesh at all is 
dif fi cult to understand based on the current studies. As noted 
previously in this chapter, DiCocco’s review of their 15-year 
experience with 152 patients showed that “the highest recur-
rence rates occurred in patients with prosthetic-assisted 
repairs”  [  38  ] . There was a 5–8% recurrence rate for patients 
undergoing components release only versus 20–44% recur-
rence rate if mesh was used. However, this may be explained 
by placing more prosthetics in patients with higher risk for 
re-herniation, potentially due larger defect size, and increased 
midline closure tension. In a review of 200 consecutive 
patients, Ko et al.  [  40  ]  observed a higher re-herniation rate 
when acellular cadaveric dermis was used as an underlay 
versus soft polypropylene mesh (33% vs. 0%). However, 

  Fig. 34.22    Gross peritonitis with dilated and in fl amed small intestine due to perforated appendicitis (Inset)       

  Fig. 34.23    Biologic implantation as underlay, bridging hernia defect       
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  Fig. 34.24    ( a, b ) Six weeks post-op       

   Table 34.5    Publications with 30 or more patients, utilizing various methods of components separation (CS) with or without mesh prostheses 
(synthetic or biologic)   

 First author  Year  No. 
 Wound complica-
tions a  no. (%) 

 Other major complica-
tions b  no. (%) 

 Overall morbidity 
no. (%) 

 Mortality 
no. (%) 

 Recurrence 
no. (%) 

 Mean follow-up 
(range) months 

 DiBello  1996  35  5 (14)  0  5 (14)  0  3 (9)  22 (1–43) 
 Girotto  1999  37  14 (38)  5 (14)  19 (51)  0  2 (5)  21 (6–57) 
 Lowe c   2000  37  31(84)  19 (51)  ?  0  4 (13)  12 (?) 
 Girotto  2003  96 d   25 (26)  ?  ?  ?  21 (22)  26 (6–96) 
 de Vries Reilingh  2003  43  14(33)  2 (5)  17 (40)  1 (2)  12 (32) e   15.6 (12–30) 
 Jernigan  2003  73  ?  ?  ?  0  4 (5)  24 (2–60) 
 Gonzalez  2005  42  14 (33)  0  14 (33)  0  3 (7)  16 (?) 
 Espinoza-de-los-
Monteros 

 2007  39  (26)  0  13 (34)  2 (5)  15 (?) 

 Moore  2008  90  23 (26)  8 (9)  31 (34)  1 (1)  5 (6)  50 (1–132) 
 Ko f   2009  200  ?  ?  86 (43)  ?  43 (22)  10 (0–74) 
 Sailes  2010  545  41 (8)  ?  ?  ?  100 (18)  66 (?) 
 DiCocco g   2010  114  ?  ?  ?  ?  16 (14)  63.6 (9–175) 
 Hultman h   2011  136  ?  ?  ?  ?  26 (19)  ? (?-120) 
 Yegiyants  2011  34  11 (32)  9 (26)  18 (53)  0  2 (6)  47 (4–92) 
 Giurgius i   2011  35  12 (34)  2 (6)  14 (40)  0  1  8 (1–21) 

   a Wound Complications—infection, hematoma, seroma, ischemia, dehiscence 
  b Other Major Complications—UTIs, bacteremia, acute kidney injury,  fi stulas, mesh erosion, cardiopulmonary complications, chronic pain 
  c Mixed Open ( n  = 30) and Endoscopic ( n  = 7) Components Release 
  d This is one arm of a three arm retrospective study. These patients underwent CS and mesh placement 
  e 38 patients available for follow-up 
  f Most patients (158) were treated with CS only (without prosthetic reinforcement). Study separated complications by “major” (24%) and “minor” (19%) 
  g 11% did not undergo CS 
  h Paper focuses on recurrent hernia of 26 patients out of the original 136 
  i Comparison of Open ( n  = 14) to Endoscopic ( n  = 21) CS. Endoscopic had 20% wound complications compared to the Open group with 57% wound 
complications  
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there were few patients ( n  = 18) in the study, which was not 
powered to make any conclusions on this observation. 
Ultimately, most would support the use of synthetic mesh in 
clean cases and reserve the use of biologic mesh for those 
cases where there is contamination.      
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         Introduction 

 Temporary closure of the abdomen following a laparotomy 
for trauma or emergency surgery (open abdomen) is an 
invaluable tool that improves patient outcomes. It allows 
the surgeon to control bleeding or sepsis with as little phys-
iologic stress to the patient as possible. Ongoing resuscita-
tion in the intensive care unit (ICU) in the patient with an 
open abdomen followed by the de fi nitive procedure can, in 
select patients, improve outcomes. Unfortunately, the open 
abdomen also has many potential, associated complica-
tions. This chapter discusses the history of the open abdo-
men, indications for temporary closure of the abdomen, the 
evolution of the care of the laparotomy wound, abdominal 
closure techniques following the open abdomen, and com-
plications of the open abdomen.  

   The History of the Open Abdomen 

 Sir William H. Ogilvie  fi rst described temporarily closing 
the abdomen of a patient during World War II. He used a 
piece of canvas or cotton cloth to bridge the defect in the 
abdominal wall. He postulated that the device prevented 
retraction of the gap, kept the intestines from protruding 
through the defect, and allowed the abdominal wall to be 
used for breathing  [  1  ] . 

 In actuality, the modern history of temporary abdominal 
closure evolved simultaneously with the management of 
hepatic trauma by packing. The  fi rst surgeon to describe 
hepatic packing was James Hogarth Pringle in his seminal 
paper in which he also described mass occlusion of the por-
tal triad as a method to hepatic hemorrhage control. In this 
manuscript, he advocated en masse ligation of hepatic tissue 
as the preferred method of controlling hemorrhage, but 
acknowledged that hepatic packing is sometimes the only 
alternative  [  2  ] . Hepatic packing fell out of favor during the 
middle of the twentieth century  [  3  ] . Not until the 1970s did 
it return as an acceptable method for the management of 
hepatic trauma  [  4–  6  ] . In 1975, Stone et al. documented the 
rapid and effective control of hepatic venous bleeding via 
autogenous omental packing  [  4  ] . This was followed in 1980 
by a larger series with almost uniform success in patients 
with non-penetrating injury  [  5  ] . Feliciano and colleagues 
further identi fi ed hepatic packing to be a “life saving maneu-
ver in highly selected patients in whom coagulopathies, 
hypothermia, and acidosis make further surgical efforts 
likely to increase hemorrhage”  [  6  ] . 

 Around the time of the reemergence of hepatic packing, 
reports of abbreviated laparotomy and temporary abdomi-
nal closure were also being published. Stone et al. discussed 
the “protocol for abdominal tamponade” and resultant 
“initial abortion of laparotomy”  [  7  ] . By doing so, they doc-
umented a decreased need for blood product transfusion 
and increased survival in patients packed who were coagu-
lopathic  [  7  ] . The term “Damage Control” was  fi rst coined 
by Rotondo and colleagues  [  8  ] . They de fi ned it as the “initial 
control of hemorrhage and contamination followed by 
intraperitoneal packing and rapid closure”  [  8  ] . This allowed 
for aggressive resuscitation in the ICU and the de fi nitive 
procedure to follow. The authors documented that in patients 
with major vascular injury and two or more visceral injuries, 
damage control resulted in improved survival. Importantly, 
a damage control laparotomy did not improve survival in 
the entire cohort.  
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   Indications for Temporary Closure 
of the Abdomen 

 As experience with temporary abdominal closure increased, 
a consensus on indications emerged. These indications 
were best summarized by Dr. Gene Moore during his 
Thomas G. Orr Memorial Lecture at the 1996 Southwestern 
Surgical Congress  [  9  ]  and by the Eastern Association for 
the Surgery of Trauma (EAST) in 2009  [  10  ] . These indica-
tions are listed in Table  35.1 .  

 Many researchers have attempted to  fi nd objective data as 
an indication for an abbreviated laparotomy  [  11–  13  ] ; however, 
these data are highly heterogeneous and the indications in 
Table  35.1  appear to be the most consistently agreed upon.  

   Laparotomy Management 

 The ideal temporary abdominal closure device should be 
universally available, be easy to apply, control  fl uid losses, 
leave the skin and fascia intact, not react to viscera, and be 
easy to change  [  14  ] . The  fi rst generation of temporary 
abdominal closures included towel clips to the skin and the 
use of synthetic materials to bridge the abdominal defect. 
Towel clips were certainly quick and easy to apply, but did 
not prevent abdominal compartment syndrome or fascial 
retraction, and interfered with postoperative radiologic 
evaluation of the abdomen. The use of a sterile crystalloid 
bag (i.e., a Bogota bag), synthetic mesh, or Velcro (i.e., the 
Wittmann Patch ® , NovoMedicus, Nokomis, FL) were and 
are commonly used. These devices help to prevent abdomi-
nal compartment syndrome, but do not allow for the control 
of  fl uid loss and nor do they prevent fascial retraction. 

 Second-generation temporary abdominal closure devices 
focus on all of the above with a primary focus on  fl uid con-
trol. The vacuum pack was one such device that covered the 
viscera with a plastic drape followed by a surgical towel. 

Sump drains were then placed over the towel and the 
laparostomy wound covered with an adhesive drape  [  15  ] . 
Certainly, this device controlled the  fl uid losses better than 
 fi rst generation devices, but it did not prevent loss of abdominal 
wall domain. The most commonly employed devices now 
are negative pressure wound therapy devices (i.e., the Wound 
V.A.C. ® , KCI, San Antonio, TX; and the Renasys™, 
Smith & Nephew, London, United Kingdom). These devices 
use negative pressure to both control  fl uid loss and to prevent 
retraction of the abdominal wall. Unfortunately, no device cur-
rently available meets all of the ideal criteria for a temporary 
abdominal closure device.  

   Abdominal Closure Techniques Following 
the Open Abdomen 

 The right time to start thinking about closing an open 
abdomen is precisely when it is decided to leave an abdomen 
open. A step-wise, multifaceted approach to abdominal 
closure provides the surgeon with the best chance to close 
the abdomen as quickly as possible. 

 First, the decision to leave an abdomen open should be 
made with great caution. In Rotondo et al.’s paper coining 
the phrase “damage control,” only the most severely injured 
patients bene fi ted from an open abdomen, not all patients. In 
fact, there is evidence that on-demand laparotomy is as safe 
as planned relaparotomy, while saving health care dollars 
and operations  [  16  ] . By properly selecting those patients 
who require a damage control operation, morbidity, survival, 
and costs can be reduced  [  17,   18  ] . 

 Second, the resuscitation strategy used for trauma and emer-
gency surgery patients greatly affects the ability to close an open 
abdomen. One of the major factors in failure to close an open 
abdomen is intestinal edema. Permissive hypotension, early 
blood and plasma resuscitation, and limited crystalloid adminis-
tration can prevent or minimize intestinal edema. Plasma has 
been shown to prevent and partially reverse the endothelial dys-
function that leads to capillary permeability and interstitial edema 
 [  18,   19  ] . Excessive crystalloid administration leads directly to 
intestinal edema and has in fact been found to be an iatrogenic 
cause of abdominal compartment syndrome  [  20–  29  ] . 

 Third, proper selection of a temporary abdominal closure 
device can assist in preventing loss of abdominal wall 
domain. Negative pressure wound therapy appears to help 
prevent fascial retraction and is associated with increased 
likelihood of early fascial closure  [  25  ] . Additionally, there 
are many institution-speci fi c pathways for abdominal closure 
that focus on constant tension on the fascia and repetitive, 
partial fascial closure. 

 Reported useful adjuncts for facilitating early fascial 
closure include the use of hypertonic saline to decrease 
bowel edema and third spacing, and early enteric feeding to 

   Table 35.1    Indications for temporary abdominal closure in trauma 
and emergency surgery   

 Moore  [  9  ]  
 • Medical bleeding due to coagulopathy 
 • Inaccessible major venous injury 
 • Need for a time-consuming procedure in an under-resuscitated 

patient 
 • Need for control of extra-abdominal, life-threatening injury 
 • Inability to close laparotomy incision 
 • Desire to reassess abdominal contents 
 EAST  [  10  ]  
 • Abdominal compartment syndrome 
 • Intra-abdominal packing after severe abdominal trauma 
 • Severe intra-abdominal sepsis 
 • Inability to close the abdomen 

  EAST—Eastern Association for the Surgery of Trauma  
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decrease bowel distension  [  21,   22  ] . In addition, the early 
short-term use of neuromuscular blocking agents has been 
associated with more rapid and frequent primary fascia 
approximation in patients managed with damage control 
laparotomy  [  23  ] . 

 When primary fascia approximation is not feasible, the 
skin may be closed directly over the granulation tissue cover-
ing the bowel. If skin approximation is not possible, a split 
thickness skin graft may be  fi xed over the granulation bed. 
Delayed abdominal wall reconstruction is then considered 
after 6 months. The early reconstruction utilizing bridging 
techniques and biologics has been associated with recurrence 
rates up to 80% and can potentially increase complications 
like small bowel  fi stula  [  26,   28  ] . The delayed abdominal wall 
reconstruction can be accomplished with a sandwich technique 
of mesh reinforcement in conjunction with the separation of 
components to restore a functional abdominal wall with 
acceptably low hernia recurrence rates  [  27  ] . In large defects 
not amenable to separation of components, bridging with 
nonabsorbable mesh is appropriate at this time. In select 
patients, early de fi nitive fascia approximation can be obtained 
with separation of components in lieu of skin closure or split 
thickness skin graft during initial hospitalization. Endoscopic 
component separation techniques offer a minimally invasive 
alternative to open techniques, thus reducing the complica-
tions associated with large skin  fl aps communicating directly 
with contaminated spaces  [  29  ] .  

   Complications of the Open Abdomen 

 Although the use of damage control can be a life-saving 
maneuver in select patients, a surgeon should be well versed 
in the complications associated with the open abdomen. 

   Nutrition and Fluid Loss 

 The open abdomen is a source of large amounts of  fl uid and 
protein loss in the critically ill patient  [  30  ] . Though the nitrogen 
and protein content of the abdominal  fl uid is similar to that 
of extremity wound exudates, the sheer volume lost through 
an open abdomen can lead to signi fi cant protein de fi cit if not 
appropriately accounted for in nutritional supplementation. 
The open abdomen has been associated with up to 25 g/day 
protein loss  [  31  ] .  

   Incisional Hernia 

 The rate of incisional hernia formation following an open 
abdomen can be as high as 30%. Patients discharged from 
the hospital with an open abdomen have a signi fi cantly 

lower quality of life than societal norms. In this group of 
patients, a successful abdominal wall reconstruction does 
not restore the patient’s quality of life to that of societal 
norms, nor does it signi fi cantly improve the quality of life 
compared to those who underwent unsuccessful abdominal 
wall reconstruction  [  32  ] .  

   Fistulae 

 An open abdomen is associated with higher rates of entero-
cutaneous and enteroatmospheric  fi stulae than a closed abdo-
men  [  33  ] . In fact, abdominal closure at the  fi rst take back is 
associated with a signi fi cantly lower rate of  fi stula formation 
 [  34  ] . The routine use of negative pressure wound therapy is 
associated with lower  fi stula rates than other mixed modali-
ties including placement of absorbable mesh  [  28  ] . As to be 
expected, the formation of an enteric  fi stula is associated 
with longer intensive care and hospital lengths of stay and a 
higher economic burden, not to mention the nutritional 
de fi ciencies and  fl uid losses that can occur  [  35  ] .  

   Infection, Sepsis, Organ Failure 

 Patients with an open abdomen who are closed at the  fi rst 
take back have signi fi cantly fewer abdominal infections, 
intestinal dysfunction, wound complications, pulmonary 
complications and failure, and renal failure  [  34  ] .   

   Conclusion 

 In conclusion, damage control laparotomy is a method by 
which a surgeon can improve survival in select trauma and 
emergency general surgery patients. Although temporary 
abdominal closure can improve survival in these critically ill 
patients, an open abdomen also serves as the cause of multiple 
morbidities. The decision to leave an abdomen open should 
be done so with much caution and be followed immediately 
by the implementation of a comprehensive plan to close the 
abdominal wall as soon as possible.      
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         Introduction 

 Abdominal compartment syndrome (ACS) is a life-threatening 
condition associated with organ dysfunction/failure due to 
increased intra-abdominal pressure (IAP). Based on consensus, 
ACS is de fi ned as IAP > 20 mmHg and vital organ dysfunc-
tion related to it. Increased IAP without organ dysfunction is 
considered intra-abdominal hypertension (IAH) and graded 
(I: 12–15 mmHg, II: 16–20 mmHg, III: 21–25 mmHg, IV: 
>25 mmHg)  [  1,   2  ] . The physiological compromise from 
increased IAP was  fi rst described in the nineteenth century 
in the clinical setting, and then during the early twentieth 
century in the laboratory setting  [  3,   4  ] . The avoidance of 
increased IAP, and its resultant catastrophic respiratory 
and renal function consequences, was  fi rst advocated by 
pediatric surgeons using silos to close large omphaloceles 
 [  5  ] . The term ACS was coined by Fietsam et al. who described 
the syndrome as a complication of the management of 
ruptured abdominal aortic aneurisms  [  6  ] . Damage control 
surgery made it possible to salvage patients from previously 
irreversible traumatic shock and resuscitate them to reach the 
intensive care unit (ICU) in critical condition  [  7,   8  ] . Among 
these severe shock/trauma patients, ACS was a frequent 
cause of death, unplanned returns to the operating room, 
and prolonged ICU stays  [  9,   10  ] . Based on the trauma 
experience, acute care surgeons have applied the princi-
ples of prevention, recognition, and management to acute 
general surgical patients. In the same time, most surgical 
and nonsurgical specialties have reported on ACS from 
their experience.  

   Pathophysiology 

 The pathophysiological effects of increased pressure in a 
closed body compartment are well described in other body 
regions (e.g., tension pneumothorax, pericardial tamponade, 
increased intracranial pressure, extremity compartment 
syndrome, etc.) and are taught in the basic medical curricu-
lum. The abdominal cavity is a “neglected” compartment 
 [  11  ] . The volume of the abdominal cavity is limited by its 
least tensile component—the fascia. Increased pressure can 
be due to an increase in the volume of the abdominal con-
tents or to a decrease in the volume of the “container.” After 
IAP increases to greater than 20 mmHg, the abdominal cav-
ity is on the steep portion of its pressure–volume curve, and 
as a result, small increases in content volume or decreases in 
cavity volume can result in dramatic increases in IAP. This is 
when close monitoring of IAP (preferably continuously) and 
organ function is essential for timely intervention. 

   Response of Individual Organ Systems 

 Cerebral perfusion is compromised due to the increased IAP 
forcing the diaphragm cephalad, thus decreasing the size of 
the thoracic cavity, and ultimately causing intrathoracic 
pressures to increase. High intrathoracic pressures increases 
jugular venous pressures and impede venous return from the 
brain. This may increase intracranial pressure, and conse-
quently decrease cerebral blood  fl ow  [  12–  14  ] . The effect of 
IAH on intracranial pressure is especially relevant in severe 
blunt trauma secondary to the frequent coexistence of head 
and abdominal injuries. 

 Increased IAP impedes venous return to the heart causing 
sequestration of blood in the lower extremities, while 
increased intrathoracic pressures increase central venous 
pressure and pulmonary capillary wedge pressure, but does 
not increase the right or left ventricular end-diastolic volumes. 
In other words, when intrathoracic pressure is increased, 
central venous and pulmonary capillary wedge pressures are 
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not reliable indices for assessing the adequacy of preload. 
Simultaneously, left ventricular afterload increases owing to 
increased systemic vascular resistance. Increased intratho-
racic pressure can increase right ventricular afterload, poten-
tially leading to right ventricular failure and dilation, with 
consequent leftward displacement of the ventricular septum 
and impairment of left ventricular  fi lling. Cardiac failure 
with elevated pulmonary capillary wedge pressure, increased 
systemic vascular resistance, and decreased cardiac index is 
a typical  fi nding in profound IAH and de fi nes ACS  [  15–  19  ] . 
The cardiac index usually does not respond to  fl uid chal-
lenges, which can be detrimental if the underlying cause 
(ACS) is not treated. The cardiac index’s response to decom-
pression is predictive of outcome; patients who survive have 
a signi fi cantly greater increase in cardiac index after decom-
pression than do those who subsequently die  [  10  ] . 

 Increased IAP forces the diaphragm into the thoracic 
cavity. As such, thoracic compliance decreases and increased 
airway pressure is required for mechanical ventilation. In the 
setting of massive resuscitation, these changes can be misin-
terpreted as being caused by acute lung injury. Historically, 
 ACS  was diagnosed by the presence of a  fi rm abdomen in the 
setting of oliguria and increased airway pressures  [  18–  20  ] . 
Although airway pressure promptly decreases in response to 
abdominal decompression, this  fi nding does not differentiate 
survivors from non-survivors. The peak airway pressure is an 
important parameter to monitor during attempted primary 
fascial closure after laparotomy when  ACS  is a possible 
complication. 

 Oliguria or anuria despite aggressive  fl uid resuscitation is 
a typical sign of  ACS . Mechanisms responsible for decreased 
renal function include direct compression of the renal paren-
chyma, decreased perfusion of the kidneys due to decreased 
cardiac index, and increased water and sodium retention 
due to activation of the renin–angiotensin system  [  21–  23  ] . 
The usual threshold for de fi ning acute oliguria, urinary output 
less than 0.5 mL/kg/h, should be used cautiously and consid-
ered in the context of the magnitude of the resuscitation. 
Among patients who require massive resuscitation, the index 
of suspicion for  ACS  should be high when the urinary output 
is less than 1 mL/kg/h  [  10  ] . 

 Increased  IAP  impairs splanchnic perfusion by decreasing 
the cardiac index and increasing splanchnic vascular resis-
tance. When severe, tissue ischemia can result. Intestinal per-
fusion can be assessed objectively using gastric tonometry. 
Decreased gastric intramural pH (pHi), increased gastric 
regional partial pressure of carbon dioxide (P CO  

2
 ), and a 

wide gap between gastric regional  PCO  
2
  and end-tidal  PCO  

2
  

are all indicators of impaired abdominal visceral perfusion 
 [  24,   25  ] . Combined with urinary bladder pressure measure-
ments, the newer semi-continuous tonometers are an excel-
lent adjunct for the early identi fi cation of impending  ACS . 
Moreover, the physiologic response to decompression can be 

evaluated by assessing changes in pHi and related parameters 
using gastric tonometry  [  26,   27  ] . 

 Increased  IAP  increases femoral venous pressure, 
increases peripheral vascular resistance, and reduces femoral 
artery blood  fl ow by as much as 65%. 

 Laboratory studies have shown that decompression of 
 ACS  causes circulating neutrophils to increase CD11b 
adhesion receptor expression. Decompression of  ACS  is also 
associated with the release of cytokines into the portal circu-
lation and increased lung permeability, similar in degree to 
that seen after hemorrhagic shock and resuscitation  [  28  ] . 
Moreover, when  ACS  decompression is appropriately 
sequenced with hemorrhagic shock, it can serve as a “second hit” 
(i.e. , ACS  decompression 8 h after hemorrhagic shock 
causes more intense acute lung injury than does  ACS  decom-
pression 2 or 18 h after shock)  [  29,   30  ] .  

   Classi fi cation 

 The simple clinically relevant classi fi cation would start with 
the determination of the acuity (acute versus chronic) of the 
increased IAP. In trauma and acute care surgery, the 
clinically relevant problem is the acutely elevated IAP and 
the resultant IAH/ACS. The acute care surgeon has to be 
aware of the chronic conditions (such as morbid obesity) 
that could result in pathologically elevated baseline IAP 
measurements. The acute IAH/ACS can be further classi fi ed 
based on etiology: post-injury, acute surgical, post-burn, 
medical sepsis, etc. From a practical management perspective, 
ACS can be classi fi ed as primary (the pathology is from the 
abdomino-pelvic region) or secondary ACS (pathology/
injury outside of the abdomen). Recurrent ACS is de fi ned 
as pathological elevations in IAP and subsequent organ 
dysfunction that develop in the open abdomen following 
prophylactic or therapeutic decompression  [  1,   2,   10  ] .   

   Epidemiology 

 The accurate epidemiology of IAH and ACS is dif fi cult to 
determine, and depends on the patient population, institu-
tional resuscitation strategy, and frequency of IAP monitoring. 
During the late 1990s, the incidence was up to 15% among 
severely injured patients requiring shock resuscitation in 
busy shock trauma ICUs  [  31  ] . Primary and secondary ACS 
were equally frequent with up to a 50% incidence of multiple 
organ failure (MOF) and mortality  [  10  ] . Following the 
identi fi cation of independent predictors, liberal preventive 
open abdomen strategies, and the evolution of resuscitation, 
the incidence of ACS exponentially decreased. Recent pro-
spective cohorts identi fi ed that post-injury ACS has become 
rare, and the still prevalent IAH in trauma the population is 
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not associated with worse outcomes  [  32  ] . The incidence of 
IAH among general surgical patients undergoing laparotomy 
is 33–81%, depending on the de fi nition (20 or 18 mmHg) 
 [  23  ] . In a study of medical patients, Malbrain et al. reported 
that the incidence of IAH was only 18%, despite using a 
liberal cutoff value (12 mmHg)  [  33  ] . 

   Population at Risk 

 In trauma and acute surgical practices, most patients who 
require ICU admission are at risk of IAH/ACS  [  34  ] . In general 
terms, any pathology increasing the size of the abdominal 
contents (intestinal obstruction, edema, abdominal packs) or 
decreasing/limiting the volume of the cavity (circumferential 
burns, pressure dressings, positive pressure ventilation) will 
increase the IAP, thus placing the patient at risk for ACS. 
Whole-body ischemia–reperfusion injury due to traumatic, 
hemorrhagic, or septic shock and the consequent resuscita-
tion are consistently described risk factors for both primary 
and secondary ACS. Certain clinical patterns such as major 
pelvic fractures with hemorrhage and massive resuscitation, 
severe acute pancreatitis, injuries requiring abdominal pack-
ing during damage control surgery, and exsanguinating torso 
trauma patients requiring aortic cross clamping are alarming 
with almost certain development of IAH and a high risk for 
ACS  [  35–  41  ] .  

   Monitoring 

 The clinical examination is inaccurate in determining the 
magnitude of the IAP  [  42,   43  ] . The monitoring of IAP has 
been described with many techniques through several routes. 
The general premise requires a noninvasive, accurate, repro-
ducible tool without using an additional tube/catheter system. 
Many techniques (intra-gastric, trans-rectal, and direct intra-
peritoneal) have been shown to be safe and feasible in both 
the laboratory and clinical settings, but none have been 
widely used in clinical practice  [  44–  46  ] . The most widely 
utilized method is the intra-vesicular measurement (the uri-
nary bladder pressure) in the ICU environment. There are 
sophisticated proprietary devices available but the technique 
can be easily performed with a clamped Foley catheter and a 
zeroed pressure transducer connected to the bedside monitor. 
Previously recommended large volume (50 mL and more) 
normal saline instillation before measurement has been 
scienti fi cally refuted. In fact, only minimal  fl uid content 
provides a continuous column for accurate pressure mea-
surements. The frequency of monitoring is institution depen-
dent and varies based on the clinical scenario from hourly 
to once a nursing shift. It is sensible to measure IAP in all 
high-risk patients on ICU admission and in the case of IAH, 

monitor it regularly (every 2–4 h) according to the disease 
acuity. If the initial IAP is normal, it is probably safe to 
monitor IAP again in case of impending organ dysfunc-
tion or abdominal distension. The continuous intra-vesicu-
lar pressure measurement technique has been well validated. 
This method utilizes a standard three-way urinary catheter, 
where the irrigation port is used for continuous monitoring 
 [  47  ] . This method is valuable for the highest risk shock 
resuscitation patients and potentially can guide intraopera-
tive closure likewise. Based on retrospective studies, the 
abdominal perfusion pressure (APP) (APP = mean arterial 
pressure minus IAP) has been advocated as a superior 
 measurement value with a cut-off of 60 mmHg, differentiat-
ing poor from favorable outcomes  [  48  ] . Unfortunately, 
APP has not been found to be very useful in posttraumatic 
cases, where the IAH is frequently a temporary ( fi rst 24 h) 
problem  [  32  ] .   

   Prevention 

 Prospective data suggest that the mortality rate for  ACS , 
even with early decompression and resuscitation, is very 
high  [  10  ] . In addition, early favorable physiologic responses 
to decompression do not necessarily correlate with improved 
outcomes. Accordingly, the prevention of  ACS  is paramount. 
The avoidance of fascial closure following high-risk laparo-
tomies reduces the incidence of  MOF  and mortality  [  49  ] . 
In the operating room, monitoring for increases in peak air-
way pressures during the attempted fascial closure is valu-
able in the absence of  IAP  measurements. In the  ICU , all 
patients with severe shock and subsequent resuscitation 
(whole-body ischemia–reperfusion injury), regardless of the 
cause (burn, trauma, sepsis, or hypovolemia), bene fi t from 
 IAP  monitoring  [  41,   50,   51  ] . 

 ACS is strongly associated with the magnitude and qual-
ity of resuscitation. Uncontrolled, goal-oriented resuscitation 
of trauma victims is harmful  [  41  ] . To eliminate uncontrolled 
resuscitation, treatment of the underlying cause of shock is 
crucial. Timely hemorrhage control and the elimination of 
septic foci should occur early. There is increasing evidence 
that Ringer’s lactate solution is pro-in fl ammatory, and its use 
may serve as an independent predictor of post-injury  ACS 
[  52  ] . During burn and trauma resuscitation, crystalloid limits 
should be implemented, and after reaching them, alternative 
resuscitation  fl uids should be used. The best resuscitation 
 fl uid during impending  ACS  has yet to be determined. 

 In post-injury primary  ACS , correction of the bloody 
vicious cycle of coagulopathy, acidosis, and hypothermia 
should be an early goal. Abbreviated laparotomies save 
lives, but the often required tight abdominal packing 
increases the risk of  ACS . The use of topical hemorrhage 
control techniques (i.e.,  fi brin sealants) offers a workable 
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solution  [  53  ] . When abnormalities in respiratory and 
renal function are identi fi ed,  ACS  should be included in 
the differential diagnosis.  

   Treatment 

 The support of early organ dysfunction by traditional ICU 
interventions is often necessary in patients with impending 
ACS; however, these may aggravate the underlying 
pathophysiology (aggressive ventilator strategies with high 
peak end-expiratory pressures,  fl uid boluses to overcome 
suspected pre-renal failure)  [  54,   55  ] . Patients with similar 
demographic characteristics, injuries, and shock severity 
without impending ACS respond very well to preload-
directed resuscitation (appropriate increase in cardiac index). 
However, patients with impending ACS do not respond with 
an increase in cardiac index, despite vigorous crystalloid 
infusion. Vigorous attempts to increase preload (especially 
with crystalloid infusions) in patients with IAH may have a 
detrimental effect on outcome (futile crystalloid cycle)  [  56  ] . 

 Theoretically, other nonsurgical interventions may be 
bene fi cial in cases of IAH/ACS, but their ef fi cacy is unproven. 
These methods are nonspeci fi c and are in general, are part of 
the non-evidence based attempts to overcome pseudo-
obstruction/paralytic ileus. Alternative resuscitation  fl uids 
have been utilized in post-burn IAH/ACS in the laboratory 
setting  [  57  ] . Continuous external application of negative 
abdominal pressure with a suction device has shown some 
promise in morbidly obese patients with cerebral symptoms 
secondary to chronic ACS  [  58  ] . 

 If IAH or ACS is caused by acute or chronic  fl uid collec-
tions, symptoms can be relieved by percutaneous drainage 
 [  59  ] . Case reports describe the successful drainage of abdom-
inal  fl uid in burn patients with secondary ACS and the drain-
age of blood in nonoperatively managed liver injuries  [  60  ] . 
The major limitation of the technique is that it is applicable 
only when a signi fi cant amount of  fl uid is causing the 
increased IAP. This technique will not work and might be 
dangerous when extensive bowel edema or a retroperitoneal 
hematoma is the dominant contributing factor. 

 Surgical decompression remains the primary recom-
mended intervention in acute surgical cases. Decompression 
is achieved by opening the midline fascia (avascular plane) 
along its full length. Virtually all reports describe appropri-
ate physiologic responses to decompression, but this does 
not necessarily translate into better outcomes  [  10  ] . The best 
predictors of survival are post-decompression improvement 
in cardiac index and urine output. The decision to undertake 
surgical decompression is a dif fi cult one, because it results in 
a chronically open abdomen that is associated with numer-
ous hazards. Several case series have shown that early 
decompression is associated with better outcomes. However, 

in those studies, “late” decompression was often carried out 
days after the initial signs of ACS. If decompression is 
carried out within 12 h of hospital admission, timing has no 
signi fi cant effect on outcome  [  38,   40  ] . Patients with ACS are 
in critical condition and require mechanical ventilation and 
other forms of organ support. Any unnecessary intra-hospital 
transportation of these patients can be detrimental. Thus, if 
no other intra-abdominal surgical intervention is needed, 
decompression can be performed at the bedside in the ICU. 
More recently, alternatives of midline laparotomy (transverse 
laparotomy and linea alba fasciotomy) were described. These 
approaches were popularized in cases of severe acute pan-
creatitis, where transverse laparotomy can be the surgical 
access of choice. The (subcutaneous) linea alba fasciotomy 
can prevent peritoneal contamination in selected pancreatitis 
cases, where laparotomy is not required just the reduction of 
the IAP  [  61,   62  ] .  

   Conclusion 

 Post-injury and post-burn ACS is well characterized and has 
been eliminated in many centers  [  63,   64  ] . Active surveil-
lance is essential to keep this lethal complication low  [  32  ] . 
ACS can occur in a wide range of critically ill acute surgical 
patients. This population requires better characterization 
based on etiology and the acuity of the various conditions in 
order to develop ef fi cient preventive and therapeutic strate-
gies similar to post-injury ACS. The signi fi cance of long 
standing acute IAH in general surgical patients is associated 
with worse outcomes, but the cause and effect relationship 
has not yet been proven. Primary ACS remains apparent after 
major abdominal catastrophes and in critical damage control 
laparotomy patients, but with a controlled low incidence. 
The occurrence of secondary ACS in burn, medical, and 
trauma ICUs should serve as a negative performance indica-
tor as it is often the result of over-resuscitation, late hemor-
rhage, and/or poor septic focus control.      
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         Introduction 

 Necrotizing soft tissue infections (NSTIs) are a group of rare 
but fulminant type of complicated skin and soft tissue infec-
tion. The US Food and Drug Administration (FDA) differenti-
ates complicated from uncomplicated skin and soft tissue 
infections based on several criteria including the need for 
surgical intervention  [  1  ] . These infections are typically char-
acterized by advancing tissue necrosis and are known collo-
quially as being caused by “ fl esh-eating bacteria.” Other terms 
that are used to describe NSTIs include: gas gangrene, strepto-
coccal gangrene, gangrenous cellulitis, necrotizing cellulitis/
erysipelas, bacterial synergistic gangrene, Meleney ulcer/gan-
grene, and Clostridial myonecrosis. NSTIs of the perineum 
are referred to as Fournier’s gangrene. NSTIs have been 
described as early as 500 BCE by Hippocrates as a complica-
tion of erysipelas  [  2  ] . Later described as “hospital gangrene” 
by British naval surgeons in the eighteenth and nineteenth 
centuries, NSTIs were  fi rst reported in the United States by 
army surgeon Dr. Joseph Jones during the Civil War. Although 
NSTI is often used synonymously to mean necrotizing fasciitis 
(which was coined by Dr. Wilson in 1952), NSTIs have now 
come to represent a spectrum of diseases that range from 
necrotizing cellulitis to myonecrosis (Fig.  37.1 ).   

   Epidemiology 

   Incidence 

 The incidence of NSTIs in the United States has been esti-
mated from large administrative databases and has been 

noted to have increased since the 1980s  [  3,   4  ] . Whether the 
increase represents a true rise in the number of infections or 
simply better identi fi cation and reporting of NSTIs is unclear. 
An analysis of medical claims data from 1997 to 2002 
reported the incidence rate of NSTIs, or the probability of 
developing the disease over a speci fi c period of time, as 0.04 
per 1,000 person-years  [  5  ] . A review of more than 28 million 
patients in the Nationwide Inpatient Sample (NIS) database 
in the years 2001 and 2004 identi fi ed a total of 10,940 or 
0.04% of hospitalized patients as having an NSTI  [  6  ] . 
Although rare, it is estimated that clinicians, whether sur-
geons or primary care physicians or specialists, will encoun-
ter at least one NSTI patient in their lifetime  [  7  ] .  

   Classi fi cation 

 There are several methods for describing NSTIs, although 
there is no standard classi fi cation system. NSTIs can be 
described by their depth of invasion (Fig.  37.1 ); necrotizing 
fasciitis is characterized by pathological  fi ndings at the level 
of the subcutaneous fat (i.e., thrombosed vessels) and deep 
fascia (i.e., necrosis). NSTIs can also be classi fi ed by their 
anatomic location (i.e., Fournier’s gangrene for NSTIs of 
the perineum). Another method for describing NSTIs is 
based on their microbiology: Type I, II, or III. Type I NSTIs 
are the most common type, accounting for 55–75% of infec-
tions. They are polymicrobial and include organisms such 
as gram-positive cocci (i.e.,  Staphylococcus aureus ), 
gram-negative bacilli (i.e.,  Escherichia coli ), and anaerobes 
(i.e.,  Clostridium  and  Bacteroides  species). They have been 
associated with multiple predisposing factors including 
surgical procedures, diabetes, and peripheral vascular dis-
ease. Type II NSTIs are caused by Group A beta hemolytic 
 Streptococci  with or without  S. aureus . These infections are 
less common than Type I infections and can occur in young, 
healthy individuals. Type III NSTIs have been attributed to 
 Vibrio  species by some authors and to  Clostridium  species 
by other authors  [  8  ] . 
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 An alternative classi fi cation system was proposed by Bakleh 
et al. based on histopathologic  fi ndings  [  9  ] . They proposed 
three stages based on combinations of in fl ammatory response 
and gram-stain results. Grades of the in fl ammatory response 
were characterized by the degree of neutrophilic in fi ltration 
and presence of necrosis or microabscesses. The histopatho-
logic stages correlated with mortality, although only unadjusted 
analyses were performed due to small sample size.  

   Risk Factors 

 Although there are multiple risk factors for NSTIs that include 
medical comorbidities and other factors, NSTIs often develop 
in young, healthy hosts. Comorbidities include diabetes 
mellitus, peripheral vascular disease, obesity, chronic renal 
failure, cirrhosis, heart disease, acquired immunode fi ciency 
syndrome (AIDS), and immunosuppression. Injection drug 
use and alcoholism are associated with NSTIs as well. 
Infections may develop as a result of insect bites, abscesses, 
recent trauma, or surgery  [  3,   10  ] .  

   Microbiology 

 As previously described, NSTIs may be polymicrobial or 
monomicrobial depending upon the patient’s comorbidities, 
risk factors, and clinical setting. One study of patients from 
the late 1980s and early 1990s found an average of 4.4 organ-
isms per infection  [  11  ] . Cultures may identify gram-positive 

and gram-negative bacteria, aerobic and anaerobic bacteria, 
and fungi. Historically, monomicrobial NSTIs were attrib-
uted to  Group A Streptococcus  (GAS),  Clostridium  species, 
and  Vibrio  species, but as described as follows, any number 
of microorganisms may cause monomicrobial NSTIs. 

 The two most common gram-positive cocci isolated from 
patients with NSTIs are  Staphylococci  and  Streptococci  
 [  1,   11  ] .  S. aureus  is the most common pathogen present in 
serious soft tissue infections in North America, Latin 
America, and Europe  [  12  ] . Over time, its virulence and resis-
tance has changed; there has been a concomitant decrease in 
infections caused by methicillin-sensitive  Staphylococcus 
aureus  (MSSA) and an increase in infections caused by 
methicillin-resistant  Staphylococcus aureus  (MRSA)  [  13  ] . 
Furthermore, there has been an increase in the prevalence of 
community acquired MRSA (CA-MRSA), which was  fi rst 
described in the 1990s  [  14  ] . Initially CA-MRSA infections 
were primarily present only in speci fi c sub-populations such 
as prisoners or sports participants, but now CA-MRSA is on 
its way to becoming the predominant strain of MRSA in hos-
pitals  [  15  ] . Similarly, CA-MRSA was not previously com-
mon in patients with NSTIs  [  16  ] . In 2005, Miller et al. 
described 14 patients with NSTIs and positive cultures for 
CA-MRSA, 12 of who had monomicrobial infections  [  16  ] . 
These patients had risk factors that included medical comor-
bidities such as diabetes and hepatitis, history of injection 
drug use, homelessness, and prior MRSA infection. All of 
the infections were due to the USA300 clone and had similar 
genotypes including the presence of the Panton–Valentine 
leukocidin (pvl) gene, which encodes an exotoxin that causes 

  Fig. 37.1    Anatomy of skin and soft tissue and infectious processes associated with each layer       
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leukocyte destruction. Several series of patients have reported 
high rates of MRSA NSTIs, although genotyping was not 
performed in all of the series  [  17–  20  ] . In one case series, 
MRSA was the most frequent cause of monomicrobial 
NSTIs  [  18  ] . There is a suggestion that mortality may not be 
as high in patients with CA-MRSA, but because of its 
increasing prevalence, empiric coverage should be started in 
patients with suspected NSTIs  [  16–  20  ] . 

  Streptococcus pyogenes  is a type of Group A beta-hemolytic 
 Streptococcus  (GAS) that can cause a spectrum of diseases 
from bacterial pharyngitis to necrotizing fasciitis and myosi-
tis to toxic shock syndrome. In a European population-based 
study, the crude rate of  S. pyogenes  infection was 2.79 per 
100,000 population  [  21  ] . Eight percent (308 patients) of 
all of the cases were diagnosed with necrotizing fasciitis, 
of which 50% were associated with toxic shock syndrome 
(TSS). Streptococcal TSS has been reported to be an 
independent predictor of mortality  [  22  ] . Risk factors for 
GAS infections include comorbidities such as liver disease 
or underlying malignancy and behaviors such as injection 
drug use, but these infections can also occur in healthy 
immunocompetent patients as well  [  23  ] . GAS NSTIs have a 
predisposition for the lower extremities and tend to spread 
rapidly. These organisms have a number of factors that con-
tribute to their virulence including M protein, which facili-
tates attachment to the host cells and prevents bacterial 
phagocytosis, enzymes that facilitate the spread of infection 
and that prevent the migration of neutrophils to the site of 
infection, and superantigens that stimulate a pro-in fl ammatory 
response  [  8  ] . 

 Gram-negative rods have been associated with NSTIs 
including  Klebsiella  species,  Enterobacter  species, 
 Pseudomonas  and  Aeromonas ,  Vibrio  species,  Acinetobacter  
species,  Eikenella corrodens , and  Citrobacter frundii   [  1,   11  ] . 
Liver disease is a risk factor for NSTIs due to gram-negative 
rods, particularly  Vibrio ,  Klebsiella , and  Aeromonas   [  24  ] . 
Furthermore, these gram-negative rod NSTIs appear to have 
a higher prevalence in Asian countries  [  24  ] .  Vibrio  infections 
occur in immunocompromised hosts such as those with cir-
rhosis, diabetes mellitus, adrenal insuf fi ciency, and chronic 
renal insuf fi ciency; they are associated with contact with 
seawater or ingestion of raw seafood  [  24–  28  ] . These infec-
tions may have an atypical presentation; increased level of 
suspicion should occur in these patients, particularly when 
hemorrhagic bullae are present given an increased associated 
mortality  [  25,   26  ] .  Klebsiella  NSTIs are more common in 
Asia, but has been reported to have been acquired nosocomi-
ally in a patient with underlying malignancy in the Western 
hemisphere  [  29  ] . 

  Clostridum  is a genus of gram-positive bacteria that are 
obligate anaerobes. Multiple species including  Clostridium 
perfringens  have been identi fi ed in NSTIs  [  1  ] . Clostridial 
infections may cluster in areas with heavy injection drug use. 

For example, King County, Washington, has a high prevalence 
of drug users who inject heroin. In a review of 10 years’ of 
autopsies of patients who died due to NSTIs, clostridial 
infections were identi fi ed as being signi fi cantly associated 
with injection drug use of black tar heroin  [  30,   31  ] . Different 
species were noted including  Clostridium sordellii . A retro-
spective review of patients treated in Seattle, Washington, 
similarly identi fi ed an association between clostridial infec-
tions and injection drug use. Furthermore, clostridial infections 
were signi fi cantly associated with an increase in mortality 
and limb loss  [  30  ] . NSTIs caused by  Clostridium septicum  
are often associated with an underlying colonic malignancy 
 [  32,   33  ] . 

 Fungi (i.e.,  Candida  species) may also be found in both 
polymicrobial and monomicrobial NSTIs. There have been 
case reports of monomicrobial NSTIs due to  Aspergillus  
 [  34,   35  ] . Zygomycotic NSTIs from  Apophysomyces  have 
been reported in trauma patients and in immunocompetent 
hosts  [  36–  38  ] . Cryptococcocal NSTIs have also been 
reported, largely in immunocompromised patients  [  39,   40  ] .  

   Pathophysiology 

 Spread of pathogens that cause NSTIs occurs through the 
production of a variety of endotoxins and exotoxins, many 
of which have already been mentioned. Toxins may cause 
tissue destruction, ischemia, and necrosis; endothelial dam-
age, which results in increased tissue edema and impaired 
capillary blood  fl ow; increased escape from host defenses 
such as phagocytosis and neutrophil in fi ltration at the site 
of infection; and activation of the coagulation cascade, 
which may cause vascular thrombosis and worsened tissue 
ischemia  [  3  ] .   

   Clinical Presentation 

 NSTIs can be dif fi cult to distinguish from other non-necro-
tizing infections. Early manifestations may include swelling, 
erythema, and warmth, which are nonspeci fi c  fi ndings that 
are also present in patients with cellulitis (Fig.  37.2 ). Pain 
out of proportion to physical exam may be present. By the 
time NSTIs become clinically apparent and patients manifest 
“hard signs,” the associated morbidity and mortality are 
increased because of the delay in diagnosis  [  41–  43  ] . Hard 
signs include late skin manifestations such as bullae, crepi-
tus, or skin necrosis (Figs.  37.3  and  37.4 ). Wang et al. per-
formed an observational study of patients and developed a 
staging system based on the time course of symptoms and 
signs (Table  37.1 )  [  44  ] ; such hard signs are classi fi ed as 
Stage III or late  fi ndings. Furthermore, NSTI patients may 
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  Fig. 37.2    ( a ) This patient has minimal skin manifestations of NSTI other than erythema and swelling, characteristic of Stage I or early NSTI as 
proposed by Wang et al.  [  44  ]  ( b ) The same patient after debridement of necrotic infected tissue       

  Fig. 37.3    This patient has 
multiple blisters  fi lled 
with serous  fl uid, characteristic 
of Stage II       

  Fig. 37.4    This patient had 
skin necrosis and crepitus 
characteristic of Stage III. 
(Reprinted with permission 
from Wang YS, Wong CH, 
Tay YK. Staging of 
necrotizing fasciitis based on 
the evolving cutaneous 
features. Int J Dermatol. Oct 
2007;46(10):1036–1041.)       
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present with hemodynamic instability and organ failure; the 
number of dysfunctional organ systems at admission is 
predictive of mortality  [  45  ] .      

   Diagnosis 

 Multiple studies have demonstrated an association between a 
delay in diagnosis and worsened outcome from NSTIs  [  41–
  43  ] . The diagnosis may be obvious in the setting of the hard 
signs described above such as hemodynamic instability and 
late skin manifestations  [  46  ] . However, these  fi ndings are 
only present in a small percentage of NSTI patients; in a 
matched case-control series, necrotic skin and hypotension 
each occurred in only 5% of patients and no patients had 
crepitance  [  47  ] . Furthermore, as described previously, by the 
time bullae, crepitus, or skin necrosis are apparent on physi-
cal examination, the NSTI has already progressed to an inter-
mediate or late stage  [  44  ] . 

 Compounding the dif fi culties in diagnosis are the simi-
larities in presentation between early stage NSTIs and cel-
lulitis such as fever, pain, swelling, tenderness, erythema, 
and warmth  [  47  ] . In a matched case-control study, Wall et al. 
compared physical examination  fi ndings, laboratory values, 
and radiologic  fi ndings in patients with necrotizing fasciitis 
to those with a non-necrotizing soft tissue infection. They 
found that the parameters with the highest sensitivity for 
necrotizing fasciitis were white blood cell count greater than 
14 × 10 9 /L, sodium less than 135 mmol/L, and blood urea 
nitrogen greater than 15 mg/dL  [  47  ] . The parameters with 
the highest speci fi city (100% for all) were tense edema, bul-
lae, sodium less than 135 mmol/L, and chloride less than 
95 mmol/L  [  47  ] . Based on these  fi ndings, Wall et al. devel-
oped a simple model to assist in diagnosing NSTIs. A cor-
rected serum sodium (for glucose) of less than 135 mmol/L 
or a white blood cell count of greater than 14.3 × 10 9 /L had a 
90% sensitivity and a 76% speci fi city for necrotizing fascii-
tis  [  46  ] . This model correctly classi fi ed 18/19 (95%) of 
patients who had no “hard signs”  [  46  ] . 

 Another commonly used model for diagnosing an NSTI is 
the Laboratory Risk Indicator for NECrotizing fasciitis 
(LRINEC) score  [  48  ] . Six laboratory parameters are included 
in the score and are weighted from 1 to 4 points for a total 
possible score of 13 (Table  37.2 ). The probability of necro-
tizing infections was less than 50% with a cutoff score of less 
than or equal to 5, but increased to greater than 75% with a 
cutoff score of greater than or equal to 8  [  48  ] . A cutoff score 
of 6 had a positive predictive value (PPV) of 92% and a neg-
ative predictive value (NPV) of 96% in the original valida-
tion dataset  [  48  ] . The LRINEC score has not been validated 
across other patient populations and settings  [  49,   50  ] , 
although one study suggested that it may function as both a 
diagnostic and prognostic tool  [  51  ] . Thus, the LRINEC score 
may be useful in select patient populations in increasing the 
suspicion for a necrotizing infection, but further studies are 
required. As with all diagnostic tools, the predictive values 
are dependent on the incidence of the disease in the popula-
tion, and the utility of a test in changing management depends 
on the level of suspicion for the disease (or the pretest 
probability).  

 Radiographic imaging may be helpful. In the case-control 
study by Wall et al., 39% of patients with necrotizing fascii-
tis had gas on plain  fi lm versus 5% of patients with a non-
necrotizing infection  [  47  ] . However, gas on X-ray only had a 
sensitivity of 39%. Ultrasonography has been used in a few 
case reports and case series as an aid in the diagnosis of 
NSTIs  [  52–  54  ] . Ultrasound can be performed rapidly at the 

   Table 37.1    Stages of evolving necrotizing soft tissue infection based 
on cutaneous changes  [  44  ]    

 Stage  Time course  Symptoms and signs 

 Stage I  Early  Tenderness to palpation (extending beyond 
the apparent area of skin involvement) 
 Erythema 
 Swelling 
 Warmth 

 Stage II  Intermediate  Blister or bullae formation (serous  fl uid) 
 Stage III  Late  Crepitus 

 Skin anesthesia 
 Skin necrosis with dusky discoloration 

   Table 37.2    Laboratory Risk Indicator for 
Necrotizing Fasciitis (LRINEC) score;  [  48  ]  a cutoff 
6 points had a 92% positive predictive value and a 
96% negative predictive value   

 Variable, units  Score 

  C-reactive protein, mg/dL  
 <150  0 

  ³ 150  4 

  Total white cell count, per mm 3   
 <15  0 
 15–25  1 
 >25  2 
  Hemoglobin, g/dL  
 >13.5  0 
 11–13.5  1 
 <11  2 
  Sodium, mmol/L  
  ³ 135  0 

 <135  2 
  Creatinine,  m mol/L  
  £ 141  0 

 >141  2 
  Glucose, mmol/L  
  £ 10  0 

 >10  1 
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bedside unlike other imaging modalities such as computed 
tomography (CT) scans and magnetic resonance imaging 
(MRI). Findings of increased echogenicity of the subcu-
taneous tissue may be seen in NSTIs but can also be pres-
ent in cellulitis. Fluid greater than 4 mm in thickness or 
tracking along the deep fascia may be more suggestive of an 
NSTI  [  54  ] . Currently, however, there is insuf fi cient evi-
dence to recommend routine use of ultrasound in the diagno-
sis of NSTIs. 

 Traditionally, although CT and MRI have been reported 
to be useful adjuncts in the diagnosis of NSTIs, there has 
been a hesitation to recommend their routine use due to 
potential delays in obtaining the studies. However, as tech-
nology continues to evolve, these studies may become 
more useful. Findings on CT scans consistent with NSTIs 
have included subcutaneous air, fascial edema and thick-
ening, non-enhancement of necrotic tissues, gas across tis-
sue planes, or  fl uid collections  [  55–  57  ] . In a study of 67 
patients without indication for immediate surgical explora-
tion for NSTI, CT scans had 100% sensitivity and 81% 
speci fi city for diagnosing NSTIs  [  57  ] . Three out of eight 
patients with a false-positive CT scan had  fl uid collections 
identi fi ed that ultimately were diagnosed as abscesses 
associated with pyomyositis  [  57  ] . Another study by 
McGillicuddy et al. reported that 305/715 (43%) of NSTI 
patients diagnosed over a 10-year period at a single center 
underwent CT scan. They developed a scoring system of 
 fi ve CT  fi ndings to aid in the diagnosis of NSTIs 
(Table  37.3 ). A score of greater than 6 had 86% sensitivity, 
92% speci fi city, 64% PPV, and 86% NPV  [  58  ] . Further 
prospective validation studies are planned.  

 MRI has been used to diagnose NSTIs, but like CT has a 
high sensitivity but a low speci fi city  [  3  ] . Findings on 
T2-weighted images have included: gas or low signal intensity 
in the deep fascia,  [  59,   60  ]  abnormal deep fascial thicken-
ing with or without contrast enhancement  [  59,   61,   62  ] , 
peripheral high signal intensity in muscles  [  59,   63  ] , exten-
sive involvement of the deep fascia  [  59  ] , and involvement 
of three or more compartments in one extremity  [  59  ] . 
Concerns about availability, potential delay in diagnosis 
and subsequent intervention, and lack of well-de fi ned crite-
ria for distinguishing NSTIs from non-necrotizing infec-
tions still limit the widespread use of MRIs in establishing 
the diagnosis. 

 Fluid and tissue sampling have also been suggested for 
diagnosing NSTIs. A 22-gauge needle with a 10-mL syringe 
has been used to aspirate  fl uid in the setting of soft tissue 
infections  [  64  ] . In a study of 50 patients in whom aspiration 
biopsy was performed, cultures were positive in 81% of 
patients not on antimicrobial therapy, but the percentage 
dropped to 30% in patients receiving antimicrobial treat-
ment. Growth of an organism on aspirate was not speci fi c as 
the cultures were taken from patients with cellulitis, ulcers, 

chronic osteomyelitis, and infected surgical wounds. 
Furthermore, although the organisms on aspirate were simi-
lar to those in surgical specimens among patients who were 
subsequently debrided, there was often a delay to growth of 
an organism in the aspiration  fl uid (up to 72 h)  [  64  ] . There is 
inadequate evidence to recommend the routine use of aspira-
tion biopsy to diagnose NSTIs. 

 Ultimately, the diagnosis of a NSTI is con fi rmed by sur-
gical exploration, either at the bedside (if the patient is 
clinically unstable) or in the operating room. Typical gross 
 fi ndings include loss of tissue resistance to blunt dissection, 
thrombosis of subcutaneous vessels, presence of foul-
smelling and/or dishwater  fl uid, and grayish appearance of 
fascia with or without obvious tissue necrosis. These 
 fi ndings are suf fi cient to con fi rm the diagnosis, but if the 
surgeon is still uncertain, frozen-section biopsy can be per-
formed. Frozen-section biopsy for rapid and early diagno-
sis of necrotizing fasciitis was advocated by Stamenkovic 
and Lew in 1984  [  65  ] . They recommended obtaining at 
least a 10 × 7 × 7 mm incisional biopsy of soft tissue under 
local anesthetic. Their criteria for the histologic diagnosis 
are listed in Table  37.4 . In their small case series, which 
included eight subsequently con fi rmed cases of necrotizing 
fasciitis, the histology revealed intact super fi cial epidermis 
and dermis and a combination of edema, vasculitis and 
thrombosis, neutrophilic in fi ltration, and microorganisms 
in the deeper layers including deep dermis, subcutaneous 
fat, and fascia  [  65  ] . Histologic samples from patients who 
did not undergo frozen section biopsy demonstrated further 
extension of the necrosis representative of progressive dis-
ease. Use of frozen section biopsy, however, is limited by 
the availability of a pathologist to read the samples, and 
necrotizing infections are usually associated with obvious 
 fi ndings such as those described previously.   

   Table 37.3    Computed tomography (CT) NSTI Scoring System:  [  58  ]  a 
score of >6 points had an 86% sensitivity and a 92% speci fi city for the 
diagnosis of NSTI   

 Variable  Points 

 Fascial air  5 
 Muscle/fascial edema  4 
 Fluid tracking  3 
 Lymphadenopathy  2 
 Subcutaneous edema  1 

   Table 37.4    Histologic criteria for the diagnosis of necrotizing 
fasciitis  [  65  ]    

 Necrosis of super fi cial fascia 
 Polymorphonuclear in fi ltration of the deep dermis and fascia 
 Fibrinous thrombi of vessels passing through the fascia 
 Angiitis with  fi brinoid necrosis of vessel walls 
 Presence of microorganisms within the destroyed tissue on Gram stain 
 No muscle involvement 
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   Management 

 The mainstay of treatment for NSTIs is administration of 
broad spectrum antibiotics and prompt and aggressive surgi-
cal debridement of infected tissues (Fig.  37.5 ). Randomized 
trials of adjunctive treatments are lacking, and synthesis of 
observational studies is hampered by: (1) a lack of standard-
ized terminology and (2) heterogeneity in patient popula-
tions, bacteriology, and management strategies.  

   Surgical Management 

 Recognizing the lack of randomized trials to guide manage-
ment, the Surgical Infection Society (SIS) Guidelines for 
the Treatment of Complicated Skin and Soft Tissue 
Infections strongly recommend timely and adequate surgi-
cal debridement to improve outcome  [  1  ] . General caveats 
for operative debridement include complete resection of 
necrotic tissues and drainage of  fl uid collections. Non-
viability of tissues is often marked by easy separation from 
surrounding structures, thrombosis of blood vessels and 
lack of arterial bleeding, and lack of muscle contraction. 
Tissue should be cultured to guide postoperative antibiotic 
management. 

 Source control may require aggressive surgical manage-
ment. Ten to 25% of patients required amputations in several 
cases series  [  18,   30,   41,   66  ] , and approximately a quarter of 
patients with extremity involvement required amputation in 
two series  [  18,   30  ] . Guillotine or through-joint amputations 
can be done expeditiously at the initial operation if the patient 
is hemodynamically unstable and/or the level of involvement 
is not clearly de fi ned. Anaya et al. identi fi ed heart disease, 
shock de fi ned as a systolic blood pressure less than 90 mmHg 
at hospital admission, and  Clostridial  infection as indepen-
dent predictors of limb loss  [  30  ] . 

 SIS guidelines recommend frequent reevaluation or return 
to the operating room within 24 h of the initial debridement 
to determine the adequacy of source control and to verify the 
lack of progression  [  1  ] . Repeat operative exploration is 
continued until source control has been achieved and no 
more tissue requires debridement. In a population-based 
analysis of more than 10,000 NSTI patients, the mean num-
ber of surgical procedures was 4.6 ± 3.1 for patients treated at 
burn centers and 4.3 ± 3.3 for patients treated at non-burn 
centers  [  6  ] . Management of the open wounds has tradition-
ally been to employ wet-to-dry dressings, but there have 
been increasing reports of negative pressure wound therapy 
usage  [  67  ] . Ultimately, large wounds that do not heal by sec-
ondary intent may require coverage with split thickness skin 
grafts or musculocutaneous  fl aps.  

  Fig. 37.5    Algorithm for management of a patient with a suspected NSTI       
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   Antibiotic Therapy 

 Early, empiric, broad-spectrum antibiotics are strongly rec-
ommended for the treatment of NSTIs. Antibiotic coverage 
should include activity against aerobic and anaerobic gram-
positive and gram-negative organisms. The SIS Guidelines 
recommend several effective single-agent regimens includ-
ing carbapenems (i.e., imipenem/cilastin, meropenem, ertap-
enem), other beta-lactam antibiotics (i.e., piperacillin/
tazobactam and ticarcillin/clavulanate), and glycylcyclines 
that are similar to tetracyclines (i.e., tigecycline)  [  1  ] . 
However, antibiotic combinations with the same coverage 
can also be used. For severe, rapidly progressive infections, 
combination antibiotic therapy that includes a protein syn-
thesis-inhibiting agent such as clindamycin, erythromycin, 
or linezolid should be used  [  1  ] . Further antibiotic therapy 
should be tailored based on the level of suspicion for speci fi c 
organisms. For example, if MRSA is suspected, antibiotics 
with anti-MRSA activity should be considered such as 
vancomycin, linezolid, quinipristin/dalfopristin, daptomycin, 
and tigecycline  [  1,   68  ] . If Group A streptococcal infections 
are suspected, penicillin is the drug of choice with or without 
a protein synthesis-inhibitory agent  [  1  ] . If clostridial 
infections are suspected, a protein synthesis inhibitor is 
again recommended to prevent production of exotoxins that 
contribute to the organism’s rapid spread. If  Vibrio  infections 
are suspected, tetracyclines (i.e., doxycycline), quinolones 
(i.e., cipro fl oxacin), and third-generation cephalosporins 
or carbapenems can be used. In severe cases with rapidly 
progressive infections, combination therapy with cell-wall-
active agents and a tetracycline should be used. Table  37.5  
lists several acceptable antibiotic regimens. There are no 
evidence-based guidelines regarding the length of antibiotic 
therapy—whether a set duration should be predetermined or 
whether clinical criteria should be used such as 3 days after 
the resolution of signs of systemic toxicity and local infection 
have resolved  [  68,   69  ] .   

   Supportive Care 

 While the mainstays of therapy are rapid and aggressive 
surgical debridement and antibiotic therapy, supportive 
care is important as well given that these patients are at 
high risk of death. Perioperative resuscitation of patients 
with septic shock and severe sepsis should be performed 
using evidence-based guidelines  [  70  ] . Postoperative care 
should include supplemental nutrition, preferentially 
enteral, given the increase in predicted energy requirements 
of NSTI patients  [  68  ] .  

   Adjunctive Therapies 

 There are a number of adjunctive therapies that have been 
suggested but there is a paucity of high quality evidence to 
support their use. Hyperbaric oxygen has been proposed to 
have a biologic rationale for improved outcome—the resul-
tant increased partial pressure of oxygen in infected tissues 
 [  71  ]  may improve polymorphonuclear leukocyte function 
and improve wound healing. Retrospective studies have 
con fl icting results as to whether or not hyperbaric oxygen 
confers a mortality bene fi t in NSTI patients  [  72–  74  ] . These 
uncontrolled studies may have an inherent selection bias in 
that hemodynamically stable patients may be more likely to 
be able to be safely transported to the hyperbaric chamber 
and therefore have improved outcomes. Furthermore, it is 
unknown whether there is a potential harm in transporting 
these patients or whether use of hyperbaric oxygen may delay 
de fi nitive surgical therapy. The SIS guidelines conclude that 
there is insuf fi cient evidence to make a recommendation 
regarding hyperbaric oxygen for treating NSTIs  [  1  ] . 

 Intravenous immunoglobulin (IVIG) has been suggested 
in patients with severe Group A streptococcal or staphylococ-
cal infections or TSS. The proposed mechanisms of action 
include binding of bacterial toxins and inhibition of binding 
of bacterial superantigens to T-cell receptors with resultant 
down-regulation of the in fl ammatory response. Despite the 
biological plausibility, data are limited to case reports and 
expert opinion. The only randomized trial of IVIG in strepto-
coccal toxic shock syndrome was terminated early due to 
slow recruitment and was underpowered to identify either a 
mortality bene fi t or harms from adverse effects  [  75  ] . The SIS 
guidelines gave only a weak recommendation based on low 
or very low quality evidence for the use of IVIG in patients 
with TSS due to staphylococcal or streptococcal NSTIs  [  1  ] . 

 Plasmapheresis has also been suggested as an adjunctive 
therapy for NSTI patients, but evidence speci fi c to this patient 
population is limited to a single case report  [  76  ] . 
Plasmapheresis has been studied in the treatment of septic 
shock and severe sepsis. The biological rationale is that sepa-
ration of the cellular and plasma components of circulating 

   Table 37.5    Accepted antibiotic regimens for NSTIs (from Howell and 
Rosengart)  [  8  ]    

 Monotherapy agents  Imipenem-cilastin 
 Meropenem 
 Ertapenem 
 Piperacillin-tazobactam 
 Tigecycline 

 Multidrug regimens  Penicillin or cephalosporin PLUS aminoglycoside 
or  fl uoroquinolone PLUS clindamycin or 
metronidazole 
 Add vancomycin, linezolid, or daptomycin for 
MRSA if indicated 
 Add protein synthesis inhibitor (clindamycin or 
linezolid) in severe or rapidly progressive 
infections 
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blood allows circulating in fl ammatory mediators or toxins to 
be removed. One small single-center trial of plasmapheresis 
in severe sepsis and septic shock demonstrated a reduction in 
28-day all-cause mortality  [  77  ] , but con fi rmatory multicenter 
effectiveness trials are lacking. The SIS guidelines deter-
mined that there was insuf fi cient evidence to make a recom-
mendation regarding plasmapheresis or other extracorporeal 
treatments for NSTIs  [  1  ] . 

 Prior to the recent withdrawal of drotrecogin alfa (acti-
vated) or recombinant human activated protein C from the 
market, its use in NSTI patients was suggested in case reports 
 [  78,   79  ] . Although initial randomized trials suggested a mor-
tality bene fi t to drotrecogin alfa in patients with severe sep-
sis, only a small number of enrolled patients had NSTIs. 
Moreover, despite this initial evidence, a recent unpublished 
trial demonstrating no mortality bene fi t resulted in with-
drawal of the drug from the market. This example demon-
strates the caution that should be employed in using therapies 
with unproven bene fi t, even in diseases with a high risk of 
mortality.   

   Potential Complications 

   Mortality 

 The acute mortality of NSTIs had been reported to be 
unchanging for many decades, ranging from 25 to 35%  [  3  ] . 
A review of 27 case series of NSTIs published between 1980 
and 1998 reported mortality rates of 6–73%, with an overall 
mortality rate of 32% for 862 patients  [  80  ] . Since then, sev-
eral case series have reported lower mortality rates between 
10 and 20%  [  6,   18,   25,   80,   81  ] . Mortality in an analysis of 
more than 10,000 hospitalized patients with NSTIs was 
10.9%  [  6  ] . This apparent recent reduction in mortality may 
be due to a true improvement in the diagnosis and manage-
ment of NSTIs or to changing patient populations, inconsis-
tency in the de fi nition of NSTIs, or differences in the 
virulence of bacterial strains causing NSTIs. 

 There are multiple predictors of mortality reported in the 
literature including advanced age, presence of comorbidities, 
and severity of disease on admission (i.e., presence of shock 
and/or organ failure)  [  30,   42,   66  ] . Furthermore, delay in 
intervention has also been associated with increased mortal-
ity  [  41,   42,   66  ] . Other authors have proposed weighted scor-
ing systems for predicting mortality. As previously 
mentioned, the LRINEC score greater than 6 has been asso-
ciated with increased mortality  [  51  ] . Anaya et al. developed 
a scoring system that assigned points based on six variables: 
heart rate >110 beats per minute, temperature <36 °F, creati-
nine >1.5 mg/dL, age >50 years, white blood cell count 
greater than 40,000/mm 3 , and hematocrit greater than 50% 
 [  81  ] . This model was 87% accurate in predicting mortality in 

a validation set derived from two different patient popula-
tions but needs to be validated in larger multicenter studies.  

   Morbidity 

 There is a paucity of studies evaluating morbidity among 
NSTI survivors. Amputations are common amongst patients 
with extremity involvement. Two series reported that 
approximately a quarter of patients with extremity involve-
ment require an amputation  [  18,   30  ] . Anaya et al. identi fi ed 
ischemic heart disease, shock de fi ned as a systolic blood 
pressure less than 90 mmHg, and clostridial infection as 
independent predictors of amputation  [  30  ] . Pham et al. eval-
uated the functional impairment of NSTI survivors at a large 
tertiary referral center treated between 2002 and 2006 with 
up to 1-month post-discharge follow-up  [  82  ] . Thirty percent 
of patients had mild to severe physical limitation at hospital 
discharge. On univariate analysis, worsened functional sta-
tus was associated with extremity involvement, a higher 
Acute Physiology and Chronic Health Evaluation (APACHE) 
II score, longer intensive care stay, and delay in consult for 
therapy. On multivariate analysis, extremity involvement, 
independent of amputation status, was associated with a 
higher functional limitation class  [  30  ] . Given the short fol-
low-up period of this study, further study is required to 
determine the longer-term functional limitations of surviv-
ing NSTIs.   

   Follow-up 

 In addition to an acute mortality risk, NSTI patients have an 
increased risk of long-term mortality and morbidity. Light 
et al. performed a study of 345 NSTI survivors followed for 
15 years; the estimated median age of death was signi fi cantly 
younger than that for population-based controls  [  83  ] . In par-
ticular, there was a signi fi cantly increased risk of subsequent 
death due to infectious causes in NSTI survivors (14% 
versus 2.9%)  [  83  ] . The authors recommended the following: 
counseling patients regarding the increased mortality risk; 
broadening indications for immunizations; and pursuing 
aggressive modi fi cation of other risk factors for death such 
as obesity, diabetes, smoking, and atherosclerotic disease 
 [  83  ] . They also identi fi ed a need for further research into the 
genetic and social determinants of this excess mortality risk.  

   Conclusion 

 NSTIs are associated with signi fi cant morbidity and mortal-
ity. Despite advances in critical care, the mainstays of ther-
apy have remained largely unchanged over the last several 
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decades: prompt recognition, early and aggressive debride-
ment, and broad spectrum antibiotics. Diagnosis remains 
challenging given the lack of speci fi city of many of the early 
signs and symptoms, but advances in imaging may prove to 
be helpful. Further studies are required to identify adjunctive 
therapies and to determine their bene fi t in treating NSTIs.      
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         Introduction 

 An extremity compartment syndrome develops when the tis-
sue pressure within a limited space of the body reaches the 
point where the circulation, nerve function, and muscle func-
tion of that space are compromised. For this to occur, the 
compartment must have a relatively  fi xed space (i.e., envel-
oped by fascia) preventing inner tissue expansion and there 
needs to be a source of increased tissue pressure, either exter-
nally or internally. 

 The German surgeon Richard Von Volkmann  fi rst 
described the late sequelae of extremity compartment syn-
drome in 1881—termed Volkmann’s ischemic contracture 
 [  1  ] . Later, in 1912 Wilson described exertional compartment 
syndrome and in 1956, Mayor reported on chronic compart-
ment syndrome. Since then, there have been numerous cases 
of extremity compartment syndrome reported in the litera-
ture. It has been identi fi ed in a wide variety of clinical situa-
tions including tetanus, meningococcemia, malignant 
hyperthermia, frostbite, horseback riding, and childbirth  [  2–
  6  ] . Typically, it occurs following traumatic events, most 
commonly those involving orthopedic fractures or vascular 
trauma with subsequent ischemia reperfusion injuries. Recent 
literature documents an increased incidence of secondary 
extremity compartment syndrome in 2% of severely injured 
patients  [  7–  9  ] . This typically occurs following massive 
resuscitation in patients with otherwise uninjured extremi-
ties. The incidence of extremity compartment syndrome var-
ies depending on the patient population studied and its 
etiology. In a subset of patients with leg pain, 14% were 
noted to have anterior compartment syndrome of the lower leg 
according to Qvarfordt et al.  [  10  ] . In those with lower extrem-
ity fractures, it was seen in 1–9% of patients  [  11  ] . 

 The most commonly affected body region is the lower 
extremity, speci fi cally the four compartments of the lower 
leg (anterior, peroneal (lateral), super fi cial posterior, and 
deep posterior). This is followed in incidence by the volar 
and dorsal compartments of the forearm. Other potential 
compartments include the deltoid and biceps compartment 
of the arm, the interosseus compartment of the hand, the glu-
teal compartment of the buttock, the quadriceps compart-
ment of the leg, and the interosseus, medial, central, and 
lateral compartments of the foot  [  12–  15  ] . 

 The etiology of extremity compartment syndrome varies 
and can be divided into three major categories: decreased 
compartmental volume, increased compartmental content, and 
externally applied pressure. Common causes seen in acute 
care surgery are presented in Table  38.1   [  16  ] . Of these catego-
ries, increased compartmental content is the most prominent. 
Pathophysiologically, increasing the volume in a space limited 
by noncompliant fascia results in an exponential rise in the 
intracompartmental pressure. This is fairly straightforward 
when it comes to bleeding into a compartment. However, 
post-ischemic swelling or reperfusion-injury is more com-
plex, as it produces a “double ischemic insult.” The initial 
ischemic insult leads to dysfunction of the tissues, including 
the nerves, muscles, and microvasculature Increased vas-
cular permeability following this initial ischemic insult 
leads to post-ischemic swelling, and thus ultimately 
increased compartmental volume and compartment syn-
drome, which causes additional injury to the neuromuscular 
component of the compartment. Secondary to this, the physi-
cal examination in patients with a reperfusion injury may be 
unreliable  [  16  ] .   

   Clinical Presentation 

 In awake, alert patients, most extremity compartment syn-
dromes can be diagnosed by clinical examination alone. The 
common clinical signs include the  fi ve Ps: pain, pulseless-
ness, pallor, paresthesias, and paralysis. Additional Ps to 

      Extremity Compartment Syndromes       

     Roman   Kosir        and    Andrej   Cretnik         

  38

    R.   Kosir ,  M.D.   (*) •     A.   Cretnik ,  M.D., Ph.D.  
     Trauma Department ,  University Clinical Center Maribor ,
  Ljubljanska 5 ,  Maribor ,  2000 ,  Slovenia    
e-mail:  roman.kosir@siol.com;     andrej.cretnik@guest.arnes.si   



464 R. Kosir and A. Cretnik

consider include pressure (swelling and tenseness of the 
compartment), and poikilothermy (Fig.  38.1 ). Other signs to 
look for are skin edema, blisters, swelling, and subcutaneous 
blood suffusions (Fig.  38.2 ).   

 To make a diagnosis, a physician must  fi rst have an evi-
dence of increased intracompartmental pressure. If so, the 
signs do not occur simultaneously, but they develop with 
time. One of the  fi rst signs is a swollen or tight compartment 
in combination with severe pain that is out of proportion of 
what it is expected to be and which is not relieved by regular 
analgesia. Other signs are late presentation and often, when 
this is present, an irreversible damage to soft tissues has 
occurred. There are numerous other pathophysiological 

events that can cause a similar clinical picture. In fact, a large 
meta-analysis of studies comparing clinical signs with devel-
opment of acute lower extremity compartment syndrome 
showed sensitivity of 13–19%, speci fi city of 97%, positive 
predictive value of 11–15%, and negative predictive value of 
98%  [  17  ] . Thus, the absence of this sign does rule out com-
partment syndrome, but the presence rarely con fi rms the cor-
rect diagnosis. 

 Nevertheless, clinical observation of the suspected com-
partment is what is recommended, since the hourly progress of 
the symptoms is what should be noted  fi rst before making a 
de fi nitive diagnosis and starting de fi nitive treatment. A useful 
tool for observation could be a simple sheet with notes about 
date, time, location, pain level, motor, and sensory testing. To 
do this, one must know the anatomical position of various 
compartments and their vascular and nerve content. Figure  38.3  
shows an example of a screening form of the most commonly 
observed acute lower extremity compartment  [  18  ] .   

   Diagnosis 

 To make a diagnosis of compartment syndrome we must 
have evidence of increased tissue pressure, inadequate tissue 
perfusion, and loss of tissue function. When all the three fac-
tors are present, the diagnosis may be made with assurance; 
when one or more of these factors are absent, the diagnosis is 
less secure. Evidence of increased tissue pressure may 
include complaints of tightness or pressure in the involved 
area. By palpation, the physician may perceive the tenseness 
of the compartmental envelope  [  19  ] . 

 Evidence of inadequate perfusion of local tissue pressure 
may include the symptom of pain that is out of proportion to 
what would be anticipated from the clinical situation. Patients 
requiring increasing analgesic medication in a properly 
immobilized leg should raise suspicion. Pain on passive 
stretching of the intracompartmental muscles is another use-
ful indication of increased pressure, especially if muscles 
have not been injured. Reduced peripheral pulses are very 
late signs of compartment syndrome; in fact, studies have 
shown normal pulses with Doppler signals in otherwise 
severely elevated intracompartmental pressures. Arterial 
 fl ow is rarely compromised in elevated tissue compartment 
pressures. On the other hand, diminished pulses could be a 
result of other causes (e.g., vascular lesions) and in combina-
tion with reperfusion injury could also lead to development 
of compartment syndrome  [  19  ] . 

 Evidence of abnormal tissue function includes weakness of 
the intracompartmental muscles and nerves, including sensory 
branches that cross-involve compartments and their lesion 
produces hypoesthesia. Both nerve and muscle function may 
be altered by direct injury; therefore, evidence of progressive 
loss of function over time may be a better sign  [  19  ] . 

   Table 38.1    The most common causes of increased compartment pres-
sures in acute care surgery   

 Decreased 
compartmental 
volume 

 • Excessive traction with fracture immobilization 
 • Closure of fascial defects following trauma 

 Increased 
compartmental 
content 

 • Intracompartmental bleeding secondary to 
fractures, vascular injury, or bleeding disorders 

 • Increased capillary  fi ltration following 
reperfusion after ischemia, embolectomy, soft 
tissue trauma, burns, or fracture  fi xation 

 Externally 
applied pressure 

 • Tight immobilization of fractures 
 • Lying on limb 

  Fig. 38.1    A case of right lower extremity compartment syndrome sec-
ondary to an isolated tibial fracture. Pain, swelling, and the inability of 
dorsal  fl exion of the toe was noted on examination       
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 To summarize, in awake and cooperative patients who can 
be reexamined frequently, the diagnosis of compartment 
syndrome is associated with the following  fi ndings:
    1.    Pain that is out of proportion to what is anticipated from 

the clinical situation  
    2.    Weakness of the muscles in the compartment  
    3.    Pain on passive stretching of the muscles in the 

compartment  
    4.    Hypoesthesia in the distribution of the nerves coursing 

through the compartment  
    5.    Tenseness of the compartmental envelope     

 Since clinical signs are progressing and because they 
do not appear all at once, the clinical decision-making results 
in a conundrum  [  12,   20–  22  ] . Especially in critically ill 
patients who are unable to cooperate because of head trauma, 
sedation, or even neuromuscular blocking drugs, the dia-
gnosis cannot be made based on clinical examination 
alone  [  18  ] . 

 Although the clinical examination should be a corner-
stone of the diagnosis of compartment syndrome, it has dis-
advantages of being subjective and requires patient 
cooperation  [  12,   17,   23  ] . Therefore, tissue pressure measure-
ment should be performed to add vital information for estab-
lishing the diagnosis and starting immediate treatment. The 
normal interstitial tissue pressure in the compartment is 
around 5 mmHg. Capillary blood  fl ow becomes compro-
mised at 20 mmHg, pain develops at pressures between 20 
and 30 mmHg. A tissue pressure of more than 45 mmHg has 
been reported to be usually associated with compartment 
syndrome, and a pressure of more than 60 mmHg can con fi rm 
diagnosis  [  24–  26  ] . But, the tolerance of tissue for increased 
pressure may be reduced by other factors, such as arterial 
occlusion, limb elevation, and shock  [  25,   27  ] ; with these 

conditions compartment syndrome may occur at signi fi cantly 
lower interstitial pressures. According to arteriovenous 
gradient theory, the local blood  fl ow (LBF) depends on the 
pressure gradient between arteries ( P  

a
 ) and veins ( P  

v
 ) and 

local vascular resistance to  fl ow ( R ). This condition describes 
the formula  [  28  ] :

        a vLBF ( ) /P P R= −   

 Local blood  fl ow should be maintained to deliver 
enough oxygen to the tissues. According to this relation-
ship, it is not the interstitial pressure that increases resis-
tance, the only factor that reduces blood  fl ow. The arterial 
pressure is also important, whereas venous pressure is 
somehow related to interstitial pressure. Increasing inter-
stitial pressure also increases venous pressure, and further-
more decreases blood  fl ow. 

 Because tolerance of tissues to increased intracompart-
mental pressure varies among different individuals and there 
are more factors that in fl uence local blood  fl ow, only one 
isolated measurement of interstitial pressure could not be 
enough to diagnose this condition. For example, higher com-
partment pressures may be necessary before injury occurs to 
peripheral nerves in patients with systemic hypertension 
 [  25  ] , while compartment syndrome may develop at lower 
pressures in those with hypotension and/or peripheral vascu-
lar disease  [  29,   30  ] . It has been proposed that the difference 
between diastolic pressure and intracompartmental pressure 
is a better marker for compartment syndrome. A    δP is calcu-
lated as follows:

          ( )
( )

P DBP diastolic blood pressure

IP interstitial pressure

δ =

−

  Fig. 38.2    A case of left lower 
left extremity compartment 
syndrome following a popliteal 
artery injury and subsequent 
revascularization in 
combination with a proximal 
tibial fracture externally  fi xed. 
Several hours following this 
management, there are obvious 
signs of compartment 
syndrome to include swelling, 
skin discoloration and 
blistering, and functional loss       
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 It is suggested to be more than 30–35 mmHg, but a speci fi c 
threshold does not exist  [  31–  34  ] . 

 There are numerous methods of tissue pressure measure-
ments  [  35–  38  ] . The most commonly used are commercial 
handheld pressure monitors (e.g., Stryker™ device, Stryker, 
Kalamazoo, Michigan), a simple needle manometer system, 
and the wick or slit catheter technique. The question is accu-
racy, since there are reports that the arterial line manometer is 
the most accurate device  [  39  ] . The arterial line manometer 
device has another advantage of being able to monitor pres-
sure continuously. Whichever method is used to measure com-
partment pressures, accuracy depends upon proper calibration 

of the measuring device and placement of the needle of 
pressure sensor in the level of the injured compartment. The 
principle of tissue pressure measurement in the case of acute 
lower extremity compartment syndrome is shown in Fig.  38.4 .  

 Use of near-infrared spectroscopy for detection of low tis-
sue oxygenation and therefore development of compartment 
syndrome is controversial. It has been reported as a useful 
noninvasive tool in diagnosing compartment syndrome after 
surgical revascularization of lower limb ischemia, whereas 
other studies did not prove its use due to severe edema of the 
soft tissues and inability to measure StO 

2
  inside the muscle 

compartment  [  21,   33,   40–  42  ] . 

  Fig. 38.3    Acute lower 
extremity compartment 
syndrome screening tool  [  18  ]        
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 In establishing a diagnosis of compartment syndrome we 
have to rule out other causes of pain-producing symptoms or 
we have to con fi rm a cause of elevated intracompartmental 
pressure. Especially with trauma, consider obtaining workup 
for rhabdomyolysis (creatinine phosphokinase (CPK), renal 
functions, urinalysis, and urine myoglobin). Extremity X-ray 
or CT scan can con fi rm the presence of fracture. MRI or 
ultrasonography can show muscle tears. Doppler ultrasonog-
raphy or arteriography can detect vascular abnormality.  

   Management 

 The objective of treatment of a compartmental syndrome is 
to minimize de fi cits in muscular and neurological function 
by promptly restoring local blood  fl ow. Certain nonoperative 
measures may be effective, such as eliminating external pres-
sure and maintaining local arterial pressure. When there is 
external pressure that causes compartment syndrome, such 
as tight casts, it is essential to release the envelope immedi-
ately (remove and exchange for noncircular splint) when 
there is only one symptom or sign present. Usually this is 
pain and is most often observed in patients with fracture 
splints several hours after treatment. Restoration of normal 
limb perfusion has priority over closed fracture treatment 
and this is postponed until the perfusion returns to normal. 
Before using operative methods for reducing tissue pressure, 
we have to consider improvement of local blood  fl ow if it has 

been reduced by shock, peripheral vascular disease, or eleva-
tion of the limb above the heart. All causes of systemic 
hypotension should be treated. Limb elevation should be 
avoided, because it lowers local arterial pressure and does 
not help to reduce swelling  [  43 ,  44  ] . Use of vasodilatating 
drugs or sympathetic blockade appears to be ineffective, 
because in this condition local maximal vasodilatation is 
already present. The use of phosphodiesterase inhibitor in 
experimental animals caused modulation of compartmental 
pressures. In a large study of trauma patients with isolated 
arterial injury, early anticoagulation with heparin has been 
found to reduce the incidence of compartment syndrome 
without signi fi cant bleeding as a consequence  [  45,   46  ] . 

 The primary goal of treating compartment syndrome is to 
decrease intracompartmental pressures. Surgical decompres-
sion of all limiting envelopes is the gold standard of treat-
ment indicated in the presence of a characteristic clinical 
picture of compartmental syndrome in a cooperative patient. 
When clinical exam is unreliable or dif fi cult to obtain we 
have to consider pressure measurement, where either pres-
sure should not exceed 45 mmHg or rather deltaP should not 
be below 30 mmHg. 

 The standard way of treatment is long skin incision and 
fasciotomy of all involved compartments and debridement of 
obvious nonviable tissue. Procedure should be performed 
without a tourniquet to avoid prolonging of ischemia and to 
permit the surgeon to assess degree of viability and restora-
tion of blood  fl ow. The skin is incised through the entire 
length of the involved compartment. There is obvious muscle 
bulging observed in a true compartment syndrome. Only 
obvious necrotic muscle should be removed, because tissue 
may have potential for reperfusion and recovery. The sign of 
contractility with electro stimulation should not be used ini-
tially. After fascial release we should anticipate post-ischemic 
swelling, and therefore, the skin should be left open and the 
wound temporarily closed with a patch of compliant arti fi cial 
temporary skin closures. If release of the compartment is not 
complete, “rebound” compartment syndrome may occur. 

 After surgical decompression and temporary skin closure, 
sterile dressings are applied and the extremity is usually 
splinted in a functional position. In presence of fractures we 
have to consider  fi xation with external  fi xators, rarely with 
plates or intramedullary nails. This stabilization is performed 
immediately after fascial decompression and greatly facili-
tates later care of the wound, limb, and fracture. Passive 
stretching exercises are instituted to maintain range of joint 
motion. Skin closure may usually be accomplished 3–5 days 
after surgical decompression, usually by mesh-graft, rarely 
by direct suturing (Fig.  38.5 ). At that time, additional debri-
dement of nonviable tissue can be performed. Fascial closure 
is not recommended, because this requires closure under ten-
sion and can lead to development of the compartment syn-
drome again. Muscle hernia is left behind and should be 

  Fig. 38.4    An anatomical cross section of the lower leg and the location 
for needle placement in the anterior compartment (then proceeding into 
the deep posterior compartment) for pressure measurements.  AC  ante-
rior compartment,  PC  peroneal (lateral) compartment,  DPC  deep pos-
terior compartment,  SPC  super fi cial posterior compartment       
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large enough not to cause additional late problems. When 
optimal cosmetic result is desired, one may progressively 
approximate the wound edges over 7–14 days with sutures to 
achieve direct skin closure.  

 Negative pressure wound care closure devices can be use-
ful in the management of fasciotomy wounds. Negative pres-
sure decreases wound edema, facilitates approximation of 
the skin edges, enhances local blood  fl ow, promotes granula-
tion tissue, and decreases bacterial colonization. There are 
no prospective randomized trials comparing standard sterile 
dressings compared to negative pressure treatment. But in 
retrospective analyses, negative pressure led to a signi fi cantly 
higher rate of complete skin closure and decreased time to 
skin closure  [  47,   48  ] . Hyperbaric oxygen as an adjunct to 
management following fasciotomy is reported in some case 
reports and animal studies, but there is lack of evidence to 
show an advantage compared to current practices  [  49–  53  ] .  

   Fasciotomy Techniques 

 The fasciotomy technique depends on the underlying con-
dition or mechanism that caused compartment syndrome. 
The length of the lower extremity skin incisions have been 
debated for a long time. Minimal skin incisions with more 
extensive fascial incisions could place patient at risk for 
recurrent compartment syndrome  [  54–  56  ] . The degree of 
muscle swelling after reperfusion cannot be predicted. Peak 
edema occurs several hours later after surgery. 

   Fasciotomies of the Upper Extremities 

 The upper extremity is anatomically divided into the 
brachium, antebrachium, and hand. Each of these anatomical 
segments has a different number of compartments with 

 various muscle functions. The techniques for release of these 
compartments have to be discussed separately. 

   Fasciotomy of the Arm 
 The arm has two compartments: anterior, which includes the 
biceps and brachioradialis muscles, and posterior with the 
triceps muscle. Fasciotomy technique includes lateral skin 
incision from deltoid insertion to lateral epicondyle. Care 
must be taken to avoid damage to larger cutaneous nerves. At 
fascial level, intermuscular septum between anterior and 
posterior compartment is identi fi ed and fascia overlying each 
compartment is released with longitudinal incisions. The 
radial nerve should be protected as it passes through the 
intermuscular septum prom posterior compartment to the 
anterior compartment just below the fascia.  

   Fasciotomy of the Forearm 
 The antebrachium has three muscular compartments: mobile 
wad proximally, volar compartment, and dorsal compart-
ment. Fasciotomy technique consists of a longitudinal cen-
trally placed incision over the extensor compartment and a 
curvilinear incision on the  fl exor aspect beginning at the 
antecubital fossa (Fig.  38.6 ). A palmar incision is made 
between the thenar and hypothenar muscles in the palm, 
where the carpal tunnel can be released if needed. The inci-
sion is extended transversely across the wrist  fl exion crease 
to the ulnar side of the wrist, then arched across the volar 
forearm back to the ulnar side at the elbow. At the elbow, the 
incision is curved just radial to the medial epicondyle across 
the elbow  fl exion crease and the deep fascia is released. 
At the antecubital fossa, the  fi brous band overlying the bra-
chial artery and median nerve is carefully released. This inci-
sion allows for soft tissue coverage of the underlying 
neurovascular structures at the wrist and elbow and prevents 
soft tissue contractures from developing at  fl exion creases. 

  Fig. 38.5    Cosmetic result of a lower extremity compartment syndrome 
following split thickness skin grafting       

  Fig. 38.6    Fasciotomy of the forearm—dorsal and volar aspects. 
Reprinted by permission of Data Trace Internet Publishing, LLC. 
 Wheeless Textbook of Orthopaedics , Copyright 2011       
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A second straight dorsal incision can be made to release the 
mobile wad if necessary.   

   Fasciotomy of the Hand 
 The hand has a unique anatomy with ten separate fascial 
compartments: four dorsal and three volar interossei, thenar 
muscles, hypothenar muscles, and adductor pollicis. The 
fasciotomy technique consists of four incisions (Fig.  38.7 ). 
One incision on the radial side of the thumb metacarpal 
releases the thenar compartment. A dorsal incision over the 
index  fi nger metacarpal is used to release the  fi rst and sec-
ond dorsal interossei and to reach the ulnar-to-index  fi nger 
metacarpal and to release the volar interossei and adductor 
pollicis. A dorsal incision over the ring  fi nger metacarpal is 
used to release the third and fourth dorsal interossei and to 
reach down along the radial aspect of the ring  fi nger and 
small  fi nger metatarsal to release the volar interossei. An 
incision placed at the ulnar aspect of the small  fi nger is used 
to release the hypothenar muscles.    

   Fasciotomies of the Lower Extremities 

 The lower extremity is anatomically divided into three parts: 
thigh, lower leg, and foot. As in the upper extremity, each 
anatomical segment has a different number of compartments 
with various muscle functions. Techniques for release of 
these compartments are discussed separately as well. 

   Fasciotomy of the Thigh 
 The thigh has three compartments: anterior (quadriceps), 
medial (adductors), and posterior (hamstrings) (Fig.  38.8 ). 
Because of its large volume compartment and also the blend-
ing of the fascial compartments with the hip (which may 
allow extravasation of blood outside the compartments), 
compartment syndrome in the thigh is less likely to occur, 
but can be seen especially in patients with high-energy femo-
ral fractures or hip fractures. The fasciotomy technique con-
sists of a lateral incision made from the greater trochanter to 
the lateral condyle of the femur. The iliotibial band is incised 

  Fig. 38.7    Fasciotomy of the hand—( a ) dorsal and ( b ) volar aspects. Reprinted by permission of Data Trace Internet Publishing, LLC.  Wheeless 
Textbook of Orthopaedics , Copyright 2011       

  Fig. 38.8    Fasciotomy of the 
leg. Reprinted by permission 
of Data Trace Internet 
Publishing, LLC.  Wheeless 
Textbook of Orthopaedics , 
Copyright 2011       
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and the vastus lateralis re fl ected off the intermuscular sep-
tum bluntly, releasing the anterior compartment. The inter-
muscular septum is then incised over the length of the 
incision, releasing the posterior compartment. This release 
should not be done closely to the femur because of a series of 
perforating vessels passing through the septum from poste-
rior to anterior near the bone. The medial compartment is 
released through a separate  anteromedial incision .   

   Fasciotomy of the Lower Leg 
 Lower extremity compartment syndrome is the most com-
mon due to the unique anatomy of the lower leg’s compart-
ments. Most of the studies have been done in this part of the 
body and most of the current knowledge about epidemiology 
and treatment are based on lower extremity compartment 
syndrome studies. The lower leg has four compartments: 
peroneal (lateral) (peroneus brevis and longus), anterior 
(extensor hallucis longus, extensor digitorum longus, tibialis 
anterior, and peroneus tertius), super fi cial posterior (gastroc-
nemius and soleus), and deep posterior ( fl exor hallucis lon-
gus,  fl exor digitorum longus, and tibialis posterior). The 
anterior compartment is the most commonly involved, fol-
lowed by the deep posterior compartment. In case of com-
partment syndrome of any of the compartments, release of 
all four is recommended. 

 There are two operating techniques for release of all four 
compartments in the lower leg: the one incision technique 
and the two-incision technique. There is no strong evidence 
showing which technique has an advantage over the other. It 
seems that due to its simplicity, the two-incision technique is 
more often used. In case of tibial fractures, any exposure of 
the fracture is not recommended; therefore, use of the one-
incision technique may have some advantage. Single-incision 
technique also causes only one surgical wound and less 
related complications were described in one study  [  57  ] .  

   Fasciotomy of the Lower Leg: Single-Incision Technique 
 Single-incision technique is technically more dif fi cult; its 
disadvantage is that it is dif fi cult to visualize the deep poste-
rior compartment, and therefore, there is increased risk of 
injury to the peroneal artery and nerve. This technique starts 
with a skin incision 1–2 cm anterior to the  fi bula and parallel 
to it, just inferior from the  fi bular head to 3–4 cm proximal of 
the lateral malleolus. An anterior  fl ap enables exposure of 
the anterior and peroneal (lateral) compartments. Longitudinal 
incisions are made in the fascia and care must be taken to 
avoid damage to the common, super fi cial, and deep peroneal 
nerves at the  fi bular head. A lateral  fl ap is exposed more pos-
teriorly to visualize the super fi cial posterior compartment. 
The gastrocnemius should be identi fi ed and the fascia is 
incised longitudinally. The deep posterior compartment is 
identi fi ed later after exposure of the posterior side of the 
 fi bula with dissection of the soleus muscle. Fasciotomy of 

deep posterior compartment is performed right at the medial 
border of  fi bula. Here, peroneal vessels should be retracted 
and protected posteriorly to avoid injury.  

   Fasciotomy of the Lower Leg: Two-Incision Technique 
 This technique uses medial and lateral longitudinal incisions 
that should be long enough to completely release all four 
compartments. In adults, the incisions can be up to 30 cm 
long. The lateral incision starts about 5 cm lateral to the ante-
rior border of the tibia. The underlying fascia of the anterior 
and peroneal (lateral) compartments are identi fi ed and 
released. The intermuscular septum should be identi fi ed to 
ensure that both compartments are released. Care must be 
taken not to damage the common peroneal nerve proximally, 
as it passes around the  fi bular head; therefore, skin incisions 
should not reach to the  fi bular head level. Distally, it ends 
about 5 cm above the lateral malleolus. The medial incision 
of the two-incision technique starts 2 cm medial to the tibial 
margin. It is used to release both posterior compartments. 
Sometimes, the length of incision is shorter than the lateral—
this depends on the degree of intracompartmental pressures. 
Care must be taken to avoid saphenous nerve and vein dam-
age and these structures should be identi fi ed before fas-
ciotomy of the compartments. The super fi cial posterior 
compartment is decompressed by incising the gastrocnemius 
fascia in a longitudinal direction from proximal to distal. The 
posterior compartment is decompressed by dividing the 
attachments of the soleus muscle to the tibia.   

   Fasciotomy of the Foot 
 Acute compartment syndrome of the foot most commonly 
occurs due to crush injury, and it is not very common that 
fasciotomy is needed. There are  fi ve compartments in the 
foot: intraosseous, lateral, central, medial, and calcaneal. 
Foot fasciotomy can be performed through either a dorsal, 
lateral, or medial approach. Each of the compartments should 
generally be released; some debate exists if the super fi cial 
compartment should be included. A dorsal approach is most 
commonly used and requires less dissection than the other 
two approaches. It starts with dual dorsal longitudinal inci-
sions over the medial side of the second metatarsal bone and 
the lateral side of the fourth metatarsal bone. Each of the four 
intraosseous compartments is released  fi rst between meta-
tarsal bones. The medial compartment may be released 
by accessing medial to the second metatarsal and lateral 
compartment by accessing lateral to the fourth metatarsal 
bone. The calcaneal compartment lies underneath the second 
interosseus space and can be released through medial inci-
sion. The super fi cial compartment is accessed through the 
calcaneal compartment by blunt dissection of the adductor 
hallucis muscle. Sometimes release of this compartment is 
not required, since it predominantly contains tendons of 
 fi nger  fl exors and it is not a “true” muscular compartment.    
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   Potential Complications 

 Delay of treatment of compartment syndrome can lead to 
irreversible complications and left untreated can lead to 
death. Complications may occur also as a sequel of surgical 
procedures performed and wound management. Late sequel 
of compartment syndrome includes persistent hypoesthesia, 
dysesthesia, persistent motor weakness, infection, myoglobi-
nuric renal failure, contractures, amputation, and death. The 
initial management should be focused not only to preserve 
tissue viability in the compartment but also to initial man-
agement of systemic complications of reperfusion injury, 
which requires restoration of intravascular volume, preven-
tion of hyperkalemia, and treatment of metabolic acidosis 
and myoglobinuria, which may lead to acute kidney injury. 

 Technical complications of fasciotomy are preventable by 
considering the anatomy of the important structures. 
Persistent or recurrent compartment syndrome can occur if 
fascial incisions are not adequate to permit complete decom-
pression of the compartment or if selective fasciotomy has 
been performed  [  54  ] . 

 Persistent neurologic de fi cits following fasciotomy are 
common. Nerve injury can occur due to an initial traumatic 
event or due to prolonged ischemia or as a consequence of 
fasciotomy dissection and tissue debridement. The most com-
mon neuropathic syndrome is altered sensation at the margins 
of the incision, and chronic pain syndromes are described 
 [  58  ] . Impaired neurologic function after lower extremity fas-
ciotomy is described in 7–36% of injured limbs  [  59–  61  ] . 

 Wound complications after fasciotomy may occur imme-
diately or be delayed for months to years. Early wound 
complications occur in up to 40% of patients following 
lower extremity fasciotomy  [  59,   62,   63  ] . Risk factors are 
related to the presence of vascular injury and lower extrem-
ity site and premature or delayed closure of the wound  [  63  ] . 
Wound infection occurs in 4–7% of extremity fasciotomies 
 [  59,   62  ] . Prophylactic antibiotics should be given at the 
time of fasciotomy and discontinued after 24 h. Repeated 
debridement of devitalized tissue may protect from severe 
wound infections and sepsis. Late wound complications are 
reported in 4–38% of limbs  [  58,   59,   62,   63  ] . Delayed wound 
complications are tethered scars and tendons, muscle her-
nias, and poor healing and ulceration especially in patients 
with underlying vascular diseases. Venous insuf fi ciency 
can predispose patient to chronic venous disease after 
fasciotomy. 

 Acute extremity compartment syndrome is associated 
with signi fi cant risk for limb loss  [  64  ] . Major amputation 
will require 5–21% of limbs treated with fasciotomy  [  59,   60, 
  62,   63,   65  ] . Combined orthopedic and vascular injury, other 
severe injuries, and systemic factors may contribute to the 
need for amputation in severely injured patients. The highest 

amputation rate occurs in patients with severe vascular injuries 
with occlusion  [  59  ] . Amputation of the upper extremity 
following fasciotomy is rare. 

 The most severe cases of compartment syndrome left 
untreated may cause death. Reported mortality ranges from 
11 to 25% and depends on epidemiology of compartment 
syndrome  [  54,   60,   62,   65  ] . Mortality is most often due to 
massive trauma, severe hypovolemic shock, and multisystem 
organ failure, and cannot be attributed only to the need for 
fasciotomy. Especially in severely injured patients with mas-
sive shock resuscitation, the mortality after fasciotomy in 
one study reached 67%  [  18  ] .  

   Conclusion 

 The patient who undergoes fasciotomy requires a physical 
therapy program to regain function. Postoperative care and 
rehabilitation is just as important as the procedure itself. 
During the immediate postoperative period, weight bearing is 
limited, and assistive devices (e.g., crutches) are needed. 
Within a few days, and with adequate pain control, the use of 
crutches can be discontinued. The rehabilitation program then 
involves range of motion (ROM) and  fl exibility exercises 
involving the muscles of the affected compartment. Adjacent 
joints need to be exercised to maintain their normal ROM. 

 Once the patient is able to ambulate with a normalized 
gait pattern, a program of graduated resistive exercises 
(depending on the person’s regular activities or work) is 
initiated. In the case of athletes, sports-speci fi c exercises are 
started with the intention of returning to a regular athletic 
schedule. Cross training is also bene fi cial for these athletes. 
Activities such as swimming, pedal exercises, water jogging, 
or running help athletes to regain muscle strength and 
 fl exibility without loading the affected compartment. 

 With surgical intervention for decompression, occupa-
tional therapy consultation should be considered early in the 
postoperative period for assessment of appropriate treatment 
and of the patient’s de fi cits with regard to activities of daily 
living (ADL), as well as for instruction in the use of any 
necessary assisted devices.      
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         Introduction 

 Palliative care is based upon the Latin word  palliare , to 
cloak. Based upon this Latin root, it follows that palliative 
care is care focused on providing cover or protection to 
patients. In its purest sense, palliative care is intended to 
shield or protect patients from suffering. 

 According to the current World Health Organization (WHO) 
 [  1  ] , palliative care is “an approach that improves the quality of 
life of patients and their families facing the problem associated 
with life-threatening illness, through the prevention and relief 
of suffering by means of early identi fi cation and impeccable 
assessment and treatment of pain and other problems, physical, 
psychosocial, and spiritual.” Furthermore, the following are 
considered essential elements of palliative care services:

   Provides relief from pain and other distressing symptoms.  • 
  Will enhance quality of life and may also positively • 
in fl uence the course of illness.  
  Is applicable early in the course of illness, in conjunction • 
with other therapies that are intended to prolong life.  
  Includes those investigations needed to better understand • 
and manage distressing clinical complications.  
  Integrates the psychological and spiritual aspects of • 
patient care.  
  Offers a support system to help patients live as actively as • 
possible until death.  
  Af fi rms life and regards dying as a normal process.  • 
  Intends neither to hasten nor to postpone death.  • 
  Offers a support system to help the family cope during the • 
patient’s illness and in their own bereavement.  
  Uses a team approach to address the needs of patients and their • 
families, including bereavement counseling, if indicated.    

 Based upon this de fi nition and the associated key ele-
ments, palliative care is ideally suited to the care of the acute 
care surgical patient given its focus on pain and other dis-
tressing symptoms, its holistic approach to the patient and 
their family, the emphasis on a team approach to both the 
patient and his/her family, and its applicability in conjunc-
tion with other therapies intended to prolong life. Notably 
absent from the World Health Organization de fi nition pro-
vided above is a proscription about who can provide pallia-
tive care or what speci fi c interventions or treatments may 
considered palliative. The de fi nition leaves open a role for  all  
healthcare providers to utilize any and all tools available that 
will meet the needs of their patients and families as they face 
serious, life-threatening, and/or debilitating illness. 

 An important corollary to the essential components of 
palliative care is an understanding of what palliative care is 
not. Perhaps most importantly, palliative care is not synony-
mous with hospice care. Hospice is a program of services 
designed to provide care to patients and families in which a 
patient’s life expectancy is 6 months or less. In contrast, pal-
liative care is appropriate for patients with potentially cur-
able diseases or conditions for which a complete recovery 
may be expected. Given this distinction, palliative care is 
sometimes referred to as supportive care in order to avoid 
confusion with patients considered to have terminal condi-
tions. According to the “modern” conception of palliative 
care, palliative care can be provided in conjunction with 
curative treatment and at any point during a disease: from 
diagnosis through end-of-life care (Fig.  39.1 ).   

   Surgeon’s Role in Palliative Care 

 Prior to the start of the hospice movement in the 1960s with 
the pioneering work of Dame Cicely Saunders, surgeons 
have long played a central role in the care of the seriously ill. 
This is no better illustrated than the work of surgeons who 
provided burn care during World War II. Burn care begins 
with pain control and progresses through the acute phase of 
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wound healing into an ongoing process of interdisciplinary 
care designed to restore function and quality of life. 
Furthermore, many operations currently or previously used 
to effect a surgical “cure” were originally introduced to alle-
viate symptoms. Perhaps the best example of such a proce-
dure is the radical mastectomy,  fi rst used in 1881 by William 
S. Halstead to treat pain from locally advanced and ulcerated 
breast cancers and later accepted as standard curative treat-
ment for breast cancer. 

 The circumstances which have led surgeons to play a cen-
tral role in palliative care were aptly described by Dunn and 
Milch  [  2  ]  as follows: “The widening spectrum of disease and 
life expectancy encountered in palliative care led to the inev-
itable arrival of the concept at the doorstep of many special-
ties, including surgery. With their signi fi cant presence in the 
setting of advanced and incurable illness, surgeons could not 
inde fi nitely avoid the social, psychological, and spiritual 
challenges encountered there.” 

 The routine incorporation of palliative care into the daily 
practice of acute care surgery falls under von Gunten’s 
de fi nition of primary palliative care  [  3  ] . Primary palliative 
care refers to the basic skills and competencies required of 
all healthcare providers to relieve pain and other distressing 
symptoms. The application of basic palliative care principles 
to surgery is a fundamental component of good surgical clin-
ical care. Surgeons can and should be expected to relieve 
suffering and maintain quality of life for all of their patients, 
not just those at the end of their life. Consequently, surgeons 
must be able to provide palliative treatment in conjunction 
with curative treatment and furthermore, must possess the 
skills to transition from curative to purely palliative as dic-
tated by both the patient’s disease as well as their goals. 

 Unlike few other medical specialties, surgeons are fre-
quently at the forefront of providing pain and symptom con-
trol for their patients. Furthermore, surgeons from all 
specialties are routinely called upon to provide palliation. 

The central role of surgeons as “palliativists” is perhaps 
illustrated best through the work of the acute care surgeon 
charged with “manning” the front lines against acute surgical 
disease. In this way, palliative surgery, and by extension pal-
liative surgeons, are not restricted by surgical subspecialty or 
procedure but by the intent of the surgical intervention 
offered—that is, to relieve pain or other distressing 
symptoms. 

 Despite the introduction of the term “palliative care” by 
Balfour Mount, a Canadian urologist, in 1975, it was not 
until 1998 that the Board of Regents of the American College 
of Surgeons approved the “Principles Guiding Care at the 
End of Life  [  4  ]  and identi fi ed key palliative care concepts for 
surgeons.” Of the ten principles outlined, those most ger-
mane to the current discussion include the following:

   Be sensitive to and respectful of the patient’s and family’s • 
wishes.  
  Ensure alleviation of pain and management of other phys-• 
ical symptoms.  
  Recognize, assess, and address psychological, social, and • 
spiritual problems.  
  Provide access to therapies that may realistically be • 
expected to improve the patient’s quality of life.  
  Provide access to appropriate palliative care and hospice • 
care.  
  Recognize the physician’s responsibility to forego treat-• 
ments that are futile.    
 Notable among these principles is the focus on provision 

of care consistent with patient and family wishes, interven-
tions designed to improve quality of life, and an appreciation 
of all symptoms—physical, emotional, psychosocial. 

 In 2003, the American College of Surgeons published the 
core competencies for surgical palliative care  [  5  ] . Structured 
according to the Accreditation Council for Graduate Medical 
Education six core competencies, the Surgeons Palliative 
Care Workgroup of the American College of Surgeons 

  Fig. 39.1    Palliative care 
model. Adapted from 
United States Department 
of Health and Human 
Services       
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established core competencies in two basic elements of 
palliative care—pain management and communication 
skills—to be essential for all surgeons. Additionally, for sur-
geons who care for dying patients more frequently, additional 
skills in end-of-life care were felt to be important. While a 
complete review of the surgical palliative care core compe-
tencies is beyond the scope of this chapter, the competencies, 
as delineated by the Workgroup are fundamental to the com-
plete care of the surgical patient, regardless of diagnosis or 
specialty of the surgeon providing care.  

   Application of Palliative Care to the Acute Care 
Surgery Patient 

   Recognizing the Acute Care Surgical Patient 
in Need of Palliative Care 

 Given that palliative care is appropriate for any patient facing 
a serious or life-threatening illness, many patients presenting 
with acute surgical illness will bene fi t from palliative care. 
Furthermore, virtually all patients with acute surgical disease 
are symptomatic. Symptoms commonly seen in the acute 
care surgical patient include: right upper quadrant pain from 
acute cholecystitis, right lower quadrant abdominal pain 
from appendicitis, left lower quadrant pain from diverticuli-
tis, nausea and vomiting due to a small bowel obstruction, 
anorectal pain caused by a perirectal abscess. While many of 
these diseases will not be life-threatening or produce long-
term debility, a signi fi cant percentage of patients with these 
common acute surgical problems are at risk for disease and/
or treatment-related morbidity and mortality which may 
result in long-lasting symptoms or debility. A recent study 
by Moore et al.  [  6  ]  found that emergency colon operations 
were associated with a 28% mortality rate even in the hands 
of experienced acute care surgeons. Ingraham et al.  [  7  ]  exam-
ined the morbidity and mortality associated with emergency 
appendectomy, cholecystectomy, or colon resection in the 
National Surgical Quality Improvement Program database 
and reported a 15% complication rate across these three 
procedures. The morbidity rate was highest for colorectal 
resection (47%), followed by cholecystectomy (9%) and 
appendectomy (6%). 

 The  fi rst challenge facing the acute care surgeon is the 
identi fi cation of a patient who will bene fi t from a palliative 
procedure. In other words, “what are the characteristics of a 
prospective palliative care patient?” An acute care surgical 
patient appropriate for palliative care will typically meet the 
following criteria:
    1.    Serious or life-threatening condition.  
    2.    Disease potentially responsive to surgical intervention.  
    3.    Patient’s premorbid health conditions do not preclude 

surgical intervention.     

 Taken together, these criteria re fl ect the basic tenets of 
surgical decision-making. As Winchester noted  [  8  ] , “It is 
judgment that matters in this profession. Otherwise the 
surgeon is no more than a man (or woman) with a knife, and 
a license to mutilate.” 

 While it may be argued that any surgical disease, no mat-
ter how limited or seemingly uncomplicated, may become 
serious or life-threatening under certain circumstances (e.g., 
incarcerated ventral hernia in a patient 3 months following 
an acute myocardial infarction). The more obvious cases 
involve either patients with common surgical problems in the 
setting of advanced underlying disease such as cancer or end 
stage organ dysfunction or advanced surgical disease in an 
otherwise healthy patient. In the case of the former, it is 
imperative that the acute care surgeon consider the status of 
the underlying disease and its associated prognosis before 
considering the disease-related complications or procedure-
speci fi c risks. To illustrate this point, consider the following 
case of Ms. O. 

 Ms. O is a 57-year-old woman with Stage IIIC ovarian 
cancer whose disease has progressed on second-line chemo-
therapy. She presents to the emergency department with 
severe anorectal pain. On physical examination, you deter-
mine that she has a perirectal abscess. 

 A surgical palliative care approach to Ms. O will include 
the following steps:
    1.    Global assessment of Ms. O’s health, including a discus-

sion with her oncologist regarding the status of her can-
cer, additional treatment options, and previous 
conversations regarding her prognosis.  

    2.    Discussion with Ms. O regarding the anticipated out-
comes following the proposed surgical procedure. The 
speci fi c outcomes to be discussed include the likelihood 
that the proposed procedure will alleviate her symptom 
(anorectal pain), perioperative risks of the procedure con-
sidering her premorbid and treatment-related risk factors 
(i.e., neutropenia, thrombocytopenia, etc.), and impact of 
the procedure on future treatment options (i.e., potential 
delay in additional cancer treatment).  

    3.    Articulation of alternate nonoperative treatment options 
and how this may interfere or promote her goals of 
treatment.      

   Prognostication for the Acute Care Surgical 
Patient 

 A second criterion of an acute care surgical patient appropri-
ate for a palliative surgical approach is the presence of 
disease potentially responsive to surgical therapy. This crite-
rion highlights the importance of accurate prognostication in 
the acute care surgical patient. Although prognostication has 
traditionally been listed as the third of the three great clinical 
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skills-behind diagnosis and treatment, it may be considered 
second behind diagnosis when caring for the acute care sur-
gical patient in need of palliative care. Prognosis is generally 
used to describe the prediction of any health outcome. When 
performed accurately, prognostication allows patients and 
their families to participate in their healthcare decision-mak-
ing in a way that ensures their autonomy through a process of 
informed consent. 

 Although issues related to informed consent are addressed 
elsewhere in this book, it is instructive to brie fl y consider the 
informed consent process here since informed consent is a 
direct extension of accurate prognostication. As Robert 
Veatch  [  9  ]  notes in his remarks regarding informed consent: 
“Telling the patient everything about a procedure is an impos-
sible task. All that is being called for is adequate informa-
tion.” The standards used to determine adequate information 
include the professional standard, the reasonable person 
standard, and the subjective standard. According to the sub-
jective standard, the surgeon gives the patient the informa-
tion he or she would personally  fi nd meaningful. The 
information shared should  fi t with the life plan and interests 
of the individual patient. In the setting of palliative acute care 
surgery, it is the subjective standard that seems most relevant 
when considering prognostication and informed consent 
given the emphasis placed on providing treatments that may 
realistically be expected to improve the patient’s quality of 
life and re fl ect sensitivity to, and respect for, the patient’s 
and family’s wishes. 

 Unlike prognostication in other medical specialties, surgi-
cal palliative care is unique in that surgeons are called upon 
to incorporate knowledge of the surgical disease, any rele-
vant underlying diseases (e.g., end stage organ dysfunction), 
as well as the anticipated surgical outcome, when providing 
prognostic information to a patient and their family. Various 
factors have been used to formulate estimates of prognosis: 
clinician estimate of survival, performance status scales (e.g., 
Karnofsky performance status), biological parameters (e.g., 
preoperative albumin levels, Acute Physiology and Chronic 
Health Evaluation II score). The Palliative Prognostic (PaP) 
Score  [  10  ]  was created by a group of Italian investigators 
who combined laboratory values, symptoms, clinician esti-
mates, and performance status into a survival prognostica-
tion tool that can be readily calculable at the bedside. In their 
study of 451 terminally ill cancer patients, the PaP score was 
able to subdivide patients into three distinct risk groups with 
median survival of 14, 32, and 76 days in three groups. 

 The Palliative Performance Scale (PPS) is another vali-
dated prognostic tool used to estimate the survival of patients 
with life-threatening illness  [  11,   12  ] . The PPS provides a 
functional assessment of ambulation, activity level, evidence 
of disease, self-care, oral intake, and level of consciousness. 
The scale consists of 11 categories yielding a score from 0% 
(death) to 100% (ambulatory and healthy). A PPS score of 

50% is associated with a patient who is non-ambulatory 
(mainly sits or lies), requires a signi fi cant amount of assis-
tance, and has normal to reduced oral intake. At a score of 
50%, extensive disease is evident, and the estimated life 
expectancy ranges from 2 to 4 weeks. The PPS was recently 
used to assess survival in an inpatient population at a univer-
sity teaching  [  13  ] . A total of 310 adult inpatients with 
advanced cancer (60%) and other advanced (life-limiting) 
diseases were included in the study cohort. Three distinct 
survival groups were identi fi ed based upon PPS: 10–20, 
30–40, and  ³ 50. The median survival for patients with PPS 
10–20 was approximately 10 days, while that for 30–40 was 
approximately 40 days, and for patients with PPS of  ³ 50 it 
was not reached by 150 days. A 10% decrement in PPS was 
associated with a 1.65-fold increased risk of death  [  13  ] . 

 Formulating a prognosis in other serious diseases such as 
congestive heart failure, chronic obstructive pulmonary dis-
ease, and various forms of dementia can be more dif fi cult 
than it is in the case of malignancy due to the difference in 
disease trajectories. Despite these challenges, guidelines do 
exist to assist in determining the prognosis of patients with 
non-cancer diagnoses  [  14  ] . A thorough review of the guide-
lines for each disease is beyond the scope of this chapter, but 
they are nicely summarized in a review article by Lynn  [  15  ] .  

   Communication with the Acute Care 
Surgical Patient 

 The other group of acute care surgical patients who may 
bene fi t from a surgical palliative care approach is those with 
advanced surgical disease but are otherwise without 
signi fi cant comorbidities or serious underlying disease. The 
case of Mr. A illustrates the vital role of communication in 
the setting of acute surgical disease. 

 Mr. A is a healthy 73-year-old man recently diagnosed 
with atrial  fi brillation during an annual physical examina-
tion. He was started on digoxin and is heart rate is well con-
trolled. He presents to the emergency department with acute 
onset of abdominal pain which woke him from sleep. His 
workup in the emergency department shows that he is in 
atrial  fi brillation with a heart rate of 125 and a blood pressure 
of 102/58. When you examine his abdomen, you do not hear 
any bowel sounds, he is soft, non-tender, and non-distended. 
He complains of severe abdominal pain out of proportion to 
his physical examination. You diagnose him with mesenteric 
ischemia and take him to the operating room for urgent 
exploration. At laparotomy, his entire small bowel is isch-
emic but not necrotic and he has an embolus in his superior 
mesenteric artery for which you perform an embolectomy. 
You transfer him to the surgical intensive care unit intubated 
with a temporary abdominal closure and plan to examine his 
bowel again in 24 h. 
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 A surgical palliative care approach to Mr. A will include 
the following steps:
    1.    Discussion of the intraoperative  fi ndings with Mr. A’s 

family, including the possible outcomes from re-explora-
tion: complete necrosis of his small intestine representing 
a non-survivable injury, large amount of nonviable bowel 
requiring a massive small bowel resection and short-gut, 
or little to no bowel ischemia with the prospect of full 
recovery.  

    2.    Determine if Mr. A has completed an advance directive 
and/or a medical power of attorney to assist with medical 
decision-making.  

    3.    Make referrals to a hospital social worker and/or chaplain 
as needed to provide support to Mr. A’s family.  

    4.    Arrange for a family meeting to follow Mr. A’s re-explo-
ration to update his family and begin planning for his next 
phase of care.     
 The case of Mr. A emphasizes the importance of prompt, 

clear, and direct communication. As noted above, the 
American College of Surgeons has identi fi ed communica-
tion one of the two basic elements of palliative care in which 
all surgeons must be competent. Essential components of 
communication in the acute care surgery setting include will-
ingness on the part of the surgeon to disclose prognosis truth-
fully, an appreciation that communication with patients and/
or their families is a process and not a singular event, and the 
skills to effectively communicate with all members of the 
care team. Despite the well-intentioned efforts of some sur-
geons to avoid giving bad news out of fear of robbing hope, 
there is little evidence to support this position. In his book 
entitled  The Dying Patient , Simpson asserts that “Hope is 
based on knowledge, not ignorance”  [  16  ] . It is more likely 
that misguided avoidance of dif fi cult information, or worse, 
blatant dishonesty about prognosis, may add to a patient or 
family’s distress, cause them to seek treatment which they 
might not otherwise pursue, and rob them of precious time 
better spent engaged in activities that promote peace and dig-
nity. A recent study by Wilkinson et al.  [  17  ]  studied patient 
preferences for information and for participation in decision-
making among 152 consecutive acute medical inpatients. 
They found that 61% of patients favored a passive approach 
to decision-making (physician makes the  fi nal decision). In 
contrast, 66% of patients sought “very extensive” or “a lot” 
of information about their condition. Importantly, there was 
no relationship between patient preferences for involvement 
in decision-making and for information about their medical 
condition. A study by Mazur and Hickam  [  18  ]  of 467 veter-
ans studied the level of involvement the patients wanted in 
decision-making related to invasive medical interventions. 
The vast majority of patients (93%) preferred that their phy-
sician disclose risk information to them and two-thirds of 
patients preferred shared decision-making compared to 
only 21% who preferred physician-based decision-making. 

Taken together, these studies con fi rm that patients want to 
participate in their healthcare decisions and desire the necessary 
information needed to make these decisions. 

 Family meetings are a crucial tool for effective communi-
cation in palliative care. Optimal palliative decision-making 
is facilitated through effective interactions among the patient, 
family members, and the surgeon through a dynamic rela-
tionship described as the “palliative triangle”  [  19  ] . The “pal-
liative triangle” is a model designed to aid in complex 
surgical decision-making when palliative surgical procedures 
are being considered. The three arms of the triangle include 
the patient, family and surgeon and the goals that each mem-
ber of the triangle brings when palliative surgical procedures 
are considered. The patient’s concerns, values, and emotional 
support are considered against existing medical and surgical 
alternatives. The process of aligning the concerns and inter-
ests of the three parties involved can moderate against the 
unrealistic expectations that each party may bring to the 
decision-making process. A study by Miner et al.  [  20  ]  uti-
lized the “palliative triangle” technique in 227 patients with 
incurable metastatic or advanced cancer considered for a pal-
liative procedure. A palliative procedure was performed in 
47% of patients, while 53% were not selected for a palliative 
operation. The indications for the palliative procedures 
included gastrointestinal obstruction in 36%, local control of 
tumor-related symptoms (e.g., bleeding, pain, or malodor, 
25.5%), jaundice in 10%, and other symptoms in 28%. 
Patient-reported symptom improvement or resolution was 
noted following 91% of procedures. Patients who experi-
enced symptom relief did so within 30 days of the operation. 
It is noteworthy that prior to the palliative procedures being 
performed, one or two meetings between the patient, family, 
and surgeons occurred before a  fi nal treatment decision was 
reached  [  20  ] . While there may be cases in which time for 
such meetings are not possible, this opportunity does exist 
for a signi fi cant proportion of acute care surgical patients. In 
the end, the highly satisfactory results published by Miner 
et al.  [  20  ]  re fl ect the essential combination of appropriate 
patient selection, excellent surgical technique, and effective 
communication among the arms of the “palliative triangle.” 
As Buckman noted, “Communication is often the most 
important component of palliative care, and effective symp-
tom control is virtually impossible without effective com-
munication”  [  21  ] .   

   Outcomes of Palliative Procedures 

   De fi nition of Palliative Procedure 

 Once the surgeon has identi fi ed the acute care surgical patient 
in need of palliative care, the next steps, as noted above, are 
prognostication and communication of anticipated outcomes 
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to patients and their families. Even after the surgeon has 
gathered the necessary information to discuss prognosis for a 
given disease process and has communicated this informa-
tion effectively, she/he is faced with a formidable challenge, 
namely, the actual provision of a palliative procedure. 

 Agreement about what constitutes a palliative procedure 
has been the matter of debate in the existing surgical litera-
ture. First and foremost, palliative surgery care begins with a 
symptomatic patient. To paraphrase Blake Cady: It is impos-
sible to palliate the asymptomatic patient  [  22  ] . The precise 
de fi nition of palliative surgery is less clear, as illustrated by a 
study by McCahill et al.  [  23  ] . In this study, 419 members of 
the Society of Surgical Oncology were surveyed and asked 
to select the single best way they classi fi ed a procedure as 
palliative. They found that 41% of surgeons de fi ned a proce-
dure as palliative based upon the preoperative intent of the 
procedure, 27% de fi ned the procedure based upon the post-
operative evaluation. Surgeons in this group waited for the 
results of the operation to determine whether it was palliative 
or curative. One-third of surgeons based their de fi nition of a 
palliative procedure based upon the patient’s prognosis  [  23  ] . 
If a palliative operation is de fi ned by its outcome and not by 
its intention, the possibility to effectively inform and prog-
nosticate is severely hampered. In their article on the ethics 
of palliative surgery in patients with advanced cancer, 
Hofmann et al.  [  24  ]  de fi ne palliative surgery in this select 
group of patients as “any invasive procedure in which the 
main intention is to mitigate physical symptoms in patients 
with non-curable disease without causing premature death.” 
Regardless of the underlying disease process, most surgeons 
agree that the goals of a palliative operation include symp-
tom relief, pain relief, and maintaining patient independence 
and function  [  23  ] . The logical extension of any de fi nition of 
palliative operation that focuses on relief of symptoms and/
or improvement in quality of life is that no speci fi c surgical 
intervention is automatically included or excluded as poten-
tially palliative.  

   Morbidity and Mortality of Palliative Procedures 

 Regardless of the speci fi c procedure performed or underly-
ing disease process, the literature is clear regarding the high 
morbidity and mortality rates associated with palliative pro-
cedures. Mesa and Tefferi  [  25  ]  reported a 30.5% morbidity 
and 9% operative mortality rate following splenectomy for 
symptom palliation from myelo fi brosis with myeloid meta-
plasia. McCahill et al.  [  26  ]  reported a 41% complication rate 
among their palliative-intent procedure in patients with 
advanced malignancy. Similar to the  fi ndings of the City of 
Hope group, the Memorial Sloan-Kettering Cancer Center 
group  [  27  ]  reported that 40% of patients developed some 
postoperative complication and 11% of patients died within 

30 days following their palliative procedure. Badgwell et al. 
 [  28  ]  and the group from the M. D. Anderson Cancer Center 
reviewed the records of 442 patients with advanced or incur-
able cancer for whom a surgical oncology consultation for 
palliation was requested. A total of 119 (27%) of patients 
underwent a palliative surgical procedure. Sixty-seven com-
plications occurred in 48 patients for an overall morbidity 
rate of 40%. The most common complications were respira-
tory distress or failure in 12%, wound infection/non-healing 
wounds in 11%, with approximately 5% of patients suffering 
from postoperative bowel obstructions, ileus, or bacteremia/
line sepsis. The overall mortality rate was 7%. The median 
survival for all patients, nonoperative patients, and patients 
who underwent a palliative procedure was 2.9, 2.1, and 6.9 
months, respectively  [  28  ] . Compared to these older studies, 
there appears to be some improvement in the postoperative 
morbidity and mortality following palliative procedures as 
recently reported by Miner et al.  [  20  ] . In their study of 129 
patients who underwent a palliative procedure for incurable 
malignancy, 20% sustained a postoperative complication and 
the 30-day postoperative mortality rate was 4%.  

   Palliative Outcomes Following Palliative 
Procedures 

 In addition to counseling patients and their families about the 
high morbidity and mortality associated with palliative pro-
cedures, surgeons are challenged with providing information 
about the anticipated success of the proposed procedure in 
alleviating the patient’s symptom(s). The paucity of litera-
ture regarding palliative outcomes following palliative pro-
cedures was  fi rst described by Miner et al.  [  29  ] . The authors 
reviewed 348 studies published between 1990 and 1996 that 
studied outcomes following surgical procedures for cancer 
palliation. They found that the majority of these studies were 
retrospective in nature with the balance of the reports divided 
between review articles, prospective studies and case reports. 
More than two-thirds of the studies reviewed reported physi-
ologic response, survival, and morbidity and mortality data 
while only 17% of the studied reported any quality of life 
outcomes and only 26% reported the effect of the procedure 
on pain control. Furthermore, less than half of the studies 
that considered quality of life outcomes used a validated 
instrument  [  29  ] . 

 Since this study by Miner et al.  [  29  ]  was published, a 
handful of studies have speci fi cally examined the outcomes 
of palliative procedures and the majority of these studies 
have focused on oncology patients. Among the earliest stud-
ies to prospectively examine the outcome following pallia-
tive surgical procedures was published by McCahill and the 
group from the City of Hope Cancer Center in 2003  [  26  ] . 
They studied 59 patients who underwent major operations 
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for advanced malignancy; 22 operations were performed for 
palliation and 37 were performed with curative intent. A total 
of 33 patients (20 in palliative group, 13 in the curative 
group) were symptomatic from their tumors preoperatively. 
Symptom resolution was seen in 26/33 patients (79%). A 
large study was published in 2004 by the group at the 
Memorial Sloan-Kettering Cancer Center  [  27  ]  in which they 
examined the outcomes following over 1,000 palliative pro-
cedures performed in 823 patients with advanced cancer. 
The indications for the procedure were gastrointestinal 
obstruction in 34%, neurologic symptoms in 23%, pain in 
12%, and dyspnea in 9%. Eighty percent of patients experi-
enced an improvement in their symptoms and almost half 
remained symptom free for a median of 135 days. Most 
recently, Miner et al.  [  20  ]  studied the outcomes following 
129 palliative procedures and found that patient-reported 
symptom improvement or resolution occurred following 
91% of procedures. Those patients who experienced symp-
toms relief did so within 30 days of the operation. 

 On balance, the surgical literature is severely limited 
regarding palliative outcomes (e.g., symptom resolution) fol-
lowing palliative procedures. As noted by Smith and 
McCahill  [  30  ] , “… there are educational and research oppor-
tunities among surgeons in better de fi ning factors associated 
with successful surgical palliation.” Although they were 
referring speci fi cally to surgical palliation of advanced 
malignancies, their statement is equally applicable to the 
acute care surgical patient without malignancy.  

   Patient Selection for Palliative Procedures 

 Given the high morbidity and mortality rates associated with 
palliative procedures-regardless of procedure or underlying 
disease process-it seems that patient selection may be the 
single more important factor in successful surgical palliation 
 [  19  ] . As Smith and McCahill  [  30  ]  recently noted, “The deci-
sion to pursue a major surgical intervention becomes more 
controversial when it is likely to be noncurative and instead 
has symptom relief as its major objective.” The accuracy of 
surgeons’ preoperative predictions following major surgery 
for advanced malignancy was recently studied by Smith and 
McCahill  [  30  ] . The authors correlated surgeons’ preopera-
tive estimation of each patient’s life expectancy and likeli-
hood of symptom palliation following surgery with patient 
self-reports of symptom palliation following surgery. They 
found that surgeons’ preoperative estimates of patient sur-
vival agreed with survival outcomes. However, surgeons’ 
preoperative estimates of the success of symptom improve-
ment following surgery did not correlate in general with 
patients’ self-assessments; surgeons underestimated their 
success in symptom resolution. This tendency to underesti-
mate the success of symptom resolution may result in patients 

with advanced malignancies not receiving palliative 
procedures. 

 If surgeons’ predictions of symptom relief following pal-
liative procedures cannot accurately identify those patients 
most likely to bene fi t, what other criteria are available? 
McCahill et al.  [  26  ]  attempted to quantitate the effectiveness 
of palliative surgery in symptomatic patients with advanced 
malignancies through a Palliative Surgery Outcome Score 
(PSOS). The PSOS incorporates elements of treatment suc-
cess (e.g., symptom relief) and treatment failure (e.g., symp-
tom recurrence and surgical complications) and their 
associated hospital days. The PSOS indicates the percentage 
of postoperative days for which a patient was not hospital-
ized, free of the symptom that the operation was intended to 
treat, and free of major surgical complication in the 6 months 
after surgery. A PSOS of 70 was de fi ned as good-excellent 
surgical palliation as it represented a patient who lived at 
least 70% of the study period outside of the hospital, free of 
the symptom addressed by the procedure and without major 
surgical morbidity. This result was achieved in 64% of 
patients. Given that only 36% of patients who lived <6 
months achieved a PSOS of 70, the authors emphasized the 
signi fi cant impact of limited longevity on successful surgical 
palliation and stressed the importance of identifying clinical 
factors known to correlate with survival. In their study, pre-
operative serum albumin and weight loss were important 
predictors of survival. Similarly, the group from the Memorial 
Sloan-Kettering Cancer Center  [  27  ]  found that poor pallia-
tive outcomes were associated with patients who had poor 
performance status, poor nutrition, weight loss, and no previ-
ous cancer therapy. Furthermore, a major postoperative 
complication reduced the probability of symptom improve-
ment to 17%. A recent examination of the National Surgical 
Quality Improvement Program database for outcomes 
following operations for disseminated cancer identi fi ed 
the following independent risk factors for postoperative mor-
bidity and mortality: increasing age, impaired functional sta-
tus, weight loss >10%, dyspnea, ascites, chronic steroid use, 
active sepsis, elevated creatinine, hypoalbuminemia, 
decreased serum hematocrit, acuity of the surgical proce-
dure, impaired respiratory function, and abnormal white 
blood cell count  [  31  ] .   

   Future Directions for Palliative Care 
in the Acute Care Surgical Patient 

   Expanding the Role of Surgeons as Primary 
Providers of Palliative Care 

 Although palliative surgical care has been most consistently 
applied to the  fi eld of oncology, it is increasingly being applied 
to patients with disease processes other than oncology. 
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Furthermore, while physicians from nonsurgical specialties 
have traditionally dominated the ranks of palliative care pro-
viders, this too, is changing. Surgeons can point to Balfour 
Mount, Geoff Dunn, Karen Brasel, Anne Mosenthal, and 
others as early pioneers in palliative surgical care. 
Furthermore, beginning in 2008, the American Board of 
Surgery (along with nine other medical specialty boards) 
began offering a subspecialty certi fi cate in Hospice and 
Palliative Medicine. As of December 2011, the American 
Board of Surgery has certi fi ed 26 diplomates in Hospice and 
Palliative Medicine. This number is expected to continue to 
rise as several surgeons prepare to enter the board certi fi cation 
process in Hospice and Palliative Medicine through the 
Experiential and Practice Pathways. Current surgical leaders 
in palliative care can be found in every surgical specialty, 
including acute care and surgical intensivists.  

   Education in Surgical Palliative Care 

 Despite the American College of Surgeon’s publication of 
core competencies in palliative care in 2003  [  5  ]  few surgeons 
receive the education and training needed to satisfy these 
competencies. The lack of formal instruction in palliative 
care among surgical oncologists was reported by McCahill 
et al. in 2002  [  23  ] . They queried 419 members of the Society 
of Surgical Oncology about prior education or training they 
had received in palliative surgery. They found that the respon-
dents had received a mean of 5 h of palliative care education 
during medical school and a mean of 9.8 h of education dur-
ing residency and/or fellowship. One third of respondents 
had received no training in residency or fellowship. Galante 
et al.  [  32  ]  surveyed 70 surgeons from a variety of subspecial-
ties who practiced in both academic and community settings 
about their palliative care education experience. The median 
number of hours of palliative care education during residency 
was zero; approximately 85% of those surveyed received no 
palliative care education during residency or fellowship. 
These studies highlight the signi fi cant need for palliative 
care education for surgeons at all levels of training and in all 
subspecialties. Given the unique perspective surgeons bring 
to the specialty of palliative medicine (in contrast to our non-
procedural colleagues), it is imperative that education about 
surgical palliative care be provided by surgeons in conjunc-
tion with the other interdisciplinary palliative care team 
members.  

   Need for Surgical Palliative Care Research 

 The studies cited above on the morbidity and mortality of 
palliative-intent procedures and the paucity of research avail-
able regarding palliative outcomes following these proce-

dures clearly demonstrates an urgent need for research 
speci fi cally focused on surgical palliative care. Some of the 
speci fi c areas of surgical palliative care that warrant further 
study include the following: 

   Surgical Decision-Making 
 Surgeons must learn how to ask “should this operation be 
performed for this patient at this time?” before “can this 
operation be done?” Establishing basic guidelines for ele-
ments to be considered prior to undertaking a palliative pro-
cedure should be a priority. Much like the computer-aided 
decision support models currently available to address other 
clinical scenarios like abdominal sepsis  [  33  ]  decision sup-
port based upon evidence (when available) should also be a 
goal for palliative surgical decision-making. In contrast to 
decision support in other situations, however, patient (and 
family) preferences and goals of care must play a central role 
as de fi ned by the “palliative triangle”  [  19  ] . 

 Intimately related to the process of surgical decision-
making is the role of prognostication. Prognostication is 
based upon a surgeon’s ability to incorporate his/her knowl-
edge of the natural history of disease with and without treat-
ment and expected outcomes of a procedure to arrive at an 
overall prognosis. Several clinical prognostic scales and 
indices exist (e.g., Palliative Prognostic Score  [  10  ] , Palliative 
Performance Scale  [  12  ] , Palliative Prognostic Index  [  34  ] , 
and Good/Bad/Uncertain  [  35  ] ), although, to date, none of 
these scales have been speci fi cally validated in a surgical 
population and most have been applied primarily or exclu-
sively to oncology patients.  

   Patient and Family Decision-Making 
 Understanding patient and family preferences for treatment, 
speci fi cally as they relate to accepting or rejecting surgical 
intervention as a means of palliation, is an essential area in 
need of research. A recent study by Kwok et al.  [  36  ]  retro-
spectively examined inpatient surgical procedures in the year 
before death for Medicare bene fi ciaries aged  ³ 65 years and 
found that 32% (575,596) underwent a surgical procedure in 
the last year of their life, 18% had a surgical procedure in the 
last month of life, and 8% had a surgical procedure in the last 
week of their life. The high volume of surgical procedures 
performed in this one cohort raises signi fi cant questions 
about the utility and bene fi t of these procedures meeting the 
goals of these patients and their families given their short life 
expectancy. An important corollary to this study would be an 
examination of patient and family satisfaction with the deci-
sion to proceed with surgical intervention and factors associ-
ated with their satisfaction or dissatisfaction.  

   Symptom Management 
 On a daily basis, surgeons are faced with determining 
whether surgical intervention is an appropriate or optimal 
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means of relieving patient symptoms. With rare exception 
(e.g., malignant gastric outlet obstruction  [  37  ] ), surgeons 
have little evidence-based guidelines upon which to make 
their recommendations. For common clinical scenarios (e.g., 
malignant bowel obstruction), prospective randomized clini-
cal trials are needed to effectively guide surgical decision-
making about the optimal method of palliation. Furthermore, 
such trials must also include relevant palliation-speci fi c out-
comes such as ef fi cacy of symptom relief, duration of symp-
tom relief, and need for re-intervention.    

   Conclusion 

 Palliative care provides a multidisciplinary approach to 
patients and families facing life-threatening illness that seeks 
to relieve suffering in both physical and nonphysical domains. 
Importantly, palliative care can be initiated early in the course 
of disease (e.g., at the time of diagnosis) and may be pro-
vided in conjunction with therapies intended to prolong life. 
Palliative care principles form the basis of good surgical care 
and surgeons can and should be expected to possess the skills 
needed to provide palliative care in conjunction with/as part 
of their routine surgical care. The American College of 
Surgeons has established core competencies for surgical pal-
liative care. Two basic elements of palliative care—pain 
management and communication skills—are considered core 
competencies for all surgeons. 

 The application of palliative care to the acute care sur-
gical patient reveals a signi fi cant need in this vulnerable 
population. Speci fi c needs in this setting include a prompt 
recognition of the acute care patient in need of surgical 
palliation, an accurate assessment of the patient’s progno-
sis, and an honest and accurate discussion of prognosis 
with patients and their families. Essential components of 
the communication with the acute care surgical patient in 
need of palliation include a discussion of the anticipated 
palliation-speci fi c outcomes following the proposed surgi-
cal intervention and a candid discussion of the signi fi cant 
morbidity and mortality associated with palliative 
procedures. 

 Although some progress has been made toward integrat-
ing palliative care principles into surgical practice, substan-
tial challenges remain. These challenges, in turn, represent 
important opportunities for research. A few key areas prime 
for investigation include validation of existing palliative care 
prognostic scales in surgical populations, examination of 
patient and family decision-making for or against surgical 
intervention for palliation and satisfaction with these deci-
sions, and prospective randomized trials designed to deter-
mine the optimal method of palliation for common clinical 
scenarios facing the acute care surgeon (e.g., malignant 
bowel obstruction).      
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         Introduction 

 Ethics is to some degree a human rather than a natural phe-
nomenon (or a blend of the two). So at the very least we need 
to recognize there will be some variation between countries, 
and to a lesser degree there will even be some variation 
between different states in the USA and even between hospi-
tals. Nevertheless, the variation is small enough, at least 
within the USA that the following can be taken as guidance 
for ethical deliberation in any acute care surgery department 
in the USA. 

 Surgical ethics has become recognized as an important 
and importantly different  fi eld from medical ethics  [  1,   2  ] . 
Any practicing surgeon who last had ethics in medical school 
most likely would bene fi t from some continuing medical 
education (CME) credits speci fi cally concerned with surgi-
cal ethics  [  3  ] . 

 Similarly, within surgical ethics, some issues stand out as 
of particular importance to acute surgery. This chapter will 
 fi rst give a brief summary of the received view of bioethics, 
the standard that is taught in most medical schools in the USA 
and Canada. Then it will outline some of the core issues in 
surgical ethics in general, and acute care surgery in particular.  

   Biomedical Ethics: The Current Paradigm 

 The model of ethics in healthcare used most often is called 
the four principles. This was  fi rst proposed in 1977 in  The 
Principles of Biomedical Ethics , by Tom Beauchamp and 
James Childress  [  4  ] . The four principles are autonomy, 
bene fi cence, non-male fi cence, and justice. 

 The principles have been widely adopted in hundreds of 
articles and textbooks, not just in medicine, but also in nursing, 
dentistry, and other  fi elds. They have great utility, especially 
for the purpose of helping an interprofessional team reach a 
consensus. Various authors have proposed various additional 
principles, such as con fi dentiality. But to start with the four 
original principles is the single best way to make sure one is 
starting with a common and widely agreed upon set of 
grounding assumptions. 

 Another strength the principles approach offers is it repre-
sents the traditional values of medicine, or what some call 
Hippocratic ethics, in two of the principles (bene fi cence and 
non-male fi cence), while the other two principles (autonomy 
and justice) represent more modern ethical values that give 
us freedom to question certain traditional beliefs. 

 The principles have also been simpli fi ed into a formula 
known as the four boxes, which does not differ in substance. 
While the four principles are more of an explanatory model, 
the four boxes seems closer to a description of how to opera-
tionalize the four principles. 

 Here is a brief summary of the four principles: 

   Autonomy 

 The surgeon ought to provide all the information patients 
with decision-making capacity need in order to make an 
informed decision. The patient is the ultimate decision-maker 
because what counts is as much a value judgment as a clinical 
judgment. (The four boxes uses the term “patient preferences.”) 
Informed consent might be seen as the legal counterpart to 
the ethical principle of autonomy.  

   Bene fi cence 

 The surgeon ought to do whatever is determined to be in the 
patient’s best interest, balancing bene fi ts and burdens. This is 
a very high standard. It is also altruistic, as it rules out letting 
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one’s own self-interest (e.g., ownership of a lab or imaging 
equipment) or third-party interests (e.g., an insurance com-
pany) interfere with what is best for the patient. It identi fi es 
the surgeon as a  fi duciary, meaning that the surgeon is exclu-
sively devoted to the patient’s interest. (The four boxes sim-
ply calls this “best interest.”)  

   Non-male fi cence, or “At Least, Do No Harm” 

 The surgeon must include preventing or relieving pain and 
other symptoms in the equation. This is a conservative or pre-
cautionary principle to avoid heroic interventions that may 
make things worse; it may counsel that hospice or palliative 
care is the best of the available choices. (The four boxes calls 
this “quality of life.”) Con fi dentiality might be seen as a legal 
consequence of the ethical principle of non-male fi cence, 
though the ethical principle includes much more.  

   Justice 

 Justice is the most complex and least intuitive of the four 
principles. It can be seen as both a positive duty requiring 
that we give vulnerable people (the uninsured, the homeless, 
as well as the mentally ill, handicapped, or drug addicted) 
the same care as powerful people and as a negative duty 
requiring that we are careful stewards of resources, so there 
is enough to take care of everyone. (The four boxes calls this 
“contextual features,” a not very descriptive catch-all term 
for economic factors, religious factors, etc.) 

 It is interesting that most ethicists would hold that a soci-
ety owes every member a reasonable standard of care, regard-
less of income or job status. Thus, of all the  fi elds of medicine, 
probably emergency medicine has the best claim to the man-
tle of ethical practice, thanks to EMTALA (Emergency 
Medicine Treatment and Active Labor Act 1986). Acute care 
and trauma surgery, because of its close link to the patients 
who are admitted through the emergency room (ER), thus 
would have the claim to the mantle of ethical practice within 
surgical specialties and subspecialties. 

 For an interdisciplinary team, the members might try to 
keep the overall balance by each advocating for one of the 
principles. Perhaps the surgeon would represent bene fi cence 
(the best interest of the patient from a surgical point of view), 
the nurse might see being a patient advocate as requiring 
more attention to avoiding interventions with high-risk or 
low-probability of success in the name of ‘do no harm’ (nurs-
ing ethics is often called an ethics of caring), and justice 
might be the domain of the social worker (who often weigh 
 fi nancial issues as well as family dynamics and cultural con-
text). Decisions should involve the entire team plus the 
patient (autonomy). 

 Even with that interdisciplinary team model, it is important 
that everyone on the team be aware of the importance of all 
four principles, and that no case is “just” an autonomy case, 
or “just” a non-male fi cence case. The only way to do a good 
job understanding a case is to carefully consider how each of 
the four principles applies. Each principle is considered to be 
relevant to every case  prima facie  (when you begin the analysis). 
Equally importantly, they are four independent principles, 
meaning they can con fl ict with each other. Thus, they are 
better thought of as helping you understand why a case is 
complex than as a way to simplify a case. 

 Lastly: Here is a humorous mnemonic that may help you 
to remember the names of the four principles: “ A nywhere 
 B ut  N ew  J ersey” ( A utonomy,  B ene fi cence,  N on-male fi cence, 
and  J ustice).   

   Surgical Ethics in General and Acute Care 
Surgery 

 Following are a sample of the primary issues in general 
surgery and acute care surgery. Surgical ethics includes 
(at least) the following 12 unique issues that are rarely covered 
in medical ethics:
    1.    When (if ever) should a patient be do not resuscitate 

(DNR) during surgery? It can be appropriate, especially 
in cases of palliative surgery.  

    2.    When (if ever) can a surgeon refuse to take a patient who 
might bene fi t from a procedure because of the risk? (Who 
should decide which patient is a “surgical candidate”?) 
This should be the result of careful weighing of the bene fi ts 
and risks of surgery to the patient. Sometimes very high 
risk surgery is still the best option for the patient.  

    3.    What is the ideal relationship of the surgeon to the 
anesthesiologist?—their relationship—having two attend-
ing physicians simultaneously responsible for one 
patient—has no parallel in medicine. It might often be 
best for the patient to discuss a planned surgery with both, 
and have them share responsibility for the case, rather 
than have one see herself as the “captain of the ship.” This 
might help assure that the best anesthesia method for the 
patient and his or her recovery from surgery is chosen, 
rather than what the surgeon prefers.  

    4.    What are the demarcations of role between the anesthesi-
ologist and the surgeon? This is a unique relationship in 
the medical world, and there is no a priori reason that one 
should have greater authority than the other. For example, 
in some countries, it is the anesthesiologist who is most 
often seen as “the captain of the ship” during a surgery, 
and the surgeon is more the technician. At the very least, 
there is a movement towards having both required to see 
the patient before surgery, and even to have two separate 
consent processes.  
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    5.    Should informed consent include a description of 
morbidities that are not fully understood but are statisti-
cally signi fi cant, such as “pumphead” for patients who 
will require cardiopulmonary bypass? How much can be 
presumed by a “general surgical consent” and how much 
should be broken down into details? It is best to err on the 
side of sharing information, as you can never know in 
advance just what will be important information to the 
patient. But you can also try to judge in advance whether 
the patient is someone who likes as much information as 
possible, or  fi nds it overwhelming, confusing, or frighten-
ing, and would prefer you keep it to a minimum and give 
them a recommendation.  

    6.    Should informed consent include a description of your 
connections to companies such as medical instruments, 
implantable devices, biomaterials, prostheses, or other 
devices that you use in your surgery—investments, con-
sulting, board membership, stock and futures ownership, 
paid speaker, bonus for enrolling patients into a study, 
etc.? There is no doubt that disclosure is the expectation 
now, and can be conveyed both in person (verbally) and in 
writing (on consent forms, advertising, brochures, etc.) 
because they are all potential con fl icts of interest that can 
bias your decisions and recommendations.  

    7.    When (if ever) does the surgeon’s responsibility for a 
patient’s best interest end? In contrast to medicine, some 
surgeons maintain the tradition that when one takes a 
patient, one has so great a responsibility for their interests 
that one may have some say in their future medical deci-
sions in order to achieve the best possible outcome, and 
patients cannot change their mind in midcourse. However, 
one cannot impose this on patients—better to explain 
your expectations in advance. And for that to be fair, then 
the patient should know details such as what outcomes 
might occur (infections at graft sites, dif fi culty being 
weaned, physical therapy) that you consider them to be 
agreeing to before going into surgery.  

    8.    How to handle errors: Yours, colleagues’, and surgeons’ 
you have never met. Here both issues of honesty (truth-
telling, veracity) and professionalism come into play, 
and have to face the powerful forces of denial, defense 
mechanisms, and fear of legal retribution. If you did it, 
you can explain it, tell how it was repaired, and apolo-
gize. If you know someone else did it, it is better for 
them to tell the patient. But if the responsible person 
does not, then you should start a review process so the 
correct person of authority (rather than you) tells them 
to talk to the patient. This is part of the quality assurance 
or improvement at most hospitals now, to prevent recur-
rences. Studies indicate this is also the best way to pre-
vent lawsuits, while trying to dodge responsibility is the 
best way to invite them (and increase the size of 
settlements).  

    9.    What surgery should you do, and what should you refer 
out? It is always tempting to try to stretch your abilities, 
take on new challenges. But at the same time, experience 
always leads to better outcomes. So when you are a nov-
ice, you are imposing greater risks on the patient than if 
you referred them to a more experienced surgeon. Patients 
have a right to know that. And professionalism means 
honesty about your skill level, willingness to refer, and 
encouraging any patient to get a second opinion from an 
independent surgeon if they would bene fi t from it or they 
indicate an interest in it. Similarly, you should be willing 
to give honest second opinions when requested, and not 
see loyalty to the other surgeon as a limiting factor on 
being honest. General surgeons may be the best source of 
information for patients who want to know whether the 
bene fi ts of a new, innovative procedure are being exagger-
ated (and its risks minimized).     
 While these nine issues are important in all surgical eth-

ics, they are probably more important in elective surgery 
than acute care surgery. This rest of chapter will focus on 
three issues that are, in contrast, probably more important to 
discuss with regard to acute care surgery:
    1.    What is allowable (and what is not) in the surgical theater 

to maintain a sense of  esprit  or teamwork—for example, 
is it ever acceptable to make fun of a patient’s  habitus  
while they are under anesthesia?  

    2.    What is your relationship to the police, and how does it 
affect your relationship to your patient?  

    3.    Can one ever have true informed consent in acute care 
surgery, when most patients understand so little to begin 
with? In cases where time is limited and decisions are 
urgent, is any patient really emotionally capable of par-
ticipating in informed consent? Can we assume all patients 
want to live, and would accept our recommendations, and 
spare them the fear that might be caused by informed (or 
misinformed) consent? How much can be presumed by a 
“general surgical consent”? Is there such a thing as 
“implied consent”? Can it ever be true consent?      

   Esprit, Tradition, or Unprofessional Behavior? 

 Surgeries are different from most medical encounters in the 
way there is a team that works in very close quarters, and 
must be well coordinated. The best teams tend to be ones that 
work together often, and get to know each well. Such inti-
macy can bring out the best in people, or the worst. At a 
psychological level it is, one might surmise, rather like a 
family gathering. 

 There are some practices that help surgeons maintain their 
calm and their focus, such as playing music, which are per-
fectly acceptable. But there ought to be limits, based on 
what is acceptable interpersonal and professional behavior. 
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Thus, for example, some popular songs have such vulgar lyrics 
that they might offend some members of the team. In that 
case, the surgeon ought to respect that person’s feelings and 
not play such music. 

 Respect for the patient is equally important. Another 
unique aspect of surgery compared to medicine is that the 
patient is unconscious during much of the time one spends 
together. However, even if a patient is unconscious, there is 
no justi fi cation for making any sort of insulting comments. 
Such behavior may have once been more common, but fortu-
nately it has become rare. 

 Referring to the size or shape of a person’s body, or any 
part of a person’s body, are never important to maintain a 
surgeon’s calm or focus. These are nothing more than enter-
tainments, and even to  fi nd them entertaining is itself an indi-
cation of poor character. An attending surgeon ought to think 
of being a role model at all times, whether it is to a medical 
student or resident or fellow, or simply as a role model of the 
profession to members of other professions represented in 
the room. 

 What is more, there are interesting philosophical argu-
ments that one can harm a person without the person even 
knowing of it—because harms are not limited to physical 
injuries, but also include libel and harms to the self-esteem 
or reputation of a person. A person’s reputation can even be 
harmed after they are dead. If a patient heard, from any 
source, that insulting things were said, they would have rea-
son to complain to a medical board, and it could be catego-
rized as unprofessional conduct. One occurrence might be 
ignored, but repeated offenses might not. 

 Although these are becoming rare occurrences, there con-
tinue to be reports of such behaviors. So it would be best for 
all surgeons to address them with the team up front, and also 
have all members of the department or practice agree to the 
same standards. One would never want all the staff to be say-
ing, behind one’s back, that they hate to work with you and 
would rather be on any other service. 

 At its extreme, this becomes the question of the disruptive 
physician  [  5–  8  ] . It will still happen in some places that a 
surgeon is overheard to swear at unconscious patients, or 
worse—swear at nurses during a surgery. That is never 
acceptable. And there should be immediate reporting and 
sanctions against any surgeon who throws any object in the 
surgical theater. This behavior poses an immediate danger. 

 If these issues occur more in acute care surgery, it might 
be because of the lack of a prior relationship to the patient; 
empathy may bene fi t from a degree of familiarity to better 
understand another person, and a sense of mutual respect 
may also be nurtured in the process. 

 If the question is not “what must I do?” but rather “what 
is best?” the answer becomes clear. Act such that it would 
not matter if the patient was aware of everything being said. 
That would be the highest possible standard of behavior. 

And, in the long run, it would also lead to the best  esprit de 
corps , or teamwork, and hence to the best outcomes as well. 

 This advice can be supported by all four principles. 
Autonomy, sometimes called respect for persons, can be 
taken to require that we treat all persons with dignity and 
respect. Bene fi cence would support the practices that lead to 
the best overall outcomes. Non-male fi cence could argue that 
a patient might be harmed by libelous comments, either by 
the rare event of unexpected levels of consciousness and 
memories of surgery, or by somehow hearing about what was 
said. And justice could hold that we ought to treat poor peo-
ple as well as we treat rich people, uninsured as well as the 
insured, the homely as well as the beautiful, the infamous as 
well as the famous, and the overweight as well as the well-
built.  

   Police and Criminal Investigations 

 Much of acute care surgery starts with an admission from the 
ER. Emergency room physicians are accustomed to the pres-
ence of police. But that does not mean they should see them-
selves as an arm of the law. In fact, anything that appears to 
be a friendly overture from the police must be taken with a 
grain of salt. They could be “grooming” the physician, hop-
ing to ride the rush of excitement in an “adrenaline junkie” to 
get them to do things that are, in fact, professional boundary 
violations. 

 Surgeons, like physicians, are there to help patients. It is 
the job of the law to make their case, and decide issues of 
guilt and punishment. But for surgeons to get involved in 
judging guilt and innocence risks losing the trust patients 
have in doctors. It could lead to people delaying going to the 
hospital, a potentially lethal mistake for many situations 
where there is a “golden hour” for successful intervention. 
The best reminder for surgeons would be that a primary pro-
fessional value (or virtue) in surgical providers is to be non-
judgmental—quite the opposite of the police. (Remember 
too that the legal system rests its claim to fairness on an 
adversarial system in which the accused has his own lawyer 
and a right to a trial of his peers). A good example of main-
taining a nonjudgmental attitude in the most intense situa-
tions is the obligation for military doctors to take care of 
enemy combatants without bias (something they do with 
pride). 

 In general, no test should be done without the consent of 
the patient. If the police want something done, it should only 
be done with a search warrant or a court authorization. Your 
discussions with the patient should focus on the medical situ-
ation, not what led up to it. (This is analogous to the Miranda 
warning: they have the right to an attorney, and to refuse to 
talk until they have legal representation.) If they do tell you 
something material to an investigation, it should still be 
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protected by patient con fi dentiality and the Health Insurance 
Portability and Accountability Act (HIPAA) privacy rule. 
And unless it is clinically relevant, there would be no reason 
to put it in the chart. 

 For surgeons this should come up less often than with ER 
physicians. Objects removed from bodies that might be used 
as evidence should be properly saved; however, notes per-
taining to them should be carefully worded so as not to pre-
sume any knowledge of their provenance (e.g., speculating 
on whether the patient was the perpetrator or the victim). 

 It is also important to always be up to date with state laws 
requiring reporting of certain things. Physical abuse of chil-
dren is required in every state, usually to Child Protective 
Services. Gunshot wounds and knife wounds are usually 
reportable to the police, as is spousal abuse (but there is vari-
ation, in some states it is not required but left to the discre-
tion of the physician). The same with clear threats of violence 
to an identi fi able person; it is always allowed to be reported 
to the police (so con fi dentiality can be violated without con-
sequences to you), but in some states it is required and in 
others it is permissible. 

 In each of these rules one can see how the principles 
apply: autonomy would suggest doing what the patient with 
capacity wishes, bene fi cence would support helping the 
patient even if you  fi nd some of his or her actions reprehen-
sible, non-male fi cence would support not making his or her 
situation worse merely because they came to a hospital for 
help, and justice would suggest remaining free of bias, espe-
cially against people who may have been born with every 
conceivable disadvantage in life.  

   What is Informed Consent? 

 While there were important precedents that led up to it, the 
term “informed consent” was  fi rst used in a court case in 
1957 called  Salgo v .  Stanford  (a case involving a cardiovas-
cular surgeon), which asserted that this is a necessary part of 
medical practice, and one cannot do any procedure without 
 fi rst getting the approval of the patient. 

 The concept really originated in a 1914 court case called 
 Schloendorff v .  New York Hospital  (also a case involving a 
surgeon), which stated that “Every human being of adult 
years and sound mind has a right to determine what shall be 
done with his own body; and a surgeon who performs an 
operation without his patient’s consent commits an assault 
for which he is liable in damages. This is true except in cases 
of emergency where the patient is unconscious and where it 
is necessary to operate before consent can be obtained”  [  9  ] . 
The latter sentence is particularly helpful for those who work 
in acute care settings. Over 90% of patients in acute care are 
not unconscious or otherwise incapacitated. Thus, the mere fact 
of being in an acute setting like an emergency department 

(ED) does not rule out the possibility of consent. The setting 
does not matter; informed consent is necessary in any setting 
unless there is imminent risk to the patient of death or serious 
injury and the patient is incapacitated. (Imminent is usually 
de fi ned as meaning within minutes or hours, not days.) 

 After Nazi doctors were found guilty of crimes against 
humanity, the Nuremberg court wrote up guidelines for 
human subject research that began “the voluntary consent of 
the subject is absolutely essential,” which solidi fi ed interna-
tional recognition of consent, even though it already had 
clear legal roots in the USA for 30 years. Thus, the 1957 
 Salgo  decision  [  10  ]  can be seen as an assertion that the same 
rules apply to the doctor–patient relationship as to the 
research subject–doctor relationship, and to US doctors as 
well as to German doctors. 

 A pair of other decisions in 1960 made clear (in case there 
was any doubt) that a surgeon is liable for failing to properly 
get the consent of the patient, even if one does the medically 
indicated procedure, and has a good outcome. Part of the sur-
geon’s job, one can conclude, is to talk to the patient, explain 
your recommendations, answer questions, and get their 
understanding and agreement to your plan. 

 And even that is too one-sided, for one does not always 
fail in the job if one does not get consent. It might be that the 
patient refuses your recommendation. As long as it is the 
result of the educational process, that too can be considered 
a successful consent process. It may be that a patient does 
not want to take the same risks that other patients would 
accept. A good consent process accepts such variation as a 
normal result of different people having different goals of 
treatment, and different goals in life. There is no reason to 
expect extremely religious people to always agree with 
totally secular people about anything else, so why should 
they agree about medical treatments, for example? And cer-
tainly it must be rational for 45-year-olds to have different 
goals in life than 80-year-olds. 

   Is Informed Consent Possible in Acute Care? 

 Some surgeons have expressed skepticism that informed 
consent is really possible. The reasoning is that patients 
are not well enough informed to understand the medical 
information, and cannot be adequately educated in the 
brief time allowed. (Perhaps it is added it would take a 
patient 4 years of medical school to do it.) Other surgeons 
put a similar skeptical view in slightly kinder terms, saying 
that patients are often too frightened to make a good deci-
sion. In the latter version it is also said that modern medi-
cal ethics has made autonomy into the dominant principle, 
and encourages surgeons to just drop decisions into 
patients’ laps with a nonchalant attitude, as if any decision 
is equally acceptable. 
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 These are important concerns. Patients certainly do under-
stand less than their surgeons, and one of the toughest skills 
for many surgeons is how to communicate clearly without 
bias to patients of very different educational levels. But sur-
geons have learned many other dif fi cult skills, and if this is 
posed as another competency they must master, all surgeons 
would. So it is important for department and hospital poli-
cies to be clear about the importance of communication to 
achieve required ethical and legal responsibilities. 

 As to autonomy, the original theory does not place any 
one principle above the others. It is totally acceptable to say 
that bene fi cence means one must make recommendations, 
and not just lay out all of the options, especially for patients 
who are having dif fi culty making a choice for any reason. 
And non-male fi cence could be taken to imply that one should 
not easily let a patient refuse an intervention with great like-
lihood of bene fi t. Nonchalance is an inappropriate attitude in 
such circumstances. If there is time, perhaps calling an ethics 
consultation could help in these cases. But an angry response, 
“washing your hands of it,” would not be appropriate. 

 (This reminds me of one of my favorite anecdotes. I was 
once in the room with a pre-op patient who was about to 
back out of a hernia repair. He had done the same thing once 
before. The surgeon came in the room, but stood by the door 
impatiently, very unhappy about the whole situation. He did 
ask the patient if he had any questions, from the doorway, 
and the patient asked “What will happen if I don’t get the 
surgery?” The surgeon looked annoyed, and said in an 
aggrieved tone of voice “Strangulation!” Then he opened the 
door and left the room. As I looked at the patient’s face, he 
looked startled. I am convinced he thought the surgeon was 
suggesting he just might come back and strangle him if he 
did not have the surgery!)  

   Who Can Give Informed Consent? 

 Informed consent should always be given by the patient if at 
all possible. To have such “decision-making capacity” 
requires they be able to understand information about what is 
wrong, what options are available to correct it, the likelihood 
of a desired outcome, and the side-effects they are likely to 
experience, that they are free from coercion (from both fam-
ily members and aggressive or paternalistic surgeons), and 
possess suf fi cient clarity of mind to make a decision based 
on their own values. If you are uncertain, the best test of the 
last of those requirements is to ask if this decision is consis-
tent with past decisions of the patient. 

 If the patient is incapable of consent (incapacitated), then 
one must  fi nd a surrogate. State laws vary in small degrees, 
but generally share a similar order of people who can serve 
as surrogate if the patient lacks capacity. First is not any 
“next of kin” but a person who was named by the patient. 
This is in many states called the “health care proxy,” but the 

legal term for it is “durable power of attorney for health 
care.” This person can make the same decisions the patient 
could make if the patient had capacity, but only for as long as 
the patient lacks capacity. 

 The next person on the list is the spouse, if there is one. 
Next is usually an adult child, or all of the adult children, or 
a majority of the adult children. There is considerable varia-
tion in state law on this point, but in practice one usually tries 
to talk to all of the adult children who are available and get a 
consensus. 

 Ethically, the most important thing to remember is that 
you are asking each person to decide according to what the 
patient would most likely want in these circumstances, not 
what the surrogate wants, and their authority is based on the 
assumption that they know the patient well enough to repre-
sent the patient. In all states, a surrogate on the list can defer 
to someone else on the list if they are not comfortable in the 
role of surrogate (for example, a spouse who is separated but 
not divorced). 

 In the acute care setting though, an important ethical issue 
is not which surrogate should make the decision, but why 
one has turned to surrogates when the patient is available. It 
seems that talking to patients can be uncomfortable to some 
surgeons, and it can be very tempting to ask the family for 
consent even when the patient is capable of being involved in 
the consent process. This is not ethically justi fi ed and can 
lead to ethical and legal dilemmas down the road ( fi rst, as a 
violation of con fi dentiality, as well as if the family consents 
to something the patient did not want).  

   Elements of Informed Consent 

 If time is limited, but the patient is awake and aware, at least 
tell him what is wrong, what you recommend, give an expla-
nation of what to expect, get their agreement to the proce-
dure, and document the discussion afterwards. These are the 
most basic elements of informed consent. 

 The purpose of informed consent is to help the patient 
make a decision that will be best for him, not just medically, 
but for his life overall. Hence, full and fair disclosure is best. 
The question then is how much information must be included 
to be full and fair? 

 First and foremost, in an ideal setting (for example, with 
all elective surgery) one must tell the patient about all of the 
reasonable options. Thus, for example, if there are radiologi-
cal or pharmacological alternatives to surgery, those should 
be presented. One should also include the option of choosing 
not to treat the condition at all (which sometimes is a good 
choice, justi fi ed by “at least, do no harm”). Refusing treat-
ment is always one of the options for patients with capacity, 
as the side-effects of surgery may not be worth it. 

 With each of the reasonable options you should give patients 
your best estimate of the likely risks and bene fi ts. This should 



49340 Common Ethical Problems in Acute Care Surgery

include not just during the intraoperative period, but also 
post-op; e.g., normal expected rehabilitation time and site. Even 
if telling more will not change the decision, the information 
could still be helpful to the patient to plan their life better (e.g., 
to visit a loved one before having surgery or starting chemo). 

 There are also some religious beliefs such as Jehovah’s 
Witnesses and Christian Science that in fl uence medical deci-
sions. If an adult patient refuses transfusions, you should not 
deceive them. You can tell them the chance they will die as a 
result, you can be careful to discuss this alone with them so 
they do not feel pressured by a spouse or other member of the 
church, or you can recommend a “bloodless surgery” center. 

 There is then, a curious, subtle, and important asymmetry 
at work in this entire section: patients cannot make you do 
something that is not indicated, but they can stop you from 
doing something that is. That is referred to as the right to refuse 
treatment, something well supported in legal opinions.  

   Six Pearls About Informed Consent 

     1.    Consent that is not fully informed is not informed 
consent.  

    2.    Consent is a process, not a piece of paper.  
    3.    “Consenting a patient” is impossible, a contradiction in 

terms—it is the patient that does the consenting, not the 
surgeon.  

    4.    The purpose of informed consent is to protect the patient, 
not the surgeon.  

    5.    If 100% of your patients agree with you, you may be giv-
ing biased information; in other words, sometimes a 
refusal can be a sign of success.  

    6.    If you let others get your consents, they may not be as 
thorough as they should be. Delegation is dangerous, 
unless you are certain they can do it as well or better than 
you can. To do it well requires both knowledge and skill, 
which in turn require training.       

   Final Observations: Culture and Consent 

 The USA is one of the most diverse countries in the world. In 
general, this is a wonderful fact. But it can lead to some 
dif fi culties with informed consent. Here, then, are four fur-
ther pearls:
    7.    If a patient does not speak English, communication can 

be more time consuming. But ethically the same require-
ments hold. One should use trained interpreters when-
ever possible, and phone translators and/or TTY as a 
fallback option. Family members are not a good option 
unless there is no other choice (e.g., a very rare language) 
because of the violation of con fi dentiality that will inevi-
tably result, as well as the lack of sophisticated under-
standing that is likely.  

    8.    Each patient comes from a different culture, and one 
must be sensitive to the variations in assumptions. It is 
up to the patient to decide which cultural norms to live 
by. The only way to discover this is by talking to the 
patient, not the patient’s parents or the patient’s adult 
children. There can be very large differences in cultural 
norms between  fi rst- and second-generation Americans. 

  9.   All doctors come from a culture too. So every doctor–
patient interaction can be thought of as trans-cultural. 
You might be from another country than the USA, so 
American patients might be a little foreign to you. But 
even if you are from the USA, your 10 years or so of 
training (including some premed years, med school, 
residency, and fellowships) can be thought of as enter-
ing “the culture of surgery,” something you must be able 
to translate or interpret every time you talk to a patient.  

    10.    Patients who do not want to know anything about their 
own treatment are rare. But they do exist, and have the 
right to defer all the information and decision-making to 
someone else. It is then incumbent on them to identify a 
person, using the same criteria as any patient choosing a 
proxy or durable power of attorney for health care. In 
those cases, you may help the patient by reminding them 
they do not need to choose their spouse if this would be 
a dif fi cult responsibility for them; they can choose 
whomever they think is best suited to know their wishes 
and best able to carry them out.          
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         Introduction 

 Acute care surgeons are working with patients at the end of 
their lives with increasing frequency. The elderly have been 
the most rapidly enlarging segment of the population over 
the last century due to the combined effects of the “baby 
boom” (the population growth during the two decades after 
World War II) and the increase in average life expectancy. 
This trend shows no signs of abating, and with the blessing 
of increased life span has come the burden of chronic dis-
ease and disability  [  1  ] . According to Medicare data, nearly 
one-third of Americans underwent surgery during the last 
year of their life. Further, 18% underwent procedures in the 
last month of life, and 8% during the last week of life  [  2  ] . 
Clearly it is important for the acute care surgeon to under-
stand the issues surrounding end-of-life care. These include 
advanced directives and “Do-Not Resuscitate” (DNR) 
orders, especially in the operating room. In addition, we 
must have the skills needed to discuss end of life care with 
patients and their families with honesty and compassion, 
including withdrawal of non-bene fi cial therapies and transi-
tion to comfort measures. 

 This chapter reviews the history of advance directives, the 
DNR order, and the current form these now take. Application 
of these orders in the operating room and the intensive care 
unit setting is discussed. Attention is then directed to work-
ing with surrogate decision makers, as the naming of a sur-
rogate decision maker for health care is common in advance 
directives.  

   History 

 In 1976 the  fi rst hospital policies on DNR orders were devel-
oped and published in the literature  [  3–  5  ] . Initially these 
measures evoked strong controversy and emotion, and 
through time evolved and became accepted by both the med-
ical and lay community. The introduction of the DNR order 
marked the  fi rst time orders directed that a treatment not be 
given. Cardiopulmonary resuscitation (CPR) is the only 
treatment administered in a hospital without an order, and 
that requires a special order not to be administered. The pres-
ence or absence of the DNR order now determines how death 
will ensue in the hospital setting. 

 Examination of the history of CPR and the DNR order is 
necessary to understand how medicine has arrived at this 
point. CPR by closed chest massage was developed in the 
early 1960s for patients experiencing arrest secondary to 
anesthesia. For this use it proved to be a simple and highly 
successful procedure, resulting in hospital discharge rates of 
70%  [  6  ] . Following publication of initial experiences, resus-
citation by closed chest massage was expanded to include 
nearly all hospitalized patients. With this broader application 
new problems developed. CPR was capable of initially 
returning circulation, but the process of dying was merely 
being prolonged. Within a decade, reports were published 
citing the suffering many terminally ill patients were sub-
jected to by multiple rounds of resuscitation  [  7  ] . 

 Studies of medical patients, in contrast with surgical 
patients, showed stark contrast to the initial experience. In 
these patients receiving CPR following cardiac arrest, suc-
cessful return of circulation occurred in 41% of patients, and 
only 18% were discharged from the hospital  [  8  ] . Further ret-
rospective studies in the elderly reported even more dismal 
outcomes. In a group of older patients only 6.5% of survived 
to discharge after in-hospital arrest and CPR. Further, less 
than half of these patients were discharged to home. For out 
of hospital arrest, CPR proved even less effective, resulting 
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in a survival of only 0.8% of patients  [  9  ] . These data 
suggested that survival ranged from 1 to 70% after CPR, and 
that quality of life varied signi fi cantly amongst the survi-
vors. Carefully chosen patients in select environments fared 
the best, with out of hospital arrests in the elderly showing 
minimal bene fi t  [  10  ] . 

 The growing body of evidence showing poor response to 
resuscitative efforts led to the next trend in hospitals: the 
“slow code.” Also dubbed the “chemical code” and “show 
code” among other euphemisms, this involved the delivery 
of less than full attempts at resuscitation. At other times staff 
members would simply refuse to call a “code blue” in those 
situations for which they believed CPR would have no 
bene fi t. Inconsistent and institution-speci fi c methods became 
common, including verbal orders passed from provider to 
provider, and initials or markers on charts indicating that 
resuscitation should not be undertaken. As a result, growing 
controversy over the practice developed. This centered on 
issues of inadequate advanced decision making, lack of 
informed consent, poor documentation of procedures, and 
lack of accountability for the events as they transpired  [  11  ] . 

 It was out of this confusion and inconsistency that medi-
cal societies began to develop guidelines. In an effort to stan-
dardize care the American Medical Association recommended 
that any decision to forego resuscitation attempts should be 
clearly documented and communicated. The statement went 
on to make clear that CPR was meant for the treatment and 
prevention of sudden, unanticipated deaths, not for those 
patients expiring due to terminal and irreversible illness  [  12  ] . 
It was following this that explicit DNR policies developed 
with the goal of promoting patient autonomy by allowing 
self-determination. Open discussion of the options for resus-
citation could now occur with patients and their families 
prior to the event, and the results of these discussions com-
municated directly and openly between the staff  [  11  ] . 

 During this same time period the medical ethics commu-
nity took interest. At the heart of the matter has always been 
the principle of autonomy, and assuring that the patient’s 
wishes are placed ahead of the physician’s wishes. In 1983 
the President’s Commission for the Study of Ethical Problems 
in Medicine published an in fl uential report challenging many 
of the predominant beliefs of the time. This report concluded 
that CPR and resuscitation would be the appropriate and 
desired response for all arrests. This was in contrast to the 
multiple prior publications stating that CPR should have lim-
ited application due to poor success in terminal and irrevers-
ible conditions. With this CPR became the default standard 
of care, and all patients were presumed to have consented 
implicitly  [  13  ] . Several conclusions reached in this report 
deserve discussion, as they have shaped the current practice 
surrounding DNR orders. First, they concluded that life-sus-
taining therapy could be foregone by competent patients. In 
addition, the patient could make this decision in advance, 

and specify by means of an advance directive to be applied 
should he or she lose the capacity to make decisions. A sub-
stituted judgment standard was also proposed, allowing the 
patient’s family to forego resuscitation for incompetent indi-
viduals when no advance directive was in place, provided 
they deemed the patient would choose against resuscitation 
for themselves. Again, these recommendations were based 
on the assumption that CPR is the favored option in all cases, 
and in order to override this implied consent there must be 
explicit documentation and direction that the decision is in 
accord with the patient’s wishes. Notably omitted from the 
consensus statement were guidelines regarding futility of 
resuscitation, where the physician unilaterally determines 
that CPR is not indicated. This was out of concern that 
speci fi c standards could not be developed due to the uncer-
tainty of outcome for any speci fi c patient and clinical cir-
cumstance  [  14  ] . 

 State statutes regarding DNR orders were  fi rst enacted in 
New York in 1988. Under these laws, every patient was pre-
sumed to have given informed consent for CPR. For compe-
tent patients, a physician could enter a DNR order only after 
obtaining the patient’s express consent to do so. Surrogates 
could consent to the DNR order on behalf of patients who 
had become incapacitated provided that the patient was ter-
minally ill, in an irreversible coma, or if CPR was deemed 
medically futile. Providers were legally protected for follow-
ing these orders to withhold care, and also for providing CPR 
in good faith when the provider was unaware of the DNR 
order. Since the New York action, nearly all states have fol-
lowed in the development of statutes allowing for living 
wills, and most have enacted laws regarding the use of proxy 
or surrogate judgment  [  11  ] . 

 In 1991, the Patient Self-Determination Act (PSDA) was 
passed. This came about for numerous reasons, most notably 
the perception that ethical standards in end-of life care were 
needed. This was based on evidence that age, sex, diagnosis, 
physician specialty, medical institution, and even hospital 
unit were all associated with variability in patterns of pre-
scribing DNR  [  15  ] . The PSDA required that any health care 
institution receiving federal funding of any type must inform 
their patients about their rights in medical decision making, 
including the right to refuse CPR and other life sustaining 
care  [  16  ] .  

   Current Advanced Directives 

 Current advanced directives serve to direct care in the event 
that the patient is incapable of making his or her own deci-
sions. The documentation and communication of these 
wishes has evolved over time. Initially, the three letters 
“DNR” were simply entered in the chart. This lacked the 
ability to communicate exactly which procedures were to be 
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withheld. In addition, many times the care team confused 
DNR to signify that other procedures and treatments be with-
held  [  17  ] . In response, procedure-speci fi c forms were devel-
oped in hospitals. These went on to specify exactly what 
interventions should or should not be performed. These lists 
have served to increase clarity by giving very speci fi c direc-
tion to caregivers. This type of order is best suited for the 
patient on the hospital ward, where a large number of care-
givers may be involved and communication may be dif fi cult 
due to interruptions in the continuity of care  [  18  ] . These lists 
have grown to include chest compression, cardioversion, 
vasopressor medications, dialysis, blood and blood products, 
intubation, enteral nutrition, antibiotics, and others. These 
changes within the hospital have led to changes in the 
advanced directives patients develop on their own and pres-
ent as they seek care. Advance directives documents usually 
specify which treatments the patient desires and consents to 
and name a surrogate decision maker. As mentioned, the 
directive documents take on numerous forms, and may range 
from very broad to highly speci fi c, and may even dictate that 
all measures be taken in the event of cardiac arrest. 

 When overly broad in nature, de fi nitive guidance is rarely 
provided, and when too speci fi c, the actual clinical circum-
stances may not be addressed  [  19  ] . Adding to the confusion 
in many directives, patient preferences are stated with regard 
to a particular outcome when it is certain to occur, but fail to 
address situations in which the functional outcome is uncer-
tain. Despite these drawbacks, advance directives provide 
bene fi ts. They can alleviate the burden of decision making 
for the family, and they can lay the groundwork for end-of-
life discussions between the physician and family  [  20  ] .  

   DNR Orders in the Operating Room 

 There are numerous barriers to the implementation and honor-
ing of DNR orders in the operating room (OR). These include 
anesthesia, the OR environment and culture, physician atti-
tudes, and legal concerns. The  fi rst area in which con fl icts 
arise lies in the very nature of anesthesia and surgery. 
Endotracheal intubation is required in nearly all major cases, 
yet this may be excluded in some highly speci fi c advance 
directives. Outside of the OR, vasopressor administration 
may be considered a heroic measure; however, it is common-
place in the operative environment. It may seem logical to 
draw the line at CPR or electrical countershock when limiting 
care, but in the OR all events are witnessed, and may carry a 
better prognosis than events occurring outside the OR  [  13  ] . It 
is easy to see how the line might be blurred in determining 
where routine anesthesia care ends and resuscitation begins, 
especially for a readily reversible condition. 

 Another barrier arises from the physician’s own interest 
in providing resuscitation. Any death in the OR is generally 

viewed as a bad outcome, and the culture tends to assume 
human error to be at play. In addition, physicians and anes-
thesiologist bear a strong and dedicated sense of responsibil-
ity for their patients and what transpires in the operating 
room. When iatrogenic complications arise due to anesthesia 
and surgery the physicians feel the natural response is to take 
all measures necessary to reverse the situation  [  21  ] . Another 
physician factor contributing to the problem may be the phy-
sician’s lack of understanding of the patients desire to forego 
life sustaining therapies in the OR and perioperative period 
 [  22  ] . The lack of understanding arises due the differing val-
ues upon which the patient and physician base their decision. 
The physician gives priority to the imminent death, while on 
the other hand, the patient is basing decisions on their func-
tional status and longer range outcomes  [  23  ] . 

 Finally, legal considerations may impede a physician from 
honoring a patient’s advanced directives to withhold resuscita-
tion  [  24  ] . Physicians are frequently concerned with potential 
liability, especially when death is iatrogenic or in the operative 
setting. Concerns may arise over whether the family shares the 
patient’s wishes to withhold treatment, or if they have changed 
their minds. These fears persist despite the fact that few cases 
have arisen or been successful as a result of a physician honor-
ing an advanced directive. Conversely, there have been suc-
cessful legal cases in which hospitals and physicians were 
deemed liable for damages resulting from resuscitation against 
the wishes of the patient and family  [  25  ] . Case law is dif fi cult 
to interpret. Cases are frequently highly speci fi c, making gen-
eralization to broader practice dif fi cult. In addition, case law is 
applicable only in the jurisdiction in which the case was 
decided. The best recommendations for minimizing legal 
issues are development of an institutional policy taking local 
precedent and culture into consideration, and of course careful 
and thorough documentation of the patient’s condition, prog-
nosis, wishes, and all conversations that occur between physi-
cians and patients or their surrogate decision makers. 

 The application of DNR orders and advanced directives in 
the operating room was initially met with signi fi cant resis-
tance, the causes of which have been previously discussed 
 [  26  ] . Prior to the 1990s, policies to work with these patients 
were rare, and the usual practice was to suspend the DNR 
order in the OR and the immediate postoperative period. 
These policies drew criticism for forcing patients to give up 
their autonomy in order to qualify for surgery  [  27,   28  ] . This 
led to the policy of “required reconsideration,” meaning that 
the patient or surrogate, surgeon and anesthesiologist must 
discuss and review the advanced directive together. This was 
formalized by the American Society of Anesthesiologists 
(ASA) in 1993. Following this discussion, the DNR order 
could be formally rescinded with the patient’s informed con-
sent; it could be left in place, specifying the patient’s goals of 
care; or it could be left in place with a detailed list of exactly 
what procedures the patient would allow  [  13  ] . The American 
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College of Surgeons (ACS) echoed the views of the ASA. In 
their statement, they also stated that the automatic reversal of 
DNR status in the OR removed the patient from appropriate 
participation in the decision process, and that inappropriate 
management in the perioperative setting might result  [  18  ] . 
The criticism and the resulting publication of societal guide-
lines and hospital policies did have an effect on OR practice. 
A 1991 study found that 50% of hospitals had a policy 
regarding DNR orders in the OR, and 81% of these policies 
required suspension of the DNR order in the OR. A follow-up 
study revealed that 71% of institutions had implemented 
policy, and that only 26% required suspension of the DNR 
order in the OR. Although improvement in compliance with 
standard guidelines for the American Society of 
Anesthesiologists (ASA) was noted, several of the programs 
questioned had developed guidelines mandating revocation of 
the DNR order after adoption of the ASA guidelines  [  18  ] . 

 As many as 15% of patients with DNR orders will undergo 
surgery, either related to their preexisting illness or for treat-
ment of unrelated conditions  [  29  ] . The procedures offered 
may prolong life, ease suffering, or improve quality of life. 
Many of these procedures fall within the scope of acute care 
surgery, and examples may include the repair of pathologic 
fractures, tracheostomy and feeding tube placement, treat-
ment of bowel obstruction, vascular access, and a wide vari-
ety of others  [  13,   30  ] . A study of patients with DNR orders 
in place showed that the presence of the order did not affect 
the likelihood that patients being considered for surgery 
would undergo the procedure considered. In only 18% of the 
patients was the DNR order reversed. Half of the patients 
undergoing surgery with a DNR order in place were dis-
charged from the hospital, and 44% were alive two months 
following hospital discharge  [  30  ] . 

 It is clear that institutions, anesthesiologist and surgeons 
will encounter patients with advance directives, and be called 
upon to deliver appropriate care to palliate patient suffering 
and facilitate end-of-life care. In order to deliver this care 
and respect both the patient’s autonomy and the providers 
themselves, institutions must develop clear guidelines for 
patients with advanced directives. Several guidelines and 
recommendations have been suggested for the development 
of policy regarding DNR orders in the OR. These policies 
should address the barriers encountered in providing ade-
quate end-of-life care, and should adopt an institutional pol-
icy establishing the patient’s right to forego treatment 
according to their own health care wishes. Recommended 
standards for hospital policy are as follows:
    1.    The policy should be written. This will add legitimacy to 

the policy, and facility uniformity of application.  
    2.    Policies should be developed at the institution level, not 

the level of individual departments. All groups within the 
hospital should be involved in the design and implemen-
tation of the policy.  

    3.    The policy should have  fl exibility to allow the tailoring of 
DNR orders to  fi t each patient individual. The patient 
should be able to revoke DNR orders if they wish, or 
provide procedure speci fi c advance directives based on 
their own health care values.  

    4.    Policies should be very clear. Providers should be made 
aware of the available options for limiting care and a 
detailed description of the mechanism to carry these 
options out should be included. At a minimum, the policy 
of reevaluation of the DNR order in the perioperative 
period should be mandated.     
 In the implementation of these policies, other areas for 

possible inclusion are the response to iatrogenic arrest in the 
operative and perioperative period and the role of the OR 
personnel in caring for these patients should arrest occur. 
The role of surrogate decision makers in the process may 
also be delineated  [  25,   31  ] . 

   A Practical Approach to Working with Patients 

 When a patient presents for surgery with a DNR order in place, 
the physician must not only consider the risks and bene fi ts of 
the speci fi c procedure, but also must take the time to learn the 
values and goals of treatment for the patient. The key to resolv-
ing the complexities surrounding perioperative resuscitation is 
communication. When discussions occur, the provider may 
learn the patient’s rationale for the DNR order. Frequently the 
patient is far more concerned with the quality of life after CPR, 
not before. When the surgeon understands the goals and fears 
of the patient a contingency plan can be developed and imple-
mented. Looking into these concerns may show that the patient 
is afraid of a long stay in the intensive care unit (ICU), or in 
losing independence and not wanting to spend the remainder 
of their life in a nursing home. By learning these fears, the 
surgeon and care team may adjust therapy to address these 
concerns. Surrogate decision makers and the anesthesiologist 
should be included in these discussions  [  10  ] . The addition of 
the surrogate will assist in ensuring that patient’s wishes are 
respected, as it is not infrequent that the surrogate and the 
patient may not share the same decision making  [  32  ] . During 
these discussions three options are available: rescinding the 
DNR order, providing limited resuscitation with a procedure-
directed DNR order, and providing resuscitation with a goal-
directed order. 

 The  fi rst option is to rescind the DNR order and provide 
full resuscitation regardless of clinical circumstances. This 
avoids the question of determining what exactly constitutes 
resuscitation, which may prove dif fi cult during anesthesia. 
In addition, it frees the treating team to act in the event of an 
easily reversible or iatrogenic arrest, such as an arrhythmia 
on induction of anesthesia. Chances for an acceptable quality 
of life are better during these witnessed arrests  [  33  ] , and care 
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may be withdrawn later if the outcome is unfavorable. 
Despite all of the concern for ethics, this is a viable and 
appropriate course of action so long as the patient is involved 
in the decision. 

 A procedure-directed DNR order may be developed by 
the patient and surgeon. In this type of order patients may 
specify which procedures and interventions they will consent 
for and those they refuse. This is appealing to some patients, 
as they prefer the control of being able to dictate exactly 
what procedures will, and more importantly, will not be per-
formed. This imitates the type of orders most commonly 
employed on hospital wards. The patient may be presented 
with a list of possible interventions. Frequently included 
items are intubation, postoperative ventilation, CPR, 
de fi brillation, vasoactive drugs, and placement of invasive 
monitoring devices. When adapting these lists and preparing 
for the OR environment, interventions deemed mandatory 
for anesthesia are discussed with the patient, as they may not 
be refused  [  18  ] . These procedure-speci fi c orders are clear 
and easily understood, but they do not allow for the all clini-
cal circumstances that may arise, or those that may be 
dif fi cult to document and de fi ne preoperatively  [  34  ] . 

 The  fi nal approach to DNR orders in the OR is to take a 
goal-directed approach. In this approach the physician is left 
to determine which speci fi c procedures should be performed 
if cardiac arrest or instability occurs. In order to supplant his 
own judgment for that of the patient, the surgeon must know 
the patient’s concerns regarding resuscitation and outcome. 
Are they worried about pain, neurologic damage, loss of 
independence, or the need for further surgery and proce-
dures? By knowing these values, the physician is able to 
respond appropriately. For example, if a patient sustains an 
arrhythmia on induction that requires brief support with 
CPR, it could be administered, as outcome is likely to con-
form to the patient’s wishes. Conversely, if the patient expe-
riences a massive intraoperative myocardial infarction and 
arrest, CPR could be withheld, also supporting the patient’s 
values. This approach to DNR is perhaps the most in line 
with preserving patient autonomy and allowing values held 
by the patient to be considered. The translation from theory 
to practice is not quite as easy. First, the surgeon and patient 
must understand each other, and this requires time that is not 
always present in emergency situations. In addition, the per-
son responding to the arrest situation should be the same as 
the person who had the discussion with the patient. Clearly 
this is not the case for patients on hospital wards, but the OR, 
better than other places, provides for this continuity in care. 
When the continuity of care cannot be preserved, or when 
the trust required between patient and surgeon is not present, 
it is best to rely on a procedure-directed approach. When the 
goal-directed approach is taken, documentation in the medi-
cal record is essential. This will usually take the form of a 

descriptive narrative, detailing the conversations that have 
occurred, and the preferences the patient has expressed for 
goals of care  [  18,   34  ] .  

   Discussing End-of-Life Care with Patients 

 In preparing for these conversations it is important to under-
stand those factors that are considered inportant by patients, 
family members, and how these may differ from those of the 
physician. As patients consider various therapies they 
typically take three things into consideration: the treatment 
burden, the treatment outcome, and the likelihood of 
outcomes. When outcome is likely to be favorable, patients 
are typically willing to tolerate a greater treatment burden,
 however, this willingness diminishes as outcomes show only 
marginal bene fi t. Patients cite quality-of-life outcomes such 
as prolongation of inevitable death, dependence on machin-
ery, functional dependence, and excessive fatigue and pain as 
important factors in their decisions. Other nonmedical con-
cerns, such as becoming a burden on the family or society, 
in fl uence these decisions as well  [  35  ] . Preparation for death, 
both by the family and the patient, is valued and important to 
the family and patient, however, physicians tend to place less 
emphasis on this aspect of end-of-life care. Patients also 
appreciate being told the expected course of their disease, the 
symptoms they will experience, the time course, and what 
can be done for them. Additionally, a sense of life comple-
tion is desired by patients, and adequate, timely communica-
tion and preparation may allow this to mature  [  36,   37  ] . 
Achieving the last of these goals may be very dif fi cult for the 
acute care surgeon. Our practice, by its nature, frequently 
encounters patients in an situation that is a clear departure 
from their usual state of health. While those patients receiv-
ing palliative care are aware that they are terminally ill, the 
patient suffering an acute catastrophic event has not had the 
luxury of time for prepartation. Understanding the value of 
these aspects of the end of life will help to guide conversa-
tions and treatment planning. Speci fi c concerns can be deter-
mined and addressed. Communication should begin early 
with patients once the treatment team realizes death is immi-
nent. Despite nearly a majority of physicians realizing that 
death is imminent in the inpatient setting, only a small per-
centage will comminicate this with the patient. As the 
patients approach death their level of consciousness varies, 
and delay in communication until death is a certainty denies 
the family and patient adequate time to prepare  [  38  ] . 

 During end-of-life discussions the patient or their surro-
gates may respond by stating that they want the physician to 
do “everything.” This is often dif fi cult for the physician, 
who frequently takes this request at face value. This may result 
in launching into a course of action that is burdensome to 
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the patient and family, and unlikely to result in a positive 
outcome. Rather, the physician should look further into 
what is motivating the request. First, the clinician must dis-
cover exactly what “do everything” means to the patient. 
Frequently, the patient only wishes to undergo all treatments 
that offer a reasonable chance of bene fi t with a tolerable 
amount of treatment burden. The patient may have unspo-
ken concerns underlying the request. Frequently patients 
remain fearful and anxious. They may have an incomplete 
understanding of their condition, or simply desire reassur-
ance that all reasonable options have been pursued. Spiritual 
and family concerns may also play a role. Taking time to 
understand the hopes, fears, and goals of the patient will 
allow the concerns to be addressed and a reasonable treat-
ment plan developed. A general framework for these discus-
sions  fi rst involves development of a philosophy of treatment, 
determining whether the goals are for full and aggressive 
intervention, or more for treatment likely to provide bene fi t 
with tolerable burden, or to limit therapy to comfort mea-
sures. The physician should recommend a plan in support of 
the philosophy developed. At this time recommendations 
setting limits on CPR can be given. Often, treatments can be 
continued, but DNR orders placed if the outcome is likely to 
be unsatisfactory. This is an emotional decision, and physi-
cians must attend to the emotional responses and seek to 
resolve any disagreements. When accord cannot be reached, 
and the family or patient insists on full resuscitation, the 
physician should adopt a harm reduction strategy and 
coninue to use good clinical judgement. CPR can be initi-
ated, but discontinued after one cycle if it fails. Different 
than a “show code,” this is a full attempt at resuscition, but 
clinical judgement allows the code to be terminated. The 
family can be assured that “everything was done,” while 
avoiding the ordeal of a futile code for both the patient and 
the medical staff  [  39  ] . In applying this strategy to the surgi-
cal patient, especially when preparing for a high risk emer-
gency operation, the surgeon will often know the patient 
will likely not survive to hospital discharge. This is an excel-
lent time to discuss with the patient or family exactly what 
doing everything will involve, and what the outcome is 
likely to be. If multiple operations, feeding tubes, tracheos-
tomy, and discharge to a nursing facility or long-term care 
facility are the most likely outcomes this needs to be dis-
cussed. Many times, once the family or patient knows sur-
gery will involve a long ICU stay and ventilator dependence 
is the most likeley outcome, they will choose to forego 
treatment. This often avoids the dif fi cult and futile operation 
followed by withdrawal of support in the immediate postop-
erative period. Foregoing surgery might allow the patient 
and family time together and avoid suffering. As always, 
providers must assure all involved that not having surgery 
does not mean no treatement. Treating pain and anxiety 
become the focus of care.   

   Advance Directives in the ICU 

   Communication 

 The treatment of many acute surgical patients frequently 
transitions to the ICU, and it is here that questions and deci-
sions regarding advance directives play an increasing role. 
Surgical technique has improved to the point where nearly 
all patients can survive the initial operation. Unfortunately, 
many remain critically ill or fail to respond to surgery as 
hoped. In light of this, communication with patients takes on 
greater value, but also becomes more challenging. Patients 
and their families often insist on prognostic information, 
both in terms of lenth of life in ternimal illness and in likeli-
hood of death and other possible outcomes. This is a constant 
challenge to physicians. Multiple studies have demonstrated 
that physicians across all specialties tend to be overly opti-
mistic. The accuracy does not increase with greater patient 
contact  [  40  ] . It has been found that although they consis-
tently overestimate survival, physician predictions do corre-
late, showing that physicians are able to discriminate between 
those closer and further from death. Accurate predictions, 
both long and short term, are needed to allow patients to 
achieve a “good death”  [  41  ] . 

 Clear communication is dif fi cult to achieve, especially in 
acute situations. Studies have documented that physicians 
and patients or their caregivers frequently disagree on whether 
conversation included discussion of the possibity that the 
patient may die, or on the anticipated life expectancy. These 
 fi nding likely result from both physician and patient factors. 
Physicians tend to be uncomfortable with prognostication, 
and may withhold information, or avoid the discussion. 
Patients and their caregivers may be unprepared to discuss 
issues around death, or may simply not understand the infor-
mation presented  [  42  ] . To avoid misunderstanding physi-
cians must be very clear, avoiding euphamisms and highly 
technical terms. Do not avoid the words death and dying. 
The information should be presented during multiple encoun-
ters and repeated as needed to assure that message is deliv-
ered and received. It has been shown that allowing more time 
for family conferences, held in a proactive manner, and 
allowing the family members adequate time to talk may 
lessen the burden of bereavement  [  43  ] .  

   The Family Meeting 

 As fewer than 5% of ICU patients are lucid enough to take 
part in treatment planning, clinicians must rely on decisions 
made by family members and other surrogates. The  fi rst step 
in preparing for family discussion is to identify the surrogate. 
Most states in the United States have a legal order of priorty. 
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First, any court-appointed guardian is given priority, followed 
by any named durable power of attorney for health care, and then 
to family members. Usually the order is spouse, then parents, 
adult children, and  fi nally siblings. In practice, the decision 
is usually made by all of those with close ties to the patient, 
and develops over several meetings. Clinicians should aim 
for consensus, as this can usally be reached  [  44  ] . 

 The family meeting begins with adequate preparation. 
First, all data must be reviewed. This should include medical 
history, treatments, responses, and disease course. When sub-
specialists are involved, their input should be sought after, 
and elements of prognosis incorporated into the planning. If 
any prior discussions regarding end-of-life care have taken 
place, or if directives were made prior to admission, these 
should be reviewed. Before beginning any meeting the mes-
sage should be developed. Once prepared the meeting should 
be arranged with the family, spiritual leaders if needed, and 
the medical care team. While it is good to include many 
voices, care must be taken to not overwhelm the family. 
Having nurses and social workers present may help, as they 
are often better known to the family and provide familiar and 
reassuring faces. The meeting goals and leader should be 
decided in advance, and possible sources of con fl ict should 
be identi fi ed and a response developed. Finally, a quiet place 
should be used, unless the patient is able to participate and 
the surrogate desires this  [  45,   46  ] . 

 Once gathered, the meeting is usually begun with intro-
ductions of all involved. Assure the family that these meet-
ings are a routine part of all patient care. Next, an attempt 
should be made to explore the family’s understanding of the 
patient’s illness and prognosis. Following this a clear state-
ment of prognosis should be given. This usually follows a 
medical review of what has happened and where things stand 
now. Clinicians must take care not to give too much medical 
information, and make certain the message is not misleading. 
If death is imminent this needs to be said, explicitly. 
Uncertainty should be acknowledged, but the message must 
not be diluted. Once complete, remain silent. Allow the fam-
ily to grieve, ask questions, and express themselves  [  47  ] . 
This last component is perhaps the most dif fi cult for physi-
cians. Most discussions with families involve the physician 
speaking nearly 70% of the time. They frequently miss 
opportunities to learn about the patient, their values, and 
concerns. Increasing the amount of time spent listening while 
the family is given time to speak has been shown to increase 
family satisfaction  [  48  ] . 

 Con fl ict may arise during family discussions and 
communication may break down. The leader must recognize 
when con fi lict occurs and work to meet the needs of the 
family. The  fi rst source of con fl ict is usually lack of informa-
tion. This may be the result of inacurate understanding of 
prognosis, inconsistent information given by various provid-
ers, confusing information, excessive information from outside 

sources, genuine uncertainty regarding prognosis and 
outcome, and  fi nally language and cultural barriers. 
Confusion over the goals of care may manifest in unclear and 
contradictory orders such as performing CPR, but not intu-
bating a patient. The priorities placed on the treatment of the 
disease and the treatment of discomfort may differ. Situations 
in which an acute condition, such as urosepsis, occurs in a 
terminal cancer patient may also confuse the goals of care. 
Emotions such as guilt, anger, fear, and grief lead to con fl ict 
as well. The dynamics between the team and the family and 
the dynamics within the family itself may be problematic. 
The family may have internal con fl ict of decisions, be 
dysfunctional, or simply lack the ability to make decisions. 
The family may also be placed in the center of disagreements 
between the various consulting teams. Finally, there may be 
a real diffence in the values held by the clinician and the fam-
ily. Clearly, con fl ict may arise anywhere and at any time. It is 
important to understand these sources of con fl ict, identify 
the problem, address the cause, and continue to bring 
the goals of the clinician and the family into alignment  [  49  ] .  
 Developing trust with the patient and family is essential for 
the delivery of quality end-of-life care. This is challenging in 
the short amount of time during an acute illness and hospital-
ization. Suggestions for the development of a trusting rap-
port with patient and family include encouraging them to 
talk and allowing them to tell you about themselves, their 
values, and their understanding of their disease. Take the 
time to recognize the patient’s concerns, while being sure 
not to insult or contradict other health care providers. All 
errors that are made should be acknowledged, avoiding 
excuses. Throughout the discourse it is important to remain 
humble and demonstrate respect for the patient, the family, 
and their wishes. Finally, attempts to force a decision are 
discouraged. If a decision cannot be reached, allow the family 
to discuss amongst themselves, process what they have 
heard, and simply plan for the next meeting  [  50  ] . 

 During these meetings strong emotions are provoked, and 
the physician must be prepared to deal with them appropri-
ately. Empathy from physicians helps family members and is 
found to be strongly supportive and is associated with family 
satisfaction. When strong emotions are observed,  fi rst 
acknowledge the emotion. Once this is done the emotion 
should be ligitimized as appropriate and normal given the 
circumstances. Move on to explore more about the emotion 
and what speci fi cally is causing it. Expressions of empathy 
are important, but should only be made if legitimate. Finally 
the conversation can be turned to exploring particular 
strengths and possible coping strategies  [  51  ] . 

 During the course of meetings and discussions it is impor-
tant that the clinician make recommendations. There is a ten-
dency for physicians to present a laundry list of options and 
possible outcomes as if all were equal. Family members want 
to know what the doctor thinks is best  [  46  ] . It is especially 
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important when the decision is to withhold or withdraw life 
support. The family member should not be left feeling as if 
they had “pulled the plug,” especially when it is unlikely that 
any further treatment would have been of bene fi t  [  44  ] . As 
families are asked to make decisions regarding the termina-
tion of life support, clinicians may ease this decision. It is 
important to bring the patient’s desires into the discussion, 
and reinforce that the surrogate is not being asked what he or 
she wants, but rather what the patient would want if they 
could speak for themselves. These decisions should not be 
forced upon a family, especially before they have had time to 
prepare. This may set up an antagonistic relationship and 
erode trust. It is important not to argue over facts, repeating 
them over and over. One of the most common fears held by 
family members is that withdrawal of support will be with-
drawal of care. It cannot be emphasized strongly enough that 
the patient will continue to receive the full attention of the 
treatment team. The goals of care will simple be comfort-
oriented, and this will be the utmost priority  [  52  ] . When dis-
cussing advanced cardiac life support (ACLS) it should not 
be broken down into component parts, but rather treated as a 
package. This may avoid incongruent orders, such as the 
“chemical code only.” Finally, at the end of any meeting the 
decisions and agreements reached should be repeated, ques-
tions answered, and further meetings planned. If the decision 
has been made to withdraw support then the family should be 
educated about the process, allowed to gather all loved ones, 
and offered additional support if desired  [  44  ] .   

   Time-Limited Trials 

 A time-limited trial of therapy may be appropriate in 
setting the course of medical treatment to be pursued. 
Time-limited trials are agreements made between the 
patient, surrogates, and physician to use treatments for a 
set amount of time and then to assess the patient’s response. 
This allows the patient to both avoid giving up all treatment 
options and avoid the burden of ongoing treatment should 
it prove unsuccessful. If improvement is noted, then 
disease-directed therapy may be continued. If the course 
deteriorates, support may be withdrawn and comfort-oriented 
measures initiated. In considering a time-limited trial, the 
conversation begins as usual by reviewing the patient’s 
condition and prognosis, and follows with a discussion of 
treatment goals. A course of care is then determined and 
objective measures of improvement or deterioration 
de fi ned as well as the time frame to be considered. Potential 
actions are then proposed at the end of the trial. These 
plans are not meant to be binding, but to allow for adapta-
tion as the clinical picture changes. Communication 
amongst all caregivers is important, and continuity needed 
to carry these plans out. The time used may allow the family 

and patient to come to terms with the situation at hand, 
and to be assured that all reasonable efforts have been 
made  [  53  ] . 

 Emergent and acute surgical procedures  fi t well into 
time-limited trials with patients. Decisions may be made to 
go ahead with high risk procedures, but to agree that should 
operative  fi ndings be so catastophic that an acceptable qual-
ity of life not be possible the operative efforts will be termi-
nated. At other times, the patient and family may agree to 
proceed with surgery, but then withdraw support if the ICU 
course becomes prolonged, multiple orgen system failure 
worsens, or ventilator weaning becomes unlikely. Key 
markers of failure such as unplanned return trips to the OR, 
need for tracheostomy of feeding tube, or institution of dia-
lyis should be de fi ned. These are concrete events and help 
to make the situation clear. In addition, many patients will 
have discussed these speci fi c treatments and expressed 
their wishes regarding them. These trials allow for the 
operation to procede when a poor outcome is likely but 
unclear, with a clear plan to change starategy if efforts 
prove unsuccessful.  

   Futility of Care 

 Cases will arise in which the physician and the family can-
not come to an agreement, and the physician may feel that 
all further treatment is futile. At the root of this problem 
may be diffences in core values, and the family may be 
willing to accept a burdensome treatment that the physi-
cian would not want for themselves. The physician should 
question and determine whether the surrogate is employ-
ing substituted judgement, and speaking for the patient’s 
best interest and wishes, or inserting their own wishes and 
values. In most circumstances agreement can be achieved 
between the doctor and the surrogate with time  [  54  ] . When 
they cannot resolve the con fl ict, the physician should avoid 
acting unilaterally to limit care. There is a risk of legal 
action, and although rarely successful, lawsuits are expen-
sive  [  55  ] . The legal system has failed to provide clear 
guidelines regarding this issue, but other options are avail-
able. Ethics committees provide an outside source of 
action. Most committees act in an advisory capacity, but 
may make decisions in some states. Texas allows ethics 
committees to withdraw treatment deemed futile after 10 
days if no other facility or provider will assume care. 
Experience with this extra-judicial process has proven 
successful in resolving these con fl icts  [  56  ] . Most institu-
tions have policies in place in accordance with local legal 
statutes, and although frustrating, the physician should 
remember time is an ally in these situations, and outside 
assistance is available. Until resolution can be achieved, 
treatment should continue.  
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   Conclusion 

   Results of Advance Directives 

 The results of advanced directives have been debated, and at 
times some have declared them to have been a failure  [  57  ] . 
This is not the universal belief, and they have had an impact. 
One recent review suggested that nearly two-thirds of patients 
that required decision making at the end of life had living 
wills in place. All but a small percentage of these expressed 
wishes for limited or comfort care, and in the vast majority of 
these cases these wishes were honored. When a surrogate was 
named the patients were less likely to die in a hospital and to 
receive all care possible  [  58  ] . The quality of end-of-life medi-
cal care has been improved with advance directives. Patients 
with advance directives are less likely to die in the hospital. 
They have less frequent feeding tube placement, and avoid 
mechanical ventilation. Despite this, patients still have con-
cerns for unmet pain needs and emotional support for both the 
patient and family. Room for improvement still exists  [  59  ] . 

 End-of-life converstions can bene fi t both the patient and 
their caregivers. When these conversations take place there 
has been no observed increase in depression or worry. Similar 
to the results of advanced dirctives, less use of aggressive 
care follows, with reduced ICU admission, and reduced use 
of mechanical ventialtion and resuscitation. When these 
aggessive measures are used the quality of death is perceived 
as worse overall. In addition, the family members of those 
involved with aggressive treatments have a signi fi cantly 
higher risk for major depressive disorder. Hospice referral, 
especially when early, results in better quality of death for 
the patient and better caregiver quality of life in follow-up 
after the loss of a loved one  [  60  ] . 

 Overall medical expenses in the last year of life continue 
to remain high nationally, and this trend has been consistent 
over the last decade despite changes in the delivery of medi-
cal care  [  61  ] . There has been some improvement when end-
of-life conversations occur. Having these conversations has 
been associated both with signi fi cantly lower health care 
costs at the end of life, and a higher quality of death  [  62  ] . In 
the intensive care unit setting the incorporation of a commu-
nication team to work with families of patients with immi-
nent death has been shown to signi fi cantly reduce the length 
of stay in the ICU and the hospital, and to signi fi cantly reduce 
the costs of treatment  [  63  ] .       
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         Introduction 

 The United States Congress passed Emergency Medical 
Treatment and Active Labor Act (EMTALA) in 1985. By 
doing so, it de fi ned for the  fi rst time a standard of medical 
care and legislated how hospitals and physicians were 
required to practice medicine. With the passage of EMTALA, 
Congress effectively de fi ned hospital emergency depart-
ments as a community resource and essentially created a fed-
eral right to emergency care  [  1  ] .

  “People have access to health care in America. They can just go 
to the emergency room.” 

    President George W. Bush  [  2  ]    

 This chapter brie fl y describes the history of the EMTALA 
legislation, its change over time, its current state, and impli-
cations to physicians and hospitals providing emergency 
care. The subject of EMTALA could easily  fi ll an entire 
book; therefore, this chapter speci fi cally focuses on the 
responsibilities of the on-call physician and their obligations 
under EMTALA.  

   History 

   Initial Law and Intent 

 After being stabbed in the head, Eugene Barnes was rushed 
to Brookside Hospital in San Pablo, California, on January 
28, 1985. The emergency physician and staff promptly 

attended to him, and, as part of his evaluation, a computed 
tomography (CT) scan of the brain was performed, which 
revealed a neurosurgical emergency requiring immediate 
intervention. The emergency physician caring for Mr. Barnes 
contacted the on-call neurosurgeon who refused to come in; 
a second neurosurgeon (also on staff at Brookside Hospital) 
was contacted. He also refused to come in, as he was not on 
call. Over the next several hours, attempts were made to 
transfer the patient to two other facilities, which both refused, 
until  fi nally San Francisco General Hospital agreed to accept 
the patient only if the emergency physician accompanied 
him in transport. Mr. Barnes was taken immediately for 
emergency surgery but, unfortunately as a result of his inju-
ries, died 3 days later  [  3  ] . The details surrounding his death 
attracted national media attention  [  4  ]  and, as expected, gen-
erated a public outcry. With increased scrutiny over the next 
several months, public outrage began to grow as multiple 
other stories with similar themes came to light  [  5  ] . 

 The addition of the “active labor” language in the 
EMTALA statute was largely driven by the case of Sharon 
Ford in November of 1985. Ms. Ford, in active labor, pre-
sented to Brookside’s emergency department where, prior to 
any medical evaluation, it was determined that she was a 
member of a Medicaid health maintenance organization 
(HMO). As a result, she was not seen or evaluated but rather 
referred to Samuel Merritt Hospital in Oakland (the regional 
HMO contract hospital). Upon her arrival to the labor and 
delivery suite at Samuel Merrit, her registration information 
could not be located in the computerized records of those 
covered by the HMO—this was later determined to be due to 
a delay in the State of California updating its records. As a 
result, despite the fact that she was noted to be in “active 
labor,” she was transferred to Highland General Hospital—
the local county facility where shortly after her arrival her 
baby was delivered stillborn  [  1  ] . 

 These horri fi c stories in the lay press coincided with 
increasing reports of “patient dumping” in the medical litera-
ture  [  6,   7  ] . With mounting public frustration, a legislative 
response was perhaps inevitable. 
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 These series of events at Brookside hospital and in 
Northern California caught the attention of local Congressman 
Fortney Stark who championed the initial legislative effort 
behind EMTALA. The initial proposed legislation was 
focused on “patient dumping” and had extremely harsh pro-
posed penalties, with physicians found to have violated a 
patient’s EMTALA rights being subject to felony charges. 
The proposed penalties for physician in violation were up to 
5 years in jail and up to $250,000 in  fi nes per occurrence. 
After measured discourse, this language and respective pen-
alties were softened considerably during the legislative pro-
cess  [  8  ] . 

 In response to growing public pressure and media atten-
tion, Congress passed the Emergency Medical Treatment and 
Active Labor Act (EMTALA) as part of the Consolidated 
Omnibus Budget Reconciliation Act (COBRA). It was signed 
into law by President Ronald Reagan on April 7, 1986  [  9  ] . 
Interestingly and perhaps troublingly, EMTALA was passed 
with very little time for public comment and with no formal 
hearings in either the US House or the Senate  [  10  ] . Regardless 
of the process, effective August 1, 1986, any person present-
ing to an emergency room, in a hospital that participated in 
Medicare, had a right to emergency medical care. 

 The initial intent of EMTALA was clearly to prevent 
“patient dumping” by creating antidiscrimination legislation 
to protect those without insurance who could not afford 
emergency care services  [  11  ] . This new legislation required 
that all patients be evaluated and that those with an emer-
gency medical condition (EMC) be “stabilized” prior to 
transfer or discharge. There was no requirement for hospitals 
to accept transfers. Perhaps in some part due to the very 
compressed legislative process, there was no consideration 
in the EMTALA regulations as to hospital capabilities or 
requirements for on-call coverage. This oversight resulted in 
continued medical disasters as hospitals could simply not 
have “call coverage” and tertiary-care hospitals (with on-call 
physicians) could still refuse to accept patients from hospi-
tals lacking subspecialty coverage. 

 The US Congress corrected this oversight in 1989 with an 
amendment to EMTALA, which required hospitals to have 
physicians on call to stabilize emergency cases and to require 
“higher-level of care facilities” to accept patients in transfer 
when they had the ability to care for the patient  [  12  ] . 

 The result of the 1989 revision left hospitals and physi-
cians with several clear responsibilities under the law.  

   Hospitals Obligations 

     1.    Provide an appropriate medical screening exam (MSE) to 
determine if an EMC exists.  

    2.    If an EMC is determined to exist, hospitals have a duty to 
either provide stabilizing medical treatment or, if they 

lack the capability to stabilize, transfer the patient to an 
appropriate facility.  

    3.    Hospitals with specialized capabilities must accept 
patients requiring specialized care if they have the capacity 
to treat them  [  13  ] .      

   “On-Call” Physicians Obligations 

     1.    Respond to the emergency department to help stabilize a 
patient with an identi fi ed or suspected EMC.  

    2.    Accept appropriate transfers when transfers are requested 
by other facilities that are unable to address a patient’s 
EMC.     
 The initial legislation also de fi ned the penalties for hospi-

tals and physicians. Though toned down signi fi cantly from 
Congressman Starks’ initial proposal, the penalties still 
carried considerable weight.  

   Hospital Penalties 

     1.    Fines between $25,000 and $50,000 ($25,000 for hospitals 
with fewer than 100 beds) per violation.  

    2.    Termination of its Medicare provider agreement.      

   Physician Penalties 

     1.    Fines up to $50,000 per incident.  
    2.    Excluded from Medicare and Medicaid programs.     

 In addition, patients who suffered personal injury from a 
violation could sue the hospital and physician in civil court. 
Receiving facilities that suffered a  fi nancial loss as a result of 
a transferring facility failing its EMTALA obligation could 
also now pursue damages.   

   Changes Over Time 

 As one can imagine, the passage of EMTALA created 
signi fi cant new “stresses” on the medical establishment. 
Numerous questions regarding the language and the 
enforcement of the legislation arose from hospital and 
physician groups. In response to these questions and con-
cerns EMTALA, has grown signi fi cantly in scope and 
enforcement with multiple revisions and “clarifying state-
ments” over the 25 years since its inception. This next 
section covers the major changes to the statute, the ratio-
nales behind them, and their impact to hospitals and 
physicians. 

 In response to growing questions regarding enforcement, 
the HCFA (Health Care Financing Administration), now 
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known and Centers for Medicare & Medicaid Services 
(CMS), convened an “Anti Dumping Task Force” to review 
the interpretation and enforcement of EMTALA. This task 
force had broad representation from physician and hospital 
groups as well as from the insurance industry and general 
community. The  fi nal recommendations from the task force 
were presented to HCFA in January of 1997, and HCFA 
incorporated their recommendations into their “interpretive 
guidelines,” which went into effect on July 14, 1998  [  14  ] . 
The guidelines resulted in a more consistent enforcement of 
the regulations allowing hospitals and physicians to better 
understand their requirements and improve their efforts to 
comply with the regulations. 

 Several items of particular note from the 1998 guidelines 
included:
    1.    The MSE was clari fi ed to be a process, not an outcome or 

a correct medical diagnosis. This clari fi cation meant that 
failing to correctly diagnosis could not be interpreted as 
failing to perform an appropriate MSE.  

    2.    Distinct responsibilities for on-call physicians were 
clari fi ed.  

    3.    Stabilization was divided into “stable for discharge” and 
“stable for transfer” recognizing that “stable for transfer” 
may not in fact be “stabilized”  [  15  ] .     
 In 2003, after multiple updates, clari fi cations, legal case 

and “interpretive guidelines,” CMS issued “The Final Rule” 
on September 9, 2003, which became effective on November 
10, 2003. The intent of this “Final Rule” was to “clarif(y) 
policies relating to the responsibilities of Medicare-
participating hospitals in treating individuals with emergency 
medical conditions who present to a hospital under the provi-
sions of the Emergency Medical Treatment and Labor Act 
(EMTALA).” [  16  ]  This update’s focus was centered chie fl y 
around: seeking prior authorization from insurers, emer-
gency patients presenting to “off-campus” outpatient clinics 
that do not routinely provide emergency care, “dedicated 
emergency departments,” allowing exception to EMTALA 
for nonemergency cases cared for in the emergency depart-
ment, hospital-owned ambulances, and the applicability of 
EMTALA to inpatients and physician responsibilities related 
to being “on call”  [  17  ] . 

 The  fi nal rule added much needed clarity but was by no 
means the last adjustment. In 2005, Congress created the 
EMTALA Technical Advisory Group (TAG). This group’s 
recommendations were incorporated into the CMS State 
operations Manual on May 29, 2009. 

 The new revisions address and de fi ne the following:
    1.    Nonphysician providers and their role in “on-call” coverage,  
    2.    Telemedicine,  
    3.    Newborn protection under EMTALA,  
    4.    “Parking” of patients presenting by ambulance,  
    5.    “False labor,”  
    6.    Specialty Hospital Transfers,  

    7.    Community call for on-call specialists,  
    8.    Inpatient transfers of unstable patients, and  
    9.    On-call coverage rules and obligations  [  18  ] .      

   Current EMTALA Regulations 

 The “Final Rule” and the TAG update of 2008 largely de fi ne 
the current state of EMTALA. The following section dis-
cusses EMTALA in its current form and the implications to 
physicians and hospitals. With all of the revisions and 
updates, fundamental responsibilities for hospitals and phy-
sicians under EMTALA can be broken down into 3 distinct 
groups:
    1.    Requirement for a medical screening exam.  
    2.    Stabilizations for patients with an EMC.  
    3.    Transfer requirements—for patients with an EMC not 

able to be stabilized and the treating facility.  
    4.    Requirements for a call schedule and on-call physicians.     

 For the purposes of simpli fi cation, we focus the following 
discussion around these four categories. 

   General Principles 

 EMTALA applies to any individual who presents to a hospi-
tal emergency department requesting emergency care. 
Citizenship or insurance status has no bearing on an indi-
vidual’s rights under EMTALA.  

   Medical Screening Exam 

 EMTALA mandates that hospitals provide every patient who 
presents seeking medical care a “medical screening exami-
nation” (MSE) to determine if they have an EMC or are in 
“active labor.” The medical screening exam is a process 
rather than a discrete event. Importantly, it is not triage and 
must be clearly separate from the triage process. The MSE is 
not a discrete event but rather includes available history and 
physical and any required testing to determine if an EMC is 
present. Signi fi cantly, being incorrect in the determination of 
whether or not a patient has an EMC is not a violation of 
EMTALA. The law requires that the process be done consis-
tently but does not cover medical judgment. If a patient pres-
ents with chest pain and the physician performing the MSE 
determines that the pain is not cardiac in nature, and that no 
EMC exists and discharges the patient who 2 h later dies of 
an acute myocardial infarction, the physician and facility 
would have no exposure under EMTALA. 

 Hospitals must provide an MSE and stabilizing treatment 
for any EMC regardless of a patient’s ability to pay for the 
services. It is imperative that the MSE or treatment of the 
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EMC cannot in any way be delayed to obtain  fi nancial 
information. 

 The “ fi nal rule” further de fi ned different scenarios in which 
a patient may present to a hospital and provided clarifying lan-
guage as to the different responsibilities of each party.  

   Dedicated Emergency Departments 

 This de fi nition applies to all licensed emergency departments 
or departments that advertise “emergency service” and 
includes freestanding emergency departments. For special-
ized facilities that have separate labor and delivery units, 
emergency psychiatric units, or pediatric emergency depart-
ments, this de fi nition also applies to them. 

 When a patient presents to a “dedicated emergency depart-
ment” the hospital must:  [  19  ] 
    1.    Provide an appropriate medical screening exam to deter-

mine if an EMC exists; and  
    2.    If an EMC exists, the hospital must provide stabilizing 

treatment and/or transfer for stabilizing treatment if the 
hospital lacks the capacity to treat the condition.  

    3.    Hospitals must not delay the medical screening exam, sta-
bilizing treatment, or transfer to obtain  fi nancial informa-
tion from the patient.     
 When a Patient Presents to Another Location on a Hospital 

Property (That Has a Dedicated Emergency Department) 
 In this instance, the EMTALA obligation as de fi ned previ-

ously is invoked. The fact that the patient walked in the 
wrong door does not relieve the facility of its obligation. 
Over the last 10 years, there has been signi fi cant change in 
what constitutes hospital property and when the EMTALA 
obligation starts. The current regulations are as follows: If 
a patient presents requesting medical attention at a facility 
that has an emergency department, the facility has an obliga-
tion as soon as the patient is on their property. Hospital prop-
erty is now de fi ned as the entire property including all parking 
lots, sidewalks, and buildings. It does not apply to nonhospi-
tal buildings on the campus like doctor’s of fi ces or restau-
rants  [  20  ] . This supersedes the old “250-yard” rule. However, 
for very large hospital campuses, the 250-yard language still 
is in place for the range of how far on hospital property the 
“EMTALA” obligation extends from the main building(s).  

   Requirements for Call Coverage and On-Call 
Physicians 

 The  fi nal rule attempts to clarify hospital responsibilities 
regarding call coverage to allow “local  fl exibility.” Hospitals 
are now required to maintain an on-call list of physicians to 
meet the needs of the hospital’s patients who present with 
EMCs. Hospitals are also required to have written policies to 

handle situations where the on-call physician is unavailable. 
This requirement also applies to situations when a given spe-
cialist may be on call simultaneously at multiple facilities or 
currently operating on an elective case when an emergency 
presents and thus be unavailable. Both of these situations are 
allowable under the current regulations with some restric-
tions. While these activities are permitted, hospitals must 
still ensure that services are available to meet the needs of 
patients with EMCs. Hospitals must have a prede fi ned proce-
dure for dealing with these con fl icts  [  21  ] . This may include, 
but is not limited to, a backup call system or transfer in more 
extreme cases. 

 In contrast to previous guidance regarding the rule of 
three, CMS does not specify how often physicians must be 
on call or have any formal requirements for a facility to pro-
vide on-call coverage for services that is performed in an 
elective manner. This is a clear distinction from the previous 
guidance that if hospitals provide a service to the public they 
must provide that service to patients in the emergency depart-
ment  [  22  ] . It is important to note that this is not an open door 
to eliminate call coverage to emergency department patients. 
CMS has clearly stated that they will continue to monitor 
and take appropriate actions if the availability of call cover-
age, in their interpretation, is inappropriately low after con-
sidering all relevant factors including but not limited to the 
following:
    1.    The number of physicians on staff.  
    2.    The number of physicians in the particular specialty.  
    3.    The other demands of the physicians.  
    4.    The frequency in which a hospital’s patients require the 

services of on-call physicians.  
    5.    Provisions the hospital has made for when on-call physi-

cians are unavailable  [  23  ] .     
 So while there is no formal guidance, CMS, in the case of 

a complaint/investigation, will determine retrospectively if 
the hospital’s on-call coverage “best meets the hospital’s 
patients”  [  24  ] .  

   Responsibilities of the On-Call Physician 

 The on-call physician must respond to the emergency depart-
ment when requested by the emergency physician to either: 
help determine if an emergency condition exists or to help 
stabilize a patient with an EMC. The determination of 
whether a physician must respond to the emergency depart-
ment or if phone consultation is suf fi cient is solely the dis-
cretion of the emergency physician. On-call physicians are 
not required under EMTALA to respond in situations where 
patients request a “specialist” when the physician has the 
ability to perform any required stabilizing treatment and 
would routinely do so. In cases of disagreement, however, 
CMS has stated clearly “any disagreement between the two 
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(physicians) regarding the need for an on-call physician to 
come to the hospital and examine the individual must be 
resolved by deferring to the medical judgment of the emer-
gency physician who has personally examined the individ-
ual”  [  25  ] . 

 Physician extenders and mid level providers (MLP) can be 
utilized to improve access to specialized care, however, the 
decision on whether an MLP or the physician responds must 
be made by the on-call physician and not the MLP  [  26  ] . Once 
a patient has had their EMC stabilized and they are suitable for 
discharge, the on-call physician’s obligation under EMTALA 
ends. Under EMTALA, there is no requirement for the on-call 
physician to provide follow-up care—though hospital bylaws 
and state regulations may make this requirement.  

   Transfer Patients 

 EMTALA only covers emergent transfers of patients with an 
EMC. Stable or lateral transfers are not covered by the stat-
ute. Hospitals and physicians who have the ability and capac-
ity to treat patients with an EMC must accept appropriate 
patients in transfer from facilities without the ability to treat 
the EMC. It is necessary to point out that hospital capacity is 
not necessarily determined by a speci fi c number of beds or 
resources. It is determined by behavior and operations. CMS 
clari fi ed its position in 2001, “whatever a hospital customar-
ily does to accommodate patients in excess of its occupancy 
limits”  [  27  ] . This is an important relaxation for the previous 
standard of “if they’ve ever done it before.” One important 
example would be the case of a critically ill patient with a 
surgical emergency in the emergency department requiring 
an operative procedure and then admission to a surgical 
intensive care unit (ICU). In the case where ICU beds are 
frequently not available and these patients are routinely taken 
from the emergency department to the operating room and 
then held for extended lengths of time (hours to days) in the 
recovery room waiting for ICU opening or over fl owed to a 
nonsurgical ICU, the same standard must be applied to trans-
fer patients. 

 The question of who determines if an EMC exists and if 
the facility requesting the transfer can “handle” the EMC is 
again deferred to the treating physician who is “face-to-face” 
with the patient. This can be extremely frustrating to on-call 
physicians at referral facilities, but the language is quite clear. 
The physician taking care of the patient makes the call. 

 For the purposes of accepting transfers, there is no 
EMTALA requirement that the on-call specialist physician 
personally accepts the patient—this can be delegated. It is 
required that a physician sign off on all transfers if a nonphy-
sician accepts them. This process must, however, be clearly 
outlined in hospital bylaws. 

 Importantly, in the situation where a physician refuses to 
accept an appropriate transfer the hospital is responsible for 
the physician’s decision to “deny” a transfer if CMS should 
 fi nd the denial inappropriate, because for the purposes of 
transfers they are in this case acting as the hospital’s agent. 

 The only acceptable reason to refuse to accept a patient in 
transfer is because the requested receiving facility lacks the 
capability or capacity to treat the patient. Reasons of insur-
ance status, medical instability, and hospital af fi liation are all 
unacceptable reasons for declining to accept a transfer. The 
transferring facility can choose to contact any facility they 
wish to request a transfer. They are not obligated to honor 
referral patterns, hospital af fi liations, or transfer agreements. 
One exception would be in the case where a long distance 
transfer has been requested—if there are closer facilities that 
are available to accept the patient and the extended transport 
time would clearly lead to deterioration in condition, the 
facility could refuse as inappropriate. However, if the closer 
facilities are not available, then the transport distance alone 
cannot be used as a reason to decline transport. 

 The transferred patient remains the responsibility of the 
transferring facility until they are physically present at the 
accepting facility  [  28  ] . As such, the sending facility is 
responsible for determining the method of transportation and 
which service will provide the transportation. Receiving 
facilities cannot use mode of transportation or transportation 
service as a criteria for accepting or refusing the transfer. 

 When does EMTALA end? EMTALA obligation ends when 
a “quali fi ed medical person” has made the determination that:
    1.    There is no EMC, or  
    2.    An EMC exists and requires transfer to an appropriate 

facility, or  
    3.    An EMC exists and the patient is admitted for further 

treatment and stabilization.     
 EMTALA does not, in its current form, apply to hospital 

inpatients.  

   EMTALA Violations 

 EMTALA has several “teeth” in its provision. The largest and 
biggest stick is clearly the ability to exclude hospitals and 
physicians from participation in Medicare. Individual  fi nes of 
up to $50,000 per violation can be assessed to facilities and 
physicians. Importantly, these are administrative penalties 
and typically not covered by malpractice premiums. In addi-
tion, the law allows those who have been harmed, as a result 
of a physician or facility failing to meet their EMTALA 
obligation, to seek damages in civil court. These courts 
have ruled that only hospitals and not physicians are sub-
ject to these damages—however, a hospital that is sued as a 
result of a physician’s behavior can seek damage from the 
physician  [  29  ] .   
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   Common Questions/Case Scenarios 

  Can patients be transferred if they have not been medi-
cally stabilized?  
 Yes. The inability to stabilize a patient may be the reason the 
patient required transfer in the  fi rst place. Unstable patients 
can be transferred in two instances: (1) when the treating 
facility lacks the ability/capacity to stabilize the patient and 
the bene fi ts of transfer outweigh the risks of transfer, or (2) if 
the patient or their representative insists on transfer to another 
facility after being informed of the risks of transfer and the 
hospital’s obligation under EMTALA. 

  If a patient in an emergency department with an abscess 
requests that a surgeon be called instead of the emer-
gency physician performing the procedure, does the on-
call surgeon have an EMTALA obligation to respond?  
 If the abscess is such that the emergency physician would 
routinely manage it without requiring consultation with a sur-
geon then there is no EMTALA obligation for the on-call phy-
sician. However, recognizing that physician experience, 
training, and ability varies, there is no “community standard” 
for what a given provider should be able to perform. So if the 
emergency physician requests consultation because they “lack 
the expertise” to handle the EMC, then an EMTALA obliga-
tion does exist even if 9 out of 10 emergency physicians 
would have performed the procedure without consultation. 

  If a request to transfer a patient with an surgical abdomi-
nal emergency comes at 6 p.m. on Friday evening from a 
Hospital that reports they have no surgeon on call, even 
though abdominal surgical procedures are routinely per-
formed at the Hospital, does the receiving facility have an 
EMTALA obligation to accept the patient?  
 Yes. The requesting facility may, in fact, have a very legiti-
mate reason for not having coverage at that time. However, 
even if they do not, and while it is possible that the sending 
facility may in fact be violating its EMTALA obligation, this 
does not excuse the receiving facility from theirs. 

  If a patient is seen in the emergency department and 
diagnosed with diverticulitis, and after telephone consul-
tation the emergency physician and on-call surgeon agree 
that the patient is stable and decide on a treatment course 
of oral antibiotics with outpatient follow-up, does the 
surgeon have an EMTALA obligation to see the patient in 
follow-up at his/her of fi ce?  
 No. The EMTALA obligation ended when it was determined 
that the patient was stable for discharge and physician’s 
of fi ces are not covered under EMTALA. 

  What if the patient’s condition deteriorates and they 
 re-present 20 h later septic with an acute abdomen? 
Would the physicians and hospital be subject to an 
EMTALA violation for failing to provide stabilizing med-
ical treatment during the  fi rst visit?  
 No. The fact that after an MSE the physicians determined 
that the patient was safe/stable for discharge ended their 
EMTALA obligation. Being incorrect in their assessment 
does not in and of itself imply an EMTALA obligation. One 
important cautionary point is that there must not be anything 
in the treatment plan that implies that the care was in some 
way determined by the patient’s  fi nancial status or ability to 
pay for services. 

  If an emergency physician requests an on-call physician 
to evaluate a patient in the emergency department, when 
does the physician need to see the patient?  
 The on-call physician must respond in a “reasonable” amount 
of time. The guidelines state that the expected response time 
in minutes should be stated in the hospital policies  [  30  ] . 
Additionally, if the on-call physician fails to respond in a 
reasonable amount of time, the emergency physician is obli-
gated to transfer the patient and must write on the transfer 
form the names and addresses of any on-call physician who 
failed to provide stabilizing services. 

  If a patient with EMC is admitted to hospital and the 
hospital later determines that it lacks the capacity to treat 
the patient and requests transfer for a “higher level of 
care,” does the receiving facility has an EMTALA obliga-
tion to accept the patient?  
 This is a very delicate area with court decisions favoring 
both sides. Most currently consider that the EMTALA obli-
gation for an individual patient ends with admission to a 
hospital. Previous interpretations have suggested that while 
the initial hospital may no longer have an obligation, the 
“higher level of care” facility  does  have an obligation. In 
2008, CMS proposed  [  31  ]  that even though EMTALA obli-
gations cease upon admission for the  fi rst hospital, 
EMTALA obligations would nevertheless continue for a 
receiving hospital with specialized capabilities. After the 
public comment period, they retreated from this stance stat-
ing that a hospital with specialized capabilities is not 
required under EMTALA to accept the transfer of a hospital 
inpatient  [  32  ] . 

  Do state laws regarding tort reform affect EMTALA pen-
alties or obligations?  
 No. EMTALA preempts any state law that directly con fl icts 
with its requirements. State laws could affect civil penalties 
as a result of CMS actions related to EMTALA violations.  
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   Legal Examples 

   Inspector General v. St. Anthony Hospital 

 A 65-year-old male was critically injured in a motor vehicle 
collision and taken to a small rural hospital. The emergency 
physician on duty, Dr. Spengler recognized the critical nature 
of the patient’s injuries and initiated a ground transfer to 
University Hospital. Prior to the transfer, Dr. Spengler noted 
signi fi cant deterioration and believed that the patient had an 
aortic injury. He arranged for aeromedical transport and 
recontacted University Hospital which informed him that all 
ORs were busy and they lacked the capacity to handle this 
case. Dr. Spengler then contacted Dr. Lucas (a vascular sur-
geon) at St. Anthony Hospital. Dr. Lucas refused to accept 
the patient who was ultimately transferred to Presbyterian 
Hospital where an angiogram revealed an aortic injury. The 
patient expired 3 days later. The Of fi ce of Inspector General 
(OIG), noting that St. Anthony Hospital, even though not a 
trauma center, had specialized surgical capabilities and had 
the capability and capacity to treat the injuries, imposed a 
$50,000  fi ne  [  33  ] . Notable in this case was the af fi rmation 
that higher level of care does not require the receiving facil-
ity to be a teaching or research facility but simply to have the 
capacity to treat the patient. Dr. Lucas was not  fi ned because 
there is no obligation to the on-call physician to accept the 
patient; the risk is born completely by the hospital.  

   Millard v. Corrado 

 Dr. Corrado was providing call coverage at Audrain Medical 
Center. Dr. Corrado decided to attend a conference 30 miles 
away without notifying the hospital. During his period of 
unavailability, a trauma patient presented with an EMC and, 
because of Dr. Corrado’s unavailability, required transfer to 
another facility. The Missouri Court of Appeals determined 
that the physician on call had the obligation to respond in a 
reasonable amount of time or to notify the hospital in light of 
the anticipated unavailability  [  34  ] .   

   Conclusion 

 The EMTALA requirements have evolved signi fi cantly since 
its creation in 1985. It is critical that all providers participat-
ing in the care of emergency patients understand the current 
updates and their obligations when providing call coverage. 
The  fi nal rule, while providing signi fi cant clari fi cation to 
many issues, has opened the door to allowing “gaps” in call 
coverage at many facilities. This change has resulted in 
signi fi cant increased pressure in referral centers as smaller 

community facilities “opt out” of providing subspecialty 
emergency coverage. Further updates are of course likely. In 
2011 and again in 2012, CMS sought public comments on 
whether it should reexamine the provision that states that 
EMTALA obligation does not apply to hospital inpatients. 
Relaxation of this rule might at  fi rst seem intuitive, but from 
a patient-centric point of view it could easily result in mas-
sive patient “dumping” from community facilities to tertiary 
care facilities for every complication. We do not yet have the 
results of this comment period—regardless of the results we 
can expect further revisions and those participating in emer-
gency care will need to keep abreast of these changes.      
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 foreign objects , 173  
 perforated peptic ulcer disease , 221   

  Cholangiography , 282, 284   
  Cholecystitis.    See  Acute calculus cholecystitis  
  Cirrhotics , 258   
   Clonorchis sinensis  , 304   
  Cloquet’s hernia , 426   
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 acute colonic pseudo-obstruction , 356  
 acute mesenteric ischemia , 345  
 acute pancreatitis , 306  
 amoebic liver abscess , 297  
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 paraesophageal hernia , 205  
 peptic ulcer disease , 228  
 pyogenic liver abscess , 294  
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  C-reactive protein (CRP) , 309   
  Cricothyroidotomy , 178–179   
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 Hartmann’s procedure , 338  
 laparoscopic lavage and drainage , 339  
 PRA , 338  
 preoperative considerations , 338  
 purulent peritonitis , 339  
 recurrent diverticulitis , 338  
 ureteral stents , 338  

 treatment algorithm , 340   
  DMV.    See  Diffi cult mask ventilation (DMV)  
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 strategies , 187  
 surgical gastrostomy tube , 187  
 video-assisted thoracoscopic surgery , 186  
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  Extremity compartment syndromes 

 acute care surgery , 464  
 clinical presentation 

 acute lower, screening form , 464, 466  
 clinical signs , 463, 464  
 left lower , 465  
 proximal tibial fracture , 465  
 right lower , 464  
 subcutaneous blood suffusions , 464, 465  
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  Gastric ulcers.    See also  Peptic ulcer disease (PUD) 
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 bleeding gastric ulcer 

 gastric resection , 218–219  
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  Incarcerated paraesophageal hernia.    See  Paraesophageal hernia  
  Infections 
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 communication , 500  
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 advantages , 63  
 ascites classifi cation , 63  
 CT scans , 62–63  
 disadvantages , 63–64  
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  Intravenous immunoglobulin (IVIG) , 458   
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 anti-refl ux surgery complications , 408  
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 LVHR , 407–408  
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  LIHR.    See  Laparoscopic inguinal hernia repair (LIHR)  
  Lipopolysaccharide (LPS) , 82–83, 141   
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 complications , 298  
 diagnosis , 297  
 epidemiology , 296–297  
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 angiodysplasia , 365–366  
 complications , 368–369  
 diverticular bleeding , 364–365  
 hemorrhoids , 367–368  
 infectious colitis , 366–367  
 ischemic colitis , 366  
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 SIRS and CARS , 98  
 two-hit phenomenon , 99–100  
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  Myocardial depression , 101   
  Myocardial infarction (MI) , 34–35, 37   
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  Needle cricothyroidotomy , 179   
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 acute renal insuffi ciency , 134–135  
 complications of 

 nonocclusive mesenteric ischemia , 125  
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 parenteral nutrition   ( see  Total parenteral nutrition (TPN)) 
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  Oropharyngeal (OP) airway , 174–175    

  P 
  Packed red blood cells (PRBC) , 8, 216, 252, 359, 364   
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 intrathoracic stomach , 203  
 management of 

 algorithm , 206, 207  
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