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      Prehospital Care of Penetrating Trauma                     

     David     Carlbom       and     Eileen     Bulger     

1.1          Planning a Systematic Approach 

 Prehospital care and transport of critically injured penetrat-
ing trauma patients are key components of an effective sys-
tem of trauma care. 

1.1.1     Scene Safety & Adequate Resources 

 The care of critically ill penetrating trauma patients begins 
before the time of injury. Emergency Medical Services 
(EMS) leaders need to develop clear advance plans for the 
management of these challenging patients. Scene security 
and safety of EMS personnel is paramount, and clear guide-
lines should direct medical teams to stay out of dangerous 
situations until the scene is controlled by law enforcement. 
Even after law enforcement control is attained, providers 
should maintain situational awareness and strive for rapid 
departure from the location of the incident. 

 There are no universally accepted guides or formulas 
regarding adequate staffi ng to care for a critically ill patient; 
one philosophy is to consider the time-critical nature of pen-
etrating trauma to be akin to a building on fi re. Severity of 
illness continues to grow and the time window for interven-
tion continues to close with every minute. Thus, many medi-
cal providers are needed immediately, and it is better to 
assign more than the usual number of staff, with the option to 
reduce staff as able.  

1.1.2     Dispatching Appropriate Resources 

 Emergency dispatchers face the challenge of deciding the 
most appropriate resources to send to the scene of a trauma 
based on telephone reports only. As time is the most critical 
factor in the prehospital management of trauma, dispatch 
centers should strive to expedite dispatching times and 
develop protocols that allow dispatchers to simultaneously 
send assistance while continuing to obtain information from 
callers. This “fast-dispatch” protocol should have a goal of 
achieving call answer to dispatch within 30 s. 

 While each trauma system should develop and constantly 
refi ne dispatch criteria to attain the best information on what 
resources to send to aid trauma patients, the “Guidelines for 
Field Triage of Injured Patients” can provide some insight. 
These guidelines describe physiologic, anatomic, mecha-
nism of injury, and special tools to triage trauma patients to 
high-level care. 

 Patients with absent respirations or pulse, those with 
tachypnea, and unconscious patients should be given highest 
priority and the most resources. Ringburg confi rmed this in a 
systematic review of dispatch criteria. The criterion “loss of 
consciousness” had a sensitivity of 93–98 % and a specifi city 
of 85–96 % in this review. The anatomic criteria of “penetrat-
ing injury to the torso, neck, and head” should capture the 
highest risk victims of penetrating trauma. In a retrospective 
review of trauma deaths in the fi rst hour, 31 % of the pene-
trating trauma deaths were a result of gunshot wounds 
(GSWs) to the chest, and 21 % from GSWs to the head. 

 The mechanism of injury may be more readily available 
to a witness, but the criteria described in the fi eld triage 
document are primarily related to blunt trauma and are sur-
rogates for signifi cant energy exchange. As such, they are 
less useful for penetrating injuries. The same holds for the 
special considerations, which refl ect age, anticoagulation 
use, burns, and “gut feeling.”  

  1
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1.1.3     ALS Versus BLS Care 

 As with any subject area in medicine with little concrete evi-
dence, prehospital care of injured patients is enveloped in 
controversy. It seems intuitive that only advanced prehospi-
tal care can benefi t patients in extremis. However, due to a 
wide variation in prehospital systems and the inability to ran-
domize patients to advanced life support (ALS) vs. basic life 
support (BLS) model within any one system, there exists 
only limited data for the true benefi t of ALS care and some 
suggestion that any benefi t may be negated by prolonged 
scene times. 

 When caring for critically ill trauma patients in the pre-
hospital environment, time is the single most important fac-
tor. Historically, the fi rst 60 min has been considered the 
window of time in which the patient must reach the trauma 
surgeon, but it may be even shorter. Thus, in all trauma 
patients, prehospital providers must balance the need for 
fi eld-based interventions with prompt transport to defi nitive 
care, moving beyond the previously articulated binary sys-
tems of “rapid transport” vs. “stabilize on scene.” 

 In a cross-sectional investigation of the relationship of 
prehospital time to mortality, Baez and colleagues used 
logistic regression to demonstrate that longer prehospital 
time correlated signifi cantly with hospital length of stay 
and complications, but not with mortality among young 
patients. In elderly trauma patients, prehospital time had no 
signifi cant predictive effect on length of stay, complica-
tions, or mortality. 

 In a review of 442 penetrating trauma patients treated in 
Copenhagen between January 2002 and September 2009, 
Funder et al. noted that a higher proportion of patients who 
had a scene time >20 min died. This was not signifi cant 
after adjustment for other care measures and severity of ill-
ness. When McCoy et al. reviewed the prehospital time for 
2,997 consecutive penetrating trauma patients at a single 
Level 1 urban trauma center, there was a time association. 
On multivariate regression of patients with penetrating 
trauma, they noted that a scene time greater than or equal to 
20 min was associated with higher odds of mortality than a 
scene time less than 10 min, with an odds ratio (OR) of 
2.90 (95 % confi dence interval [CI] 1.09–7.74). This fi nd-
ing was not present in blunt trauma patients during the 
same time period. In a secondary analysis of an out-of-hos-
pital, prospective cohort registry of 3,656 hypotensive adult 
trauma patients transported by 146 EMS agencies across 
North America, Newgard et al. found no signifi cant asso-
ciation between time and mortality for any EMS interval 
(activation, response, on-scene, transport, or total EMS). 
These articles suggest that time does matter, and a goal of 
minimizing scene and transport times is critical. In our sys-
tem, the goal is 7 min ALS scene time and 7 min ALS 
transport time. 

 In a prospective study comparing ALS and BLS treatment 
of trauma patients cared for by the Scottish Ambulance 
Service and admitted to the hospital, Sukumaran and col-
leagues sought to describe the care provided and the out-
comes. Paramedics attended more severely injured patients 
and a higher proportion of patients with penetrating trauma 
who had longer prehospital times. Patients managed by para-
medics were more likely to be taken to the intensive care 
unit, operating theater, or mortuary and had higher unad-
justed mortality rates. No difference in mortality between the 
two groups was noted when corrected for age, Glasgow 
coma score, and injury severity score. 

 An Israeli study of survival in severely injured trauma 
patients before and after the implementation of a prehospital 
trauma system demonstrated death rates decreased signifi -
cantly from 21.6 to 14.7 %. 

 Many authors have tried to fi nd a relationship between 
survival and ALS care. Isenberg performed a review of arti-
cles that compared ALS to BLS care. Despite a wide variety 
of article types, there did not appear to be any benefi t of ALS 
care in urban trauma patients. New data suggest there may be 
a relationship between some prehospital ALS procedures 
and outcome. 

 Meizoso described the relationship of prehospital inter-
ventions on outcome in 3,733 consecutive trauma activations 
at a single urban trauma center. The interventions were endo-
tracheal intubation, needle decompression, tourniquet appli-
cation, cricothyroidotomy, or advanced cardiac life support. 
Patients who received interventions were a small proportion 
(3.5 % of the trauma activations) and had higher injury sever-
ity scores, but had a signifi cantly lower mortality: 43 % vs 
23 %, p = 0.021. 

 Two before-after trials yield confl icting data on patient 
outcomes. One study examined preventable deaths during the 
implementation of a prehospital trauma system. More patients 
were attended by advanced trauma life support paramedics 
and scene times increased after the implementation of the 
system. The combined preventable and potentially prevent-
able death rates decreased from 36 to 28 %. The Ontario 
Prehospital Advanced Life Support (OPALS) Major Trauma 
Study was a before-after study of the implementation of ALS 
care for trauma in Ontario; 400 paramedics (16 per 100,000 
population) were trained and employed to care for all major 
trauma patients. Patients before the change received ALS 
care 2.5 % of the time compared to 72.4 % after. During the 
ALS phase, paramedics placed IVs in 63 % of patients, but 
only gave an IV fl uid bolus in 11.3 %. They performed endo-
tracheal intubation in only 6.8 % of patients, one third via the 
nasal route. The number of attempts at intubation and success 
rates were not described. Scene times were longer in the ALS 
phase (16.8 vs 15.0 min), as were transport times (7.2 vs 
6.1 min). Initial care upon hospital arrival was unchanged: 
15 % underwent intubation upon arrival in each group. 
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Hospital length of stay was shorter in the ALS group by 
5.7 days, and survival to hospital discharge was unchanged 
(81 % in both groups). Thus, the authors concluded there was 
no evidence for better outcomes with ALS care. On subgroup 
analyses, they demonstrated that patients with a GCS < 9 had 
greater mortality in the ALS phase compared to the BLS 
phase. The authors speculate that intubation may be harmful, 
but do not provide enough data to further investigate any 
association for this possible relationship. 

 One unmeasured confounder in studies of ALS systems is 
the experience of the paramedic. Bulger et al. showed a great 
deal of variability in prehospital procedures performed on 
critically ill trauma patients when examined in a large cohort 
across 15 metropolitan systems. The variation appeared in 
endotracheal intubation (5–48 %), use of neuromuscular 
blocking agents or sedatives to facilitate intubation (0–100 %), 
surgical airway access (0.1–3.5 %), peripheral and central 
intravenous access (22–95 %), and needle thoracostomy 
(0–5 %). Some of this variation may refl ect system design, 
such as the use of NMBA, but some may be a result of differ-
ence in experience. There is an inverse relationship between 
survival from ventricular fi brillation and number of paramed-
ics per capita; cities in the USA with the most medics per 
capita have the lowest survival. This is a refl ection of the num-
ber of times per year each paramedic performs the procedure 
of resuscitation. A similar relationship may exist in trauma. 
Thus, systems need to be designed to ensure each paramedic 
can perform ALS skills with high accuracy and minimal time 
and has ample exposure to critically ill trauma patients.  

1.1.4     Selecting the Appropriate Transport 
Destination 

 A comprehensive review of the 2011 American College of 
Surgeons by a National Expert Panel on Field Triage pro-
vides a logical and evidence-based fi eld triage schema. For 
trauma patients with penetrating injuries, the guideline is 
clear: “All penetrating injuries to the head, neck, torso, and 
extremities proximal to the elbow and knee,” should be 
transported to the highest level of trauma center available. In 
addition, physiologically unstable patients should also be 
transported to the highest level of trauma care. Patients with 
penetrating abdominal injury (PAI) and shock benefi t greatly 
from direct transport to a Level 1 trauma center. In a review 
of 478 patients with PAI and shock, investigators demon-
strated that the relative odds of death was 0.02 (95 % CI 
0.002–0.25) at high-volume centers compared to low- volume 
centers. This is likely due to the severity of injury and the 
patients’ need for immediate operative intervention. 

 In the subset of patients who suffer cardiac arrest after 
penetrating trauma, the National Association of EMS 
Physicians and the American College of Surgeons recom-

mend withholding resuscitation if there are no signs of life: 
pulse, respirations, pupillary refl exes, spontaneous move-
ment, or organized ECG activity. They also cite a greater than 
15 min transport time as an indication to withhold treatment. 
However, patients with penetrating injury do have better sur-
vival rates (8.8 % survival) from Emergency Department 
(ED) thoracotomy than patients with blunt injury (1.4 % sur-
vival) and better if injured by a stab wound (16.8 % survival) 
compared to gunshot wound (4.3 % survival). Another study 
of 138 patients transported with traumatic arrest found a sur-
vival rate of 10.1 %, despite 93 % of the patients transported 
exceeding the recommended 15 min transport time. Further 
study is needed to refi ne these guidelines.   

1.2     Treatment: Airway 

1.2.1     Endotracheal Intubation 

 Airway management is one area of marked controversy in 
prehospital care. Failure to correctly control the patient’s air-
way in trauma is a leading cause of preventable death. Early 
implementation of bag-valve-mask-assisted ventilation with 
high-fl ow oxygen is a key step to initiating the resuscitation 
of the critically injured patient. This should be followed 
closely by the placement of a defi nitive airway with an endo-
tracheal tube. However, prehospital intubation has been 
associated with impaired outcome in some studies. This 
association between airway management and outcome has 
been refuted by two important studies. 

 In a prospective, randomized controlled trial, Bernard 
et al. assigned 312 adults with severe Traumatic Brain Injury 
(TBI) in an urban setting to either prehospital rapid sequence 
intubation by paramedics or transport to a hospital emer-
gency department for intubation. The success rate for para-
medic intubation was 97 %. Fifty-one percent of the 
paramedic intubation group had a favorable outcome com-
pared to 39 % of the hospital intubation group, with a risk 
ratio of 1.28 (95 % confi dence interval, 1.00–1.64;  P  = 0.046). 
There were no differences in intensive care or hospital length 
of stay, or in survival to hospital discharge. Davis examined 
the relationship between attempted intubation for trauma 
patients and a GCS ≤ 8. Although patients in whom intuba-
tion was attempted had higher mortality, sites with higher 
rates of attempted intubation had lower mortality across all 
trauma patients with GCS scores ≤8, OR 1.40 (95 % CI 
1.15–1.72, p < 0.01). 

 The safest location for providers to perform endotracheal 
intubation remains unclear, as there is great variability in 
prehospital intubation success in trauma, ranging from 33 to 
100 %. Some authors argue that in systems with a high 
 number of paramedics per capita and documented infrequent 
attempts at intubation, this procedure should be deferred 
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until arrival in the emergency department. Lack of muscle 
relaxation remains one of the primary reasons for failed pre-
hospital intubation. This factor can be eliminated by allow-
ing paramedics to use neuromuscular blocking agents 
(NMBA) to facilitate intubation. The introduction of neuro-
muscular blockade to prehospital settings also is associated 
with higher rates of success at achieving endotracheal tube 
placement. When NMBA are utilized, there exists a small 
risk that the patient cannot be intubated easily with direct 
laryngoscopy. Paramedics must receive adequate training in 
rescue techniques, including the use of Combitube (Kendall- 
Sheridan Corporation, Argyle, New York), gum elastic bou-
gie, or cricothyrotomy. Two recent studies have shown the 
need for this surgical technique in less than 1 % of patients 
undergoing attempted endotracheal intubation, with a suc-
cess rate of 90 % in a system with organized continuing edu-
cation in this technique.   

1.3     Treatment: Breathing 

1.3.1     Oxygenation 

 It is important to maximally saturate hemoglobin and ensure 
adequate oxygen content, as oxygen delivery is impaired by 
shock or loss of hemoglobin with hemorrhage. There are no 
convincing data whether to use or not use oxygen, but a rea-
sonable approach would be to use the highest concentration 
possible to maintain oxygen saturation (SpO 2 ) of >98 % or 
to use maximal concentration (FiO 2 ) when SpO 2  is not 
measurable.  

1.3.2     Ventilation 

 Prehospital providers should strive to maintain normocapnia 
during transport of intubated trauma patients; the assessment 
of arterial carbon dioxide tension (PaCO 2 ) is more challeng-
ing. A study demonstrated a PaCO 2  of 30–39 mmHg to be 
the ideal range for brain-injured patients, but this is not pos-
sible without cumbersome laboratory equipment. Continuous 
waveform capnography has been identifi ed as a method to 
confi rm endotracheal tube placement; recent recommenda-
tions have suggested that end-tidal capnography (EtCO 2 ) 
may also be used to guide ventilation as a surrogate measure 
of PaCO 2 . These recommendations are based on the observa-
tion of close EtCO 2  PaCO 2  correlation in healthy patients. It 
is commonly accepted that PaCO 2  measurements vary 
approximately 2–5 mmHg above EtCO 2  values, but may be 
signifi cantly higher in situations of chest injury or shock and 
thus not a reliable measure. 

 Effective alveolar excretion of carbon dioxide is depen-
dent on robust pulmonary circulation. Trauma patients with 

chest injury or hypoperfusion may not be able to effectively 
deliver CO 2  to the lungs or to excrete it appropriately. A 
recent study of the correlation of EtCO 2  and PaCO 2  in intu-
bated trauma patients found poor correlation. Patients arriv-
ing at the trauma center with EtCO 2  in the recommended 
range of 35–40 mmHg were hypoventilated with 
PaCO 2  > 40 mmHg in 80 % of the cases and severely under- 
ventilated (PaCO 2  > 50 mmHg) 30 % of the time. This dem-
onstrates that EtCO 2  should not be used to guide ventilation 
in intubated trauma patients, only to assure endotracheal 
tube placement, and that EtCO 2  tends to underestimate 
PaCO 2 . Prehospital providers must use the best judgment 
and ventilate at a reasonable physiologic rate (12–20), and 
avoid overventilation.  

1.3.3     Pneumothorax Management 

 Paramedics need to have an effective means to treat tension 
pneumothorax in patients with penetrating trauma. Tube tho-
racostomy is clearly outside the scope of most prehospital 
providers, so needle thoracostomy should be taught and used 
for cases of tension pneumothorax with shock. A study of all 
trauma patients receiving CT imaging of the chest demon-
strated a mean chest wall thickness at the second intercostal 
space of 3.5 cm with one in fi ve individuals having a chest 
wall thickness of >4.5 cm. A long, large-bore needle should 
be used and placed in the second intercostal space in the mid-
clavicular line. This procedure appears safe in one large 
review of paramedic-performed needle thoracostomies and 
was associated with improved survival.   

1.4     Treatment: Circulation 

1.4.1     IV Volume Resuscitation 

 Intravenous fl uid resuscitation is commonly used with the 
goal of restoring perfusion to critical end organs, thus ame-
liorating the injury caused by hypovolemic shock. There are 
many controversies revolving around this practice, and many 
questions remain regarding the use of IV fl uids, what the 
resuscitation goal should be, and what route of IV access is 
most appropriate. 

 If the primary goal of prehospital trauma treatment is to 
minimize fi eld time and expedite transportation to a trauma 
center, does the initiation of IV fl uid therapy impede this 
goal? There exists great variation in the amount of time 
required to place an IV. Some authors report as little as 
2–4 min and others much longer, 14–16 min. Paramedics 
need to place IVs during transport and not delay transport for 
the initiation of IV fl uid resuscitation. Due to brief transport 
times in the urban environment, the amount of fl uid given 

D. Carlbom and E. Bulger



7

prior to ED arrival is often quite small. In one review on this 
topic, the average amount of fl uid given in 14 studies was 
959 ml. Even though the amount of fl uid may be inadequate, 
there is a non-statistically signifi cant trend toward prehospi-
tal fl uid being associated with a 3.9-fold increase in survival. 
Fluid is the primary therapy that may account for improve-
ment in blood pressure and heart rate in one comparison of 
prehospital and ED vital signs in trauma patients. In a series 
of 19,409 patients, Arbabi described 31 % of patients having 
an increase in their systolic blood pressure (SBP) in the ED 
compared to the fi eld.  

1.4.2     Hypotensive Resuscitation 

 Patients with uncontrolled hemorrhage represent a unique 
and special challenge when deciding how much IV fl uid 
resuscitation to deliver. One working model is that the deliv-
ery of large volumes of non-oxygen carrying fl uid cools the 
patient, impairs oxygen delivery, and dilutes clotting. There 
are also animal data that suggest partially controlled bleed-
ing or temporarily clotted aortic injury in pigs rebleeds when 
the systolic blood pressure is raised above 94 mmHg. Cannon 
fi rst described limiting IV fl uid administration on the battle-
fi elds of WWI, “Injection of a fl uid that will increase blood 
pressure has dangers in itself. Hemorrhage in a case of shock 
may not have occurred to a marked degree because blood 
pressure has been too low and the fl ow too scant to overcome 
the obstacle offered by the clot. If the pressure is raised 
before the surgeon is ready to check any bleeding that may 
take place, blood that is sorely needed may be lost.” To pre-
vent these deleterious effects, they established a goal systolic 
blood pressure of 70–80 mmHg. 

 There are many animal studies of hypotensive resuscita-
tion with a myriad of endpoints, including infl ammatory 
activation and even survival. In a systematic review of these 
trials, one author concluded, “hypotensive resuscitation 
reduced the risk of death in all of the trials investigating it.” 

 Two randomized controlled trials of hypotensive resusci-
tation in penetrating trauma patients with uncontrolled hem-
orrhage have been performed. Bickell and group performed 
a prospective trial comparing immediate and delayed fl uid 
resuscitation in 598 adults with penetrating torso injuries 
who presented with a prehospital systolic blood pressure of 
90 mmHg. The immediate resuscitation group received an 
average of 870 ml of Lactated Ringer’s solution compared to 
92 ml in the delayed group. Twelve percent of the patients 
died before reaching the operative intervention, and the sys-
tolic blood pressure was improved on arrival to the operating 
room in both groups. Among the 289 patients who received 
delayed fl uid resuscitation, 203 (70%) survived to hospital 
discharge, as compared with 193 of the 309 patients (62%) 
who received immediate fl uid resuscitation ( P  = 0.04). 

Intraoperative blood loss and complications were not differ-
ent between the groups. There are several limitations to this 
study, most notably that it was unblinded and that there may 
be survival bias: Patients surviving (despite minimal fl uids) 
to the OR were less sick than those surviving with fl uid ther-
apy to the OR. This study was also limited to an urban envi-
ronment with short transport times to a Level 1 trauma 
facility. In a more recent randomized trial performed by the 
Resuscitation Outcomes Group, patients presenting with 
systolic BP < 90 were randomized to low crystalloid strategy 
of 250 mL fl uid to attain SBP 70 mmHg or radial pulse vs. 
2 L crystalloid with SBP goal of 110 mmHg. Overall 24-h 
mortality was less in the controlled resuscitation group 
(5.2 % vs. 14.7 %), but this difference was not present in the 
penetrating trauma patients in the study. This study may be 
underpowered to draw conclusions on the penetrating sub-
group of 65 patients. The effects of fl uid restriction during 
longer transport times remain to be determined. 

 In a second study, patients presenting to a regional trauma 
center with shock in the prior hour were randomized to two 
different systolic blood pressure targets: >100 mmHg or 
70 mmHg. One hundred ten patients were enrolled over 20 
months. Although there was a signifi cant difference in 
observed SBP (114 mmHg vs. 100 mmHg, p < 0.001), there 
was no difference in mortality and an improved survival ver-
sus the Bickell trial (overall survival 92.7 %). This study 
included all patients, not just penetrating injuries of the tho-
rax. Further randomized trials are under way, and more 
information should be available in the next decade. 

 Despite the lack of reproducible data, it seems prudent to 
avoid over-resuscitating patients with uncontrolled hemor-
rhage, specifi cally penetrating trauma of the thorax. 
Prehospital providers should use physiologic measures of 
perfusion rather than a set SBP. The US and Israeli military 
have adopted this practice and administer IV fl uids to patients 
with altered level of consciousness from shock and those 
who do not have a detectable radial pulse.  

1.4.3     IV Access Options 

 When fl uids need to be given rapidly, large bore catheters 
should be used to facilitate fl ow rates. Since fl ow is related 
to the radius of the catheter raised to the fourth power, 
small increases in size (smaller Standard Wire Gauge num-
bers) dramatically increase fl ow. The fl ow rates quoted by 
manufactures often overestimate actual fl ow due to the 
standard testing procedure: fl ow into open container. 
McPherson recently described measured fl ow rates into a 
red rubber catheter vein simulation model with blood fl ow-
ing through the simulated vein. The fl ow rates in the model 
were consistently less than those identifi ed by the 
manufacturer.
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 Size (SWG) 48 mm 
length 

 Standard fl ow (ml/
min)  Model fl ow (ml/min) 

 20  59  49 
 18  103  92 
 16  224  184 
 14  290  209 

  Adapted from McPherson et al. [ 31 ] 

    Some EMS systems utilize central venous catheters when 
peripheral veins are not accessible. If they are of large bore 
and short, they will fl ow adequately, but should be reserved 
for times when peripheral IVs are not available, as they take 
longer to insert and have more associated complications. 

 Intraosseous infusion catheters are being employed as a 
safe and effective alternative to peripheral IV access. Little 
data exist regarding their fl ow; in one study the measured 
fl ow rate was between 70 and 85 ml/min, markedly less than 
the manufacturer’s claim.  

1.4.4     Alternative IV Solutions 

 Although there have been several promising preliminary tri-
als of oxygen carrying solutions, no defi nitive and safe fl uid 
has been found. Hypertonic saline has gained interest as a 
potentially benefi cial fl uid. It requires less volume, and many 
basic science studies have shown that it can modify the 
robust immune response stimulated by trauma that may be 
associated with signifi cant morbidity. A recent large trial 
confi rmed that treatment after trauma with hypertonic saline 
containing dextran reduced the levels of proinfl ammatory 
cytokines. A large multicenter prehospital randomized con-
trol trial has been terminated, early after an interim analysis 
showed no difference in a 28-day survival among treatment 
groups and earlier, but not higher, mortality in the hypertonic 
saline group. Further exploratory subgroup analysis may 
guide researchers toward a specifi c group of patients that 
may benefi t the most from hypertonic saline resuscitation.   

1.5     Treatment: Hemorrhage Control 

1.5.1     Hemostatic Agents 

 Several chemical hemostatic agents have been tested in ani-
mals and are used in battlefi eld operations. These agents are 
of two primary classes: minerals and chitosan. Mineral for-
mulations work by two primary methods; they absorb water 
rapidly, thus concentrating platelets and clotting factors and 
inducing rapid clotting. They also form a barrier over sev-
ered blood vessels that provides strength to in vivo clot. 
Minerals used include zeolite, magnesium, and potassium 

silicates. The major drawback of these compounds is the 
local heat generated which can raise wound temperature as 
high as 53.5 °C. These formulations have been removed 
from use and should be removed from equipment caches. 
Chitosan formulations bind to RBC’s due to their negative 
charge and activate the intrinsic pathway of clotting. They do 
not generate as much heat as some of the mineral formula-
tions. Most of the hemostatic agents now come packaged in 
a dressing or porous bag, which helps contain the compound 
and facilitates operative repair by not contaminating the 
wound with powder. 

 Research groups have developed several animal models 
for investigation of effectiveness of these dressing materi-
als. They range from low-fl ow venous bleeding to large arte-
rial high-fl ow bleeding states. All hemostatic agents 
performed well and in one study were associated with 
improved survival. 

 In case series of human use, primarily on the battlefi eld of 
Iraq, these dressings appear effective at hemorrhage control. In 
one series of 103 patients treated with hemostatic agents, bleed-
ing was controlled in 92 % of patients. In another review of 64 
uses by the military, bleeding was controlled in 97 % of cases. 

 Prehospital systems could consider these agents; however, 
there use would likely be infrequent as the battlefi eld injuries 
caused by explosive devices and high-velocity missiles are 
markedly different than the typical injuries of the civilian 
world. Their use should be considered a low frequency event 
and receive special training or be limited to a select team of 
paramedics, such as a tactical medic group. Other special 
training should include wound packing for EMS providers.  

1.5.2     Tourniquets 

 Exsanguinating hemorrhage from injured extremities is a 
rare occurrence in civilian trauma, but still remains one of 
the leading causes of preventable death during wartime, typi-
cally as a result of explosions. 

 The US Army Institute of Surgical Research published 
an observational study of trauma patients who had tourni-
quets applied and were cared for at the combat support 
hospital in Baghdad. They documented 232 patients who 
had 428 tourniquets applied to 308 injured limbs. The 
overall mortality was 13 %, with a marked difference in 
mortality when the tourniquet was placed before the devel-
opment of hemorrhagic shock. Patients in shock when the 
tourniquet was applied had a mortality of 90 % compared 
to 10 % for those patients not in shock. Prehospital use was 
also associated with better survival: 11 % mortality in 
patients with  tourniquet placed prehospital compared to 
24 % mortality when placed in the emergency department. 
The authors were able to identify a matched cohort of 
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patients who meet criteria for tourniquet use but did not 
have one applied and compared to a group of similar injury 
pattern and severity who did receive a tourniquet for hem-
orrhage control. Mortality was 23 % in the later group 
compared to 100 % for those without a tourniquet applied. 
They also report only four transient nerve palsies for the 
entire cohort. 

 Based on this new data, tourniquets should be employed 
to control life-threatening exsanguination from severe 
extremity wounds as a result of explosions or high-velocity 
missiles. Tourniquets are now well accepted in the civilian 
trauma setting in other populations to confi rm effectiveness 
and safety.   

1.6     Summary 

 The prehospital care of the critically injured victim of pen-
etrating trauma begins with systematic organization to 
place the proper staff, equipment, and other resources in 
position to aggressively treat these patients. Prehospital 
providers must fi ght the clock and be in a state of constant 
motion toward the defi nitive care offered by the trauma sur-
geon. The traditional treatment dichotomy of “stay and sta-
bilize” vs. “scoop and go” should be modifi ed to “treat 
during transport.” Paramedics must be given adequate 
ongoing experience in caring for these exigently ill patients 
to facilitate rapid correction of defi ciencies in the patient’s 
airway, breathing, and circulation. New techniques, includ-
ing tourniquets for life-threatening extremity hemorrhage 
and hemostatic dressings, are important skills for manage-
ment of external hemorrhage. With rapid transport and 
simultaneous treatment, prehospital personnel can signifi -
cantly change the outcome of their patient’s disease, transi-
tioning them from moribund to salvageable.      
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      Airway Management in Penetrating 
Trauma                     

     Andreas     Grabinsky      ,     David     A.     Baker    , and     Eileen     M.     Bulger    

      Airway management in patients with penetrating trauma can 
be one of the more challenging situations you will face. This 
is particularly true with penetrating neck and facial injuries, 
which have the potential to wreak havoc when you attempt to 
establish an airway: blood, edema, debris, and, in rare cases, 
complete laryngotracheal transection. Airway management 
in such cases may involve direct laryngoscopy, video-assisted 
laryngoscopy, fi ber-optic intubation, the use of supraglottic 
devices, cricothyrotomy, tracheostomy, or direct intubation 
through a neck wound. Conversely, impressive neck lacera-
tions may pose no immediate airway problem but distract you 
from life-threatening injuries in the thorax or abdomen: one-
third of patients with penetrating neck injuries have moderate 
to severe injuries elsewhere. Facing a patient with penetrating 
injuries, you must be skilled at evaluating the  airway, be able 
to quickly determine the need for a defi nitive airway, and be 
familiar with the various techniques to do so. While some 
centers may have 24-h anesthesia support, there will be times 
when you are the most capable physician at establishing an 
airway, surgical or otherwise. Even when a skilled anesthesi-
ologist is present, you, the surgeon, must decide what type of 
airway is most appropriate. Will oral intubation worsen a 
potential laryngotracheal injury? Will it be ineffective? Would 
fi ber-optic intubation or a surgical airway make the most 
sense? In this chapter, we will review the pearls and pitfalls of 
airway management in penetrating trauma: who needs imme-

diate intubation, how to do it, and what situations dictate a 
more creative means of establishing an airway. 

2.1     Airway Assessment 

 Assessment of the patient with penetrating trauma begins 
with the airway, regardless of injury location. While this is a 
basic principle of Advanced Trauma Life Support (ATLS), it 
is remarkable how often we become distracted by an impres-
sive injury distal to the chest and miss the fact that the patient 
has airway compromise. If the patient is not already intu-
bated, begin your assessment by having the patient talk to 
you. The ability to speak conveys a patent airway and suffi -
cient respiration; however, impaired quality of voice may 
predict subsequent compromise. A hoarse voice, especially 
in conjunction with other fi ndings, portends impending air-
way obstruction. If they cannot speak, is it because they are 
obtunded (and hence unable to protect their airway)? Is there 
a mechanical cause (trismus from mandible fractures, laryn-
geal obstruction)? Or is it simply volitional (i.e., the patient 
does not want to talk due to pain)? 

 Hypoxemia causes agitation in patients and is often mis-
diagnosed as the patient being combative or intoxicated. 
Hypercarbia causes somnolence. 

 Visual inspection of the airway and neck should occur 
simultaneous with or soon after vocal assessment. Signs of 
respiratory distress, chest asymmetry, and agitation will usu-
ally be obvious. Take note of any entry or exit wounds, and 
look for expanding hematoma, air and secretions leaking 
through a neck laceration, and tracheal deviation. If tracheal 
cartilage is exposed, does it appear to be violated? Transected? 
If a cervical collar is present, do not delay in removing it to 
inspect the neck (with manual in-line stabilization, if appro-
priate): failure to do so is a common cause of missed neck 
injuries. If facial injuries are present, you should pay special 
attention to ongoing bleeding which may lead to potential 
aspiration in the supine patient, especially massive epistaxis 
and oral lacerations. Facial arterial injuries can also lead to 
signifi cant blood loss and may require later angiographic 
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intervention for bleeding control. Always open the mouth and 
inspect: relatively benign-appearing entry wounds in the 
neck, face, or head may cause signifi cant injury to the 
 oropharynx without obvious external damage (see Fig.  2.1 ). 
Mandible fractures, especially when bilateral, may cause 
trismus.

   Auscultate both the chest and neck and focus on asym-
metry and signs of airway edema. Stridor, a high-pitched, 
turbulent sound heard with respiration, indicates the devel-
opment of airway compromise and impending obstruction. 
Finally, palpation can offer insight into potential airway 
compromise. Palpate the face, neck, and chest closely for 
signs of subcutaneous emphysema, and closely feel along 
the cricoid and tracheal cartilages for signs of crepitus. 

 If the patient is already intubated, do not be lulled into 
complacency: confi rm tube position with capnography and 
auscultation of breath sounds. If these fi ndings are equivocal, 
you should use a laryngoscope to confi rm that the endotra-
cheal tube (ETT) is going through the vocal cords. If it is not, 
replace the tube. If you are unsure and other clinical signs 
suggest an esophageal intubation (hypoxia, absent breath 
sounds, no end-tidal CO 2 ), you should reintubate. If ventila-
tion problems persist, the tube placement should be con-

fi rmed with a fi ber-optic scope by placing the scope through 
the endotracheal tube and identifying tactual rings. If no 
tracheal rings can be identifi ed, the tube could be in the 
esophagus or in a false passage caused by a tracheal injury. 
In this case a surgical airway should be established as soon 
as possible. While many prehospital systems demonstrate 
remarkable success with intubation, there is obvious vari-
ability, and no ETT placed in the fi eld should be considered 
secure until placement is confi rmed.  

2.2     Deciding Who Needs a Defi nitive 
Airway 

 A defi nitive airway is defi ned as a tube secured in the trachea 
with the cuff infl ated. This can occur via three primary modes 
of tracheal intubation: nasal, oral, and surgical. The indica-
tions for intubation cannot be boiled down to a simple list of 
criteria, yet it is useful to consider a few broad categories. It 
should be stressed that determining who needs a defi nitive 
airway is a clinical decision and the use of objective criteria 
such as pulse oximetry, arterial blood gases (ABG), Glasgow 
Coma Scale (GCS), and vital signs, while useful, should not 
be relied upon alone. Patients with impending airway disas-
ters may display no vital sign or laboratory abnormalities. 
Emergent intubation is common in patients with penetrating 
trauma and is infl uenced by the location and severity of inju-
ries. Patients with penetrating neck injuries require emer-
gency airway management in 46 % of cases, and 60 % require 
intubation at some point during their hospitalization. 

 Indications for a defi nitive airway generally fall into one 
of the following broad categories:

    1.     Obvious airway compromise or inability to protect the 
airway : Airway obstruction can result from a variety of 
causes ranging from functional (i.e., in the obtunded 
patient) to mechanical (from edema, hematoma, or for-
eign body). Patients who are obtunded often lose the mus-
cle tone of their posterior and oral pharynx, causing their 
tongue to drop back, leading to functional obstruction. 
While the obstruction may easily be relieved with simple 
maneuvers such as the jaw thrust, chin lift, or the place-
ment of an oropharyngeal airway (OPA), the patient 
remains at a high risk for aspiration. If a patient can toler-
ate an OPA, he cannot protect his airway and you should 
intubate him. If a patient displays signs of frank mechani-
cal obstruction, simple basic life support (BLS) maneu-
vers are unlikely to help, and therefore you should 
establish a defi nitive airway. 

 Even if the primary survey does not reveal obvious 
signs of airway obstruction, the patient may have lost 
their protective airway refl exes and be at risk for aspira-
tion. This is particularly true in the patient with a 
depressed level of consciousness, which can result from a 

  Fig. 2.1    The patient was shot with a high-caliber rifl e. The entry 
wound and exit wound demonstrate relatively little damage externally. 
When the patient was paralyzed, he proved very diffi cult to bag mask 
ventilate. CT scan revealed severe, comminuted mandibular fractures 
and soft tissue edema. This example reveals how, with penetrating 
facial and neck trauma, relatively benign-appearing external wounds 
may mask signifi cant airway damage       
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variety of causes: shock, intoxication, head injury, etc. 
The Advanced Trauma Life Support (ATLS) program 
recommends that a patient with a GCS <8 be intubated. 
While a reasonable cutoff, this should not be a rigid one, 
and you should consider intubation if mental status 
appears to be declining rapidly even if the GCS is still 
above 8. The absence of the gag refl ex is often cited as 
evidence of an inability to protect the airway, though 
there is scant literature to support this. Studies have noted 
the presence of the gag refl ex across a broad spectrum of 
GCS scores, and the absence of a gag refl ex has been 
documented in individuals who are fully conscious.   

   2.     Predicted airway compromise : Patients with penetrating 
injuries, particularly of the neck, are at high risk for 
developing airway compromise, and an “intact” airway is 
not reassuring if early signs of obstruction are present. 
Early, mild signs of obstruction include subtle change in 
voice, cough, and mild neck hematoma. These signs do 
not mandate immediate intubation but should be moni-
tored closely. Stridor, expanding neck hematoma (espe-
cially in conjunction with other signs of obstruction), and 
obvious tracheal injury mandate early establishment of a 
defi nitive airway. The presence of stridor is a later stage 
of obstruction and indicates a 50 % reduction in airway 
caliber. Expanding neck hematomas, even when initially 
small, can lead to precipitous airway obstruction. The 
swelling of airway structures often requires an endotra-
cheal tube size smaller than usual. In cases with severe 
swelling of the airway structures, a tube exchanger cath-
eter (gum elastic bougie) can be placed into the trachea 
via direct laryngoscopy, and the tube then advanced over 
the tube exchanger.   

   3.     Failed ventilation/oxygenation : Consider the patient who 
cannot maintain adequate ventilation or oxygenation 
despite noninvasive measures such as supplemental oxy-
gen as likely, but not necessarily, requiring intubation. The 
primary survey and adjuncts to the primary survey (respi-
ratory rate, breath sounds, the presence of cyanosis, pulse 
oximetry, arterial blood gases) will often make it clear 
whether or not a patient is in frank respiratory failure.   

   4.     Predicted clinical deterioration : Even when a patient 
does not show hard signs of airway obstruction, inabil-
ity to protect the airway, or respiratory failure, one 
should consider whether the likely clinical course will 
lead to one of these conditions. If this is the case, it is 
more prudent for you to intubate the patient early 
rather than waiting for clinical deterioration (which 
may occur in a less-controlled environment such as the 
CT scanner). Is the patient extremely agitated, bellig-
erent, and uncooperative? Will they be unlikely to tol-
erate diagnostic tests such as computed tomography 
(CT) without high doses of sedation? Is the patient in 
hemorrhagic shock and likely to require large-volume 
fl uid resuscitation?      

2.3     Approaches to Establishing 
a Defi nitive Airway 

 There are numerous approaches to gaining a defi nitive air-
way, and the approach used will depend on the location of 
injuries, the presence or suspicion of laryngotracheal injury, 
equipment available, and the experience of the clinician. In 
patients without obvious airway trauma, direct laryngoscopy 
generally is appropriate. In the past, it was common teaching 
that patients with penetrating neck injuries should proceed 
directly to a surgical airway. However, several retrospective 
studies suggest that direct laryngoscopy has a high success 
rate in such patients. That said, if there are obvious injuries 
to the larynx or trachea, placement of an ETT through the 
cords might worsen a tracheal injury or lead to intubation of 
a false passage. In patients with suspected tracheal injury, 
you should proceed to cricothyrotomy if the patient is unsta-
ble or, in the non-“crash” situation, go directly to the operat-
ing room (OR). In the OR, you can attempt fi ber-optic 
intubation (when available) and be in a more controlled envi-
ronment if a surgical airway is necessary. Fiber-optic intuba-
tion allows visualization of injuries below the vocal cords 
and can help you to place the cuff of the ETT below the 
injury. The different modes of obtaining a defi nitive airway 
are discussed briefl y below. 

  Direct Laryngoscopy     It is an appropriate initial approach 
for most emergent airways. It can be performed in patients 
with penetrating neck injuries but should be avoided if 
there are signs of laryngotracheal injury. It may worsen 
injury below vocal cords or lead to intubation of false 
passage.  

  Video-Assisted Laryngoscopy     This technique allows a bet-
ter view for the less-experienced airway manager and also 
allows other members of the team to watch the intubation on 
the screen. It does not allow visualization below the vocal 
cords and also results in injury below the vocal cords or intu-
bation of false passage. Video laryngoscopy often requires 
longer time to intuition than direct laryngoscopy.  

  Fiber-Optic Intubation     If available and there is a clinician 
experienced in the technique, this is a good option when 
laryngotracheal injury is suspected but not obvious. It 
allows for identifi cation of injuries below the cords and 
placement of cuff distal to the injury site. It can be done 
awake in non- crash situation if the patient is cooperative. 
The use of the fi ber optic is very limited in patients with 
blood in the airway as the blood will easily cover the small 
lens of the fi ber optic.  

  Cricothyrotomy     It is indicated in patients with obvious 
laryngotracheal injury above the cricothyroid membrane that 
demonstrate signs of signifi cant airway compromise. It is also 
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an option when distortion of upper airway anatomy makes 
any form of laryngoscopy impossible or unlikely. This 
approach should be avoided if there is obvious tracheal injury 
below the cricothyroid membrane or if underlying pathology 
(i.e., tumor or abscess) makes the approach impossible.  

  Direct Intubation Through Neck Wound     This should be con-
sidered in patients with obvious large defects of the trachea 
below the cricothyroid membrane or in cases of complete 
tracheal transection.  

  Blind Nasal Intubation     There is no role for this technique if 
there is potential for injury anywhere in the airway. Blind 
passage may worsen underlying injuries and lead to com-
plete obstruction.  

  Tracheotomy     This is generally avoided in the emergent set-
ting as it is slower and carries a higher complication rate than 
cricothyrotomy. In cases where cricothyrotomy is impossible 
or there is obstruction or injury below the cricothyroid mem-
brane, it may be indicated.   

2.4     Rapid Sequence Intubation 

 Once the decision has been made that a patient requires a 
defi nitive airway and that direct laryngoscopy or video- 
assisted laryngoscopy is appropriate, the next steps will 
depend on how emergent the situation is. A “crash” intuba-
tion essentially refers to the patient who is in frank cardio-
pulmonary arrest (or close to it) or in respiratory arrest. In 
such cases, proceed to laryngoscopy, often without the need 
for induction agents or paralytics. If the patient needs a 
defi nitive airway emergently but is not “crashing,” take time 
to further assess the airway for potential diffi culties, prepare 
equipment, optimize patient positioning, and formulate a 
backup plan in case the airway fails. 

 Rapid sequence intubation (RSI) is the near simultaneous 
administration of a sedative/hypnotic agent with a neuro-

muscular blocking agent to rapidly achieve unconscious-
ness and paralysis. In unconscious or semiconscious 
patients, the dose of the hypnotic should be reduced. Use 
this technique in emergent settings in which a patient has 
likely not been fasting and is at a higher risk of aspiration. If 
done with adequate preoxygenation, it can often be per-
formed without having to bag mask ventilate the patient at 
all, thus reducing gaseous distension of the stomach. If 
mask ventilation is required, use small tidal volumes to 
avoid extension of the stomach. While RSI generally 
improves intubation success, you should consider an alter-
nate approach (such as awake fi ber- optic intubation) in the 
spontaneously breathing patient who displays predictors of 
a diffi cult airway, especially if you predict they will be dif-
fi cult to bag mask ventilate. 

  Predicting the Diffi cult Airway     Before you attempt intuba-
tion (in the non-“crash” situation), you should ask these 
questions: Will the patient be diffi cult to bag mask ventilate 
(BMV)? Will the patient be diffi cult to intubate? Will it be 
diffi cult to perform a surgical airway (Table  2.1 )?

2.4.1        Preparing for Intubation 

 Prior to intubation, it is important to make sure all equipment is 
laid out and working – laryngoscope with different-sized 
blades, different-sized ETT’s with stylet, suction, end-tidal 
CO 2  detector, preferable capnography, airway adjuncts, alter-
native intubation device, and a rescue device (see below). 
While equipment is being gathered, the patient should be pre-
oxygenated with 100 % FiO 2  for at least 3 min. Keep in mind 
that 100 % non-rebreather masks typically deliver only 65–70 % 
FiO 2 . It is preferable to preoxygenate with a well-sealed mask 
attached to an anesthesia bag or BMV system using 100 % oxy-
gen. During preoxygenation, you should attempt to place the 
patient in the most optimal position. Position the head of the 
patient as close to the end of the stretcher as possible, at a level 
high enough that you can get proper visualization without 

   Table 2.1    Diffi cult airway predictors   

 Diffi cult BMV  Diffi cult laryngoscopy  Diffi cult surgical airway 

 Beard  Reduced mouth opening  Obesity 
 Elderly  Receding chin  Anterior neck hematoma 
 Edentulous  Obstruction (neck hematoma, stridor, tongue 

swelling) 
 Surgical disruption (radical neck 
dissection, neck trauma, etc.) 

 Perioral trauma that affects mask seal  Large tongue  Neck irradiation 
 Mandible – fracture  Obesity  Overlying neck abscess 
 Obesity  Reduced neck mobility (C-collar, 

ankylosing spondylitis) 
 Signifi cant tongue trauma/edema 
 Obstruction/debris/airway hemorrhage 

   BMV  bag mask ventilation  
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having to contort your body too much (usually around waist 
level). Pay attention to the alignment of the “airway axis”: 
drawing an imaginary line, the patient’s external auditory 
canal should align with the sternal notch. You can accomplish 
that with towels underneath the patient’s head (“sniffi ng posi-
tion”) or by lifting the patient’s head with your right hand 
once they are paralyzed. Morbidly obese patients may need to 
be “ramped” up with blankets underneath their back and head 
in order to align the airway axis. 

 An important part of the intubation preparation process is 
choosing which RSI drugs you should give. A detailed dis-
cussion of induction agents and neuromuscular blocking 
agents is beyond the scope of this text, but one should have 
a broad understanding of the indications and contraindica-
tions of the agents available. There are several reasons for 
administering an induction agent: amnesia, sedation, and 
mitigation of the physiologic response to intubation (hyper-
tension, tachycardia, increased intracranial pressure). 
Ideally, the induction agent chosen should have a rapid 
onset and a short half-life. In trauma, there is no ideal agent, 
although etomidate is often used in patients with shock as it 
is hemodynamically stable and does not raise intracranial 
pressure (ICP). Unless there are contraindications, succinyl-
choline (SCh) is generally the preferred paralytic for RSI, as 

it has a rapid onset and is very short acting. If there are abso-
lute contraindications for SCh, one of the non-depolarizing 
agents should be used. Rocuronium is perhaps the most 
attractive alternative as it has a rapid onset and is short act-
ing. Furthermore, a reversal agent for rocuronium, sugam-
madex, has been approved for use in Europe and has been 
shown to recover muscle function quite quickly (Tables  2.2  
and  2.3 ).

     Intubation Adjuncts     At least one adjunct should be in place 
to help with intubation in case of poor airway visualization 
or inability to pass the ETT. Having several sizes of laryngo-
scope blades, both straight and curved, is the most basic nec-
essary adjunct. The gum elastic bougie (Eschmann stylet) 
has also emerged as a simple and effective intubation adjunct 
(see below).  

  Rescue Ventilation     In the case of intubation failure, espe-
cially if BMV is ineffective, you should have an extraglottic 
device (EGD) available. These devices rest above the vocal 
cords and may provide effective ventilation when BMV fails. 
The broadest clinical experience with EGDs has come from 
the laryngeal mask airway (LMA) and the esophageal tra-
cheal combitube (ETC). EGDs do not provide a defi nitive 

   Table 2.2    Commonly used induction agents for rapid sequence intubation   

 Drug type  Clinical features  Precautions  Dosing 

 Etomidate  Imidazole derivative  Does not drop blood pressure 
appreciably 

 Causes transient adrenal 
suppression 

 0.3 mg/kg. Reduce dosing 
in hypotensive patients 
(mg/kg) 

 Does not raise intracranial 
pressure 

 Recent concerns in sepsis and 
trauma (controversial) 

 Onset = 15–45 s 

 Sedative but no analgesic 
properties 

 May cause transient myoclonus 
(minimal clinical signifi cance) 

 Duration = 3–12 min 

 Should be followed up with 
sedative and/or narcotic once 
patient is intubated 

 Should not be used in repeated 
doses or as an infusion 

 Propofol  Alkylphenol derivative  May have neuroprotective 
properties 

 Causes myocardial depression, 
peripheral vasodilation, and 
decrease in mean arterial pressure 
(MAP) 

 1.5–3 mg/kg 

 Quick onset and short duration  Should be avoided in hypovolemic 
patients 

 Onset = 15–45 s 

 Can be used as infusion  Duration = 5–10 min 
 Ketamine  Phencyclidine derivative  Provides both sedation and 

analgesia 
 May raise intracranial pressure 
(ICP) 

 1–2 mg/kg 

 Preserves respiratory drive, raises 
MAP 

 Avoid or use with caution in 
head-injured patients 

 Onset = 45–60 s 

 Good choice if diffi cult intubation 
predicted in non-“crash” situation 

 Duration = 10–20 min 

 Midazolam  Benzodiazepine  One of best induction agents for 
providing amnesia (when dosed 
adequately) 

 In healthy patients, induction dose 
drops MAP 10–25 % 

 0.1–0.3 mg/kg 

 Anticonvulsant properties  Caution in hypovolemic patients  Onset = 30–60 s 
 Quickest onset of all 
benzodiazepines 

 Does not provide analgesia  Duration = 15–30 min 
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airway but can be used in the rescue situation or as a bridge 
to cricothyrotomy (Fig.  2.2 ).

2.5          Orotracheal Intubation Technique 

  Bag Mask Ventilation     Anyone who performs endotracheal 
intubation needs to be profi cient at BMV and be able to trou-
bleshoot diffi culties that arise when BMV is not effective. 
Effective use of the bag valve mask begins with a proper 
mask seal and airway opening maneuvers. The mask should 
be gently placed over the patient’s face with the thumb and 
index fi ngers across the mask in a “C” shape, applying down-
ward pressure. The remaining three fi ngers grasp the man-
dible, with the fi fth fi nger hooking the mandible (see 
Fig.  2.3 ). These fi ngers should provide a jaw thrust and press 
the face toward the mask. Often, when clinicians have diffi -
culty ventilating or encounter leakage around the mask, the 
tendency is to apply more pressure on the mask. Avoid this, 
as this may worsen airway obstruction. Instead, attempt to 
lift the mandible into the mask. In obtunded or chemically 
paralyzed patients, one can place an oropharyngeal airway to 
help relieve functional obstruction.

2.5.1        Intubation Technique 

 Various laryngoscopes are available for intubation, but the 
most commonly used are the curved blade (Macintosh) and 
straight blade (Miller). The curved blade laryngoscopes are 
advanced into the vallecula, engaging the hypoepiglottic 
ligament to indirectly lift the epiglottis and expose the laryn-
geal inlet. The straight blade is not inserted into the vallecula 
and instead is used to directly lift the epiglottis. There are 
advantages and disadvantages to both techniques, and ulti-
mately the choice of technique will depend on your experi-
ence in performing the intubation (Fig.  2.4 ).

   Always hold the laryngoscope in the left hand, regardless 
of whether you are left or right handed. With your elbow at 
a 90° angle, grip the laryngoscope handle near the base with 
your thumb pointed up slightly (see Fig.  2.5 ). You should 
maintain a relaxed posture, and your grip should be fi rm but 
not tense. Once the patient is completely relaxed, use the 
fi rst and second fi ngers of your right hand to “scissor” open 
the incisors. Once open, insert the tip of the laryngoscope 
blade near the right corner of the patient’s mouth and slowly 
advance the blade downward, attempting to sweep the 
tongue to the left. As you do this, gently move the blade so 

   Table 2.3    Neuromuscular blocking agents for rapid sequence intubation   

 Drug type  Clinical features  Precautions  Dosing 

 Succinylcholine (SCh)  Depolarizing agent  Paralytic agent of choice 
when no contraindications 
exist 

  Contraindications:  hyperkalemia, 
history of malignant hyperthermia, 
muscular dystrophy, 
rhabdomyolysis/crush injury, burns 
>72 h old 

 1.5–2.0 mg/kg 

  Precautions:  raises intracranial 
pressure (unclear clinical 
signifi cance) 

 Onset: 45–60 s 

 Can cause bradycardia in pediatric 
patients (pre-dose with atropine) 

 Duration: 6–10 min 

 Can cause bradycardia in adults, 
especially if given in repeated 
doses 

 Rocuronium  Non-depolarizing agent  Primary alternative to SCh  Since it is long acting, it should be 
used with caution in patients with 
diffi cult airway features (though 
reversal agent may be available 
soon) 

 1.0 mg/kg 

 Creates similar intubating 
conditions as SCh without 
the contraindications 

 Prolonged action will impair 
ability to monitor neurologic exam 

 Onset: 45–60 s 
 Duration: 45–80 min 

 Vecuronium  Non-depolarizing agent  Primarily used in post- 
intubation management 

 Slow onset of action limits utility 
for intubation 

 0.1–0.3 mg/kg 

 Prolonged action will impair 
ability to monitor neurologic exam 

 Onset = 1.5–3 min 
 Duration: 45–90 min 
(higher dose = longer 
duration) 

 Pancuronium  Non-depolarizing agent  Primarily used in post- 
intubation management 

 Not a good agent for RSI  0.1 mg/kg 
 Causes tachycardia and may cause 
arrhythmia 

 Onset = 3–5 min 
 Duration = 60–90 min 
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  Fig. 2.2    The laryngeal mask airway (LMA): the LMA is one of several 
extraglottic devices (EGDs) that can be used for rescue ventilation 
when one cannot intubate a patient and cannot ventilate them with a bag 

valve mask. This series of photos shows the technique for LMA place-
ment. EGDs are not defi nitive airways       

  Fig. 2.3    Bag-mask ventilation technique. Notice how the third, fourth, and fi fth digits are used to lift the mandible into the face. Very little down-
ward pressure is placed on the mask       
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it is midline once the tongue moves out of the way (Fig.  2.6 ). 
As you advance, pay careful attention to identifying struc-
tures as you go, the most important of which is the epiglot-
tis. If you insert “blindly” and go beyond the epiglottis, it 
can be extremely diffi cult to identify your location. Using a 
curved blade, the tip should be placed midline in the val-
lecula, which is the recess just anterior to the epiglottis. 
Once in place, lift the laryngoscope fi rmly away from the 
patient (carefully avoiding the tendency to lever back which 
can break the teeth and supplies no mechanical advantage). 
This will lift the epiglottis and expose the vocal cords. 
Alternatively, advance the laryngoscope blade (if using a 

straight or a larger curved blade) and directly lift the 
epiglottis.

    Once the vocal cords are identifi ed, keep your eyes on 
them! Have an assistant hand you an appropriate-sized ETT, 
with a stylet in place. Having the ETT in the “straight-to- 
cuff” shape, with the tube bent at a 35° angle just distal to 
the cuff, has been shown to improve visualization of the 
vocal cords during ETT advancement. Keep the ETT in a 
horizontal position, with the cuff defl ated, and advance from 
the right corner of the mouth, making sure never to lose 
sight of the cords. When the ETT nears the cords, rotate 
counterclockwise about 45° and pass through. In cases 
where you cannot get full visualization of the cords, an 
endotracheal tube introducer (gum elastic bougie or 
Eschmann stylet) can be introduced fi rst, and the ETT 
passed over the stylet using the Seldinger technique (see 
Fig.  2.7 ). Once the tube has been advanced, infl ate the cuff, 
attach a CO 2  detector, and ventilate. The best evidence that 
the ETT has been placed in the trachea is 100 % confi dence 
that it was seen passing through the cords. Other signs 
include color change with the CO 2  detector, misting of the 
tube, good breath sounds, and reinfl ation of an esophageal 
detector bulb device (Fig.  2.7 ).

2.6         Surgical Airways 

 There are several surgical approaches to obtaining emer-
gency airways, including retrograde intubation, percutane-
ous transtracheal ventilation, cricothyrotome (using 
Seldinger technique), cricothyrotomy, and tracheostomy. 
Retrograde intubation, which involves insertion of a wire 
through the cricothyroid membrane, threading it into the oro-
pharynx, then advancing an endotracheal tube over the wire, 
is a time-consuming, multistep process that has had mixed 
results. Percutaneous transtracheal ventilation does not pro-
vide a defi nitive airway, but may be the only airway option in 
children less than 12 years old in whom formal cricothyrot-
omy is extremely diffi cult due to small size of the membrane. 
Cricothyrotome incorporates the Seldinger technique in 
which a guide wire is thread through a locator needle and an 
airway catheter is then advanced through the cricothyroid 
membrane. Comparisons of cricothyrotome versus tradi-
tional cricothyrotomy have had mixed results, but a recent 
study using cadavers showed surgical cricothyrotomy to be 
superior to cricothyrotome in terms of success rate, time to 
ventilation, and complication rate. 

 There are several methods of performing a cricothyrot-
omy. Regardless of the technique used, it is important that 
you are familiar with one method, you are ready to use it, and 
you are able to make use of whatever equipment is immedi-
ately available. It must also be emphasized that in the crash 

  Fig. 2.4    Laryngeal anatomy: ideal (grade 1) view of the laryngeal 
inlet. An important feature is the interarytenoid notch. If this can be 
visualized, one can be confi dent the endotracheal tube is directed cor-
rectly if it is above the notch. Below this, the ETT will enter the 
esophagus       

  Fig. 2.5    Holding the laryngoscope: the laryngoscope should be held 
with the left hand close to the base of the handle. The elbow is held at a 
90° angle to the intubator’s torso       
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situation, one may not always be able to confi dently identify 
all landmarks. This absolutely should not delay the quick 
establishment of an airway, even if this involves missing the 
cricothyroid membrane and opening the tracheal cartilage. 
While not ideal, the patient can later undergo formal trache-
ostomy under controlled circumstances but can ill afford 
additional minutes of hypoxia (Fig.  2.8 ).

    Equipment     A traditional cricothyrotomy tray will contain 
the following: scalpel, Trousseau dilator, tracheal hook, skin 
retractors, hemostats, 4 × 4 gauze sponges, and either a #6 
cuffed ETT or a #4 tracheostomy tube. What tools you actu-
ally use will depend on the patient, whether or not you have 
an assistant, and what is immediately available. In reality, 
most cricothyrotomies can be performed using a scalpel, 
hemostat, an endotracheal tube, and your fi ngers.  

  Landmarks     Once the decision is made to perform a crico-
thyrotomy, the fi rst step is to identify landmarks. Feel for the 
notch of the thyroid cartilage and follow this inferiorly until 
you feel the soft depression, which is the cricothyroid mem-

brane. Obviously, in cases of hematoma or obesity, these 
landmarks may be obscured. You can get a rough sense of 
the cricothyroid membrane’s location by placing four fi ngers 
horizontally along the neck, with the fi fth fi nger at the sternal 
notch. The cricothyroid membrane’s approximate location 
will be under the index fi nger. Also, if the thyroid cartilage is 
hard to appreciate, keep in mind that the cricoid cartilage is 
the fi rst prominent cartilage palpated above the sternal notch. 
If it has been diffi cult to identify the cricothyroid membrane, 
consider using a surgical marker to indicate where you wish 
to incise. Once you have a reasonable feel for your land-
marks, begin your preparations for the incision.  

  Preparation     If this is not a crash airway, take your time to 
position the patient. Extend the neck as much as possible 
(unless a cervical spine injury is expected) by placing a towel 
under the back of the neck. Infi ltrate the skin overlying the 
cricothyroid membrane with 1 % lidocaine with epinephrine, 
and anesthetize right through the membrane. This may 
briefl y cause the patient to cough, but they will be better able 
to tolerate the ETT once placed. If the patient is awake, one 

  Fig. 2.6     Upper left : scissor technique for opening the mouth.  Upper right : laryngoscope inserted from right, sweeping tongue to left       
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should consider sedation. Clearly, this will not pertain to the 
crash situation, and caution should be used in the spontane-
ously ventilating patient still able to oxygenate. Ketamine is 
an attractive agent in this situation in that it preserves respi-
ratory drive and blood pressure.  

  Incision     If you are right hand dominant, position yourself 
on the patient’s right (opposite if you are left hand domi-
nant). Before you incise, immobilize the larynx by grasping 
the posterior, superior aspect of the laryngeal cartilage with 
your nondominant hand, using the middle fi nger and thumb. 
Now, you are in position to easily feel for the cricothyroid 
membrane with the index fi nger of your nondominant hand. 
With the scalpel in your dominant hand, make a 2–3-cm ver-
tical incision. While some texts recommend using a trans-
verse incision, this carries a higher risk of bleeding, especially 
if it has been diffi cult to identify landmarks.  

  Identifi cation and Incision of the Cricothyroid Membrane     If 
the patient is obese, you may have to bluntly dissect through 
a fair amount of tissue before you reach the trachea. When 
available, have an assistant retract the skin laterally. Expect a 
fair amount of bleeding, even if you avoid major vessels, and 
rely on feel, not visualization, to identify the cricothyroid 
membrane. Do not concern yourself with hemostasis at this 
point: establish the airway fi rst and then go back to control 
bleeding. While the middle fi nger and thumb continue to sta-
bilize the larynx, use the index fi nger of the same (nondomi-
nant) hand to palpate for the cricothyroid membrane. Once 
this is exposed and overlying tissue dissected, use your dom-
inant hand to make a horizontal incision through the inferior 

aspect of the cricothyroid membrane. To avoid incising too 
superior (the cricothyroid artery and vein are more cepha-
lad), you should keep your nondominant index fi nger at the 
inferior border of the thyroid cartilage. Successful entry of 
the trachea will be obvious by the exiting of air and often by 
refl exive coughing.  

  Preparing to Place the Endotracheal Tube     Once the crico-
thyroid membrane is incised, it is important to stabilize the 
trachea. Overlying tissue can quickly obscure the incision 
site, and the trachea may drop down after incision, making 
successful airway cannulation diffi cult. Temporarily do this 
by placing the index fi nger of the nondominant hand through 
the incision and grasp the inferior portion of the thyroid car-
tilage. If a tracheal hook is available, insert this into the inci-
sion, grasp the inferior border of the membrane, and pull the 
trachea caudally. Some authors recommend hooking the 
superior portion of the cricothyroid membrane, but we have 
found that securing the inferior border provides more secure 
traction when advancing the ETT. If a tracheal hook is not 
available, maintain the index fi nger of your nondominant 
hand in the incision, securing the trachea. Alternatively, you 
can fashion a makeshift tracheal hook by bending an 
18-gauge needle and clamping at the end of a hemostat.  

  Inserting the Endotracheal Tube     In most cases, one can pro-
ceed to inserting the endotracheal tube at this point, with no 
need for tracheal dilation. If the passage is too narrow to pass 
the endotracheal tube, try a smaller tube or use a Trousseau 
dilator. If you have incised directly through cartilage, it is 
usually necessary to use a dilator in order to pass the 
ETT. When using a Trousseau dilator, insert into the incision 
and dilate with the blades oriented vertically. Now, place the 

  Fig. 2.7    The Eschmann stylet (gum elastic bougie): a useful intubation 
adjunct when unable to fully visualize the cords. The stylet is thread 
into the trachea, and then the ETT is advanced over the Eschmann stylet 
using the Seldinger technique. Tracheal position of the stylet is sug-
gested by a palpable “clicking” along the tracheal rings and inability to 
advance beyond about 20 cm as it enters the small airways. If it meets 
no resistance, it has likely entered the GI tract       

  Fig. 2.8    Blast injury to the face: certain injuries may be so extensive 
that neither laryngoscopy nor traditional surgical airways are feasible. 
In this case, minor exploration revealed adequate visualization of the 
vocal cords leading to intubation       
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#6 cuffed ETT between the blades of the dilator and into the 
airway, rotate the dilator so the blades are oriented horizon-
tally, and advance the ETT. While advancing the ETT, 
remove the dilator. Be sure not to advance the ETT too far so 
as to avoid right mainstem intubation. Infl ate the cuff, check 
end-tidal CO 2 , and auscultate for breath sounds.  

 It must be emphasized once again that in the “crash” situ-
ation, when a patient is hypoxic and/or not ventilating, obtain-
ing an airway quickly is essential. Do not become distracted 
by bleeding or failure to quickly identify landmarks. If you do 
not fi nd the cricothyroid membrane quickly, make your inci-
sion through the tracheal cartilage, dilate if necessary, and 
advance the tube. While not ideal, the timely establishment of 
an airway far outweighs the potential for a tracheal injury.      
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 Important Points 

     1.    Emergent intubation is often necessary in penetrat-
ing trauma, particularly when it involves the face 
and neck.   

   2.    Orotracheal intubation of patients with penetrating 
trauma, even when involving the face or neck, has a 
very high success rate. It is rarely necessary to pro-
ceed directly to a surgical airway.   

   3.    Be cautious about orotracheal intubation when 
there is suspected laryngotracheal trauma. The ETT 
may worsen a tracheal injury or intubate a false pas-
sage. When available, intubation should occur with 
a fi ber-optic scope in the OR.   

   4.    In cases involving slash wounds to the neck with 
large tracheal defects, one can intubate the trachea 
directly through the wound.   

   5.    When performing cricothyrotomy, it may be diffi -
cult to identify landmarks clearly once the incision 
is made. One should rely as much on feel as 
visualization.   

   6.    When performing cricothyrotomy, expect a lot of 
bleeding. Do not worry about hemostasis until the 
airway has been established.   

   7.    If you have trouble identifying the cricothyroid 
membrane, it is okay to make your incision directly 
through the trachea. This can be repaired later.     
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      Damage Control Resuscitation 
in Penetrating Trauma: Rules 
of the Game                     

     Hee     Soo     Jung    ,     Ryan     Schmocker    , and     Suresh     Agarwal    

       Dr. William Halstead once wrote, “The only weapon with 
which the unconscious patient can immediately retaliate 
upon the incompetent surgeon is hemorrhage.” In no other 
fi eld of surgery is this more apparent than in trauma. 
Hemorrhage is a major factor for mortality in patients pre-
senting after injury. Thus, it is imperative for the competent 
surgeon to treat hemorrhage expeditiously in order to restore 
physiologic homeostasis and prevent the dire consequences 
of ongoing bleeding. 

 Unfortunately, the victim of penetrating trauma often 
presents to the treating surgeon and hospital with signifi cant 
prehospital hemorrhage and ongoing bleeding. The modality 
and extent of resuscitation in this patient population continue 
to be the subject of signifi cant investigation. The questions 
have been: prior to operative control, should the patient be 
aggressively resuscitated to normal physiologic parameters, 
or be allowed permissive hypotension and a degree of shock? 
And how should they continue to be resuscitated once opera-
tive control is obtained? 

 Over the last few decades, the concept of damage control 
resuscitation has been developed to answer these questions. 
Damage control resuscitation is an early coordinated effort to 
improve outcomes in injured patients by addressing the lethal 
triad of trauma, utilizing hypotensive resuscitation, and main-
taining a 1:1:1 blood product ratio for resuscitation. 

3.1     Crystalloids and the Lethal Triad 

 Early studies, such as that of G. Thomas Shires, seemed to 
point to a need for aggressive resuscitation in patients with 
hemorrhagic shock. Early on, the American College of 
Surgeons Advanced Trauma Life Support program advo-
cated for a protocol of aggressive resuscitation for all trauma 
patients regardless of the mechanism of injury, with the end 
goal being the administration of crystalloid in a 3:1 ratio to 
the estimated amount of blood lost. 

 With the Vietnam War, the negative outcomes after over- 
resuscitation became more recognized. Patients who received 
signifi cant resuscitation developed “DaNang Lung,” which 
later became known as acute respiratory distress syndrome 
(ARDS). They also had increased incidences of abdominal 
compartment syndrome. In fact, it is now clear that aggres-
sive crystalloid infusion, targeting endpoints aimed at restor-
ing blood volume and central venous pressure, may have the 
untoward effect of worsening the lethal triad of acidosis, 
coagulopathy, and hypothermia. 

 The three components of the lethal triad have been found 
to be predictors of poor outcomes. The body has an outstand-
ing capacity to compensate for physiologic derangements 
following penetrating trauma, but the lethal triad is the begin-
ning of a whirlwind cascade of physiologic events that 
become very diffi cult, if not impossible, to overcome. 
Components of the triad have been targets of intense research 
aimed at looking for ways to prevent negative side effects of 
physiologic abnormalities. 

 The fi rst arm, hypothermia, is an independent risk fac-
tor for mortality after injury. Hypothermia occurs often in 
the initial assessment and can be exacerbated by cold 
crystalloid infusions. Hypothermia is graded slightly dif-
ferently in injured patients due to the association with 
mortality at higher temperatures compared to patients 
with environmental exposure. Severe hypothermia, 
defi ned as a temperature less than 32 °C, has been shown 
to correlate with 100 % mortality. Moderate hypothermia, 
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defi ned as a temperature between 32 °C and 34 °C, has 
been associated with a  mortality rate of about 14 %. Mild 
hypothermia is from 34 °C to 36 °C. Hypothermia impairs 
platelet function and coagulation cascade enzyme activi-
ties. With prolonged extrication times, heat loss, intoxica-
tion, and potentially open body cavities, trauma patients 
with hemorrhagic shock have an uncoupling of metabolic 
pathways resulting in the loss of normal thermoregulatory 
mechanisms. Therapeutic hypothermia has not yet dem-
onstrated improved outcomes in trauma patients. All 
trauma patients should receive warmed fl uids, and both 
passive adjuncts and active adjuncts for warming should 
be applied to achieve normothermia (36–37 °C, 
96.8–98.6 °F). 

 Acidosis, the second arm of the lethal triad, generally 
results from lactic acid production from anaerobic metab-
olism in the setting of insufficient oxygen delivery to 
peripheral tissues. Oxygen delivery is reduced by 
decreased oxygen-carrying capacity (decreased hemo-
globin), poor oxygen diffusion, and decreased cardiac 
output (pump capacity or intravascular volume). A pH 
less than 7.2 affects cellular functions such as ATP gen-
eration, fatty acid biosynthesis, and enzymatic reactions. 
Injured patients with a pH of less than 7.0 have an 
approximately 70 % mortality rate. Oxygen delivery is 
vital to maintain proper tissue perfusion and organ func-
tion. Insufficient oxygenation eventually leads to multi-
system organ failure, which is difficult to reverse. It is for 
this reason that acidosis has been linked with poorer out-
comes in trauma patients and why lactate, base deficit, 
and mixed venous saturation are included as endpoints of 
resuscitation. 

 The hypothermia and acidosis both contribute to and 
are exacerbated by the fi nal arm of the triad, coagulopathy. 
Coagulopathy in trauma also occurs as a result of a con-
sumption of clotting factors and the dilution of these fac-
tors and platelets due to aggressive crystalloid resuscitation. 
In addition, there is growing evidence that suggests that 
the trauma patient may arrive to the trauma bay with exist-
ing trauma-specifi c endogenous mechanisms of coagulop-
athy which may be worsened by the rapid administration 
of crystalloid fl uids. These include activation of the 
thrombomodulin- protein C system, platelet dysfunction, 
endothelial dysfunction, oxidative modifi cation, and 
hyperfi brinolysis. 

 Correction of the lethal triad should guide clinical judg-
ment when it comes to the care of the trauma patient. 
Unfortunately, hypothermia, coagulopathy, and acidosis 
potentiate one another, precipitating a cycle pattern that is 
diffi cult to break. Both clinically and experimentally, 
attempts to block these three facets have been targets of 
intense interest.  

3.2     Hypotensive Resuscitation 

 There are three phases in the development of hemorrhagic 
shock. The fi rst is a nonprogressive phase in which the 
patient’s intrinsic mechanisms maintain mean arterial pres-
sure, the second is a progressive phase in which patients tran-
sition to a subacute lethal phase of shock, and the third is an 
irreversible phase in which the patient becomes unresponsive 
to resuscitative efforts. The period of time in which recovery 
is possible varies with respect to the innate response of indi-
viduals and the interactions of the systems involved, includ-
ing cardiovascular, neuroendocrine, and immunologic. 

 The effect of fl uid resuscitation on the risk of death in 
models of uncontrolled hemorrhage is related to the severity 
of hemorrhage. A combination of the patient’s coagulation 
system, hypotension, and vessel spasm temporarily arrests 
traumatic hemorrhage. Early surgical pioneers, fi rst Cannon 
and later Wangensteen, noted that intravenous fl uids before 
surgical control were detrimental to the injured patient. 
These astute discoveries were supported by animal models 
of hemorrhagic shock that aggressive fl uid resuscitation 
increased mortality. These fi ndings lead to the concept of 
“popping the clot.” Injuries with faster rates of bleeding 
achieve a faster intrinsic hemostatic plug at a lower mean 
arterial pressure. Therefore, giving too much fl uid to these 
patients delays innate hemostatic mechanisms. Injuries with 
slower rates of bleeding will achieve a slower innate hemo-
static plug and therefore may appear as transient responders 
to a fl uid bolus, as the patient will not become hypotensive 
within 15 or 30 min from injury. 

 These fi ndings and the concern for “popping the clot” led 
to a large trial examining different resuscitation strategies. In 
1994, Bickell et al. published their landmark study, a pro-
spective trial examining resuscitation strategies in patients 
with penetrating torso trauma. They were able to demon-
strate that patients who received immediate, preoperative 
resuscitation experienced a statistically signifi cant increase 
in mortality and a strong trend toward increased morbidity 
and hospital length of stay, when compared with patients 
who received delayed, posthemorrhage cessation resuscita-
tion. Furthermore, Bickell was able to show that there was a 
signifi cant increase in bleeding time, with respect to pro-
thrombin and partial thromboplastin times, in the early 
resuscitation groups when compared to those patients who 
received fl uid in a delayed manner. 

 A subsequent study by Dutton et al. attempted to random-
ize between two systolic blood pressure targets 100 mmHg 
and 70 mmHg. However, the achieved blood pressure in both 
groups was 114 mmHg and 100 mmHg, respectively. This 
study demonstrated no difference in mortality between the 
two arms. A true systolic blood pressure goal of 70–100 mmHg 
may be an appropriate acceptable target range for patients 
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presenting with hemorrhagic shock who have had hemor-
rhage control. Other studies have demonstrated that greater 
than 1.5 L crystalloid associated with increased risk of death 
and that prehospital fl uid resuscitation are associated with 
increased mortality, especially in those patients with pene-
trating injuries or hypotension. This suggests that it is the 
timing and volume of fl uid administration, with respect to 
intrinsic hemostasis, that shape the hemorrhaging of patient’s 
hemodynamic response. Early boluses delay intrinsic hemo-
stasis and, therefore, increase blood loss, while late boluses 
trigger rebleeding. Therefore, fl uid administration before 
and after intrinsic hemostasis may have entirely different 
hemodynamic consequences. Mild to moderate hypotension 
initially allows for clot formation and slows bleeding from 
injured blood vessels until surgical hemostasis can be 
achieved. Penetrating trauma patients should not be aggres-
sively resuscitated for blood pressure targets in the trauma 
bay. Rather they should be expeditiously transferred to a set-
ting where defi nitive control of bleeding can be 
accomplished.  

3.3     Blood Product Transfusion 

 As discussed above, there is concern that crystalloid admin-
istration has the potential to worsen the lethal triad through 
worsening dilutional coagulopathy. Crystalloids do not carry 
oxygen nor do they clot. Instead, it has become clear that 
signifi cant blood loss must be replaced with blood. It is 
widely acknowledged that in patients with massive hemor-
rhage and transfusion requirements, initial resuscitation with 
red blood cells (RBC), fresh frozen plasma (FFP), and plate-
lets may improve survival when compared to a crystalloid 
fi rst approach. The goal has now become to provide the 
blood components that approximate the whole blood that a 
hemorrhaging patient has lost. As whole blood has not dem-
onstrated signifi cant benefi t over component therapy and as 
the blood bank system in the United States is largely adapted 
for component therapy, there has been much interest in iden-
tifying the optimal ratio of blood products in component 
therapy. A number of clinical trials have concluded that the 
initial approach to patients who are likely to receive massive 
transfusions, such as a hypotensive patient with a penetrating 
injury, be performed in a 1 unit of platelets to 1 unit FFP to 1 
RBC or a 1:1:1 ratio. Holcomb et al. studied the benefi t of a 
1:1:1 ratio compared to the 1:1:2 ratio in the PROPPR trial, 
a large, multicenter, randomized clinical trial. This trial 
found that patients transfused with a 1:1:1 ratio had fewer 
deaths due to exsanguination at 24 h and achieved hemosta-
sis more often. Patients with severe trauma requiring massive 
blood transfusion should be treated with a 1:1:1 transfusion 
ratio of blood products. Labs are often unreliable and too 

slow to use properly in the setting of hemorrhagic shock. 
Rapid point-of-care thromboelastrography can be used to 
guide resuscitation in this setting but is not universally avail-
able. Instead the 1:1:1 ratio should be used as a guide until 
bleeding has subsided.  

3.4     Medication Adjuncts 

 The temporal distribution of trauma deaths has shifted since 
fi rst described by Trunkey in 1983. Today, the proportion of 
late-phase deaths has decreased signifi cantly, while the early 
phase deaths have not changed. Instead, the proportion of 
immediate phase deaths has increased even more. 

 As such, there is much interest in medication adjuncts that 
may help to improve hemorrhage control that can be applied 
in the prehospital phase. The most successful of these medi-
cal adjuncts is tranexamic acid (TXA), an antifi brinolytic 
therapy. The CRASH-2 trial was an international, multi-
centered, randomized controlled trial examining the effects 
of TXA on mortality in trauma patients. This relatively inex-
pensive drug was associated with decreased odds of death 
secondary to hemorrhage, if given within 3 h of injury. This 
has been confi rmed in a subsequent systematic review. As a 
result of this study, use in the United States continues to 
increase for hemorrhaging injured patients. 

 Another medication adjunct which has previously held 
much interest is recombinant activate Factor VII (rVIIa). 
Though there have been small trials and anecdotal evidence 
of effi cacy, the randomized clinical trial, CONTROL, dem-
onstrated no benefi t in patients with penetrating injuries. 
There was no difference in mortality and only a statistically 
signifi cant decrease in FFP units was administered. Today, 
rVIIa is not used routinely in hemorrhagic shock 
resuscitation. 

 Other evolving techniques that have been employed, but 
less widely studied, include fi brin sealant, powder clotting 
agents, and specialized dressings. Further study is warranted 
to determine which of these products will enter mainstream 
use for control of hemorrhage in the patient injured by pen-
etrating trauma.  

3.5     Operative Control of Bleeding Has 
Been Established, Now What? 

 Now, you resuscitate. 
 Once you have controlled the bleeding vessel, either by 

clamp or suture, you should proceed with resuscitation. The 
focus of fl uid resuscitation in the penetrating trauma patients 
is  after  defi nitive operative control. Resuscitation should be 
aimed at preventing damage to the cardiorespiratory system 
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leading to hypoperfusion and tissue hypoxia. This is accom-
plished by low volume boluses of crystalloid or blood 
 products such as 250–500 mL given to maintain mean arte-
rial pressure (MAP) to 65 mmHg. Blood products 
should be used preferentially for ongoing bleeding and 
coagulopathies. 

 Resuscitation should continue until endpoints have been 
met. Classic markers include blood pressure >100 mmHg, 
heart rate <90 beats per minute, pulse oximetry >92 %, urine 
output >0.5 ml/kg/h, hemoglobin >7 gm/dL, normal coagu-
lation profi le, normal cardiac output, and normothermia. 
Resuscitation is also guided by pH, lactate, base defi cit, and 
mixed venous saturation. No one marker should be used in 
isolation, but rather global perfusion should be judged so as 
not to over-resuscitate patients.  

3.6     Areas of Ongoing Investigation 

 There are many areas of ongoing current investigation in 
hemorrhagic shock resuscitation. Hypertonic saline has gar-
nered much interest both for the advantages of smaller vol-
umes and for its immunologic modulating properties that 
may impact the shock state. There is also much interest in 
development of novel hemoglobin-based oxygen carriers to 
serve as a substitute for banked blood. Additionally, new 
agents that may mitigate the impact of ischemia and reperfu-
sion or promote survival in hemorrhagic shock through gene 
regulation (such as histone deacetylase inhibitors) have been 
examined as potential therapies. 

 Well-accepted concepts are being challenged from dif-
ferent perspectives as well. For instance, posttraumatic 
hypothermia which has shown clear evidence of deleterious 
effects when uncontrolled is now being examined for thera-
peutic benefi ts when performed in a controlled manner. 
Thus, as the idea of damage control resuscitation gets an 
overhaul, the age-old debate of crystalloid versus colloid 
will become a less relevant discussion. New modalities of 
resuscitation, improvement of hemorrhage control, and new 
interventions to reduce the delirious effects of tissue isch-
emia will eventually make their way into the standard clini-
cal practice.  

3.7     Summary 

 As the consequences of well-intentioned over-resuscitation 
have become clear, trauma surgeons have been pushed to 
adapt new practices that shift the paradigm of resuscitation. 
The components of damage control resuscitation have clearly 
demonstrated benefi t for severely injured patients. Though 
the exact strategy remains controversial, there is overwhelm-
ing support that hypotensive resuscitation is benefi cial in 

penetrating mechanisms of trauma. The primary goal in the 
trauma bay for patients with penetrating injuries in shock 
should be expediting hemorrhage control. Signifi cant resus-
citative efforts should begin after surgical hemostasis has 
been achieved. Once operative control of bleeding has been 
obtained, resuscitation to endpoints of adequate tissue perfu-
sion should be achieved and monitored closely.      
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      BLS Versus ALS                     

     Alasdair     K.  T.     Conn    

4.1          BLS Versus ALS 

 Prehospital providers can be divided into basic providers – in 
the USA, they are called emergency medical technicians or 
EMTs – and advanced prehospital providers, paramedics. 
Although basic providers are restricted to splinting, bandag-
ing, alignment of displaced limbs, and the administration of 
oxygen, many basic EMTs will have obtained an intermedi-
ate level (EMT-I); these individuals can start intravenous fl u-
ids and in many states obtain a more defi nitive airway such 
as using a Combitube or even endotracheal intubation. These 
emergency medical technicians are termed as delivering 
basic life support – BLS for short. Paramedics can initiate 
IVs, perform chest decompression for a pneumothorax, per-
form endotracheal intubation or a cricothyrotomy, and 
administer many medications. Because these trained indi-
viduals practice at a higher level and many of their skills are 
invasive, they are termed as providing advanced life sup-
port – ALS. Both BLS and ALS providers are licensed by the 
state usually for 2 years before relicensing is required (in a 
process similar to the licensing of nurses and physicians) and 
have defi ned codes of practice and standards of care. Many 
of these protocols are statewide; an example of such a proto-
col might be “Basic EMT protocol for the assessment and 
management of penetrating abdominal and thoracic injury.”  

4.2     The “EMS Paradox” 

 Paramedics are normally located in high volume (urban) envi-
ronments when the transport times to hospitals are relatively 
short. In the urban setting, paramedics do not need to practice 

their more advanced skills if the transport time is only a few 
minutes. Indeed, if the patient has an airway that can be main-
tained by a bag valve mask, it may be more benefi cial to trans-
port the patient to a trauma center rather than to delay to 
initiate IV fl uids or perform endotracheal intubation. Basic 
EMTs are more likely to be found in a rural environment 
where the transport times to defi nitive care might be an hour or 
more; the sparse population will only generate a small number 
of ambulance calls, and response and transport times are much 
more likely to be prolonged. Skills maintenance is also an 
issue – although stimulation training might help – neither paid 
nor volunteer paramedics are likely to maintain skills that are 
only utilized once or twice a year. The paradox is that in a rural 
environment with a prolonged transport time, interventions 
such as needle decompression of the chest, endotracheal intu-
bation, and intravenous resuscitation (all paramedic skills) 
might provide a better outcome for the patient with penetrat-
ing trauma than patients who have a BLS response.  

4.3     Triage 

 It is to be assumed that the process of triage – which can be 
performed by both basic and advanced life support person-
nel – is already in place. The CDC initiated evidence-based 
trauma triage guidelines in 2006 and in 2011 revised these 
guidelines based upon more recent evidence; the more recent 
guidelines add age over 55 as a criterion for prehospital pro-
viders to utilize in their triage decisions; this is based upon 
data from the National Trauma Data Bank demonstrating 
that trauma mortality increases after that age. These new 
guidelines emphasize, as before, that penetrating injury to 
the torso or abdomen – especially if the patient is hypoten-
sive and tachycardic – should be triaged to a trauma center. It 
is also taken as given for the purpose of this chapter that the 
survival of severely injured patients is improved when man-
aged at a trauma center. In most urban and suburban emer-
gency medical service (EMS) systems, both BLS and ALS 
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personnel can bypass non-trauma facilities to take  appropriate 
patients to a designated trauma center.  

4.4     The Process of Ambulance Response 

 Although the process of ambulance response may differ 
slightly from jurisdiction to jurisdiction, the following is a 
typical process. A citizen dials the number to activate 
 emergency response (in the USA, this is 911), and this is 
answered at a public service answering point (PSAP). Here 
the dispatcher will ask a series of protocol-driven questions to 
determine if fi re, ambulance, or police dispatch – or a combi-
nation thereof – is required. If the EMS system has “enhanced 
911,” the dispatcher will have the exact location of the caller’s 
telephone from a computerized directory. Many EMS system 
responses are tiered – the dispatcher will request the closest 
BLS ambulance to the scene to respond and simultaneously 
dispatch the closest ALS unit. Because there are more BLS 
responses required than ALS, a typical ratio for a metropolitan 
area is to have four BLS ambulances to provide immediate 
response with a single ALS ambulance covering the same 
area. For example, a patient who has fallen but not lost con-
sciousness and has a suspected ankle fracture will get a BLS 
ambulance only; a patient who has been hit by a car and is 
unconscious will get a BLS and an ALS response. A typical 
response would be 3–4 min for a BLS ambulance in an urban 
area with an ALS ambulance available in 4–8 min. Once on 
the scene, the patient will have to be evaluated, potentially 
placed on a backboard and have intravenous lines initiated, 
and then transported to the hospital. Occasionally, the ALS 
ambulance will rendezvous with the BLS ambulance during 
transport – the so-called ALS intercept – and provide addi-
tional care capability if needed. Data would suggest that the 
ALS intercept model provides little additional care to the 
patient; over 60 % of intercepts provided no ALS treatment 
and in 11 %, the only additional care was morphine adminis-
tration. Transport times in urban areas are typically short, usu-
ally less than 10 min. In more sophisticated systems, the 
ambulances are equipped with GPS location equipment, and 
the whole process is computerized – a computer-aided dis-
patch (CAD) system. In the USA, ambulance reporting is 
moving to a standardized format – the National Emergency 
Medical Services Information System (NEMSIS) – which will 
allow improved evaluation of the effi ciency and effectiveness 
of prehospital care delivery. Electronic reporting of NEMSIS 
compliant data will become the norm over the next few years. 

 EMS personnel will not enter a scene that is potentially 
dangerous until it has been deemed safe – usually by the 
police department. This may mean that victims of penetrat-
ing trauma from gunshot wounds may not receive immediate 
treatment at the scene because this would place the EMS pro-
viders at risk. However, a new paradigm has been developed 

through a group called the Hartford Consensus. Based upon 
recent mass casualty incidents such as the shooting at Sandy 
Grove School in Connecticut and the demonstrated success 
of rapid response and immediate triage to waiting trauma 
centers experienced at the Boston marathon bombings in 
2013, it was determined that early control of bleeding by the 
application of military-type tourniquets and application of 
bandages that can decrease bleeding together with rapid 
transport to trauma centers can increase survival. The 
Hartford Consensus advocates that police, fi re, and rescue 
personnel should be taught to use these devices and they 
should be trained to enter an active shooter situation. 
Although this approach has been endorsed by many profes-
sional organizations, the rollout of having such equipment on 
every fi re response vehicle, every ambulance, and every 
police cruiser – together with the training of all of these per-
sonnel – may take several years. 

 Most patients with severe penetrating injury will be trans-
ported to the hospital by ambulance – although a few will be 
transported by private vehicle, by taxi, or by the police. For 
some severe injuries, a helicopter may be dispatched to the 
scene; however, helicopters may need a few minutes to initi-
ate response and may not be able to land directly at the inci-
dent scene, so for distances less than 30 miles from the 
receiving hospital ground, ground ambulance transport is 
usually just as effective as air transport. 

 Chest decompression by needle thoracostomy might be 
considered a lifesaving intervention that can only be performed 
by paramedic; however, the data suggest that this procedure 
may be overutilized. It is also uncommon: in a retrospective 
review of the use of prehospital needle decompression of the 
chest by prehospital personnel brought to a level 1 trauma cen-
ter, of 20,330 ALS calls, only 39 patients (0.2 %) had needle 
decompression for treatment of a tension pneumothorax, and 
of these, 22 patients (56 %) were in circulatory arrest. 

 Three other interventions are worth noting: fi rstly, the use of 
tranexamic acid has been shown to improve survival of trauma 
patients, and this is being used in the military environment and 
has been to improve survival; research by EMS systems within 
the USA is ongoing. Secondly, some helicopter programs are 
using portable ultrasound to diagnose hemoperitoneum and 
hemothorax – this is observational at this time and there is no 
data on the clinical effectiveness of this technique. Thirdly, 
some programs are starting to use blood products to treat hem-
orrhagic shock in the prehospital phase; provisional data of 
these approaches are now appearing in the current literature.  

4.5     Three Options 

 For the injured patient, there are now three possible options. 
The fi rst option is that the patient can be transported by pri-
vate vehicle (or even taxi!) to the hospital; this allows a very 
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rapid transfer response, but there is no prehospital  notifi cation 
to the emergency department, no interventions are performed 
(see Table  4.1  below), and there is the possibility of the 
patient being taken to a hospital that is not a trauma center. 
Data on this method of transport has been published. The 
second option is that the patient may be transported by BLS 
to the hospital; in this case, there is prehospital notifi cation 
given to the emergency department; usually intravenous 
lines are initiated; external hemorrhage may be controlled by 
direct pressure, tourniquets, or bleeding control bandages; 
airway control (but not usually endotracheal intubation) is 
performed; and the patient is taken by protocol to the trauma 
center. The third option is an ALS response; endotracheal 
intubation, needle chest decompression, and medication 
administration are all possible, but this may entail a more 
delayed arrival for the patient at the trauma center. It is 
unlikely that any randomized trial utilizing these three 
options can be designed and implemented; we have to rely 
on retrospective data – with the reservations and caveats that 
this entails. There is another variable: as many EMS sages 
observe – if you train a prehospital provider to perform a 
skill – they are likely to use that skill (and delay the patient’s 
hospital arrival) even under circumstances where rapid trans-
fer to the hospital might be more important and in the 
patient’s best interest.

4.6        Discussion of the Data 

 In a study published in  Annals of Surgery , a comparison of 
emergency medical service (EMS)-transported patients 
 versus non-EMS-transported patients was made; this was a 
prospective cohort-matched observation study. All non-EMS 
patients that arrived at a level 1 trauma center were matched 
with the next appropriate EMS trauma patient by an 

 investigator who was unaware of the mode of transport and 
the outcomes of the patient; in addition, every tenth EMS 
patient with an injury severity score of more than 13 was also 
enrolled. An interview process with patients, witnesses, and 
friends was used to determine the time of injury and the 
study outcome designed to determine the time to hospital, 
mortality, morbidity, and length of hospital stay. A total of 
103 patients were enrolled; deaths, complications, and length 
of hospital stay were similar in both groups purporting to 
suggest that prehospital EMS had little effect on patient out-
come. An interesting analysis demonstrated that for the more 
severe trauma patients (defi ned as those with an injury 
 severity score of equal to or greater than 13), the non-EMS- 
transported patients managed to arrive at the trauma center in 
less time than those transported by EMS (15 min vs. 28 min; 
 P  < 0.05). 

 This study compared EMS versus non-EMS – not BLS 
versus ALS; the study also included both penetrating and 
blunt injury patients; conceptually one would think that for 
penetrating trauma such as a gunshot wound or stab to the 
torso, there is little that the prehospital personnel can provide 
other than rapid transport to the appropriate trauma center. A 
notation within the article stated that in none of the patients 
with penetrating injury was spinal immobilization even 
 theoretically warranted. It should be noted that this study 
was an analysis of patients taken directly to the level 1 cen-
ter; there is no information on outcomes of those severely 
injured patients that might have been taken to non-trauma 
facilities by non-EMS transport. 

 Comparison of the BLS approach with the ALS 
approach has been extensively investigated by the Canadian 
group. In the  Journal of Trauma , Lieberman and col-
leagues reported on a meta-analysis comparing BLS with 
ALS care in trauma patients; the author compiled statistics 
from 49 articles and found that the odds ratio of death was 

   Table 4.1    Interventions performed by prehospital personnel   

 Spinal immobilization  BLS, ALS  Takes a few minutes 
 Hemorrhage control  BLS, ALS  Mostly for extremity control. Tourniquets and 

bleeding control bandages 
 Airway control (not intubation)  BLS, ALS  Not complete control, aspiration possible 
 Sucking chest wound  BLS, ALS  Occlusive dressing to chest wound 
 Oxygen administration  BLS, ALS  Usually high fl ow oxygen by protocol 
 Intravenous fl uids  BLS, ALS *   Takes a few minutes. Plasma and blood 

administration being considered 
 Airway control – Combitube, ET  BLS, ALS *   Complications documented in literature 
 Needle chest decompression 
 Tranexamic acid 

 ALS 
 ALS 

 Not always successful, often performed when not 
indicated 
 Not widely used 

 Cricothyrotomy  ALS  Rarely utilized 
 Medication administration (including paralytics)  ALS  Paralytics improve intubation success rate 

   * There is variation in whether BLS can provide these skills. This is dependent upon State and local medical protocols  

4 BLS Versus ALS



32

2.59 times higher for the trauma patients receiving prehos-
pital ALS compared with BLS. The ratio was adjusted for 
patient’s severity. 

 There have been older studies examining the outcomes of 
ALS in more rural areas; it might be considered that in urban 
areas with a short transport time to a level 1 trauma center, 
the outcomes might be improved because of the immediate 
availability of operating rooms, surgeons, and the blood 
bank, and in many studies, the transport time was less than 
15 min. There have also been concerns about the effective-
ness of prehospital intubation and intravenous fl uids – please 
see other chapters as to the current controversy – such that in 
an urban environment, these skills are not usually required 
and may be detrimental. 

 A comprehensive review of the question “does advanced 
life support benefi t patients” has been published. The article 
examines not only trauma patients but also medical condi-
tions. The opinion of the authors is that there is poor evi-
dence that ALS improves outcome for trauma patients in 
urban areas (indeed ALS may contribute to poorer out-
comes), but it may be of benefi t in rural areas with long 
transport times – hence the EMS paradox as noted above. 

 A publication in the  Canadian Medical Journal  would 
seemingly be now the defi nitive study on this topic. This was 
the Ontario prehospital ALS (OPALS) study – a before-and- 
after study involving 17 cities in Ontario, Canada; data on 
trauma patient outcome before and after ALS instituted was 
collected. There were 2,867 trauma patients in the study, 
1,373 had prehospital BLS, and after initiation of ALS, fur-
ther 1,494 patients were enrolled. The primary outcome was 
survival to hospital discharge. Comparison of the two groups 
showed similar age, blunt and penetrating injury ratio, 
median injury severity score, and severe head injury as mea-
sured by Glasgow Coma Scale. After implementation of the 
ALS program, results showed that despite system-wide 
implementation of ALS, there was no improvement in mor-
tality or morbidity. Indeed in the patients with a Glasgow 
Coma Score of less than 9, survival was less with ALS 
(50.9 % vs. 60.0 %;  P  = 0.02). The authors conclude 
“Emergency medical services should carefully reevaluate the 
indications for and the application of prehospital advanced 
life support measures for patients who have experienced 
severe trauma.” This would seem to indicate that at least in 
the urban environment, BLS prehospital management of 
trauma – both blunt and penetrating – would have just as 

good outcomes as ALS and for severe head injuries better 
outcomes. 

 The use of tranexamic acid has been shown (the CRASH-2 
study) to decrease mortality in severely injured patients; in a 
review article, there was evidence that the earlier the admin-
istration, the better the improved outcome would be. 
Administration of tranexamic acid by prehospital personnel 
has been shown to improve outcomes in the military environ-
ment; studies in the civilian population are ongoing but not 
yet published. 

 Helicopter transport of the severely injured trauma patient 
remains controversial; most of the patients transported have 
sustained blunt trauma, and in these studies, penetrating 
injury has not been separated out for analysis; readers are 
directed to a recent review on this topic.  

    Conclusion 

 Based upon current literature, there is no evidence that 
ALS improves outcomes in trauma patients as com-
pared with BLS; this is true in the urban environment 
but may need more study in the rural environment or in 
situations where transport times are prolonged (more 
than 30 min). In urban areas that are served by a level 1 
or a level 2 trauma center, the goal should be to ensure 
that the airway is patent (and this does not always 
require endotracheal intubation), that bleeding is con-
trolled by the use of tourniquets and bleeding control 
bandages, and that the patient should be most rapidly 
transferred to defi nitive care center for further evalua-
tion and management. These bleeding control interven-
tions have been shown to improve survival in the 
military arena and will be probably implemented in 
both BLS and ALS programs over the next few years. 
Prehospital interventions beyond the BLS level have 
not been shown to be effective and, in many cases, 
prove to be detrimental to patient outcome. In the 
future, it might be that the use of blood products and 
tranexamic acid – among other modalities – will be uti-
lized by ALS crews and improve survival; however, if 
these are demonstrated to improve survival, then modi-
fi cation of prehospital protocols such that the use of 
successful interventions by BLS crews will undoubt-
edly follow. The use of ultrasound in the prehospital 
arena for the management of trauma patients is as yet 
unproven.      
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 Important Points 

•     For trauma – particularly penetrating trauma – the 
main object of prehospital care is to get the patient to 
the trauma center in the shortest possible time; the 
number of meaningful interventions that can be made 
by prehospital providers (both BLS and ALS) is 
limited.  

•   Hemorrhage control utilizing military-type tourniquets 
and bleeding control bandages can benefi t the trauma 
patient and should be more widely implemented.  

•   Prehospital fl uid administration and endotracheal 
intubation are probably of value in only a limited 
number of patients and bring their own set of 
complications.  

•   Prehospital needle thoracostomy is rarely indicated 
and probably overutilized – about 0.2 % of trauma 
patients will benefi t from this procedure in the pre-
hospital phase.  

•   Ambulance dispatch – although seemingly straight-
forward – has a complex administrative structure, 
and for a patient that is exsanguinating at the scene, 
it may take several minutes for an ambulance to be 
dispatched, arrive on the scene, and perform a 
patient evaluation. Further – they may attempt to 
“stabilize” the patient.  

•   If you teach a prehospital provider a skill such as 
intravenous fl uid administration or endotracheal 
intubation, they are more likely to overuse the skill 
than underuse the skill. This may delay the arrival 
of an exsanguinating patient.  

•   Much of the published data so far indicates that 
advanced life support skills do not contribute sig-
nifi cantly to an improved outcome of trauma 
patients that have sustained penetrating injury. 
There may be subsets of patients that do benefi t 
from specifi c prehospital interventions, but these 
have yet to be identifi ed.  

•   As computerized ambulance reports that NEMSIS 
compliance become available and become linked 
with hospital and trauma center data, it is hoped that 
this will assist in identifying what prehospital inter-
ventions in which trauma patients can be proven to 
be of benefi t.  

•   Direct feedback to prehospital providers is welcomed 
and should be performed on an ongoing basis.  

•   Trauma surgeons should be involved in the training 
of prehospital providers and establishment of pre-
hospital trauma protocols and have a working rela-
tionship with the medical directors of ambulance 
services to ensure that prehospital trauma patient 
care is optimal.    
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      Prehospital Care and Transport                     

     Michael     A.     Frakes     ,     Vahe     Ender    , and     Suzanne     K.     Wedel  *   

       It is clear that trauma outcomes improve when patients are 
cared for in organized trauma systems. There is an outcome 
benefi t for penetrating trauma patients taken to verifi ed 
trauma centers instead of to non-trauma hospitals, either 
directly or with secondary transport, and there is a sugges-
tion of even greater survival advantage for younger and 
sicker patients. As the trauma care system does not end with 
resuscitation or injury repair, neither does it begin there: 
Trauma care begins with the fi rst responders in the emer-
gency medical services (EMS) system and includes all out- 
of- hospital care components. 

 The out-of-hospital elements of the trauma system are 
important not only as care providers but also as drivers of 
notifi cation and hospital selection, and they may be helpful 
in making resource utilization decisions. The system must 
also be designed to address access: The last well-described 
data show that one in seven Americans does not have access 
to a level I or II trauma center within 1 h, and over one quar-
ter of the American population has such access only with 
helicopter transport. In addition to the systems providing ini-
tial care and transport, inclusive trauma systems must also 
integrate inter-facility transport systems to effect the move-
ment of patients from non-trauma centers to trauma centers 
or to specialty services. 

 The prehospital emergency care system is largely oper-
ated by municipal agencies, with various public safety enti-
ties responding to about 95 % of the initial requests for 
service and over two-thirds of patient transports from those 
requests in the 200 largest US cities. Conversely, inter- 
facility transport services, both ground and air, are primarily 
provided by commercial operators, including hospital- 
sponsored, for-profi t, and not-for-profi t organizations. 

 Transport providers are generally described as basic life 
support, advanced life support, and critical care clinicians. 
Basic providers, emergency medical technicians, represent 
about 70 % of the over 200,000 working EMS providers in 
the United States. They offer stabilization and mostly nonin-
vasive medical care. Paramedics are more advanced provid-
ers, with at least 1,200 h of training in the time-limited care 
of patients prior to their initial entry into the inpatient sys-
tem. They provide protocol-driven care under the license of 
a physician, including invasive therapies such as medication 
administration and airway interventions. 

 Critical care transport teams are often part of air transport 
programs transporting patients to trauma centers from more 
remote injury sites or, more commonly, moving patients 
between facilities for higher levels of care. Increasingly, they 
also provide ground-based inter-facility critical care trans-
port. These teams are most commonly staffed by a nurse 
partnered with a paramedic to leverage the blend of EMS and 
in-hospital critical care expertise those providers offer, but 
some systems partner a nurse with an in-hospital provider 
such as a second nurse, a respiratory therapist, or a physi-
cian. The nurses, paramedics, and respiratory therapists on 
these teams typically have expanded training and a greater 
scope of practice than their noncritical care transport coun-
terparts. There is no optimal out-of-hospital staffi ng pattern 
or system for either EMS or inter-facility transport, due in 
large part to the diversity of environments in which medical 
transportation is provided. Systemic attention to provider 
quality and utilization is more important than provider or 
agency credentials. 

 The benefi t of on-scene advanced life support care, either 
by paramedics or physicians, remains unclear. Even the oft- 
quoted “golden hour of trauma” is not supported by clear 
evidence. There is likely no single best approach. Some sub-
sets of patients, such as those with associated severe brain 
injury or those with extended out-of-hospital times, may 
benefi t from greater on-scene intervention while avoiding 
unnecessary delays in transport. At the same time, the care of 
trauma patients in urban settings may be best served by 

  5

        M.  A.   Frakes    (*) •    V.   Ender    •    S.  K.   Wedel      
  Boston Med Flight ,   Robins Street, Hangar 1727 , 
 Bedford ,  MA   01730 ,  USA    
 e-mail: Michael.Frakes@bostonmedfl ight.org  

 *Dr Suzanne K. Wedel: 29 Decemeber 1955–30 March 2016. Will be 
dearly missed. R.I.P. 

mailto:Michael.Frakes@bostonmedflight.org


36

 minimized out-of-hospital intervention, as transport by non-
medical providers is associated with equal, and perhaps bet-
ter, outcomes than those transported by EMS. 

 When patients are taken to non-trauma centers or require 
specialty care, transfer to a higher level center improves out-
comes. As patients increase in acuity and complexity, patient 
safety during movement requires providers with greater clin-
ical and transport expertise. Even short in-hospital patient 
movements are associated with logistical and physiological 
complication, and the use of specialty critical care transport 
teams during both intra- and inter-facility transport is associ-
ated with reduced complication rates. Each trauma system 
must construct an appropriate model for both transport to the 
hospital and, as needed, transport between hospitals. 

 The EMS management of penetrating trauma outside the 
hospital is focused on accessing the patient safely, address-
ing immediately life-threatening injuries, minimizing sec-
ondary injury, and promptly transporting the patient to an 
appropriate destination. 

 In parallel with well-established American College of 
Surgeons’ advanced trauma life support guidelines, care 
begins with assuring a patent airway. In the overwhelming 
majority of cases, this can be achieved with basic life support 
techniques such as positioning, suctioning, or inserting an 
oral airway. At the other end of the spectrum, emergent cri-
cothyrotomy is rarely indicated: It is performed in 0.004 % 
of all prehospital advanced life support (ALS) patients and 
0.1 % of helicopter EMS patients. 

 Patients with signifi cant traumatic injury may require 
supplemental oxygen, but high-fl ow oxygen is not required 
for all patients and can have adverse effects. The physiology 
of oxygen delivery describes a signifi cant impact of a high 
arterial oxygen tension only in cases of severe anemia. 
Supplemental oxygen beyond the necessary to achieve full 
saturation is, at best, not benefi cial. High-fl ow oxygen does 
facilitate a benefi cial denitrogenation that prolongs the time 
to desaturation if airway management procedures are subse-
quently indicated. 

 Trauma guidelines historically emphasized the need 
empirically to restrict cervical spine motion until physician 
and, in patients with distracting injuries, radiologic evalua-
tion. This may be overly dogmatic, and there is evolution 
toward less restrictive recommendations. Spinal motion 
restriction in penetrating trauma is associated with poorer 
outcomes (odds ratio of death 2.06, 95 % confi dence interval 
1.35–3.13): The number needed to treat for potential benefi t 
is 1,032, while the number needed to harm is 66. Cervical 
spine fracture or cervical spinal cord injury is rare with pen-
etrating trauma, occurring in between 0.11 and 1.35 % of 
patients, and is predictable by mechanism, presentation, and 
wound location. These injuries are over eight times more 
likely in patients with gunshot wounds than in those with 

stabbing injuries, and, in both situations, neurological defi cit 
is almost always evident at the time of initial exam. The 
wounds associated with injury in gunshot wound patients are 
located between the ears and nipple, and stab wounds associ-
ated with cervical injury are those between the mandible and 
trapezius muscle. There may be merit in trading time to 
defi nitive trauma care for pro forma attempts at spinal motion 
restriction in patients who do not have neurological defi cit or 
specifi c injury location. 

 The immediately life-threatening injuries associated with 
breathing addressed in the primary survey are tension pneu-
mothorax and open pneumothorax. A tension pneumothorax 
can be managed in the out-of-hospital setting by needle 
decompression. The usual intravenous catheter is too short to 
reach the pleural space in up to a third of trauma patients, so 
providers should consider the use of a catheter of at least 
3.25 in. in length in order to optimize success rates. An open 
pneumothorax can be covered with a three-sided dressing, 
and the patient monitored carefully for the accumulation of 
air and subsequent development of a tension pneumothorax. 

 One signifi cant controversy in out-of-hospital trauma care 
is the role of airway capture to assist breathing. It is clear that 
hypoventilating patients should have assisted ventilation, 
and mechanical ventilation in shock states benefi cially redis-
tributes the cardiac output consumed by work of breathing to 
increase mixed venous oxygen saturation independently of 
arterial oxygen content. Appropriate ventilation may be 
important overall: The mortality of intubated trauma patients, 
both with and without brain injury, is signifi cantly increased 
when they arrive at the trauma center with an abnormal 
pCO 2 . The optimal timing and methods for achieving these 
goals, however, are less clear. 

 Endotracheal intubation is a core paramedic skill, but 
there is some suggestion that skill maintenance is diffi cult. 
Paramedics in large urban systems may have only a single 
intubation opportunity every year, and the overall success 
rate for paramedic prehospital intubation may be unsatisfy-
ingly low and accompanied by high complication rates. 
Specialty teams with high scrutiny, good quality improve-
ment programs, and close supervision can be successful at 
the invasive airway capture. Procedure success rates by para-
medics with sedation-assisted intubation are about 77 %, ris-
ing to 96 % with the use of neuromuscular-blocking agents. 

 Although procedural success can be achieved, there is 
little certainty of improved outcomes with routine and wide-
spread paramedic out-of-hospital intubation. For example, 
the only subgroups of patients shown to have improved out-
comes following out-of-hospital intubation for traumatic 
brain injury were those subsequently transported by a heli-
copter critical care transport team. There is no specifi c out-
come evaluation of out-of-hospital intubation in patients 
with penetrating trauma. 
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 Prevention of adverse events in patients with endotracheal 
tubes being placed or in place is essential. The incidence of 
hypoxia during paramedic intubation may be as high as 
56 %, and there is some suggestion that true procedure suc-
cess is not technical success, but rather the avoidance of that 
hypoxia. The importance of careful ventilation has already 
been described. The addition of end-tidal carbon dioxide 
measurement devices for confi rming endotracheal tube 
placement and for the ongoing monitoring of correct place-
ment clearly improves out-of-hospital outcomes. Anesthesia 
standards recommend capnography for patients with airway 
appliances and for spontaneously breathing patients with 
sedation, yet adherence to this standard of care has signifi -
cant room for improvement in the prehospital environment. 
It may be, ultimately, that the “benefi t” of endotracheal intu-
bation comes not from the procedure, but from patient selec-
tion, the prevention of intra-procedure complications, and 
careful post-procedure care. 

 There are a number of blind insertion airways, variations 
on an esophageal tube or a laryngeal mask, which can be 
used when patients are frankly hypoventilating. These 
devices, especially the esophageal tube airways, are designed 
to be used by providers trained to basic skill levels, to have 
high success rates, and to have few complications. 

 As the primary survey progresses to circulation, the life-
saving intervention is to arrest hemorrhage. Direct pressure 
continues to be the primary means of hemorrhage control. 
Specialized trauma dressings for the purpose of providing 
effective, continuous direct pressure exist. These dressings 
combine an absorbent pad and compression banding to pro-
vide direct pressure without relying on caretakers, which 
may be a benefi t for the resource-limited prehospital arena. 

 In cases where direct pressure fails, placement of a tour-
niquet is indicated. Tourniquets have played a pivotal role in 
reducing battlefi eld loss of life from injury to under 13 %, 
with an 85 % reduction in death from uncontrolled extremity 
bleeding. There is a shift from improvised devices to 
purpose- built tourniquets, the most common of which 
involves a Velcro® strap combined with a plastic windlass 
device. A tourniquet device with a width of at least 1 in. 
ensures adequate tamponade deep vasculature while avoid-
ing tissue injury underlying the placement site, and tourni-
quet placement for up to 16 h without long-term complications 
may be possible. It is considered best practice to write the 
placement time on the device, as well as to convey the infor-
mation in verbal and written patient handoff. 

 For vascular injuries that are not amenable to tourniquet 
placement due to their location, particularly proximal femo-
ral injuries and penetrating wounds to the pelvis, research is 
being performed on pneumatic compression devices which 
might be able to provide adequate pressure to occlude vascu-
lature at the level of the femoral artery bifurcation and above. 

 Penetrating injuries deep within the soft tissues pose a 
particular challenge to achieving hemostasis. Military expe-
rience with hemostatic agents has translated into the civilian 
environment. These products, initially developed as powders 
and pastes, have since evolved into impregnated gauze dress-
ings that encourage clot formation at the site of injury. 
Guidelines from civilian medicine, military medicine, and 
the Hartford Consensus for public and emergency services 
preparedness for active shooter and terrorism incidents rec-
ommend the use of tourniquets and hemostatic agents. 

 The question of prehospital fl uid resuscitation for pene-
trating trauma appears to be well settled: There is no benefi t 
to prehospital volume resuscitation in trauma patients with 
bleeding and without brain injury, and there is increased 
mortality in the subgroups with penetrating trauma or hypo-
tension. Massive crystalloid resuscitation is clearly associ-
ated with coagulopathy, increased hemorrhage, and the 
development of the abdominal compartment syndrome. 

 Uncertainty about fl uid resuscitation remains for patients 
who have associated brain injury or extended out-of-hospital 
times. For patients with brain injury, outcomes are clearly 
associated with the maintenance of cerebral perfusion pres-
sure, with a goal of maintaining a mean arterial pressure of at 
least 80 mmHg. There is a paucity of guidance about the 
point at which the deleterious effects of persistent shock 
from delayed resuscitation for patients with prolonged out- 
of- hospital times begin to outweigh the hemorrhagic and 
coagulopathic risks associated with volume repletion. 

 Once fl uid resuscitation is initiated in a patient with pen-
etrating trauma, the question becomes one of ideal fl uid 
choice. Crystalloid fl uid is the only option for most EMS 
providers. It appears that lactated Ringer’s solution is less 
likely to produce coagulopathy and hyperchloremic acidosis 
than normal saline solution. While early trials showed prom-
ise, research into hypertonic solutions and alternative resus-
citation fl uids such as starches and hemoglobin substitutes 
has failed to yield outcome benefi ts. 

 When available, blood products are optimal for patients 
with ongoing hemorrhage. This is not generally a prehospital 
option, and there is no evidence that the prehospital adminis-
tration of plasma and packed red blood cells offers an out-
come benefi t over usual care, even in sophisticated transport 
systems. It is a consideration for those teams who transport 
trauma patients between hospitals. Current guidelines gener-
ally support the early administration of platelets, fresh frozen 
plasma, and, perhaps, cryoprecipitate when more than two 
units of packed red blood cells will be rapidly transfused. 

 In cases of penetrating trauma with a signifi cant risk for 
ongoing hemorrhage, the role of tranexamic acid is unclear. 
The drug, used extensively in obstetric and orthopedic set-
tings, inhibits intrinsic hyper-fi brinolysis, a phenomenon 
particularly associated with trauma-associated coagulopathy. 
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The therapeutic benefi t appears to be time-dependent, spe-
cifi cally within the fi rst three hours of injury. The literature is 
not well settled, but this may be a reasonable option for pre-
hospital and resuscitation bay providers. 

 The other immediately life-threatening circulatory injury 
is pericardial tamponade. Classic management of pericardial 
tamponade is emergent pericardiocentesis. This skill is regu-
larly taught to paramedics, but a recent consensus statement 
described the absence of evidence to support prehospital 
pericardiocentesis and the technical barriers to success. 
Aggressive volume resuscitation in this setting may be a 
technique with greater likelihood for success outside of the 
hospital. 

 Although not a lifesaving intervention, the provision of 
analgesia may be one of the most important out-of-hospital 
interventions. Attention to analgesia has historically been 
poor in all aspects of the emergency system, from EMS 
care to trauma resuscitation. It is clear that out-of-hospital 
providers can safely administer short-acting opioid analge-
sics in systems with protocols and performance improve-
ment systems, and this may be an area in which EMS 
systems should consider focused performance improve-
ment efforts. 

 In addition to rapid, safe transport and the provision of 
lifesaving interventions, the EMS role is to deliver patients 
to the best destination. The concept of direct point of entry 
into a trauma center hospital is well established in devel-
oped trauma systems. EMS may also have a benefi cial role 
in determining resource utilization and in-hospital point of 
entry as well. For patients with ST-elevation myocardial 
infarction, paramedic acquisition of electrocardiograms 
and the use of that information in activating the cardiac 
care system or catheterization suite are the standard of care. 
For trauma patients, efforts at identifying helpful prehospi-
tal triage criteria are so far nonspecifi c and imperfect, even 
as the guidelines are revised. A 6-year case series does sug-
gest that well-trained critical care transport teams can 
appropriately identify patients for direct operating room 
admission. 

 Verifi ed trauma systems include comprehensive out-
comes, performance improvement, and data collection com-
ponents, but the out-of-hospital element of the system often 
lags in this area. Optimal system development, resource uti-
lization, and patient care require that EMS and inter-facility 
transport providers, in collaboration with hospital-based 
trauma systems, develop these elements. 

 The out-of-hospital elements of the trauma system offer 
opportunities not only to provide lifesaving prehospital inter-
ventions but also to optimize patient access, resource utiliza-
tion, and safety. Mature trauma systems should integrate 
prehospital and inter-facility transport components not only 
in clinical care but also in research, outcomes, and quality 
management aspects of the system.     
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      Prehospital Monitoring During 
Transport                     

     Kazuhide     Matsushima      and     Heidi     Frankel    

      The principal goal of emergency medical services (EMS) 
providers caring for penetrating injured patients in an urban 
environment is rapid transport to defi nitive care while deliv-
ering lifesaving interventions. In most circumstances, this is 
accomplished by ground transport with Advanced Life 
Support techniques. Wound location and hemodynamic 
information should be communicated before arrival in a con-
cise report to best prepare the trauma team to deliver rapid 
and appropriate defi nitive care. Depending on the trauma 
system, it may be benefi cial to transport unstable patients to 
facilities with in-house trauma/general surgeons to address 
torso injuries and neurosurgeons to address brain injuries. 
Certainly, 24-h immediate access to the operating theater, 
transfusion services, interventional radiology, and CT scan 
(particularly for neurosurgical patients) are optimal in these 
patients. Hemodynamically unstable patients may benefi t 
from resuscitative measures delivered while en route. These 
may include establishment and protection of the airway, 
decompressive needle thoracostomy, and judicious fl uid 
administration and application of tourniquets for exsangui-
nating extremity wound. If defi nitive airway control is to be 
established for head-injured patients, tracheal intubation 
with care must be accomplished to protect against hypoven-
tilation and elevations in intracranial pressure. Additional 
focus on resuscitative measures, including the administration 
of blood products to maintain a perfusing pressure and anti-
fi brinolytic agent to correct coagulopathy, may be required 
in penetrating injured patients in a rural environment or those 
with long transport times to the hospital. Air transportation 
may expedite delivery to defi nitive care. 

6.1     Urban Environment 

6.1.1     Goal of EMS Participation 

 The principal goal of emergency medical services (EMS) 
providers caring for penetrating injury patients in an urban 
environment is rapid transport to defi nitive care while admin-
istering lifesaving interventions. The prehospital period 
involves expeditious evaluation of wounds and hemodynam-
ics, stabilization and prevention of further injury, and rapid 
transportation of the patient to the closest appropriate facility 
where defi nitive care can be delivered. The care of the patient 
in the prehospital setting follows principles set out by the 
American College of Surgeons Committee on Trauma (ACS- 
COT) delineated in Advanced Trauma Life Support (ATLS) 
and the Prehospital Trauma Life Support (PHTLS), both of 
which are leading international programs of continuing edu-
cation. The PHTLS course is taught to EMS providers in 
over 33 countries worldwide and complements the physician 
ATLS course that is currently taught in 40 countries. 
Although recent military experiences originate from an envi-
ronment that differs from the civilian by the presence of a 
hostile setting, mass casualties, and less available resources 
and the foremost goal being completion of the current mis-
sion, various battlefi eld techniques are currently adapted for 
civilian use in prehospital setting. The Hartford Consensus 
was developed in 2013 after the recent active shooter events 
in the United States. Educational efforts have been directed 
to encourage nonprofessional, civilian fi rst responders to 
provide rapid hemorrhage control, including with available, 
easy-to-use tourniquets. As professional fi rst responders, 
EMS providers need to be trained to take appropriate actions 
including assessment, triage, and transport of the victims and 
further hemorrhage control measures as needed. 

 The benefi ts from extensive prehospital intervention for 
penetrating trauma, particularly in an urban environment, 
remain controversial. In critically injured patients, perfor-
mance of other than lifesaving interventions can delay arrival 
to a facility that will provide defi nitive care and can have a 
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negative impact on survival. In general, the “scoop and run” 
paradigm should be the rule and not the exception for pene-
trating trauma. While stabilizing procedures should be 
undertaken before and during transport, any monitoring or 
intervention (“stay and play”) that delays defi nitive treat-
ment of penetrating injury – often an operation – is generally 
unhelpful.  

6.1.2     Mode of Transportation 

 In most circumstances, the appropriate mode of transpor-
tation for penetrating injured patients in an urban environ-
ment is via ground ambulance. The benefi t of Advanced 
Life Support (ALS) units may be questioned as noted 
above; however, most protocols call for this additional 
level of expertise “just in case.” The use of whichever 
means gets the patient to the trauma center the soonest is 
optimal. Ambulance units should strive to keep the on-
scene duration to 10 min or less to adhere to guidelines 
outlined by PHTLS. Depending on each particular region, 
the ground ambulance personnel who provide ALS may 
have similar interventional skills to that of the air transport 
crews, but knowledge and evaluation of local resources are 
necessary. Helicopter transport in urban settings is best 
utilized when the air transport time will be less than that of 
a ground ambulance. Within approximately 30 miles, 
ground transport is typically as fast as air when over favor-
able terrain in no traffi c settings. Helicopter transport often 
fl ies in any inclement weather, including overcast skies 
with low ceilings.  

6.1.3     Initial Assessment of the Patient 
by EMS 

 Wound location and hemodynamic information should be 
communicated in a concise report before arrival to best 
prepare the trauma team to deliver rapid and appropriate 
lifesaving care. Initially, the injured patient should 
undergo assessment and management in an orderly, logi-
cal manner in a head-to-toe fashion. A patient with obvi-
ous penetrating trauma to the anterior torso can easily 
have a missed injury to the gluteal region if a careful 
inspection of all clothed areas is not performed. Such a 
missed injury can cause signifi cant additional hemorrhage 
that may have been easily ameliorated by direct pressure. 
Few available devices offer diagnostic improvement over 
a thorough physical examination, including inspection, 
auscultation, percussion, and palpation by a well-trained 
medical provider. Additionally, data obtained from such 
additional devices must be verifi ed as well, whether or not 
it is in a normal range.  

6.1.4     Wound Assessment 

 There are three main pieces of information that data regard-
ing the wounding should convey. First, the trauma team 
needs to know where the wound(s) is (are) to plan diagnostic 
and therapeutic maneuvers. Because the fi nal destination of 
the missile or knifepoint may not be known from the external 
wound, it is key that EMS personnel not refer to wounds as 
affecting the “chest” or “abdomen” or “back.” A wound at 
the sixth left intercostal space in the anterior axillary line 
may, in fact, involve abdominal structures and require a lapa-
rotomy for defi nitive treatment. Referring to it as a “chest” 
wound may set different expectations for the receiving 
trauma team. Similarly a “back” wound may involve chest or 
abdominal structures with different diagnostic and therapeu-
tic maneuvers required. Although the receiving team recog-
nizes that rapid assessment on the spot may be fl awed 
(particularly if the scene is not secured), it is most helpful to 
have identifi ed all wounds prehospital and whether they 
appear to be tangential or superfi cial. Of course, it is safest to 
assume that no wound is an “exit” wound or infer trajectories 
without imaging or direct inspection that may not be possible 
in the fi eld. Next, by conveying hemodynamic information 
as described below, prehospital providers can allow the 
trauma team to infer whether or not operative intervention 
might be warranted. This may result in alternate triage (i.e., 
some trauma centers might transport directly to the operating 
theater), activation of massive transfusion protocols, or 
release of other resources. Finally, by conveying information 
on wound location and hemodynamics in concert, the receiv-
ing trauma team may get a sense of what kind of operation 
(laparotomy versus thoracotomy) is warranted. 

 Direct manual pressure should be immediately applied to 
any active bleeding from external wounds. Further, a recent 
study from civilian experience supports the use of prehospi-
tal tourniquet in patients with extremity trauma. Tourniquets 
should be properly placed proximal to the bleeding site. The 
second tourniquet can be applied if the fi rst tourniquet did 
not control hemorrhage signifi cantly. The initial tourniquet 
time needs to be documented to prevent serious complica-
tions including limb ischemia. There are different types of 
topical hemostatic agents commercially available for exter-
nal bleeding in areas where tourniquets cannot be applied. 
These agents are usually in gauze or bandage format to be 
applied with pressure techniques.  

6.1.5     Hemodynamic Assessment 

 Prehospital hemodynamic assessment utilizes the rapid 
“ABC” approach of airway, breathing, and circulation ade-
quacy determination. The airway should be examined while 
maintaining cervical spine protection and monitored for 
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blockage with gurgling from vomitus, blood, or foreign 
body. Obtunded or nearly moribund patients may benefi t 
from endotracheal tube placement en route as described 
below. 

 Breathing and ventilation are monitored by signs of full, 
symmetric chest wall movement, without crepitus or para-
doxical motion. The patient should have a midline trachea 
with a normal respiratory rate and depth. A tension pneumo-
thorax is a life-threatening condition that can be a cause of 
preventable death. Hyperresonance with percussion of the 
thoracic cavity and diminished breath sounds, especially in 
the face of a suspicious wound, are indications of a pneumo-
thorax. Increased air pressure between lung parenchyma and 
parietal pleural in the thoracic cavity reduces venous return 
and causes tachypnea, dyspnea, air hunger, and eventual car-
diovascular collapse. Tracheal deviation, hypotension, and 
distended neck veins are all late hallmarks. Diagnosis is 
often established by therapeutic decompression as described 
below. 

 Patients are also monitored for the status of their circula-
tion with appropriate concomitant hemorrhage control. Signs 
of hemorrhagic shock include diaphoresis, cool clammy skin 
with peripheral vasoconstriction, and diminished peripheral 
pulses. Capillary refi ll may be normal or delayed. Systemic 
hypotension may be seen late or only with profound shock. 
Hemodynamic status can be evaluated by the presence and 
character of the radial pulse when other reliable means are 
not available. Manual assessment of a weak but present 
radial pulse correlates with a systemic blood pressure (SBP) 
of approximately 80 mmHg, but studies have shown that 
estimates of SBP tend to overestimate the actual pressure. 
Unfortunately, a change in the pulse, blood pressure, or men-
tal status is a late sign of central hypovolemia and does not 
provide adequate warning of impending circulatory collapse. 
Both radial and arm pulses should be initially compared, as 
the occasional patient will have an asymmetric arm blood 
pressure in the pre-injured state from a subclavian artery ste-
nosis, old injury, or atheroscleromatous plaque. The arm 
with the higher pressure should then be used for monitoring 
systemic blood pressure and circulation.  

6.1.6     Monitoring and Resuscitation En Route 

 The ACS-COT, in conjunction with the American College of 
Emergency Physicians and the National Association of EMS 
Physicians, has published a pamphlet recommending certain 
equipment deemed essential on an ambulance unit. In gen-
eral, the degree and level of monitoring should be individual-
ized based on the availability of resources and training of 
individual municipalities. For example, if ALS is to be pro-
vided, then pulse oximetry, end-tidal CO 2  (ETCO 2 ) detec-
tion, along with electrocardiography, a defi brillator, and 

external cardiac pacemaking should be present and available. 
However, care must be taken not to delay transport beyond 
the benefi t received by the intervention. It is up to the indi-
vidual emergency medical director and local governing bod-
ies to determine the practice guidelines to which the trauma 
system will adhere. 

 Patients with penetrating trauma should be transported to 
a trauma center on a standardized ambulance unit optimally 
that provides ALS. Most units in urban and suburban areas 
provide ALS units that have the previously listed devices, as 
well as a thermometer and a sphygmomanometer. Other than 
standard vital signs and maintaining the ABCs of trauma 
care, there is a paucity of other useful prehospital monitoring 
currently utilized. Signs of internal hemorrhaging from a 
positive abdominal sonogram, for example, may alert one of 
a potential need to stop at a closer trauma center, but with 
penetrating trauma to the trunk, one assumes those injuries 
are present until proven otherwise. 

 Attention is given to addressing frequent causes of pre-
ventable penetrating trauma deaths, which are loss of airway 
control, tension pneumothorax, and exsanguination from 
extremity injuries. Monitoring principles should address 
these areas that are the foundations of ATLS and PHTLS, 
notably the ABCs airway, breathing, and circulation. 
Although electronics and mechanical devices aid in monitor-
ing the status of the patient during transport, the time-honed 
skills of an experienced provider using inspection, ausculta-
tion, percussion, and palpation are invaluable. Specifi c moni-
toring can be organized by the familiar sequence of the 
ABCs of trauma care taught in many educational courses. 

 Initial assessment of the trauma patient requires the estab-
lishment of a functional airway as the paramount priority. Pulse 
oximetry and ETCO 2  detectors, either qualitative or quantita-
tive, are recommended for ambulance units that provide 
ALS. Using infrared spectroscopy, quantitative detectors give 
an instantaneous numeric CO 2  value. In contrast, easily porta-
ble colorimetric devices change color in response to the pres-
ence of airway CO 2  but are unable to indicate hypo- or 
hypercarbia and may falsely indicate loss of the airway by a 
low ETCO 2  in response to certain physiological conditions. 
While the quantitative ETCO 2  monitor can give feedback to 
prevent hypocapnia from vigorous ventilation in an intubated 
patient with a traumatic brain injury, the ETCO 2  detector is 
adequate for transportation of short duration and confi rms tube 
presence in the airway. Constant surveillance is maintained, as 
even a secured airway may be lost. With endotracheal intuba-
tion, a mucus plug, blood, or dislodgment may necessitate rees-
tablishing an airway that is believed to be secure. A high degree 
of suspicion is helpful to diagnose this potential change. An 
adverse change of the patient’s condition en route necessitates 
reassessing from the beginning. If an endotracheal tube is 
inserted, condensation forming with each breath often confi rms 
the correct  placement across the larynx. With a diffi cult 
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 endotracheal intubation, two or three failed attempts should be 
the cause for reevaluation to see if other means can be used to 
secure the airway, such as bag valve mask, laryngeal mask air-
way, or a surgical airway. There exists much variability in the 
success rate of attempted prehospital intubation, ranging from 
approximately one-third to two-thirds. One of the primary rea-
sons for a failed attempt at endotracheal intubation is because 
of trismus or clenched jaw. While rapid sequence intubation 
(RSI) may increase the success rate in these particular patients, 
one only has to observe anesthesia providers in the operating 
room occasionally having diffi culty under controlled, optimal 
circumstances to realize that an ambulance crew with only spo-
radic exposure to a patient who needs airway control may have 
serious hardships. When poor suctioning, mouth debris, facial 
trauma, and other complications are present, it is no wonder 
that securing an airway may be the most important responsibil-
ity and diffi cult-to- achieve goal of the ambulance providers. 
Thus, it remains unclear whether the airway should always be 
secured with endotracheal intubation particularly in urban pre-
hospital setting. There is a signifi cant national variability in the 
rate of out-of-hospital endotracheal intubation after trauma. 
Similarly, contradictory results have been reported regarding 
the impact of prehospital intubation on the outcome of patients 
with traumatic brain injury. 

 If a tension pneumothorax is suspected, needle decom-
pression with a long, large bore needle is performed by inser-
tion in the second intercostal space at the midclavicular line. 
A rush of air upon entrance of the thoracic cavity confi rms 
the diagnosis. ALS provides training to emergency medical 
technicians in proper placement of decompressive needle 
thoracostomy. Chest tube thoracostomy requires a higher 
level of training and skill and often is a cause of struggling in 
even junior-level residents in a controlled emergency depart-
ment setting. 

 Even subtle changes in standard vital signs may fail to pre-
dict mortality or the need for lifesaving interventions prior to 
cardiovascular collapse, although an initial low pulse pressure 
may indicate central hypovolemia earlier than other changes in 
vital signs. Management of circulating blood volume relies on 
limiting the loss and restoration to maintain an adequate perfu-
sion. Standard vital signs are often poor indicators of subtle 
changes or of early shock. Resuscitative hypotension is a strat-
egy that aims to limit the amount of intravenous fl uids in the 
prehospital arena by maintaining a mean arterial pressure of 
60–65 mmHg. Most body organs can maintain viability with 
this level of perfusion, although patients with traumatic brain 
injury have a worse outcome using this approach.  

6.1.7     Where to Transport Patients 

 As outlined by the triage decision scheme from the ACS- 
COT, all penetrating trauma should be taken to a trauma 

 center with an activated trauma team, with the possible 
exception of penetrating extremity wounds distal to elbows 
or knees. Care should be taken to assess the presence of any 
special needs when determining which appropriate facility 
will receive the patient, such as the ability of the facility to 
provide neurosurgical, obstetrical, neonatal, or cardiovascu-
lar care. 

 Utilizing recent battlefi eld experience in Iraq and 
Afghanistan, Tactical Combat Casualty Care principles were 
developed to encourage lifesaving damage control for pene-
trating trauma at a close facility before transporting to a 
facility with higher level of care that may be hours away. 
Although stabilizing the patient at a closer facility may be 
necessary, there is no point in diverting to a closer facility in 
the civilian arena that cannot provide the needed assets, such 
as a neurosurgeon in a patient with a neurosurgical 
emergency. 

 Triage requires evaluation of a patient to determine the 
appropriate facility to which the patient should be trans-
ferred. The ACS designates facilities from Level I to a 
Level IV trauma center. While Level I centers are usually 
affi liated with a university and provide the highest level of 
dedicated resources, a Level II trauma center is expected 
to provide initial defi nitive trauma care for injuries of all 
severities. The risk of death is 25 % lower for a severely 
injured person if the patient receives care at a Level I 
trauma center. Part of this effect (not consistent in all 
studies) may be related to the presence of an in-house sur-
geon available in some Level I centers, although, once 
again, the benefi t of in-house attendings is debated. 
Nonetheless, in a patient with exsanguinating torso inju-
ries, seconds matter and having an experienced provider 
immediately available can only be expected to improve 
outcome. A Level III center provides resuscitation, emer-
gency operations, and stabilization. A general surgeon is 
required to be available at Level I, II, and III trauma cen-
ters. Specifi c patient needs such as neurosurgical, cardiovas-
cular, neonetal or pediatric intensive care unit should be 
anticipated when determining the appropriate receiving 
facility.   

6.2     Rural Environment 

6.2.1     How and Where to Transport 

 For rural trauma care, a Level IV facility may be a clinic 
and not a hospital that provides Advanced Trauma Life 
Support without the presence of a physician. Air transpor-
tation may expedite delivery to defi nitive care. The Field 
Triage Decision Scheme was created by the ACS in 1986 
and serves as a reference for developing triage protocols for 
EMS systems.  
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6.2.2     Additional Resuscitative Measures 
to Consider 

 Additional focus on resuscitative measures may be required in 
penetrating injured patients in a rural environment or those 
with long transport times to the hospital. Defi nitive control of 
the airway and blood administration to maintain a perfusing 
pressure are more likely to be needed in this setting. In addi-
tion, the early administration (<3 h) of the tranexamic acid 
should be considered for patients with signifi cant hemorrhage. 

 Deterioration in the mental status as evidenced by a drop 
in the Glasgow Coma Scale, particularly in the motor or ver-
bal component, has also been shown to correlate with central 
hypotension and impending demise. The eye component 
may be diffi cult to evaluate during transport because of poor 
lighting and motion during transport. In the intubated patient, 
the motor component alone is typically followed, since the 
verbal component score will stay at 1 T. 

 A pulse oximeter is included in the standard equipment on 
an ambulance providing ALS and is used for continuous 
peripheral oxygen saturation monitoring in prehospital emer-
gency medicine and transportation. The device measures 
hemoglobin saturation in a noninvasive fashion by passing a 
light between two surfaces of tissue. Forehead sensors may 
give more reliable readings, depending on the location of the 
injuries. Patient motion, hypothermia, and vasoconstriction can 
all interfere with accurate readings and cause aberrant results. 

 End-tidal CO 2  (ETCO 2 ) monitoring is a means of evaluat-
ing respiratory CO 2  levels during exhalation. It has become a 
standard component in an ambulance that provides 
ALS. Guidelines from the American Heart Association require 
exhaled CO 2  measurement following intubation for confi rma-
tion of accurate endotracheal (ET) tube placement. The quali-
tative measuring device fi ts between the Ambu bag and the ET 
tube and changes color in the presence of alveolar CO 2  when 
levels are near normal pulmonary artery CO 2  values. 
Inadvertent esophageal intubation reveals absent ETCO 2 . 
Physiologic derangements such as shock, pulmonary embo-
lism, and airway obstruction may produce a lower ETCO 2 , 
while hypoventilation and exogenous bicarbonate administra-
tion may elevate the ETCO 2 . Small reductions in ETCO 2  may 
give an early warning of cardiovascular collapse from hypovo-
lemic hemorrhage, but small quantitative drops have not yet 
proved to be clinically useful in the prehospital setting. 

  In summary , monitoring during transport of penetrat-
ing trauma has been standardized with recommended 
devices found on ambulances that provide both Basic and 
Advance Life Support. A high degree of suspicion or even 
the expectation that the patient will decompensate en 
route will help limit adverse surprises. All penetrating 
trauma except that isolated to a distal extremity should be 
transported to a trauma center with an activated trauma 
team. On-scene delays should be avoided, including those 

from non- lifesaving interventions, with ambulance 
 durations of less than 10 min on-scene recommended. In 
general, physical examination of the patient using stan-
dard ABC sequence of trauma care should be followed. 
Preventable deaths en route are mainly from uncontrolled 
extremity hemorrhage, loss of the airway, and tension 
pneumothorax. Monitoring should closely evaluate for 
each of these causes. The emergency medical team should 
be capable of addressing each of these derangements, 
each of which can be rapidly lethal. Immediate actions 
should be taken for each condition using appropriate 
equipment and techniques. Initial evaluation and survey 
are performed to determine the needs of the patient and 
which specifi c facility is most appropriate for treating the 
sustained injuries. Remaining cognizant of special needs 
of the patient, including the need for pediatric intensive 
care, availability of a neurosurgeon, or specialized critical 
care, helps determine the appropriate trauma facility. 
Logical, fl owing patient evaluation sequences will help 
ensure that more occult injuries are not overlooked and 
optimal monitoring occurs during timely transport.       
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•   Additional focus of resuscitative measures may be 
required in penetrating injured patients in a rural 
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the hospital (e.g., air transport, securing of airway, 
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      Trauma Resuscitation                     

     Heena     P.     Santry      and     Marc     de     Moya    

      Hemorrhage accounts for up to 40 % of trauma-related 
deaths. As hemorrhage has been increasingly recognized 
over the last century as  both  a disease of decreased perfusion 
 and  a disease of altered immunity, the approach to trauma 
resuscitation has evolved substantially. While the initial 
approach to the management of the penetrating trauma 
patient remains addressing airway and breathing prior to cir-
culation and the initial approach to circulation remains direct 
control of discrete source(s) of bleeding and adequate access 
through the large bore peripheral venous, interosseus, or cen-
tral venous access, the approach to treating  abnormal circu-
lation  due to hemorrhage has evolved to the concept of 
damage control resuscitation. In the face of penetrating 
trauma, the means to improve survival is expeditious hemor-
rhage control and minimizing secondary soft tissue/organ 
injury with resuscitative efforts to maintain end-organ perfu-
sion and reverse trauma-induced coagulopathy. This chapter 
will focus on the resuscitation for penetrating trauma patients 
who present with hemorrhagic shock. Table  7.1  reviews the 
classifi cation of hemorrhagic shock.

7.1       Fluid Type 

 There is some data to support the use of small volumes of 
crystalloid such that the deleterious effects of volume over-
load are avoided while maintaining both macro- and micro-
perfusion in patients who present with class I/II hemorrhage. 
However, large-volume crystalloid resuscitation in the face 

of exsanguinating hemorrhage has been shown macroscopi-
cally to cause edema of the gut, myocardium, and skeletal 
muscles, compartment syndrome, and acute respiratory dis-
tress syndrome and microscopically to induce tissue hypoxia 
and free-radical injury leading to derangements of cellular, 
metabolic, and immune functions. Meanwhile, the tradi-
tional approach to blood component transfusion for class III/
IV hemorrhagic shock wherein one unit of fresh frozen 
plasma (FFP) was transfused for every six units of packed 
red blood cells (PRBCs) and one unit of platelets transfused 
for every ten units of PRBCs has been shown to result in 
acidosis, hypothermia, and coagulopathy. When this so- 
called lethal triad occurs, diffuse hemorrhage continues 
despite operative control at the injury site(s) and often results 
in death. Therefore, large-volume crystalloid infusion has 
largely been replaced by blood product transfusion in fi xed 
ratios of red blood cells/plasma/platelets approaching 1:1:1 
or 1:1:2 as evidenced by the Pragmatic Randomized Optimal 
Plasma and Platelet Ratios (PROPPR) trial which did not 
show 24 h or 30-day mortality differences between these 
ratios. Even when ratios are maintained, increasing volume 
of crystalloid is a predictor of mortality. Finally, the mortal-
ity benefi ts of an established protocol with a balanced ratio 
of blood products with minimization of crystalloid infusion, 
even if not 1:1:1, have also been shown as such a protocol 
mitigates delays in access to blood products and ensures cor-
rect ratios at whatever level they have been agreed upon. 

 Colloids (typically 5 % albumin or 6 % hetastarch) and 
hypertonic fl uids (7.5 % saline with or without 6 % dextran) 
have been sought as alternatives to crystalloids for their 
higher oncotic pressure and hypertonicity, but numerous 
studies failed to show any mortality advantage of these fl u-
ids. Similarly, given that blood component therapy suffers 
from lack of donors, storage issues, and risks of transfusion, 
various hemoglobin solutions that would provide the benefi ts 
of blood transfusion, in particular with regard to oxygen- 
carrying capacity, without the risks and with longer shelf 
lives were created and tested. Unfortunately, none have 
shown the mortality benefi t hoped for, and some have been 
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associated with signifi cant adverse effects including higher 
mortality. 

 Thus, blood products in a 1:1:1 or 1:2:1 ratio, with little to 
no crystalloid solution, along with efforts to control source 
of hemorrhage, either temporarily, or defi nitively if able to 
be achieved outside of the operating room, should be the ini-
tial approach to resuscitation after penetrating trauma for 
patients in hemorrhagic shock who  do not respond  to an ini-
tial small volume bolus of normal saline or Ringer’s lactate 
solution. Furthermore, all hospitals should establish massive 
transfusion protocols (MTPs) based on local resources 
designed to bring appropriate balanced ratio of blood prod-
ucts to the patient in less than 10 min.  

7.2     Determining Need for Massive 
Transfusion 

 If an injured patient has evidence of intact perfusion as mea-
sured by normal blood pressure or evidence of end-organ 
perfusion (intact mental status, palpable radial pulse), he/she 
does not need to be aggressively resuscitated or transfused. 
In recent years, a number of approaches to determining need 
for massive transfusion, retrospectively defi ned by most as 
the need for ≥10 unit PRBCs in the fi rst 24 h after injury, 
have been tested. 

 The Trauma-Associated Severe Hemorrhage (TASH) and 
the Assessment of Blood Consumption (ABC) scores are the 
most widely used. However, the former was derived from a 
cohort of blunt trauma patients and consists of a relatively 
complicated calculation utilizing seven weighted variables 
(systolic blood pressure, sex, hemoglobin, focused assess-
ment for the sonography of trauma (FAST), heart rate, base 
excess (BE), and extremity or pelvic fractures) to predict 
need for massive transfusion. The possible range of scores is 
between 0 and 28, where each point corresponds to increased 
risk, and 100 % of patients with a score ≥27 require massive 
transfusion. Conversely, ABC accounts for mechanism of 
injury (penetrating vs. blunt) and is simpler to derive. It also 

includes systolic blood pressure ≤ 90 mmHg on emergency 
room (ER) arrival, heart rate ≥120 bpm on ER arrival, and 
positive FAST, where each parameter equals 1 point and 
85 % of patients with a score of ≥2 will require massive 
transfusion. Application of such scores to MTP practices 
will streamline resource utilization and clinical decision- 
making at the bedside when patients are not in obvious class 
III or IV hemorrhagic shock.  

7.3     Adjuncts to Massive Transfusion 

 Trauma-induced coagulopathy (TIC) occurs when the body’s 
hemostatic mechanisms at the cellular level become deranged 
in the face of massive exsanguination. Thrombus can no lon-
ger form and uncontrolled hemorrhage, not just from the 
site(s) of injury, occurs. TIC occurs in 10–34 % of injured 
patients and has been associated with increased mortality. 
While early research suggested that high-volume crystalloid 
infusion and wide blood product ratios were causative fac-
tors, it appears that these approaches to resuscitation were 
actually exacerbating, rather than inducing, post-injury 
coagulopathy which has been attributed to increased activa-
tion of activated protein C, hyperfi brinolysis, and platelet 
dysfunction due to injury itself. Therefore, in addition to lim-
iting (in the case of crystalloids) or modulating (in the case 
of blood product ratios) these exacerbating factors as detailed 
above, efforts to identify and ameliorate TIC have also 
emerged. 

 Traditional approaches to measuring coagulopathy are 
either impractical (e.g., bleeding time is diffi cult to measure 
in a patient undergoing interventions in the trauma bay for 
hemodynamic compromise; serum laboratory data even if 
stat can take up to 2 h to return) or not reliable (e.g., platelet 
count does not refl ect platelet function; fi brinogen, pro-
thrombin time, and partial thromboplastin time each only 
refl ect one aspect of the coagulation cascade) for patients 
presenting with hemorrhagic shock; therefore, point-of-care 
testing of whole-blood viscoelasticity has been developed. 

   Table 7.1    Classes of hemorrhagic shock [ 2 ]   

 Class I  Class II  Class III  Class IV 

 EBL (mL)  <750  750–1500  1500–2000  >2000 
 EBL (% TBV)  <15  15–30  30–40  >40 
 Pulse a  (bpm)  <100  100–120  120–140  >140 
 SBP a   Normal  Normal  Decreased  Decreased 
 PP a  (mmHg)  Normal or increased  Decreased  Decreased  Decreased 
 RR a   14–20  20–30  30–40  >35 
 UOP a  (mL/h)  >30  20–30  5–15  Nil 
 MS a   Slightly anxious  Mildly anxious  Anxious, confused  Confused, lethargic 

   EBL  estimated blood loss,  TBV  total blood volume,  BPM  beats per minute,  SBP  systolic blood pressure,  PP  pulse pressure,  RR  respiratory rate, 
 UOP  urine output (if catheter inserted),  MS  mental status 
  a Underlying comorbidities and medication use may alter these manifestations of hemorrhage  
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The two most widely studied in trauma are thromboelastog-
raphy (TEG) and rotational thromboelastometry (ROTEM). 
TEG and ROTEM will show which part(s) of the coagulation 
cascade is impaired. While the validity of these measures has 
not defi nitely been proven in a prospective manner, TEG and 
ROTEM results allow assessment of adequacy of clotting 
factors, platelet function, and fi brinolysis. A detailed discus-
sion of the interpretation of TEG and ROTEM is beyond the 
scope of this chapter; however, Fig.  7.1  provides a schematic 
of how a TEG or ROTEM result might be interpreted to 
guide resuscitation. Importantly, normal TEG or ROTEM 
does not rule out bleeding. Rather, it confi rms normal coagu-
lation cascade. A number of centers have reported using 
TEG or ROTEM in the trauma bay to guide resuscitation 
with specifi c blood components, cryoprecipitate, concen-
trated clotting factors, and pharmacologic adjuncts rather 
than blindly following a prescribed ratio of blood compo-
nents for patients in hemorrhagic shock. Based on current 
evidence, these point-of-care tests should  be considered  in 
conjunction with MTPs.

   Tranexamic acid (TXA) is a synthetic derivative of the 
amino acid lysine that inhibits fi brinolysis. It is indicated for 
primary hyperfi brinolysis. The effectiveness of TXA in the 
face of “signifi cant hemorrhage” was measured in the large 
clinical trial Clinical Randomisation of an Antifi brinolytic in 
Signifi cant Haemorrhage (CRASH-2). The study found that 
administering 1 gm of TXA within 3 h of onset of bleeding 
as a bolus over 10 min and then providing a maintenance 
dose of 1gm infused over the next 8 h reduced all-cause mor-
tality from 16 to 14.5 % (RR 0.91, 95 % CI 0.85–0.97) with-
out increasing thrombotic events. Since this study was 
published, administering TXA in concert with an MTP has 
been widely adopted. These reports support including TXA 
in modern-day MTPs for patients who present within 3 h of 
onset of bleeding. 

 Pharmacologic coagulopathy, in particular in the era of 
novel oral anticoagulants, is also a concern in the resuscita-
tion approach after penetrating trauma. Pharmacologic coag-
ulopathy should be considered based on patient history, if 
known; and, in certain cases, TEG or ROTEM might provide 
a clue regarding which class of anticoagulant a patient is on 
if the history is unknown (see Fig.  7.1 ). Reversal strategies 
for various anticoagulants differ and should be immediately 

implemented in an exsanguinating trauma patient. While a 
detailed discussion of reversal of pharmacologic coagulopa-
thy is beyond the scope of this chapter, common recommen-
dations for oral anticoagulants are listed in Table  7.2 . As 
with MTPs, protocolization of reversal of common antico-
agulants  may expedite  hemorrhage control.

   Whether due to environmental exposure at time of injury 
or blood loss, hypothermia has been reported in 2–13 % of 
injured patients. Hypothermia, typically defi ned as core tem-
perature ≤35 °C, exacerbates TIC by causing consumption 
of clotting factors and has been independently associated 
with mortality in a number of studies. Therefore, during 
resuscitation, every effort must also be made to warm the 
environment and the patient to avoid hypothermia. All wet/

Normal

Anticoagulants/
hemophilia

Anti-platelet agents

Hypercoagulation

Fibrinolysis

  Fig. 7.1    Schematic of interpretation of thromboelastography       

   Table 7.2    Reversal agents for common oral anticoagulants   

 Anticoagulant class  Examples  Reversal 

 Vitamin K agonists  Warfarin  3-factor or 4-factor PCC 
  or  FFP (if PCC is not available) 

 Direct thrombin inhibitors  Dabigatran  PCC, recombinant factor VIIa,  or  hemodialysis (if 
PCC/VIIA is not available) 

 Direct factor 10A inhibitors  Apixaban, rivaroxaban, edoxaban  PCC 
 Platelet inhibitors  Aspirin, clopidogrel  Platelets  or  desmopressin 

   PPC  prothrombin complex concentrate,  FFP  fresh frozen plasma  
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cold clothing must be removed and replaced by warm 
 blankets. Room temperature should be maintained at 
28 °C. These are examples of passive external warming. 
Active external rewarming involves conduction or convec-
tion blankets at 42 °C. Finally, whether or not a patient is 
hypothermic on presentation, to avoid iatrogenic cooling, all 
PRBCs, FFP, and fl uids (if any) must be infused via warmers 
at a temperature of approximately 38 °C. Recent evidence 
also refutes the traditional recommendation that platelets not 
be infused through a warmer due to poorer aggregation. 
More invasive intra- or extracorporeal warming is rarely 
used in the acutely injured patient.  

7.4     Permissive Hypotension 

 Normotension in the absence of hemorrhage control has 
been shown to worsen bleeding in multiple experimental 
models. Therefore, hypotensive resuscitation, controlled 
resuscitation, and delayed resuscitation until the time of 
defi nitive hemorrhage control have been proposed as 
alternatives for patients without suspicion of intracranial 
injury (since even a single episode of hypotension can 
worsen neurologic outcomes). The landmark study that 
led to this paradigm shift allowing for permissive hypo-
tension in the management of trauma patients, in particu-
lar those with penetrating trauma, randomized patients 
with penetrating torso trauma and systolic blood pressure 
<90 mmHg to delayed ( N  = 289) versus conventional 
resuscitation ( N  = 309) in the fi eld. The study, set in an 
urban US environment with short transport times, showed 
that the delayed resuscitation group experienced higher 
survival than controls (70 % vs. 62 %,  p  = 0.04) without 
any difference in complication rates. Since that time, vari-
ous strategies for permissive hypotension have been pro-
posed and tested. 

 In hypotensive resuscitation, infusion rates are adjusted to 
maintain a goal blood pressure (typically mean arterial pres-
sure of 40–50 mmHg or systolic blood pressure of 
80–90 mmHg). In controlled resuscitation, which is particu-
larly useful in prehospital or austere environments where 
sphygmomanometry may not be available, the rate of fl uid 
infusion is maintained at a predetermined rate (60–80 mL/
kg/h) selected a priori so that there is little chance of achiev-
ing normotension. In delayed resuscitation, fl uids are with-
held until defi nitive hemorrhage control. This may be 
particularly useful in areas with short transport times. 
Ultimately, resuscitation is not a substitute for early hemor-
rhage control; however, pending such control, mammalian 
models and limited clinical studies support permissive 
hypotension.      
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      ABC Heuristics                     

     Pantelis     Vassiliu     ,     George     Konstantoudakis     , 
and     Asad     Mushtaq    

      Since the early years of evolution, oxygen released into the 
atmosphere permitted oxygen-dependent creatures to thrive. 
Humans are such creatures. A tube, an air pump, and a fl uid 
pump, coded recently with the acronym ABC, extract oxy-
gen from the environment and distribute it to the last cell, 
before any other functions occur. Disturb this fundamental 
process, and human life, after a short period of vigorous 
compensation, expires. Thus, the management of A, B, and 
C in injuries is considered crucial, and this is preached 
worldwide. Most physicians (not only surgeons) have been 
taught and are practicing those techniques to save lives. Less 
well known, owing to a lack of experience, is the sequence 
and time effectiveness with which these techniques need to 
be deployed in order to “buy time” for the patient and to 
maximize the potential salvaging of life. 

 So “the name of the game is time.” Brain oxygenation 
failure sends man on his ultimate 3-min trip (u3T), which 
ends in brain damage and “game over.” This is the only path, 
whatever the underlying injury, to plunging a healthy indi-
vidual headlong toward rapid death. It is fortunate that very 
few injuries lead to this death sprint; so, in this ultimate 
emergency, the focus is on identifying and treating, during 
primary ABC evaluation, airway obstruction, tension pneu-
mothorax (tPTX), cardiac tamponade, and massive hemor-
rhage. A couple more (i.e., cerebrocervical dissociation, 
neurogenic shock), although equally lethal, are irrelevant to 
penetrating injuries. The 3 min is an average estimation 
based on experience, and deviations from this limit do exist. 
The same applies for most of the occurrences mentioned in 

this chapter. The whole chapter runs fast-forward in order to 
emphasize the need to act time effectively and to save every 
second possible. Real-life trauma is more gracious regarding 
time. However, to quote Sinatra: “If you can make it there [in 
less time] you’ll make it anywhere.” 

8.1     Airway 

 Let us fi rst clarify the term. The airway starts from the mouth 
and nose orifi ces and terminates at the end bronchiole before 
the alveolus. The airway is a tube that progressively dimin-
ishes in diameter. Complete obstruction creates a life- 
threatening situation. This happens at its narrowest location, 
the vocal cords, which are placed transversely, reducing 
drastically lumen’s diameter. Objects small enough to pass 
through the vocal cords will obstruct the minor bronchi, but 
are not life-threatening. The part of the airway sited at the 
neck is exposed to perforation, hematoma, and edema and 
also ends below the vocal cords. Distal from that, the trachea 
is protected deep within the mediastinum, and although an 
injury may happen there, it can be managed surgically 
through B and C. So the end of the airway, when we are deal-
ing with the ABCs, is at the vocal cords. Obstruction, pene-
tration, and hematoma of A can be managed in an emergency 
within minutes, by bypassing the injury distal from the vocal 
cords, either with a tracheal tube or a surgical 
cricothyrotomy. 

8.1.1     Evaluation 

 The history (e.g., a penetrating neck injury) may alert you 
before you even see the patient, and the clock starts to count 
down. The clinical examination, in a conscious patient 
(mumbling or hoarse vocals), physical signs in the uncon-
scious (hearing, feeling, or seeing the air coming in and out 
of the mouth, observing the oral cavity for bleeding, emesis, 
and the neck for hematoma, a hole, bubbles, edema), and the 
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combination of all these, should answer defi nitively the three 
questions:  patent ?  threatened ?  obstructed ? The mission 
should be accomplished within 10 s.  

8.1.2     Treatment 

 A patent airway should indicate the green light to proceed to 
B. Easy and fast diagnosis … but would it remain patent in 
the near future? History/signs/clinical, if all negative, 
answers a defi nitive “yes” … and release the brake. Put on an 
oxygen facemask at 15 L/min and evaluate B. 

 You do identify a threat to A. This is the most time- and 
thought-intensive situation. You need permanent intubation, 
by an oro- or naso- or cricotracheal tube with a balloon that 
fastens below the vocal cords. This action consumes a lot of 
time. In extremely experienced hands, orotracheal intubation 
takes 2 min 30 s. Offering this service in a hospital, where an 
anesthesiologist devotes his time to A, while you, the sur-
geon, although remaining alert to the need for surgical crico-
thyrotomy, take care of B and C, is okay. If you are dealing 
with this  alone , you need to think one more step ahead. What 
threat are you dealing with? An evolving threat (i.e., expand-
ing hematoma) or a potential threat that may or may not 
ensue (i.e., GCS < 8 due to blood loss only, not head injury, 
risk of aspiration). In the fi rst case, do the intubation, imme-
diately, wholeheartedly. In a potentially threatening situa-
tion, maybe it is better to conserve time. The >2 min 30 s 
needed for intubation will exhaust your patient’s remaining 
lifetime if there is a coexisting problem from B or C. Instead, 
proceed to a rapid evaluation of B and C, and devote time to 
any real (not a potential) threat you may fi nd there. After all 
it is better to have a living patient with aspiration pneumonia 
than a dead one because of tamponade, with an intubated, 
safe airway. 

 An obstructed airway has an extremely dramatic clinical 
presentation in a conscious patient. Hands to throat, no vocal 
sounds, and extreme agony in the face are evident. Loss of 
consciousness followed by loss of muscular tone may 
obstruct the airway because of the tongue dropping back and 
can be treated easily within 10 s by a jaw thrust and chin lift. 

In all other cases of obstruction, there was no contemplation, 
but time-consuming action is needed. Focus and devote the 
time required to reestablish patency, and don’t be concerned 
about B and C. Even if there are other injuries involved, you 
can offer nothing unless oxygen fi nds its way through A. 

 The ways to reestablish airway patency are shown in 
Fig.  8.1 .

   Treatment of A with no equipment, chin lift and jaw thrust, 
can be practiced “in the street,” requires 10 s works, and 
resolves almost all cases of airway obstruction due to the 
tongue simply dropping back. Remember to protect the spine. 

 Airway intubation with temporary measures is easier and 
faster than with permanent ones. It can be applied “in the 
street,” but requires equipment. If you have to bypass an 
obstructed airway surgically with no means, remember you 
can bail out with a needle cricothyrotomy (Figs.  8.2  and  8.3 ). 
This takes 60 s and buys 30 min for your patient. If you are 
enthusiastic, confi dent, and courageous and have common 
sense, have handy the pocket airway “Life-Stat®” – a metal-
lic trocar with a large needle to penetrate the cricothyroid 
membrane, a connecting cannula, and a universal adapter 
matching the tubing diameter of any ventilator. The device is 

Airway Proctection

EquipmentNo Equipment

Chin Lift Jaw Thrust

Needle Cric

Oropharyngeal

Nasopharyngeal

Laryngeal mask

Temporary Permanent

Orotracheal

Nasotracheal

Surg Cric

  Fig. 8.1    Ways to reestablish 
patency or protect the 
airway       
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  Fig. 8.2    Technique for needle cricothyrotomy (lateral view)       
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packed in one tube within the other, and you can carry it with 
your key holder. The only issue here is to convince airport 
authorities that you want this sharp instrument with you on 
board for a novel purpose.

    Temporary airway tubing can become dislodged at any 
moment. Replacement with a permanent one is mandatory 
a.s.a.p. This requires an organized environment, equipment, 
more skill, and a lot of time. A knife, a really helpful tra-
cheal  hook , a curved clamp, a tube, and your steady hand are 
all you need to perform an emergency cricothyrotomy 
(Fig.  8.4 ).

   So by now you have devoted something like 10 s, let’s 
say, to evaluating your patient’s airway, and if it is  really  
indicated, another 3 min (a lot of time) to securing it, and 
now you are ready to proceed to B.   

8.2     Breathing 

8.2.1     Evaluation 

 Fifteen more seconds is needed to identify a life-threatening 
injury from B and localize it R or L. Clinical presentation in 
a conscious patient is so impressive and typical that it strikes 
you from a distance. The patient is in extreme agony, 
 combative, with swallowing, high-frequency breaths, speak-
ing with short, sharp phrase, “Doc, help; I am dying,” with 
every breath repeating exactly the same sentence, cutting the 
last word, because his breath volume is not enough to allow 

him to complete it. In such a “loud” case, are you allowed to 
bypass A and decompress the tPTX fi rst? By all means. It’s 
“ABC” vs common sense. A 15-s delay in A evaluation, to 
reestablish breathing and circulation, is a bargain. If you are 
not “lucky” enough to see such a patient, a report of penetrat-
ing injury to the thoracic surface should alert you before you 
even see him. Observation of the respiratory movement of 
the two hemithoraxes and bilateral auscultation at the second 
intercostal space, midclavicular line, and sixth intercostal 
mid-axillary location is diagnostic. At the initial evaluation, 
a single breath or even less, one inspiration or expiration is 
enough to decide. If clear, proceed to C. If it sounds like 
there is a problem, do not waste a second, just treat. If you 
are inconclusive, given your clinician’s common sense, it 
seems that your patient has enough respiratory reserve to 
undergo an on-table X-ray. Any second delay from radiology 
should be invested in the next step, C.  

8.2.2     Treatment 

 Two life-threatening injuries in B need immediate action. In 
most cases, this action will solve the problem, and only 15 % 
will need an operation. 

 Tension PTX: Decompression with a needle is done at the 
second intercostal space at midclavicular line. The task 
should be completed within 15 s, 14 of which are needed to 
fi nd a large-caliber long venous catheter (a.k.a. needle) if 
you are not prepared. This will give time extension to a 
dying patient. During that time you now reevaluate A. If this 
is already done, you can put in a chest tube (Fig.  8.5 ), which 
takes a couple minutes if you are reasonably fast. If you 

Cricoid
cartliage

Press needle firmly to prevent
penetrating through 

  Fig. 8.3    Technique for needle cricothyrotomy (craniocaudal view)       

  Fig. 8.4    Surgical cricothyrotomy (notice the hook)       
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anticipate more time for this task (skill confi dence, fi nd the 
tube, collection system not ready), it is wise to complete a 
rapid evaluation of C (30 s and three answers away), to have 
an idea what waits you there and start preparing, and then 
come back and complete the job with B, adjusting your 
pace.

   Massive hemothorax (HTX): more than 1,500 cc is 
drained as you put in a chest tube, or 200 mL/h over 3–4 h. 
Usually HTX is not massive, because vessels within the 
chest cavity are low-pressure/easily clotting, and the issue is 
simply to drain the blood completely. The thoracic cavity/
mediastinum contains high-pressure vessels, which, when 
bleeding, can result in death even before arrival at the hospi-
tal. This could be one of the 15 % of cases that will require 
immediate operative management, where you actually treat a 
problem from C located in the B area. While you transport 
the patient to the OR, evaluate C and prepare for additional 
surprises. 

 Two more injuries from B require immediate action, 
although these are less demanding regarding time. 

  Flail Chest     Infrequent in penetrating injury. Patient will 
have lung contusion that will worsen over time; with aggres-
sive fl uid resuscitation, he will hypoventilate to diminish the 
pain in the injured area and may have HTX or PTX. Manage 
them with oxygen, analgesia, and physiotherapy. If the FiO 2 /
PaO 2  ratio drops below 200, prolonged intubation is required 
until contusion resolves.  

  Simple HTX or PTX     The issue here is to be sure that 
HTX is simple and not massive, and the easy way is an 
X-ray, most effective being a chest tube, both at least 
2 min away. In simple open PTX a >3-cm defect at the 
wall affects respiration signifi cantly and will press for 
immediate action (chest tube, dressing). In this case an 
Asherman chest seal (  http://www.ashermanchestseal.com    ) 
is a very effective alternative for the physicians that have 
organized an emergency handbag for the fi eld. In both 
cases, consider the vital signs, the time requirement for an 
X-ray/chest tube, and the stability of the patient, and you 
may choose to prioritize the chest tube over an X-ray or 
even a rapid initial assessment to rule out lethal injuries 
from C.  

 The bare necessities you need for substantial manage-
ment of B injuries are large-caliber needle, chest tube, 
 draining system with a Heimlich valve (sophisticated or sim-
ple), and the luxury of X-ray and stethoscope. You will fi nd 
them in every medical facility. In the extreme scenario where 
your services are needed in an isolated environment, develop 
them by being a bit innovative. A real life example of chest 
tube placement during an airplane trip: whisky as antiseptic, 
a straightened wire from a dress hanger as a stylus, and a 
straw as a chest tube.   

8.3     Circulation 

 Common sense bypasses all principles/traditions. If you are 
facing the red-hot juice pouring out of the body, compress to 
stop it, before B and before A. Devote 1 s and buy a  lot  of 
time. Applies to all compressible areas, from carotid to … 
digital artery. For uncompressible cavities (chest, abdomen) 
the patient needs an operation to contain the bleeding, so you 
follow time effectively the ABC rules. 

 C is a little more complex than A and B. It has three com-
ponents: the pump, the tubing, and the circulating fl uid. This 
vignette raises more questions that need to be answered, but 
again rapidly fatal injuries are very rare. 

 Start vice versa, treating before evaluating. Two 
18-gauge IV catheters give you access to the intravascular 
space, a bare necessity. Postponing this task narrows the 
chances of success because of volume depletion. You can 
accomplish this within 60 s, although much longer times 
have been reported. For diffi culties in venipuncture, famil-
iarize yourself with the intraosseous catheterization tech-
nique and its limitations and utilize power intraosseous 
“EZ-IO®,” which promises 30-s access to the intraosse-
ous/intravascular space in adults, has been tested, and 
works. 

360°

Pleura

  Fig. 8.5    Insert chest tube without its trocar on the upper boarder of the 
lower rib. After insertion rotate tube by 360 o  at its longitudinal axis to 
avoid its entrapment in lung fi ssure       
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8.3.1     Evaluation 

 Check fi rst what kills most rapidly:

    1.    Pump
    (a)    Heart penetration: Suspect it if there is penetrating 

injury to the left chest. Blood pressure rapidly drops 
despite resuscitative efforts. It is an ideal indication 
for ER thoracotomy, especially if the patient loses the 
pulse while retaining electrical heart function. You 
will need  only  six instruments, knowledge of the sim-
ple technique (see relevant Chap.   11    ), boldness, and 
common sense. Within 4 min you have the descending 
aorta clamped, so you force the few circulating eryth-
rocytes to perfuse the brain, repair the cardiac hole 
with traumatic and not elective techniques (see rele-
vant Chap   11     again), and give IV blood at a rhythm of 
1 L/min if you have a rapid infuser. This injury is 
unmanageable outside of a well-organized hospital.   

   (b)    Tamponade: Clinical presentation looks a lot like 
tPTX. The differential comes from the story, pene-
trating injury to the left hemithorax, above the heart, 
instead of blunt chest trauma. Distended neck veins 
may be present or not if volume depletion develops, 
agony, blurry sounds heard. You are facing, as in car-
diac penetration, this “crazy” type of shock that wors-
ens with fl uids! Occasionally diagnosis is diffi cult, 
but this is the less demanding case that gives more 
time. You should act immediately. The classical 
teaching of pericardiocentesis, although it applies for 
drainage of non-bloody pericardial effusion, is usu-
ally ineffective and potentially dangerous in trauma. 
It is your only option if you are not a surgeon. 
Preached and applied to assuage the doctor’s con-
science rather than to treat the problem itself. 
Remember that blood clots out of the vessels? Well, it 
applies here. And since clotting time is 6 min, it is 
logical to assume that this is the time you have to 
suspect, diagnose, target, and hit the pericardium 
with a needle to succeed (Narrow). The myth that 
pericardial blood does not clot is derived from elec-
tive cardiac surgery, where fully heparinized patients 
are treated with pericardiocentesis if they develop 
tamponade postoperatively. Five percent of trauma 
patients develop very early coagulopathy. This group 
of patients may also contribute to the myth and may 
have a chance of effective tamponade evacuation 
with pericardiocentesis. 

 Practically the only chance of survival is through 
operative drainage. This can be accomplished by a sub-
xiphoid midline abdominal incision through the dia-

phragm’s abdominal surface (Figs.  8.6  and  8.7 ) or under 
the tip of the sternum after cutting its edge (see chapter 
on emergency department thoracotomy). A left thora-
cotomy allows decompression and repair of the under-
lying heart injury, so it can also be applied. All 
techniques are easy, rapid (5 min), and effective, and 
you can do them in the ER or OR, but not out of house.

            2.    Fluid 
 The crux of the resuscitative effort is to preserve the mini-
mal circulation necessary to keep the nervous tissue per-
fused until you control the bleeding. This is where 
hypotensive resuscitation comes on board. If you can 
retain a systolic blood pressure (SBP) of around 90 mmHg, 
you preserve brain perfusion and avoid dislodging of the 
fresh clot that seals vessel injuries. Dislodging, rebreed-
ing, and fatalities happen with elevation of SBP. 

 You estimate the percentage of missing blood through 
the vital signs. Vitals are examined in a specifi c order, 
prioritizing those that decline from normal fi rst during 
hypovolemic shock development: pulse rate, mental func-
tion, breathing rate, pulse volume, skin color/tempera-
ture, urine volume, and blood pressure. 

 In the Iraq war, the US army effectively utilized just 
the fi rst two, aforementioned, clinical signs to resuscitate 
the injured soldier during transportation, with no equip-
ment: the pulse rate and mentation. Whenever the 
wounded lost either of the two (pulse, communication), 
they received an IV bolus or 100 cc of hypertonic saline 
(HTS) 7.5 % combined with dextran 6 % (HSD). This 
kept the patient alive during transportation to the closest 
surgical unit. HTS packs a lot of volume in a little box. 

Diaphragm

Xiphoid

  Fig. 8.6    Cut in the diaphragm using Allis clamps       
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100 cc is infused, and another 300 cc is drawn into the 
vessels from the tissues because of the osmotic effect. 
This is ideal for soldiers to carry into battle, where there 
are severe load limitations. The benefi t of temporary 
expansion of intravascular volume is overpowered by 
time and by the osmotic disturbance. 

 So which fl uid is better? Normal/saline is not exactly 
our electrolyte and osmolality composition, so it is out. 
Dextrose 5 % in water gives sugar (which is not as essential 
as circulation at that time) and then metabolizes into elec-
trolyte-free water, which dissolves electrolytes,  adding this 
problem to all the others. Ringer’s lactate is electrolyte and 
osmolality friendly, so this is what sells most. Colloids 

have been completely outmoded since the Iraq war, where 
we realized that humans bleed whole blood and not 
“starch”. In previous wars, we did not have the technology 
to preserve blood, so we broke it into components (red 
cells, platelets, plasma), or we tried to fi nd substitute vol-
ume expanders, like colloids. In the Gulf war, the survival 
rate rose dramatically with the utilization of whole blood, 
so now for the exsanguinating patient, the issue is either 
transfuse whole fresh blood or for every unit of red blood 
cells, give a unit of plasma and a unit of platelet.   

   3.    Tubing 
 You are facing a patient in hypovolemic shock due to a 
penetrating injury. Any compressible bleeding vessel 
should have been compressed on sight. But the patient’s 
condition is deteriorating. Rule out tPTX and cardiac 
tamponade/penetration. What remains as a cause is vessel 
hole(s), either individual or within solid viscera. 

 As you are heading to the OR, you would like to know 
 one thing : which cavity is bleeding. The “cavities” you 
target are few: chest (R or L), mediastinum, abdomen, ret-
roperitoneum, and the thigh and the environment. 

 Remember we are dealing with minimal time. Your 
time investment in B (clinical examination, chest tubes) 
would already have given a convincing answer for massive 
bleeding from the chest, so focus on the rest. The transme-
diastinal course of the injury and the injury located in the 
mid-thorax suggest mediastinal bleeding, although during 
evaluation of the heart, you also shape an idea for the medi-
astinum. Before you decide to crack a sternum, remember 
that most preventable deaths from exsanguination come 
from the abdominal cavity, so devote your attention there 
fi rst. Penetration of the abdominal wall and shock give you 
a ticket for a xiphopubic incision, regardless of whether 
there is intra-abdominal or retroperitoneal bleeding. The 
only issue that you should think twice about is the fi fth cav-
ity. Exsanguination in the fi eld that nobody is informed 
you about (… “we found him in a lake of blood”), and a 
patient who remains in hypovolemic shock due to undere-
suscitation. Think about it and ask the paramedics, before 
you hit empty from blood, one cavity after another. Don 
Trunkey, proud of his ability to save lives, suggests for 
such ultimate emergencies. “Two chest tubes within 2 min 
and then a xiphopubic incision, and you have all blood 
holding cavities handy for evaluation and treatment.” 

 Vital signs (trend, not just a measurement) will answer 
the other vital question: How much time do you have? 
SBP of 80 mmHg and, after 5 min and 1 L of resuscitative 
effort, 70 mmHg, means a red alert in the OR. If this is  not  
the case, you can deploy your close range diagnostic toys 
(FAST, X-ray) to locate the bleeding cavity, or if the 
patient is really stable, you can use the long-range (p.e. 
CT) diagnostic equipment and even think about nonoper-
ative management. 

Blood in
pericardium

  Fig. 8.7    Stay retrosternal to fi nd your way to the pericardium       
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 Literature exists on the rate of blood loss and the 
patient’s remaining lifetime before expiration from pene-
trating injuries. Acute loss of >50 % of blood volume 
equals death. Abdominal solid viscera (liver/spleen), 
bleeding at a rate of 25 cc/min, or 1,500 cc/h, leads to 
hypotension within an hour, and death in 2 h if untreated. 
Vascular injury, bleeding at a rate of 100 cc/min, hypoten-
sion occurring in 15 min, and death within 1 h.       

8.4     Cell Whisper 

 So you end up performing an emergency operation on a 
trauma patient. From the second you decide to embark on 
this trip, always remember another time restraint. 

 A specifi c range of temperature and pH allows biochem-
ical reactions to proceed within our body. Prolonged 
hypoxia may not kill instantly, but turns cells function in an 
anaerobic way, creating metabolites (lactic acid, H + , CO 2 ) 
that will drop outside of the normal range of the “milieu 
intérieur.” Loss of that warm red fl uid will cause de facto 
hypothermia. The coagulation cascade, although all its fac-
tors are present, will not deploy because the biochemical 
reactions do not proceed in temperatures lower than 34 °C 
and pH < 7.2.  you the surgeon  should at these initial steps 
confront the injured patient not as a broken doll that requires 
restoration of its anatomy, but as a severely disturbed inter-
nal  microscopic biochemical  environment. If you are not 
trained to hear the whisper of the gasping for oxygen cells 
and prioritize the oxygen supply (control bleeding), and if 
you are not actively rewarm (50 °C water cavity lavage), the 
patient will soon (in a couple of hours) die, despite your 
novel effort to treat him with the classical principles of 
elective surgery and for no obvious macroscopic reason. 

 Your anesthesiologist is there to translate the cell whisper 
into a language you understand. Just ask the pH, tempera-
ture, and lactate. Ask every 5 min to readjust your speed. 
Your goal in this OR is to stop the bleeding and remove the 
septic factor. Anatomical restoration will follow after 48 h, 
when you have the luxury of a stable patient. 
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      Pediatric Trauma Resuscitation                     

     Elizabeth     S.     Soukup     and     Peter     T.     Masiakos    

9.1          Introduction 

 The evaluation and treatment of traumatic injuries of infants 
and children require specifi c knowledge of pediatric physiol-
ogy and the physiologic response to injury. Generally, the 
trauma resuscitation of children follows similar rules that 
have been described for adults by advanced trauma life sup-
port (ATLS) standards. However, there are several special 
considerations in the initial assessment and subsequent care 
for children and specifi c paradigms regarding ancillary stud-
ies that are different from those in adults. These special con-
siderations will be discussed here.  

9.2     Epidemiology 

 Pediatric trauma signifi cantly impacts the lives of children 
and families in the United States. In any given year, there 
are over 1.5 million injuries and close to 500,000 hospital-
izations as a result of pediatric trauma. Injury, both inten-
tional and unintentional, accounts for over 50 % of deaths 
in children younger than 18 years. Although there is a rise 
in the incidence of penetrating trauma, which now accounts 
for up to 10–20 % of trauma activations, the vast majority 
of pediatric injuries result from blunt trauma with associ-
ated closed head injuries that require nonoperative 
management.  

9.3     History 

 Blunt trauma is the most common mechanism after which 
children present for evaluation. However, the energy that is 
transmitted via blunt trauma through a thin and relatively 
amuscular abdominal wall may result in both solid organ 
injury and visceral perforation, often with only minimal 
signs of external injury. Therefore, a thorough history, mech-
anism of injury, and focused examination of the entire child 
are mandated so that signs of forceful impact can be eluci-
dated. For example, a history of signifi cant hemorrhage at 
the scene may instigate a more thorough investigation of the 
vessels in the proximity of injury in an otherwise hemody-
namically stable patient who has no hard signs of vascular 
injury.  

9.4     Initial Assessment, Resuscitation, 
and Stabilization 

9.4.1     Primary Survey (A, B, and C) 

 As in adults, the primary survey should focus on the identifi -
cation of acute life-threatening injuries. Attention to the air-
way, breathing, and circulation (A, B, and C) supersedes all 
other interventions in the initial resuscitation phase. All cen-
ters that care for children should have sequestered equipment 
designed for children, i.e., endotracheal tubes, laryngo-
scopes, catheters, and passive warming lamps. Room tem-
perature should be kept warm to limit insensible heat losses 
in small children. The Broselow Pediatric Emergency Tape 
aids in estimating the weight of the child by measuring his/
her length. A color-coded bar on the tape measures the height 
of the child and indicates the appropriate equipment sizes 
and medication doses to perform emergency resuscitation on 
the child. Designated resuscitation equipment is contained in 
corresponding color-coded equipment pouches or drawers 
(Fig.  9.1 ).

  9

        E.  S.   Soukup    
  Department of Surgery ,  New Hampshire’s Hospital for 
Children/Elliot Hospital, Geisel School of Medicine, 
Dartmouth University ,   Manchester ,  NH ,  03103 ,  USA     

    P.  T.   Masiakos      (*) 
  Department of Surgery, Harvard Medical School Director , 
 Pediatric Trauma Service, Massachusetts General Hospital , 
  Boston ,  MA   02114 ,  USA   
 e-mail: pmasiakos@partners.org  

mailto:pmasiakos@partners.org


62

9.4.2        Normal Pediatric Vital Signs 

 Pediatric vital signs vary by age (Table  9.1 ). Children are 
able to maintain normal blood pressures until late hemor-
rhagic shock (>30 % blood loss), and therefore subtle 
changes in heart rate and respiratory rate must be noted. As a 
general rule, the lower limit of acceptable systolic blood 
pressure (SBP) = (Age × 2) + 70 mmHg. For newborns, 
acceptable SBP is 60 mmHg or greater (Table  9.1 ).

9.4.3        A = Airway (C-Spine Immobilization) 

 Cardiac arrest in a child is most often of respiratory etiology. 
An injured child who is obtunded, unresponsive, or combat-
ive may need to be intubated. An uncooperative child who 
needs radiologic imaging may also need to be intubated. 
Intubation must be performed with the jaw thrust technique 

to maintain in-line cervical stabilization. Keep in mind these 
key anatomic differences for intubation in children: larger 
tongue, more anterior/superior glottis, and shorter trachea. 
You may fi nd that a straight Miller blade is easier than the 
curved one because the epiglottis is fl oppy (less cartilagi-
nous). The appropriate size of endotracheal tube (ETT) can 
be estimated by the size of the pinkie fi nger (or the for-
mula = [age + 16]/4). The Broselow Pediatric Emergency 
Resuscitation Tape is also a useful tool to estimate ETT (and 
other device) size and medication doses, given a child’s 
height or weight. Use an uncuffed ETT in a young child 
(<8 years old or approximately 60 lbs), because the subglot-
tic trachea is narrowed and provides a suffi cient seal. 
However, cuffed ETT may be used (except in newborns), if 
appropriate cuff pressures are used. Rapid sequence intuba-
tion (RSI) is similar to adults, including preoxygenation with 
100 % FiO 2 , medication administration (Table  9.2 ), cricoid 
pressure, cervical spine stabilization, laryngoscopy, and 

  Fig. 9.1    Broselow Pediatric 
Emergency Resuscitation Tape       

    Table 9.1    Pediatric vital signs   

 Pulse (beats/min)  Systolic blood pressure (mmHg)  Respiration (breaths/min) 

 Newborn (<1 month)  95–145  60–90  30–60 
 Infant (1 month–1 year)  125–170  75–100  30–60 
 Toddler (1–2 years)  100–160  80–110  24–40 
 Preschool (3–4 years)  70–110  80–110  22–34 
 School age (4–12 years)  70–110  85–120  18–30 
 Adolescent (>12 years)  55–100  95–120  12–16 
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advancement of tube to an appropriate distance beyond the 
cords. Confi rm exhaled CO 2  and secure the tube. In the rare 
event of acute airway obstruction, needle cricothyroidotomy 
with a 14 g catheter is preferential to open cricothyroidotomy 
because of the increased incidence of subglottic stenosis.

9.4.4        B = Breathing 

 Assess for potential life-threatening thoracic injuries: pneu-
mothorax (open chest wound or tension pneumothorax), 
hemothorax, fl ail chest/pulmonary contusions, and rib frac-
tures with splinted breathing. The mediastinum of a child is 
very compliant and can lead to rapid decline from a tension 
pneumothorax. Children are diaphragmatic breathers, and 
therefore gastric distension can be an unrecognized contribu-
tor to respiratory distress, especially in the young child who is 
distended from swallowing air while crying. When concerned 

about gastric distension, like this, a nasogastric tube should be 
placed to decompress the stomach. (Use an orogastric tube in 
very young children who are obligate nose-breathers.)  

9.4.5     C = Circulation (Hemorrhage Control) 

 Hemorrhage is the most common etiology of shock in 
trauma, but do not overlook obstructive etiologies (cardiac 
tamponade and tension pneumothorax) and distributive eti-
ologies (neurogenic shock). 

 Assessment of volume status and shock is diffi cult in the 
child. Children have impressive physiologic reserve and can 
maintain SBP until late-stage hypovolemic shock (>30 % 
blood loss). Tachycardia, tachypnea, altered level of con-
sciousness, and poor peripheral perfusion (mottled cool 
extremities, weak thready pulses, narrowed pulse pressure, 
delayed capillary refi ll) are early but subtle signs of blood loss. 

 Establishing vascular access in an injured child is a prior-
ity and can be challenging. Peripheral IVs are ideal, but 
when they cannot be obtained, intraosseous (IO) lines are 
quick and reliable and allow high-volume infusion of any 
fl uid (crystalloid, blood products, and even medications, 
including pressors). An IO line is placed in the anteromedial 
tibia, 2–3 cm distal to the tibial tuberosity after a quick skin 
prep for sterility (Fig.  9.2 ). Avoid wounds, fractures, or 
infected areas. They should ideally be placed with a single 
attempt because multiple holes can lead to leakage of infu-
sion fl uids and resultant compartment syndrome. If contrain-
dicated, defi nitive IV access can be obtained with a central 
line in the femoral vein or a peripheral vein cutdown (i.e., 
saphenous vein).

   Initial fl uid resuscitation is indicated when there are 
signs of hypovolemic shock. Initial bolus consists of 
20 mL/kg of warmed normal saline or lactated Ringer’s 
solution. This may be repeated if there is no response or 
only a transient response. All subsequent volume resuscita-
tion should be performed with blood products (10 mL/
kg = “1 unit”). If there is no time for cross-matched, type-
specifi c blood, “O-negative” blood is indicated. Once 
resuscitated, maintenance fl uid requirements (Table  9.3 ) 
can be estimated using the “4-2-1” rule and should be 
administered as D5 1/2NS (or D10 1/2NS for neonates). 
The “4-2-1” rule estimates hourly fl uid requirements and is 
calculated = 4 mL/kg/h (for the 1st 10 kg) + 2 mL/kg/h (2nd 
10 kg) + 1 mL/kg/h (all subsequent kg).

   As in adults, ongoing hemodynamic instability from 
blood loss in a child must be controlled expeditiously. 
Sources of bleeding include the chest, peritoneal cavity, 
 retroperitoneum/pelvis, femur fracture/thigh compartment, 
and external injury (especially the scalp). In an infant, prior 
to suture closure of the skull, intracranial hemorrhage may 
produce hemodynamic instability.  

   Table 9.2    Common emergency medication doses in children   

 Medication  Dose 

 Adenosine  0.1 mg/kg IV fi rst dose (max 6 mg) rapid push 
 0.2 mg/kg IV second dose (max 12 mg) 

 Amiodarone 
(VF/VT arrest) 

 5 mg/kg IV (max 15 mg/kg/day) 

 Atropine sulfate  0.02 mg/kg IV (min 0.1 mg, max 0.5 mg) 
 0.04 mg/kg IV for second dose 

 Calcium chloride 
(10 %) 

 10–20 mg/kg IV 

 Calcium gluconate 
(10 %) 

 15–60 mg/kg IV 

 Diazepam  0.5–1.0 mg/kg IV 
 Dobutamine  2–20 mcg/kg/min IV 
 Dopamine  2–5 mcg/kg/min IV (>15 mcg/kg/min for 

alpha effect) 
 Epinephrine 
(asystole/PEA 
arrest) 

 0.01 mg/kg IV fi rst dose (repeat Q3–5 min 
during CPR) 

 Epinephrine 
infusion 

 0.1 mcg/kg/min IV, then titrate (range: 
0.1–1 mcg/kg/min) 

 Lidocaine  1 mg/kg IV push 
 20–50 mcg/kg/min IV 

 Magnesium sulfate  25–50 mcg/kg IV over 10–20 min (max 2g) 
 Morphine sulfate  0.1 mg/kg IV 
 Midazolam  0.1 mg/kg IV (max 5 mg) 
 Naloxone  0.1 mg/kg IV (if less than 5 years old or 

20 kg) 
 2 mg IV (if greater than 5 years or 20 kg) 

 Pancuronium  0.1–0.2 mg/kg IV 
 Sodium bicarbonate  1–4 mEq/kg IV 
 Succinylcholine  2.0 mg/kg (if < 10kg) 

 1.0–1.5 mg/kg (if > 10 kg) 
 Thiopental  4–6 mg/kg IV 
 Vecuronium  0.2 mg/kg IV 

   VF  ventricular fi brillation,  VT  ventricular tachycardia,  PEA  pulseless 
electrical activity  
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9.4.6     D = Disability (Neurologic Assessment) 

 Head injury accounts for the highest degree of morbidity and 
mortality in children and is the principal determinant of out-
come after trauma. However, children have the potential for 
more frequent and fuller recovery from even serious head 
injury, when compared to similar injuries in adults. Therefore, 
careful attention to preventing secondary injury and maxi-
mizing tissue perfusion to the brain can greatly improve out-
come. These secondary insults include ischemia, hypoxia, 
hypotension, hyperthermia, hypercapnia, acidosis, and 
increased intracranial pressure. The Glasgow Coma Scale is 
modifi ed in young children who are preverbal to measure 
neurologic function and prognosis. The motor response scale 
tends to provide the most reliable assessment of function in a 
preverbal or intubated child (Table  9.4 ).

9.4.7        E = Exposure for Secondary Survey 

 In preparation for the secondary survey, the child must be 
exposed completely for a complete head-to-toe physical 

examination. Keep in mind they also have a larger body sur-
face area ratio and therefore lose heat and water quickly and 
can become hypothermic. Use warm fl uids, bare huggers, 
warming lights, and warm ambient room temperature to pre-
vent heat loss in a child.   

a b

  Fig. 9.2    ( a ) Intraosseous line placement. ( b ) EZ-IO drive       

   Table 9.3    Fluid management in children   

  Resuscitation fl uids (NS or LR)  
 If hypotension or 
signs of shock 

 Bolus 20 mL/kg. Repeat if transient or no 
response, and then switch to blood transfusions 
(10 mL/kg) 

  Daily maintenance fl uid requirements (D5 1/2NS or D10 1/2NS)  
 Weight < 10 kg  100 mL/kg/day 
 Weight 11–20 kg  1000 mL + 50 mL/kg/day (for every kg over 10) 
 Weight >20 kg  1500 mL + 20 mL/kg/day (for every kg over 20) 

   Table 9.4    Modifi ed Glasgow Coma Scale in children   

 Infant  Child 

 Eye opening 
 4  Spontaneous  Spontaneous 
 3  To verbal stimuli  To verbal stimuli 
 2  To pain only  To pain only 
 1  None  None 
 Verbal response 
 5  Coos and babbles  Oriented, appropriate 
 4  Irritable cries  Confused 
 3  Cries to pain  Inappropriate words 
 2  Moans to pain  Incomprehensible sounds 
 1  None  None 
 Motor response a  
 6  Moves spontaneously 

and purposefully 
 Obeys commands 

 5  Withdraws to touch  Localizes painful stimuli 
 4  Withdraws in response 

to pain 
 Withdraws in response to pain 

 3  Abnormal fl exion 
posture in response to 
pain 

 Flexion in response to pain 

 2  Abnormal extension 
posture in response to 
pain 

 Extension in response to pain 

 1  None  None 

   a If patient is intubated, unconscious, or preverbal, the most important 
part of this scale is motor response and should be closely evaluated  
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9.5     Secondary Survey 

 Children are more prone to multisystem trauma due to their 
small body size and more compliant body (less protective 
bones, muscle, and fat of the torso). They can sustain internal 
injuries without signifi cant external signs of trauma. Careful 
attention to a bruise on the abdominal wall resulting from a 
bicycle handlebar should lead to a more thorough investiga-
tion of the abdomen. A lap belt mark across the abdomen 
may raise concerns of lumbar spine fracture (Chance frac-
ture), with an associated risk of small bowel injury.  

9.6     Diagnostic Modalities 

 Physical examination in a child can be technically challeng-
ing, and adjunct diagnostic modalities and imaging may be 
used to provide additional information in the evaluation of a 
pediatric trauma patient. Although diagnostic peritoneal 
aspiration (DPA) has been traditionally used to evaluate 
intra-abdominal injuries in the unstable patient, it has no role 
in the pediatric population where solid organ injuries are 
unlikely to require surgery. Focused assessment with sonog-
raphy in trauma (FAST) exam has signifi cant advantages 
over more invasive diagnostic maneuvers: the FAST exami-
nation can be performed quickly and exposes the patient to 
no potential harm from delay or ionizing radiation. However, 
children with intra-abdominal injuries are more frequently 
managed nonoperatively, and thus the need for rapid 
decision- making regarding operative management is less 
common. Children also have a relatively higher incidence of 
solid organ injury without free fl uid, and consequently a neg-
ative FAST exam may not obviate the need for an abdominal 
CT scan when there is a clinical suspicion of signifi cant 
injury. Sensitivity of FAST is reported as 40–90 % and speci-
fi city of 79–100 % and should not be relied on as a stand- 
alone screening tool in the pediatric population. Findings 
from chest X-ray (CXR), AP pelvis X-ray, and the FAST 
exam, along with the primary and secondary surveys, guide 
decisions regarding further radiographic examination, 
including CT scans or plain fi lms.  

9.7     Child Abuse (Non-accidental Trauma) 

 Non-accidental trauma is the leading cause of trauma in chil-
dren and often goes unrecognized. Suspect non-accidental 
trauma in certain specialized circumstances: discrepancy 
between the reported history and physical exam fi ndings; 
injuries are not consistent with an infant’s developmental 
capability; injuries of different chronological age (bruises or 
fractures at different stages of healing); delay in seeking 

medical care; sharply demarcated burns (scald); injuries 
related to bite marks, cigarette burns, rope marks, or involv-
ing perineal/genital region; multiple subdural, subarachnoid, 
or retinal hemorrhages without external signs of trauma 
(shaken baby syndrome); or multiple rib fractures (especially 
of different stages of healing). Specialty consultations should 
be initiated, including skeletal survey and ophthalmologic 
exams, when suspicion for non-accidental trauma is present. 

 Important Points 

•     ATLS is similar in adults and children, but there are 
some key physiologic and anatomic differences in 
children that are important to remember.  

•   Blunt trauma (i.e., handlebar) can produce injuries 
that resemble penetrating injuries (i.e., bowel perfo-
ration) in children with compliant abdominal walls.  

•   Broselow Pediatric Resuscitation Tape helps esti-
mate a child’s weight to determine device size and 
medication doses.  

•   Cardiac arrest is often of respiratory etiology in a 
child. Use a Miller blade for intubation and an ETT 
the size of the child’s pinkie fi nger.  

•   Gastric distension can cause respiratory distress in 
children who swallow air while crying, because 
they are diaphragmatic breathers. Place nasogastric 
tube (orogastric in infants who are obligate nose- 
breathers) to decompress.  

•   Children have impressive physiologic reserve and 
maintain BP until severe blood loss (>30 %). Lowest 
acceptable SBP = (Age x2) + 70 mmHg.  

•   Intraosseous line may be placed for emergency vas-
cular access if peripheral IVs are not possible.  

•   Crystalloid bolus = 20 mL/kg. Blood transfusion 
“unit” = 10 mL/kg.  

•   FAST exam has limited value in a pediatric trauma 
patient.  

•   Many solid organ injuries in children can safely be 
managed nonoperatively.  

•   Suspect non-accidental trauma when the story does 
not add up.    

 Evaluation and treatment of the pediatric trauma 
patient have some key differences from the adult 
patient. Blunt trauma is the most common mechanism 
of injury, but because of abdominal wall compliance, it 
can produce injuries that resemble penetrating mecha-
nisms (i.e., handlebar injury producing small bowel 
perforation). Cardiac arrest is most often respiratory in 
etiology, and Miller blade and cuffl ess endotracheal 
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tube (the size of a child’s pinkie fi nger) are used for 
rapid sequence intubation. Nasogastric tube decom-
pression can relieve respiratory distress from gastric 
distension in a crying child who has swallowed air. 
Children have impressive physiologic reserve and can 
maintain SBP until severe blood loss (>30 %), so do 
not be reassured by normal blood pressure. Intraosseous 
line is an excellent source of vascular access when 
peripheral IVs cannot be established. If there are signs 
of hypovolemia, a bolus of crystalloid (20 mL/kg) may 
be administered twice while assessing response. 
Subsequent volume resuscitation should be with blood 
products (10 mL/kg). Many solid organ injuries in 
children can safely be managed nonoperatively. A high 
index of suspicion for non-accidental trauma must be 
maintained by any practitioner caring for pediatric 
trauma patients. 

E.S. Soukup and P.T. Masiakos
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      Fluids, Blood Substitutes, 
and New Tools                     

     Lara     Senekjian      and     Ram     Nirula    

      Hemorrhage following trauma is one of the most common 
causes of trauma-related death, second only to head injury. It 
also is the most common cause of shock in the traumatically 
injured patient. While intravenous (IV) fl uid is an important 
piece in the management of the patient after trauma, control 
of the source of hemorrhage is vital to patient survival. 
Understanding the body’s response to volume depletion is 
key to determining the timing, type, and volume of fl uid that 
each patient may require for resuscitation. Knowing the 
physiology of volume depletion as it relates to the depth of 
hemorrhagic shock and the body’s capacity to shift fl uid 
from different compartments is necessary to patient 
survival. 

10.1     Physiology 

10.1.1     Fluid Compartments 

 The amount of total body water differs with age and gender. 
The “average” 70-kg male is approximately 60 % or 42 L 
(since 1 kg = 1 L of water) of water. Two thirds of that water 
is intracellular and one third is extracellular. Of the 14 L of 
extracellular fl uid, about one third of this volume, or 4.67 L, 
is intravascular volume. 

 It is this fl uid that is referred to as the circulating blood 
volume. Most of the oxygen-carrying capacity is within 
erythrocytes rather than in the fl uid itself, but without suffi -
cient volume to distribute this red cell mass, effective deliv-
ery of oxygen ceases. As a result, appropriate fl uid 

resuscitation after hemorrhage is necessary to ensure ade-
quate oxygen delivery (Fig.  10.1 ).

10.1.2        Response to Acute Hemorrhage 

 Each of these fl uid volumes, the plasma, the interstitial, and 
the intracellular, is in equilibrium; however, disturbances 
such as acute blood loss result in fl uid shifts in attempt to 
maintain effective circulating volume [ 10 ]. Compensatory 
mechanisms, such as vasoconstriction and increased heart 
rate, are the physiologic responses to blood loss in order to 
maintain cardiac output. Catecholamine release immediately 
stimulates increase in the peripheral vascular resistance lead-
ing to increased diastolic pressure and reduced pulse pres-
sure while simultaneously increasing heart rate. Histamine, 
bradykinin, β-endorphins, prostanoids, and cytokines 
directly impact vascular permeability and increase vasocon-
striction. Intravascular fl uid is preferentially shunted to the 
heart, brain, and kidneys and away from the viscera and mus-
cle. At the cellular level, inadequate oxygen due to poor tis-
sue perfusion changes energy production to anaerobic 
metabolism which initially leads to metabolic acidosis and 
end-organ damage. End-organ damage causes a systemic 
infl ammatory response syndrome (SIRS) increasing vascular 
permeability, which causes fl uid leak and increased hypoten-
sion. Hypoperfusion also leads to increased thrombomodulin 
which complexes with thrombin leading to protein C activa-
tion. Decreased available thrombin means less fi brinogen 
cleavage and platelet activation. This is one mechanism that 
leads to trauma-induced coagulopathy (TIC) worsening the 
effects of hemorrhage. 

 Compensatory vasoconstriction of afferent arterioles 
results in decreased capillary hydrostatic forces; less fl uid is 
lost from the intravascular space into the interstitium. 
Increases in plasma oncotic pressure secondary to reduced 
renal fi ltration increase the amount of water that diffuses 
from the interstitium to the intravascular space. Activation of 
the renin-angiotensin-aldosterone axis increases sodium 

  10
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retention, which facilitates renal fl uid retention. Angiotensin 
also increases systemic vascular tone, which contributes to 
the reduced capillary hydrostatic forces. Decreased pressure 
in the atria and increased plasma oncotic pressure stimulate 
the release of antidiuretic hormone (ADH) from the posterior 
pituitary. ADH acts to increase renal distal tubule permeabil-
ity to water through the production and placement of aqua-
porins in the luminal membrane and, as such, provides a 
delayed response to volume loss.   

10.2     Hemorrhagic Shock 

 Hemorrhagic shock is classifi ed based on the volume of 
blood lost from the circulation and the resulting disturbances 
in hemodynamics observed. It is important to remember that 
hemorrhage may be more than what is easily appreciated as 
blood lost into the environment. Blood loss into potential 
spaces such as the hemithorax, abdomen, and retroperito-
neum can approach life-threatening levels without apprecia-
ble external loss (Table  10.1 ). Knowing the location of 
hemorrhage is vital. A thorough physical exam as well as 
chest and pelvic fi lm aid in the identifi cation of the source of 

bleeding. Focused assessment with sonography for trauma 
(FAST) can also localize the bleeding in order to expedite 
appropriate treatment.

   The treatment of hemorrhage is ultimately by control of 
the active bleeding, but volume replacement is usually nec-
essary as well. Patients that are at risk of shock must be iden-
tifi ed to guide presurgical treatment. Clinicians must be 
aware of patient injury pattern, age, time of transport, and 
previous fl uid therapy to help with patient outcomes. The 
degree of IV replacement is dictated by the patient response 
to fl uids.  

10.3     Fluids 

 Current standard of care is prehospital IV fl uid administra-
tion in the trauma patient. The previous treatment of all 
trauma patients was 2 l IV crystalloid as the initial resuscita-
tion. However this has been modifi ed for improved patient 
outcome. The type and volume of fl uid are based on patient 
blood loss and degree of shock. Patients can be rapid respond-
ers, transient responders, or nonresponders after initial fl uid 
bolus. Rapid responders are those that have immediate return 

60 % of total body
weight is water

1/3 Extracellular

2/3 Extracellular

1/3 Intravascular

2/3 Interstitial

  Fig. 10.1    Body fl uid compart-
ments. Distribution of total body 
water       

   Table 10.1    ATLS classifi cation of hemorrhagic shock [ 2 ]   

 Parameter  Class I  Class II  Class III  Class IV 

 Volume of blood loss  ≤750 mL  750–1,500 mL  1,500–2,000 mL  ≥ 2,000 mL 
 % of total blood volume  ≤ 15 %  15–30 %  30–40 %  ≥ 40 % 
 Heart rate  >100  >100  >120  ≥ 140 
 Systolic blood pressure  Normal  Normal  Decreased  Decreased 
 Pulse pressure  Normal or increased  Decreased  Decreased  Decreased 
 Capillary refi ll  Normal  Sluggish  Delayed  Delayed 
 Respirations per minute  14–20  20–30  30–40  >35 
 Urine output  ≥ 30 mL/h  20– 0 mL/h  5–10 mL/h  Minimal 
 Mental status  Normal to slightly anxious  Mildly anxious  Anxious and confused  Confused and lethargic 
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of vital signs to normal with the administration of crystal-
loid. The need for blood transfusion is low, and after initial 
bolus, the need for further crystalloid is low. Often one liter 
is suffi cient in these patients. Transient responders are those 
patients with moderate and ongoing blood loss (type II–III 
shock). They will initially regain normal vital signs but will 
deteriorate after fl uid is stopped. The need for immediate 
blood in these patients is moderate to high, and these patients 
will likely need operative intervention immediately. 
Nonresponders are those patients that have lost greater than 
40 % of the blood volume. The vital signs do not respond to 
initial fl uid bolus. Patients need immediate blood products to 
maintain adequate blood pressure in order to get to the oper-
ation room (OR) for defi nitive-operative repair. In order to 
appropriately administer fl uids, clinicians must be familiar 
with the types of fl uid available. 

10.3.1     Crystalloids 

 Typical crystalloids are lactated ringers (LR) and normal 
saline (NS 0.9 %). Rapid infusion, either mechanically with 
a rapid infuser or through the use of a pressure bag, can 
quickly increase effective circulating volume. Fluids should 
be warmed to 39 °C prior to infusion to reduce hypothermia 
and its effects. Even isotonic crystalloid solutions rapidly 
leak out into the interstitium making their effect on circulat-
ing volume transient. Only about a quarter to one third of the 
volume will remain in the intravascular space. Hyperchloremia 
is frequently observed with normal saline resuscitation and 
can lead to a hyperchloremic metabolic acidosis, which 
should not be mistaken for an acidosis secondary to decreased 
tissue perfusion. 

 Controversy exists regarding which fl uid, lactated ringers 
versus normal saline, is the most effective for resuscitation. 
Animal models suggest that the same degree of resuscitation 
with normal saline will require more volume and cause more 
disturbances in coagulation and greater pulmonary edema 
than lactated ringers. Lactated ringers can cause an insignifi -
cant increase in the lactate level. 

 Previous recommendations were to administer all trauma 
patients 2 l of crystalloid as initial IV fl uid; however recent 
studies have questioned this practice and advocate “permis-
sive hypotension” and less IV fl uid. Immediately post-trauma 
there appears to be no worsening of outcomes with 1 l crys-
talloid; however current advanced trauma life support 
(ATLS) guidelines suggest crystalloid be reserved for the 
hypotensive patient only until blood products are available. 

 Hypertonic saline has also been studied as a resuscitation 
fl uid to restore effective circulating volume. Hypertonic 
saline (3 %, 7.5 %) has been compared to isotonic crystal-
loids with varying impact on patient 30-day mortality. These 
hypertonic solutions required smaller volumes to expand the 

circulating volume as they draw interstitial and intracellular 
fl uid into vascular space. 

 Wade et al. examined hypertonic saline and dextran-based 
resuscitation in a prospective, randomized sample of 230 vic-
tims of penetrating torso trauma. While no signifi cant mor-
tality difference was found in the entire population, in the 
cohort that required surgical intervention for control of hem-
orrhage (about 2/3), a signifi cant survival difference (84.5 % 
compared with 67.1 % in the control group ( p  = 0.01)) was 
demonstrated. There were no signifi cant differences in coag-
ulation or volume of resuscitation required between groups. 

 Resuscitation Outcomes Consortium (ROC) trauma trials 
comparing hypertonic saline with isotonic saline in the 
United States and Canada were halted early due to futility. 
This study was stopped at a preplanned interim analysis for 
the lack of overall survival benefi t and poor enrollment. 
Interim analysis of patients in this study demonstrated no 
increased survival at 28 days and a slightly higher mortality 
(12.2 % compared to 10 %) in the hypertonic saline popula-
tion. Eastern Association for the Surgery of Trauma (EAST) 
guidelines currently state that small 250 mL boluses of hyper-
tonic saline are equivalent to large volume (1 L) of NS or LR.  

10.3.2     Colloids 

 Two large reviews of the use of colloids in hemorrhagic 
shock found the relative risk of mortality to be increased at 
least 30 % compared to crystalloid infusion; however, these 
reviews were not limited exclusively to trauma patients. 
There has been a renewed interest in initial resuscitation of 
penetrating trauma victims with colloidal solutions follow-
ing the war in Iraq. Diffi culties related to the transport of 
large volumes of isotonic crystalloid solution into austere 
combat environments make small resuscitation with colloid 
solutions more attractive. Combat medics are now using col-
loids such as HEXTEND™ (6 % Hetastarch solution) as 
fi rst-line therapy for soldiers and other victims in shock with 
the rationale that it remains in the intravascular space longer, 
thus requiring less fl uid use, particularly when long prehos-
pital transport times are required. However, research into the 
use of colloid solutions versus crystalloid solutions in civil-
ian penetrating trauma is more controversial. A meta- analysis 
of colloid- versus crystalloid-based resuscitation trials in 
trauma patients demonstrated a trend toward improved sur-
vival in the patients receiving crystalloids.  

10.3.3     Blood 

 Patients with hemorrhage have lost signifi cant blood volume 
leading to different classes of shock. Ideally, like would be 
replaced with like; however, resuscitation with whole blood 
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presents several challenges. Particularly, whole blood does 
not preserve well. Separation into components improves the 
ability of blood banks to preserve and distribute this precious 
commodity. Current ATLS guidelines suggest replacement 
of lost blood volume in a 1:1:1 ratio of packed red cells to 
fresh frozen plasma (FFP) to crystalloid. This approximates 
the loss of whole blood in a wound. FFP is often transfused 
both for volume expansion and for the clotting factors that 
have been consumed. There is some evidence that transfu-
sion of FFP will improve coagulopathy but may not impact 
overall mortality. 

 An observational study showed that most trauma centers 
are transfusing in a 1:1:1 or a 1:1:2 ratio (plasma/platelets/
red blood cell (RBC)). The Pragmatic, Randomized Optimal 
Platelet and Plasma Ratios (PROPPR) clinical trial showed 
no signifi cant difference in the 24-h or 30-day mortality. 
Fewer patients died of exsanguination in the 1:1:1 group in 
the fi rst 24 h, and there was no increase in transfusion-related 
complications even with the high ratio of products given. 

 “Typed” or patient-matched blood products are available 
rapidly in most trauma centers, but physicians are often faced 
with a symptomatic patient while the crossmatch is taking 
place. O negative “trauma” blood is usually available for 
immediate release and used in symptomatic patients with 
massive blood loss at the discretion of the physician. 

 Adverse events associated with any transfusion of blood 
products include transfusion reaction, transfusion-related 
acute lung injury, and immunosuppression that can contrib-
ute to multiple organ failure and infectious risks. While 
screening can reduce some of these risks, the risk is not zero. 
The most common infectious risks are with bacterial con-
tamination of platelets, about 1 in 3,000. The risks of hepati-
tis C and human immunodefi ciency virus (HIV) are 
approximately 1 in 2 million per unit transfused.  

10.3.4     Massive Transfusion 

 Patients requiring massive transfusion are uncommon in 
civilian trauma centers, occurring in approximately 1–3 % of 
admissions, but are associated with signifi cant morbidity and 
mortality. 

 The most feared complication of massive blood loss is the 
terrible triad of hypothermia, acidosis, and coagulopathy. The 
massive transfusion of component therapy can exacerbate 
this as stored products are refrigerated (except for platelets). 
In addition to the risk associated with blood therapy, massive 
transfusion requirements add the risk of hyperkalemia, hypo-
calcemia, and decreased effectiveness of oxygen delivery in 
tissues. Reduced effectiveness in the target tissues is related 
to depletion of 2,3-diphosphoglycerate in cells that reduces 
oxygen off-loading and membrane defects that reduce the 
ability of the red cell to traverse smaller capillaries. 

 A critical review by Canadian National Advisory 
Committee on blood and blood products reviewed the 1:1:1 
ratio in patients needing massive transfusion. They agree that 
there is a limited level I evidence to support this practice but 
do suggest a “three-strategy approach.” This includes early 
tranexamic acid, the development of foundation ratio for the 
patient, and titrating this ratio based on clinical improvement 
and lab values.  

10.3.5     Iraq and Afghanistan Experience 

 Recently, military trauma surgeons have been renewing 
interest in transfusions of fresh whole blood for victims of 
trauma. Spinella found increased 48-h and 72-h survival in 
patients requiring massive transfusion treated with warm 
whole blood in comparison with those treated with compo-
nent therapy. Others found that warm whole blood was a 
useful adjunct to component therapy in the most severely 
injured patients who were cold, acidotic, and coagulopathic. 
These benefi cial effects are likely related to the differences 
between stored blood and fresh whole blood. Retrospective 
research at a combat support hospital found minimal infec-
tious risks, primarily hepatitis C, with the use of fresh whole 
blood in combat casualties and postulated that these could 
be further reduced with the use of rapid screening 
modalities. 

 Others have found more liberal use of component therapy 
with a 1:1 ratio of packed RBCs to FFP and more liberal use 
of platelets and cryoprecipitate before somewhat arbitrary 
thresholds have been reached to be associated with improved 
mortality.  

10.3.6     Autotransfusion 

 Another potential source of blood products, usually packed 
red cells, is from the patient. Recovery of autologous blood 
lost either intraoperatively or through chest tubes can be pro-
cessed and reinfused back to the patient without the use of 
donor blood. Several commercial devices are available and 
have been widely used in a variety of surgical procedures, 
including operative trauma for years. These devices process 
lost blood and remove excess cations, lipids, debris, and 
other supernatants leaving washed autologous packed cells 
in a weak anticoagulant buffer solution. This is then trans-
fused back to the patient as normally done. Generally, most 
physicians believe that the blood lost must be sterile, either 
in the operative fi eld or within a closed system such as a 
chest tube; however, that is controversial. Hollow viscus 
injury has been listed as a potential contraindication to the 
use of red cell salvage methods; however, two small studies 
concluded that autotransfusion of contaminated blood in 
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trauma did not result in a signifi cant change in the rate of 
infectious complications or death.  

10.3.7     Effects on Coagulation 

 Too much crystalloid infusion, particularly saline, can exac-
erbate coagulation defects through hemodilution of coagula-
tion factors and platelets. It appears that hypertonic saline 
infusion may have even worse effects on coagulation when 
compared to isotonic fl uids. Furthermore, sodium citrate, 
one of the preservatives used in blood products, will bind 
calcium in circulation and lower levels of this cofactor for 
hemostasis. Colloids such as dextran and hydroxyethyl 
starch also impair normal coagulation, with hydroxyethyl 
starch impairing fi brin polymerization and dextran inhibiting 
platelet function. 

 Endothelial injury that follows trauma, upregulation of 
tissue factor, and the coagulation cascade, and hyperfi bri-
nolysis all lead to a tenuous state of consumptive coagulopa-
thy. Frequently trauma patients are elderly or have previous 
medial comorbidities requiring warfarin or anti-Xa inhibi-
tors at baseline. Furthermore, patients may be taking clopi-
dogrel or aspirin as well. Given these factors traditional 
means of monitoring activated partial thromboplastin time 
(APTT) and prothrombin time (PT) or even platelet function 
is no longer relevant to clinical coagulopathy. 
Thromboelastography (TEG) evaluates the viscoelastic 
properties of whole blood as it clots. These tests give infor-
mation about clot formation, strength, and dissolution and 
are more commonly seen in the trauma bay. Using TEG as a 
guide for resuscitation is gaining popularity, and many 
trauma centers have algorithms for interventions based on 
TEG results.   

10.4     Blood Substitutes 

 Given the problems associated with the use of allogeneic 
blood products, there has been extensive research into other 
methods of oxygen delivery. Most of the research has been 
focused on solubilized-free hemoglobin or hemoglobin- 
based oxygen carriers (HBOC). In the United States, these 
products are only available on research protocols; however, 
Hemopure™ is available for use in South Africa. Recently, 
a meta-analysis of the available English language literature 
covering 16 separate trials, fi ve different products, and a 
total population of approximately 3700 patients was pub-
lished. Their analysis found an increased rate of adverse 
events, particularly acute myocardial infarctions with an 
increased odds ratio of 1.30 for mortality in patients treated 
with blood substitutes. One of the main criticisms of this 
meta-analysis is that it considered several different types of 

HBOCs rather than each type as a separate entity. A recent 
US multicenter trial of Polyheme™ (Northfi eld 
Laboratories) of 714 mostly young males whose mecha-
nism was approximately 52 % penetrating found no statisti-
cally signifi cant differences in 30-day mortality when 
compared to control groups but a slight increase in compli-
cations (93 % versus 88 %  p  = 0.04) including myocardial 
infarctions (3 % versus 1 %). The authors had an indepen-
dent review of the patients with myocardial infarctions that 
did not fi nd any appreciable difference between the groups. 
This study indicates that Polyheme™ was equally effi ca-
cious to the standard of care- utilizing blood and that it had 
a reasonable safety profi le. Therefore, in the absence of 
blood or during blood shortages, Polyheme™ may be a rea-
sonable alternative for patients with an acute traumatic 
anemia.  

10.5     Current ATLS Guidelines 

10.5.1     Prehospital 

 Currently, emphasis is placed on early control of external 
hemorrhage and early transport to a trauma center. Two 
attempts at IV cannulation can be made but should not slow 
down transport as mortality is increased when delay to defi n-
itive care occurs.  

10.5.2     Trauma Bay 

 The ATLS algorithm mandates the ABCDEs of trauma eval-
uation. As part of circulation, large bore intravenous (IV) 
access should be obtained immediately, if not accomplished 
in the fi eld. Ideally, two peripheral IVs will be placed in 
either antecubital vein. Poiseuille’s law regarding laminar 
fl ow shows that fl ow is inversely related to the length and the 
fourth power of the radius. Thus, a large bore (18 gauge or 
larger), short IV catheter allows the rapid delivery of fl uids 
and blood products if needed. If injuries and anatomy pre-
clude IV placement, consider insertion of an interosseous 
(IO) line. IO catheters can be rapidly placed in one of several 
places with one of several commercially available devices 
and require minimal training and knowledge of anatomy. 
Any one of several commercially available products can be 
placed on the anterior surface of the tibia, the humeral head, 
and even the sternum with relative ease and minimal  operator 
experience. Device studies have demonstrated rapid delivery 
of fl uids to the central circulation. Should peripheral access 
be unable to be obtained or should the need for central access 
arise, a central venous line can be placed quickly with a low 
complication rate by experienced operators. We prefer place-
ment of a percutaneous subclavian using Seldinger technique 

10 Fluids, Blood Substitutes, and New Tools



72

when we need central access as cervical collars are often 
present and blocking rapid access to the jugular veins. 
Preference should be given to the side where a chest tube is 
already present, if one is present. Femoral lines can also be 
placed as a third option, particularly when chest  compressions 
are being performed, but we generally avoid placement in 
this area whenever possible to reduce the risk of infection 
and venous thrombosis. 

 Once access is obtained, infusion of isotonic crystalloid is 
the usual starting point for a hypotensive patient. However 
given the degree of blood loss, crystalloid might only be used 
until blood products are available. The determination of the 
severity of the blood loss, the ability of the individual patient 
to tolerate this insult, and the strategy for controlling ongo-
ing hemorrhage guide further resuscitation and attempts to 
restore normal hemodynamic parameters as soon as possible. 
Control of the hemorrhage is the most important step as mas-
sive volume replacement is “not a substitute for manual or 
operative control of hemorrhage.”   

10.6     Permissive Hypotension 

 Some favor a more restrictive use of fl uids for victims of 
penetrating trauma. The goal of this strategy is to maintain 
victims in a state of relative hypotension and minimally 
acceptable degrees of perfusion until defi nitive control of 
the site or sites of hemorrhage is obtained. Rationale for this 
strategy is rooted in the ATLS guidelines that hemorrhage 
control is the most important management strategy. Current 
EAST guidelines address this strategy with only level III 
evidence advocating that fl uid be withheld until active 
bleeding is managed or titrated with 250 mL boluses to a 
palpable radial pulse. Currently there is no formal defi nition 
of what constitutes permissive hypotension as some state 
systolic blood pressure (SBP) at 90 mmHg or >70 mmHg 
while others advocate for a mean arterial pressure (MAP) of 
50 mmHg. 

 Bickell completed a landmark trial evaluating delayed 
fl uid versus standard fl uid resuscitation in penetrating 
torso injuries. Patients either received standard IV fl uid or 
no IV fl uid until reaching the operating room. Of the 598 
patients, there was a signifi cant improved survival as well 
as shorter hospital stay in the delayed IV fl uid group. This 
study has been criticized regarding selection bias as its 
randomization method of alternate days is suited to the 
diffi cult prehospital environment but is not really random. 
Several later studies have found no difference in mortality 
based on volume of prehospital resuscitation. A retrospec-
tive analysis from USC/LA County reexamined the ques-
tion and found no difference in mortality based on volume 
of prehospital fl uids administered. Another series of 

mixed mechanism patients from Maryland Shock Trauma 
failed to fi nd any difference in mortality between a con-
ventional resuscitation and a permissive hypotension 
group. A cost-effectiveness meta-analysis from Britain 
found no benefi t or savings to the use of prehospital fl uids 
but only examined four clinical trials and found method-
ological fl aws in most of them. The body of literature to 
support delaying defi nitive resuscitation until after source 
control of hemorrhage is obtained although most of it is 
animal models. 

10.6.1     Elderly Population 

 Traditionally the trauma population is younger, particularly 
those involved in penetrating injuries. Therefore limited 
experience is available with permissive hypotension in the 
elderly. Using the National Trauma Data Bank, Bridges et al. 
retrospectively evaluated the interaction between permissive 
hypotension and age. Elderly were 66 ± 0.6 and had a greater 
overall mortality (35.1–29 %) when compared with younger 
population. Though previous literature has shown increased 
mortality in elderly patients with SBP less than 110, this 
study demonstrated no interaction between age and SBP, 
suggesting that permissive hypotension in the elderly is safe. 

 As the trauma patient is a heterogeneous population, 
hypotension may not be the best marker for perfusion. This 
is particularly true for the elderly, given their more complex 
medication regimen, use of anticoagulants, reduced heart 
rate, and lower ejection fraction. Shulman et al. found that 
elderly patients who had persistently elevated lactate levels 
for more than 24 hours had a threefold higher mortality than 
elderly who quickly normalized their lactate. The fact that 
this was not observed in younger patients suggests that cor-
rection of acidosis, and not just fl uid resuscitation alone, is 
important to improving elderly trauma patient survival.   

    Conclusion 

 Fluid management in victims of penetrating trauma is one 
the most important and not surprisingly controversial top-
ics in the fi eld of traumatology. Mainstream guidelines 
favor stopping the hemorrhage as early as possible with 
judicious use of crystalloids and possibly blood products. 
Alternative resuscitation strategies exist and are currently 
being examined throughout the world. As with most 
things in medicine, individualization of treatment algo-
rithms to particular situations such as long transport and 
massive transfusion requirements will be needed. The use 
of blood substitutes may be warranted in austere environ-
ments and during blood shortages. Whole blood may 
return as a resuscitation strategy instead of component 
therapy for massive transfusion.      
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 Important Points 

•     The cornerstone of treating hemorrhage is to stop 
the source of bleeding.  

•   Initial resuscitation with isotonic crystalloids 
should be considered if blood products are not 
available or if patient has only mild hemorrhagic 
shock.  

•   Hypertonic solutions do not appear to be superior to 
isotonic solutions in terms of overall mortality.  

•   Blood substitutes provide similar outcomes to the 
current standard of care.  

•   Increasing the plasma/platelets/RBC ratio to 1:1:1 
may be associated with improved control of bleed-
ing in the fi rst hours of injury.  

•   TEG should be used when available to guide resus-
citation during acute traumatic blood loss.  

•   Whole blood may yield improved early survival in 
massive transfusion compared to component 
therapy.  

•   Autotransfusion devices are an important adjunct to 
massive transfusion to provide rapid restoration of 
red cell mass when blood supplies become 
exhausted.    
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      Emergency Department Thoracotomy                     

     Austin     Eagleton      and     Carlos     V.  R.     Brown    

      Emergency department thoracotomy (EDT), also known as 
resuscitative thoracotomy, can be used as an adjunct during 
the resuscitation of penetrating trauma patients who have 
sustained a cardiac arrest. EDT should be performed liber-
ally in penetrating trauma patients, particularly those with a 
suspected cardiac injury. Appropriate preparation of person-
nel and equipment is required to perform EDT in a safe and 
effi cient manner. EDT provides the opportunity to release 
cardiac tamponade and repair cardiac injuries, cross-clamp 
the descending thoracic aorta to improve cerebral and coro-
nary perfusion during resuscitation, control hemorrhage 
within the chest, and perform internal cardiac massage and 
defi brillation. This chapter will focus on the indications, 
preparation, and technique for EDT in penetrating trauma 
patients. 

11.1     Indications 

 Though there is some controversy surrounding the applica-
tion of EDT, there are clearly select patients who will ben-
efi t from liberal application of EDT, particularly in the 
setting of penetrating trauma. Clear indications for the use 
of EDT are required as resource utilization and health-care 
provider injuries are major concerns. In 2001, the American 
College of Surgeons Committee on Trauma developed 
practice management guidelines for EDT and published 

several evidence- based level II recommendations. 
Indications for patient selection and patient survival have 
been continually evaluated, and recently the Eastern 
Association for the Surgery of Trauma produced patient 
selection recommendations based on injury mechanism 
and location and presence of signs of life. The group con-
cluded that thoracotomy benefi ts patients with thoracic 
penetrating trauma and signs of life (pupillary response, 
spontaneous ventilation, carotid pulse, measurable blood 
pressure, extremity movement, or cardiac electrical activ-
ity) and recommended against EDT in blunt injury patients 
without signs of life. For all other patients, conditional rec-
ommendations were given to proceed with EDT. Length of 
time since initiation of cardiopulmonary resuscitation is 
often a guiding factor for whether to proceed with EDT or 
not. The Western Trauma Association perspective is that 
EDT is considered futile when CPR exceeds 10 min for 
blunt trauma, 15 min for penetrating, and the patient pres-
ents in asystole without evidence of cardiac tamponade. 
Other centers have more restrictive practices for blunt 
mechanisms and proceed with EDT only for patients with 
CPR ongoing <5 min or witnessed cardiac arrest. Survival 
after EDT for blunt trauma is dismal and usually <1 %, and 
survival after penetrating trauma is about 10 % and higher 
for stab wounds (~15 %) than for gunshot wounds (~5 %). 
Furthermore, while patients with injuries to multiple body 
regions have a survival close to zero, patients with abdomi-
nal, thoracic, and particularly cardiac injuries have reason-
able survival rates of about 5 %, 10 %, and 20 %, 
respectively, after EDT. Increased application of the 
focused assessment with sonography for trauma (FAST) 
may potentially avoid futile intervention as absence of car-
diac motion or pericardial effusion on initial FAST exam 
has resulted in survival rates of zero in a select study. The 
exam is readily available at many centers and may be per-
formed rapidly with good sensitivity. The exam may iden-
tify patients with survival potential but does not necessarily 
predict survival in those ultimately undergoing EDT.  
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11.2     Preparation 

 EDT requires preparation of both personnel and equipment 
and requires a team approach to be carried out in an orga-
nized and effi cient manner. All health-care providers (techni-
cians, nurses, emergency medicine physicians, and surgeons) 
involved in the care of a patient requiring an EDT need to be 
familiar with the basic maneuvers before and during the pro-
cedure. This preparation may come in the form of didactic 
education, patient simulations, or potentially with experi-
ence during previous EDTs. Furthermore, the individual per-
forming the EDT must be prepared to identify and repair 
injuries within the chest and provide resuscitative maneuvers 
during EDT. If personnel and resources are not available and/
or there is no individual willing or able to perform maneu-
vers required during EDT, then this procedure should not be 
part of the resuscitative plan. 

 If the personnel are available and capable of performing 
an EDT, then the necessary equipment should be readily 
accessible in the trauma resuscitation room. Equipment for 
EDT should be stored within a single operative tray, and all 
instruments should be loose within the tray for easy han-
dling. Though a standard thoracotomy tray would suffi ce to 
perform EDT, a scaled-down version should be prepared to 
remove unnecessary instruments. An EDT tray should be 
stocked with a #10 scalpel blade (already secured to a han-
dle), a  pre - assembled  retractor (Finochietto or Balfour 
retractor), curved Mayo scissors (short and long), several 
forceps (short and long, toothed and smooth), needle drivers 
(short and long), a variety of large clamps (Satinsky clamps, 
DeBakey aortic aneurysm clamps, Duval lung clamps), and 
an instrument to perform a transverse sternotomy (heavy 
shears, Lebsche knife, Gigli saw). Consideration should be 
given to having at least one additional EDT tray available 
should a right thoracotomy be required during resuscitation. 
Suture should be readily available for cardiac or vascular 
repair; the author prefers a 2-0 Prolene suture on a large 
tapered needle. Furthermore, the resuscitation room should 
be equipped with adequate lighting, laparotomy pads or tow-
els, and wall suction, all to allow adequate visualization dur-
ing the procedure.  

11.3     Technique 

 Prior to patient arrival, the trauma team should be assembled 
and don universal precautions for personal protection. Once 
the decision to perform an EDT has been made, you should 
quickly evaluate the location of penetrating wounds, as right- 
sided thoracic wounds may prompt a simultaneous right tho-
racotomy during EDT (discussed later). As you perform the 
EDT, the remainder of the trauma team should concomitantly 
secure a defi nitive airway with endotracheal intubation, 

establish large bore intravenous access for fl uid and blood 
resuscitation, and place a right tube thoracostomy to better 
evaluate for a potential source of hemorrhage in the right 
chest. Though most operative procedures require sterile tech-
nique, the lifesaving and emergent nature of EDT does not 
allow time to perform a sterile procedure. Splashing iodine 
onto the chest prior to incision provides no antimicrobial 
effi cacy and merely makes the instruments wet and slippery, 
making the procedure more diffi cult. As time is crucial and 
the patient cannot be prepared in the usual sterile fashion, 
EDT should be performed without preoperative antibiotics, 
complete surgical skin prep, or standard wound draping. 
Basic steps involve: (1) entering the thoracic cavity, (2) pos-
terior retraction of the lung, (3) exploration/repair of cardiac 
injuries, (4) anterior retraction of the lung, (5) aortic cross- 
clamping, and (6) internal cardiac massage. 

 To begin the EDT, place the patient in the supine position 
with the left arm abducted, widening the rib spaces and 
allowing optimal access via a left anterolateral thoracotomy. 
Begin the procedure with a generous curvilinear skin incision 
over the left chest, extending from the left lateral edge of the 
sternum medially to the anterior edge of the latissimus dorsi 
laterally. In a female, retract the breast superiorly and the 
incision should follow the inframammary crease. In a male 
(Fig.  11.1a, b ), center the incision over the fi fth intercostal 
space by positioning the curvilinear incision just inferior to 
the left nipple–areolar complex. Make the initial incision 
through the skin, subcutaneous fat, much of the thoracic mus-
culature (Fig.  11.2 ), and should be down to the intercostal 
space and ribs with the fi rst (or at the most second) pass of the 
scalpel. Once you reach the intercostal space, use the curved 
Mayo scissors to puncture the intercostal muscles and pari-
etal pleura, just superior to a rib as you would for a tube tho-
racostomy, and then spread the scissors widely. Once you 

  Fig. 11.1    Skin incision for emergency department thoracotomy in a 
male patient       
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have created a large pleural opening, use the scissors to 
enlarge the incision medially and laterally, taking care to 
avoid the neurovascular bundle and allowing enough space to 
place a thoracic retractor. Place your thoracic retractor and 
open widely (Fig.  11.3 ). Keep in mind this is an emergent 
procedure done relatively quickly, so fracturing ribs while 
opening the retractor may be unavoidable. While fractured 
ribs should not alter the course of your EDT, make sure to 
protect yourself and your assistant from sustaining injury 
from the sharp edges of the fractured ribs. Once you place 
and spread the retractor, extend your incision with curved 
Mayo scissors through all muscular layers and parietal pleura 
medially and laterally, to include the full length of your skin 
incision. Now you should be able to fully open the retractor 
and adequately visualize the left pleural cavity.

     Once you have completed positioning your retractor and 
adequately lengthening the incision, you should fi rst turn 
your attention to the pericardium. Complete the remainder of 
the exploration in a systematic manner. Your assistant should 
retract the left lung posteriorly, allowing visualization of the 
anterior mediastinum and pericardium. Locate the phrenic 
nerve following its craniocaudal path along the lateral aspect 
of the pericardium (Fig.  11.4 ). While taking care not to injure 
the phrenic nerve, use forceps to grasp the pericardium 1 cm 
anterior to the nerve and make an incision with scissors. The 
initial incision should allow you to confi rm the presence of 
pericardial blood. Occasionally, a tense cardiac tamponade 
will be present, making it diffi cult to grasp the pericardium 
with forceps. In these cases, you may make the initial peri-
cardiotomy with a small stab incision using a scalpel. Next, 
lengthen the pericardiotomy cranially and caudally with 
scissors, about 1 cm anterior and parallel to the path of the 
phrenic nerve (Fig.  11.5 ). By enlarging the pericardial inci-
sion, you can evacuate pericardial tamponade and deliver the 
heart into the wound. This will allow you to repair any car-
diac injury that may be present.

    If the heart is in asystole, then repair is obviously quite 
easy. However, if there is an organized cardiac rhythm, you 
will need to gently stabilize the heart in order to perform the 
repair. You should be able to fi x most cardiac injuries with a 
simple interrupted suture repair; the author usually uses a 2-0 
polypropylene suture on a tapered needle. You do not need to 
use pledgets during the initial repair, but if the tissue tears 
during repair, you may consider adding pledgets to reinforce 
the repair. You may also use a running stitch, fi gure-of-eight, 
or horizontal mattress. If the cardiac wound is in close prox-
imity to a coronary artery, you may need to alter your 
approach. If the injury is near a distal coronary artery, then a 
repair that ligates the artery distally should be well tolerated 

  Fig. 11.2    Incision extended through the skin, subcutaneous tissue, and 
most thoracic musculature       

  Fig. 11.3    Left anterolateral thoracotomy with retractor in place and 
opened widely       

phrenic
nerve

  Fig. 11.4    The phrenic nerve following its craniocaudal path along the 
lateral aspect of the pericardium       
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by the myocardium. However, if the injury is near the proxi-
mal portion of a coronary artery (particularly the left anterior 
descending artery), the ligation will surely lead to a massive 
myocardial infarction and death. In these cases, you should 
perform a horizontal mattress suture around the laceration 
and the coronary artery, so as not to ligate the myocardial 
blood supply (Fig.  11.6 ).

   If the repair proves diffi cult or you are not accustomed to 
performing cardiac repairs, a few optional approaches exist. 
You may temporize bleeding from a cardiac wound by placing 
a urinary catheter through the laceration and infl ating the bal-
loon (Fig.  11.7 ) and then applying gentle traction after making 
sure to clamp the proximal part of the catheter. Rather than 
placing sutures, you may be able to repair the laceration with 
a skin stapler and perform the defi nitive suture repair in a 
delayed fashion in the operating room. You may also control 
the bleeding from a cardiac laceration using a Satinsky clamp, 
particularly for right atrial lacerations (Fig.  11.8 ). Finally, if 
the wound is on the posterior surface of the heart, you can 
elevate the heart by grasping the apex with a Duval lung clamp 
to allow visualization (Fig.  11.9 ). If the heart is beating while 
elevating the apex, venous return to the heart may be impeded 
and may lead to cardiac arrest, so you should perform this 
maneuver gently and only elevate enough to complete the 
repair. After cardiac repair or if no cardiac wound is identifi ed, 
attention should be turned to the descending thoracic aorta.

     The left lung should now be retracted anteriorly by your 
assistant. You should evacuate any signifi cant hemothorax to 
allow visualization of the descending thoracic aorta. The 
descending thoracic aorta lies posterior and medial in the left 
chest, running along the left, anterior thoracic spine. With 
the left lung retracted anteriorly and the left chest evacuated 
of blood, you should recognize the thick, white, muscular 
descending aorta (Fig.  11.10 ). Remember, the esophagus lies 
anterior and medial to the descending thoracic aorta and you 

should keep its position in mind when cross-clamping the 
thoracic aorta in order to avoid iatrogenic esophageal injury. 
You may consider placing a nasogastric tube to make it eas-
ier to identify the esophagus in the chest. Before you can 
reliably apply a cross-clamp, you must incise the parietal 
pleura that covers the descending thoracic aorta. You should 
grasp the parietal pleura with forceps and make the initial 
incision with scissors. You can perform the remainder of the 
exposure bluntly with fi nger dissection of the parietal pleura 
off of the aorta, both in a cranial and caudal direction. Keep 
in mind you do not need to circumferentially mobilize the 
descending aorta, as this wastes precious time and may cause 
iatrogenic injury to intercostal branches. Once you have 
swept away the parietal pleura, you should cross-clamp the 
descending aorta with a DeBakey aortic aneurysm clamp or 
Satinsky clamp (Fig.  11.10 ).

Tamponade Phrenic
nerve

  Fig. 11.5    Extension of pericardiotomy with scissors       

  Fig. 11.6    Horizontal mattress repair of laceration adjacent to a coro-
nary artery       
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   Cross-clamping the descending thoracic aorta during 
EDT improves resuscitation via three mechanisms. First, 
when you begin internal cardiac massage, having the tho-
racic aorta cross-clamped will improve cerebral blood fl ow 
and perfusion pressure during systole. Second, the coronary 

arteries, which fi ll during diastole, will receive better perfu-
sion during internal cardiac massage. Third, aortic cross- 
clamping will slow down intra-abdominal hemorrhage until 
a defi nitive abdominal operation can be performed. You 
should cross-clamp the thoracic aorta as distally as possible 
in order to maintain adequate perfusion to the spinal cord 
during the cross-clamp time. Furthermore, you should 
remove the aortic cross-clamp as soon as possible and 
 preferably within 30 min. Once you have successfully 
applied the aortic cross-clamp, you can turn your attention to 
internal cardiac massage. 

 With the pericardium already opened widely and the heart 
delivered into the wound (with or without a previous cardiac 
repair), you should be able to easily evaluate the heart’s 
rhythm and contractility. Patients with an organized rhythm 
and adequate contractility do not need internal cardiac 

Foley
catheter

  Fig. 11.7    Temporary control of cardiac laceration using a urinary 
catheter       

Right
atrial
appendagte

  Fig. 11.8    Temporary control of right atrial laceration with a Satinsky 
clamp       

  Fig. 11.9    Elevation of the tear with a Duval clamp grasping the apex in 
order to repair a posterior cardiac laceration       

  Fig. 11.10    Cross-clamp of the descending thoracic aorta with a 
Satinsky clamp       
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 massage, but may require intravenous drugs such as atropine 
and epinephrine to support heart rate and blood pressure. 
Patients with asystole should receive internal cardiac mas-
sage. To begin, cup your hands and place one anterior and 
one posterior to the heart (Fig.  11.11 ). Using the palm of 
each hand, begin internal cardiac compression at a rate of 
about 100 beats/min, compressing the heart from its apex to 
its base. Take care to use only your palms to avoid iatrogenic 
injury from point pressure on the heart from your fi ngers or 
thumbs. Simultaneously, the patient should receive intrave-
nous epinephrine providing at least 1 min of internal cardiac 
massage to assist with resuscitation. If the patient develops 
ventricular fi brillation, use internal paddles and defi brillate 
with an initial setting of 10–15 J. The internal paddles should 
be positioned with one paddle anterior and one paddle poste-
rior to the apex of the heart (Fig.  11.12 ). Continue with inter-
nal cardiac massage, defi brillation, and advanced cardiac life 
support (ACLS) protocols until the patient has a return of 
spontaneous cardiac activity or you decide the care is futile.

    At any point during the EDT, you may be required to con-
trol hemorrhage from a variety of sources including the chest 
wall, spine, heart, lungs, or pulmonary vasculature. Repair of 
cardiac injuries has been previously described in this chap-
ter. Bleeding from the chest wall or its associated vessels 
(intercostal, internal mammary) can usually be controlled 
with simple clamping and ligation using nonabsorbable 
sutures or vascular clips. Occasionally, bleeding from the 
chest wall is not amenable to common techniques of hemo-
stasis. Similarly, bleeding from the thoracic spine can be 
quite diffi cult to control and a bleeding vessel is not usually 
obvious. In both of these circumstances, consider packing 

the chest wall with laparotomy pads, the spine wound with 
bone wax, using any available topical hemostatic agents, or 
inserting a urinary catheter to provide balloon tamponade, 
and return to the site of bleeding for defi nitive hemorrhage 
control later in the operation. 

 Bleeding from the lung parenchyma is not usually signifi -
cant due to its low pressure and intrinsic ability to form clot 
from a high local concentration of tissue thromboplastin. 
You can usually leave lacerations from the pulmonary paren-
chyma alone until defi nitive operation, or apply a Duval lung 
clamp to temporize troublesome bleeding. However, bleed-
ing from the pulmonary vasculature can be torrential and 
quickly result in exsanguination. Furthermore, signifi cant 
disruption in the pulmonary venous system can lead to air 
embolism to the left-sided cardiac circulation. You can con-
trol bleeding from pulmonary vasculature within the sub-
stance of the lung parenchyma using suture ligation. If the 
bleeding is too heavy to allow visualization or the bleeding is 
emanating from the pulmonary hilum, obtain control of the 
hilum either manually or with a vascular clamp. Gain control 
of the pulmonary hilum by temporarily halting ventilation to 
allow adequate visualization. Next, while retracting the lung 
posteriorly, bring your hand or a Satinsky clamp from above 
and grasp or clamp the entirety of the pulmonary hilum, 
including the pulmonary artery, pulmonary veins, and main-
stem bronchus (Fig.  11.13 ). It is important that you approach 
the hilum from above, as an inferior approach will be 
impeded by the inferior pulmonary ligament and may not 
allow hilar control. Some authors have advocated dividing 
the pulmonary ligament to mobilize the lung, but in our opin-
ion, this is an unnecessary maneuver. Dividing the inferior 
pulmonary ligament takes valuable time, may lead to iatro-
genic injury of the inferior pulmonary vein, and may be quite 

  Fig. 11.11    Internal cardiac massage       

  Fig. 11.12    Internal defi brillation paddles       
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diffi cult in the emergent setting with ongoing hemorrhage, 
and the pulmonary hilum can be easily controlled with a 
superior approach while leaving the inferior pulmonary liga-
ment intact. Despite control of the pulmonary hilum, you 
may suspect an air embolism (or confi rm the diagnosis by 
seeing air bubbles in the coronary arteries). In these cases, 
aspirate the left ventricle with a needle and syringe in an 
attempt to evacuate any intraventricular air.

   Though you can perform most required maneuvers during 
an EDT through a left anterolateral thoracotomy, you may 
occasionally be required to convert the left thoracotomy into 
a bilateral or clamshell thoracotomy. The right thoracotomy 
can be performed through a separate incision, or extend the 
left thoracotomy onto the right chest via transverse sternot-
omy. Consider adding a right thoracotomy to the left antero-
lateral EDT in a few situations. First, if the patient presents 
with primarily right-sided wounds, perform the usual EDT 
but have an associate start a right thoracotomy simultane-
ously. A left thoracotomy is still necessary, as access to the 
right chest will allow pericardiotomy, control of intratho-
racic hemorrhage, and internal cardiac massage, but does not 
allow you to cross-clamp the descending aorta. Another indi-
cation for right thoracotomy is based on the output of the 
right tube thoracostomy placed concomitant with EDT. If the 
initial right chest tube output is more than 500–1,000 cm 3 , 
hemorrhage in the right pleural cavity will possibly require 
control. 

 The most common reason for extending a left-sided EDT 
is to improve visualization of the mediastinum as it allows 
access to the heart, great vessels, and both hemithoraces. In 
this case, extend your left thoracotomy into a clamshell tho-
racotomy via a transverse sternotomy. The right thoracotomy 
portion of the bilateral or clamshell thoracotomy is a mirror 
image of the left thoracotomy already described. The trans-
verse sternotomy is accomplished with a variety of 

 techniques. The skin incision is simply a transverse incision 
connecting the right and left thoracotomy (Fig.  11.14 ). Carry 
this incision through the subcutaneous tissue and thoracic 
musculature until you reach the anterior portion of the ster-
num. Perform the transverse sternotomy with heavy shears, a 
Lebsche knife, or a Gigli saw, depending on availability and 
personal comfort. Assisting staff should be familiar with 
setup and operation to prevent delay in this maneuver should 
it be required. Once you perform your transverse sternotomy, 
adjust the thoracic retractor or add a second retractor to opti-
mize visualization. Next, extend the pericardiotomy across 
the anterior pericardium, taking care not to injure the right 
phrenic nerve. Keep in mind that during transverse sternot-
omy, you will divide both internal mammary arteries. This 
may not be readily apparent if the patient is pulseless, but 
you should ligate or clip both internal mammary arteries as 
they will bleed signifi cantly during cardiac massage or if the 
patient regains a pulse. The clamshell incision provides spec-
tacular exposure to both pleural cavities and all mediastinal 
structures, which should allow you to perform any and all 
maneuvers required during emergency department thoracot-
omy (Fig.  11.15 ).

    Before patient arrival and throughout performing EDT, 
consider what the plan will be if the patient has a return of 
organized cardiac activity or if cardiac arrest persists despite 
all resuscitative efforts. If at any time during EDT the patient 
has return of a sustained pulse and blood pressure, transport 
to the operating room for defi nitive operative procedures. 
Furthermore, try to remove the aortic cross-clamp as soon as 

Hilum
of left
lung

  Fig. 11.13    Cross-clamp of the pulmonary hilum       

  Fig. 11.14    Skin incision for clamshell thoracotomy       
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possible if the patient’s physiology will tolerate it. If cardiac 
arrest persists during EDT, then determine if ongoing resus-
citative efforts should be continued or if the care is futile. 
Futility in the setting of EDT for penetrating trauma is 
dependent on several factors including patient age and 
comorbidities, location of injuries identifi ed during EDT, 
and local resources including personnel and blood bank 
availability.      
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 Important Points 

•     An emergent thoracotomy tray with all necessary 
instruments and retractors needs to be prepared and 
quickly available in the emergency department.  

•   FAST exam may be applied to evaluate for tampon-
ade. If no cardiac activity or tamponade, care may 
be futile.  

•   As you perform the EDT, the remainder of the 
trauma team should concomitantly secure a defi ni-
tive airway with endotracheal intubation, establish 
large bore intravenous access for fl uid and blood 
resuscitation, and place a right tube thoracostomy 
to better evaluate for hemorrhage in the right chest.  

•   In a female, retract the breast superiorly. The inci-
sion should follow the inframammary crease. In a 
male, the incision should be centered over the fourth 
or fi fth intercostal space by positioning the curvilin-
ear incision just inferior to the left nipple–areolar 
complex.  

  Fig. 11.15    Exposure obtained to both pleural cavities and mediasti-
num via a clamshell thoracotomy       

•   Make the initial pericardiotomy with a small stab 
incision using a scalpel if a tense tamponade is 
encountered.  

•   Before cross-clamping the aorta, incise the parietal 
pleura that covers the descending thoracic aorta.  

•   The descending aorta should  not  be circumferen-
tially mobilized to apply a cross-clamp.  

•   Bleeding from the chest wall or spine may require 
packing, topical hemostatic agents, or balloon tam-
ponade to temporarily control hemorrhage.  

•   The pulmonary hilum can be easily controlled with 
a superior approach while leaving the inferior pul-
monary ligament intact.  

•   During transverse sternotomy, ligate or clip both 
internal mammary arteries as they will bleed sig-
nifi cantly during cardiac massage or if the patient 
regains a pulse.    
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      Intensive Care: Principles and Therapy                     

     Zachary     M.     Bauman      and     Terence     O’Keeffe   

      Critical care management principles continue to be an 
extremely important aspect in the care of penetrating trauma 
patients, especially with the development of new technolo-
gies and advancing insight into human physiology. With the 
continual progression of new and exciting trauma research, 
the management of penetrating trauma necessitates all those 
involved in patient care be as current as possible in order to 
provide optimal care. The goal of this chapter is to provide a 
summary of important critical care principles allowing the 
reader to be successful in the management of penetrating 
trauma patients. 

12.1     Metabolic Response to Trauma 

 The body’s response to a traumatic or surgical insult is basi-
cally the same. This involves an activation of the sympathetic 
nervous system and an increase in circulating catechol-
amines. Furthermore, endocrine stress hormones are released 
from the pituitary gland, as well as changes in the immune 
system including production of infl ammatory cytokines in 
addition to a leukocytosis. 

 These neurohormonal changes cause tachycardia and 
fever, which taken together with tachypnea and leukocytosis 
form the systemic infl ammatory response syndrome (SIRS). 
Metabolic changes lead to the retention of sodium and water, 
in addition to hyperglycemia that is compounded by insulin 
resistance, proteolysis of skeletal muscle, lipolysis of fat 
stores, and cytokine release, all of which contribute to a cata-
bolic state. 

 It is presumed that this proinfl ammatory response is of 
overall benefi t to the body as it responds to the insult and aids 
in recovery. However, in some patients, the degree of trauma 

is so great that despite adequate resuscitation, it overwhelms 
the capacity for recovery, and severe SIRS develops. A sec-
ond “activating” event may also occur after the initial injury, 
which leads to a rapid downward spiral into multiorgan fail-
ure. The majority of modern critical care is designed to 
decrease the likelihood of this second event and/or to abro-
gate its effects on the patient.  

12.2     ICU Monitoring 

 As critical care medicine continues to evolve and become 
more sophisticated, so do the means by which we monitor 
the critically ill. There continues to be a trend for noninva-
sive or minimally invasive monitoring for patients in the 
ICU. Numerous new devices are emerging which aide the 
clinician in making real-time decisions about the status and 
direction of patient physiology. 

 Arterial catheterization is still standard practice in most 
ICUs, not only to monitor arterial blood pressure but also to 
facilitate blood gas monitoring in ventilated patients. 
Complication rates are low, but thrombosis, pseudoaneurysm 
formation, and infection may still occur. The radial or femo-
ral routes are preferred for ease of placement and minimal 
degree of complications. There are now several types of 
monitors that can be directly attached to the arterial line, giv-
ing real-time estimates of the cardiac output and index, 
stroke volume, systemic vascular resistance, etc. 

 Pulmonary arterial (PA) catheters continue to remain 
unfavorable in the ICU setting given their perceived high 
complication rate. We do believe however that there is still a 
small and specifi c patient population that will benefi t from 
their use. This patient population includes those who are 
refractory to adequate volume resuscitation without obvious 
cause or who have cardiac dysfunction, either acute or 
chronic, where monitoring of cardiac output is necessary to 
guide clinical care. 

 Point-of-care ultrasonography (POCUS) has become 
extremely popular as a monitoring modality in the ICU over 
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the past few years and is relatively inexpensive. It is a skill 
set that is now being taught routinely in both surgical resi-
dencies and critical care fellowships. The diagnostic impact 
of POCUS has been shown to be as high as 85 % whether 
that be confi rming an expected diagnosis or resulting in a 
change of diagnosis and therefore a change in patient man-
agement. The ability to observe directly the heart, lungs, 
inferior vena cava, aorta, etc., with the ultrasound at bedside 
greatly improves the decision-making ability of the clinician, 
especially from a hemodynamics standpoint. Furthermore, 
ultrasonography has allowed for improvements in bedside 
procedures resulting in a lower complication rate, especially 
when it comes to the cannulation of vascular structures. 
Transesophageal ultrasonography has also gained popularity 
in the monitoring of volume status; however, this modality is 
more invasive and requires the patient to be intubated. 
Although the disadvantage of ultrasonography is that it is 
operator dependent, the application of this technology is vast 
and has demonstrated both reliability and reproducibility.  

12.3     Neurological System, Pain Control, 
and Traumatic Brain Injury 

 One of the biggest challenges in the ICU is appropriately 
managing pain and agitation in critically ill patients. There 
are a number of considerations that you must take into 
account when choosing medications, not least of which are 
comorbidities that may affect the pharmacokinetics of the 
various agents. The Society of Critical Care Medicine 
recently published an in-depth set of guidelines for the man-
agement of pain, agitation, and delirium. Although pain and 
sedation management needs to be tailored to the individual 
patient, these guidelines have shown better outcomes for all 
critically ill patients and should be implemented in all ICUs:

    1.     Optimize pain management fi rst . This will allow for the 
use of less sedation and reduce the development of delir-
ium. It is always preferable to use short-acting intrave-
nous narcotic analgesics as infusions for initial pain 
control. Furthermore, early transition of patients to oral 
analgesia (e.g., oxycodone) via the enteral route is recom-
mended as soon as the GI tract is available for use.   

   2.     Make light sedation the norm . Patients should be sedated 
to the point of comfort, especially if they are on the ven-
tilator but should be alert enough to participate in their 
care. Oversedation only worsens the potential for delir-
ium and can lengthen ventilation and ICU days. No mat-
ter which sedation medication is used, a sedation scale 
should be implemented with a specifi c target range so the 
patient does not become over sedated.   

   3.     Move away from routinely using benzodiazepines, espe-
cially in ICU patients who are at risk for or those who 

already have delirium . The choice of a benzodiazepine or 
other agents such as propofol as a sedative depends on the 
preference of the treating physician, as well as the 
patient’s hemodynamic stability. Both propofol and dex-
medetomidine infusions, although short acting and more 
preferred than benzodiazepines, have deleterious effects 
on blood pressure requiring care when utilizing. 
Conversely, benzodiazepine infusions have long half-
lives and should be avoided for maintenance sedation 
over many days.   

   4.     Implement effective delirium prevention and treatment 
strategies, using both nonpharmacologic and pharmaco-
logic approaches . The development of delirium worsens 
overall mortality and should be avoided if possible. All 
ventilated patients should undergo daily “sedation vaca-
tions” to allow medication to wear off, which will allow 
more accurate assessment of the patient’s level of con-
sciousness and further decrease delirium development. 
Regular reorientation, sunlight, providing familiarity in 
the patient room, appropriate sleep patterns, timely extu-
bation, and early ambulation all assist in helping prevent 
delirium.   

   5.     Use antipsychotics judiciously . The more medications a 
patient receives, the more it can cloud their senses and 
judgment. Avoid additional medications, especially ones 
that affect the brain, as much as possible.     

 Traumatic brain injury is another major problem often seen 
in the ICU. Historically, the prognosis of most penetrating 
brain injuries was usually poor, especially if it is due to a mis-
sile that crosses the midline, resulting in the utilization of only 
a few resources to save the patient. Recent literature, however, 
has taken a more aggressive approach to patients with pene-
trating traumatic brain injury, especially those patients experi-
encing gunshot wounds to the head. Aggressive resuscitation 
with blood products and hypertonic saline has been shown to 
be independently associated with improvement in survival 
rates, even for those patients suffering bi-hemispheric missile 
trauma. The use of these aggressive resuscitative measures 
combined with rapid correction of coagulopathy as well as 
essential collaboration between the trauma, neurosurgery, 
emergency medicine, and nursing services has resulted in 
increased survival rates for gunshot wounds to the head from 
10 to 46 %. Furthermore, the use of thyroid hormonal replace-
ment therapy (the “T4 protocol,” which comprises of 1 ampule 
of 50 % dextrose, 2 g of methylprednisolone, 20 U regular 
insulin, and 20 mg levothyroxine) has been shown to signifi -
cantly improve rates of organ procurement from those patients 
with fatal gunshot wounds to the head. With new literature 
showing increasing survival and organ procurement rates, the 
bias of resource use can no longer be used to preclude trauma 
surgeons from abandoning aggressive attempts to save patients 
with gunshot wounds to the brain.  
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12.4     Respiratory Failure, Acute Lung 
Injury, and ARDS 

 Many trauma patients suffer respiratory failure following 
injury and need to be maintained on invasive ventilation. 
Daily sedation vacations and spontaneous breathing trials 
have both been shown to facilitate earlier extubation. 
Weaning protocols that directly involve the nursing staff and 
respiratory therapists are highly effective. Computer-driven 
weaning protocols have also been developed and may be 
directly incorporated into ventilators in the future. Extubating 
patients as soon as possible is extremely important as it mini-
mizes the risk of ventilator-associated pneumonia, one of the 
more serious nosocomial infections that patients develop in 
the ICU. These infections are associated with signifi cant 
morbidity, mortality, and cost. Noninvasive ventilation may 
also have a role either as a means to avoid intubation while 
still providing ventilatory support or as a bridge following 
extubation to allow more time for the respiratory function to 
improve. 

 Acute respiratory distress syndrome (ARDS) is defi ned as 
acute hypoxemic respiratory failure with bilateral pulmonary 
infi ltrates that is associated with both pulmonary and non- 
pulmonary risk factors. There are two main processes that 
contribute signifi cantly to the development of ARDS: high 
permeability pulmonary edema and alveolar instability from 
the repetitive expansion and collapse of alveoli with tidal 
ventilation causing atelectrauma. In recent years, the defi ni-
tion of ARDS has changed to exclude the term “acute lung 
injury.” It is now referred to as “mild” ARDS. Furthermore, 
ARDS has been subcategorized into “moderate” and “severe” 
defi ned by the PaO 2 :FiO 2  (200–300, 100–200, and <100, 
respectively). 

 As we have come to better understand the physiology 
behind ARDS, multiple modalities have been developed to 
better manage these patients. Prevention of ARDS develop-
ment is most important through more judicious intravenous 
fl uid resuscitation with better monitoring and the use of a 
“low tidal volume” strategy for ventilation. When ARDS 
does develop, airway pressure release ventilation (APRV) 
appears to be effective in reversing atelectasis and improv-
ing oxygenation, without requiring the deep sedation or 
paralysis that is usually necessary in the other forms of ven-
tilation. Although high-frequency oscillatory ventilation has 
recently been shown to be detrimental as a rescue strategy 
for severe ARDS, inhaled nitric oxide or even extracorpo-
real membrane oxygenation has been shown to be success-
ful in the right patient population. Furthermore, a recent 
study showed a 16 % decrease in mortality for those patients 
who develop severe ARDS who are placed in the prone 
position. Although proning a patient is not always easy, it 
requires minimal resources that should allow it to be per-
formed in most ICUs.  

12.5     Cardiac Failure 

 Cardiogenic shock is a relatively rare complication follow-
ing penetrating trauma and is usually due to direct lacera-
tions of the heart itself or secondary to underlying baseline 
cardiac disease. In cases of direct trauma to the heart, take 
care to avoid damage to the coronary arteries and veins if 
at all possible during surgical repair, as this will lead to 
infarction of the cardiac muscle distal to the injury. Pay 
attention to the possibility of damage to the cardiac valves, 
papillary muscles, and septae following penetrating injury, 
which is best evaluated by echocardiography, either via the 
transesophageal route during the initial operation or via 
the transthoracic method once the patient is in the ICU. It 
is recommended to routinely perform echocardiography 
postoperatively following cardiac stab wounds, and this 
should be done urgently if there are signs of cardiac 
dysfunction. 

 It is very common for trauma surgeons to care for a high 
volume of elderly patients who have multiple cardiac comor-
bidities such as coronary artery disease, valvular problems, 
or arrhythmias. Patients frequently have stents in place and 
are on clopidogrel and aspirin or are anticoagulated with 
warfarin, apixaban, dabigatran, or rivaroxaban. The risk of 
thromboses in these patients needs to be carefully weighed 
against the risk of ongoing hemorrhage if the anticoagulation 
is maintained. Furthermore, if there is ongoing bleeding, 
these medications may need to be reversed. Unfortunately, 
for many of these newer agents, reversal can be very chal-
lenging as there are not many agents to reverse them, and the 
agents that are currently available are very expensive. The 
reversal of warfarin has been fairly consistent for years uti-
lizing vitamin K and fresh frozen plasma, although the pro-
thrombin complex concentrates have recently become 
available and are more effective in reversing the effect of 
warfarin. However, for the factor Xa inhibitors (apixaban, 
rivaroxaban), prothrombin complex concentrate (PCC) is 
routinely used but not always successful. The thrombin 
inhibitors (dabigatran) can undergo hemodialysis to remove 
the effects of the anticoagulant, but the factor Xa inhibitors 
are resistant to hemodialysis. 

 The choice of vasopressor in cardiogenic shock will 
depend on the exact cause of the shock, dopamine being 
most benefi cial in those patients needing inotropic support 
that are not tachycardic. Dobutamine is a better choice for 
patients with a history of congestive cardiac failure. Rarely, 
agents such as epinephrine or milrinone are utilized for right 
heart failure. In the most severe cases of cardiogenic shock, 
intra-aortic balloon pump placement may be required to 
maintain left ventricular function. Patients who develop car-
diogenic shock should strongly be considered for placement 
of a pulmonary artery catheter as this can greatly help guide 
the clinical management.  
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12.6     Surgical Nutrition 

 Early enteral feeding is one of the most important aspects of 
critical care for the trauma patient demonstrating signifi cant 
benefi ts, especially in the brain-injured patient. As soon as 
possible after admission, the patient should be placed on 
enteral feeding to minimize the catabolic effects of their 
trauma and/or surgery. There is little data to support the 
time-honored practice of transitioning patients from sips to 
clears to soft to regular diet, in those patients who can take 
diet by mouth, and unless there are obvious contraindica-
tions, a regular diet should be established as soon as 
possible. 

 For those patients who are intubated or unable to tolerate 
an oral diet, enteral feeding access should be obtained, pref-
erably post-pyloric, to initiate tube feeds. Calculation of the 
metabolic requirements of the patient using the various nutri-
tion formulas (e.g., Ireton-Jones energy expenditure) has 
been shown to be accurate; therefore, a detailed metabolic 
cart assessment is usually not required. Tube feeds can be 
given continuously or as bolus feeds, with the later approach 
being slightly more effective at meeting the daily nutritional 
goals. Unless the patient has specifi c indications (e.g., 
ARDS, sepsis, renal, or hepatic failure), the use of simple 
enteral formulas is encouraged. The immune-enhancing or 
specialty formulas should be reserved for those cases where 
there is likely to be maximal benefi t. Intolerance to enteral 
feeds can usually be successfully managed with promotility 
agents, such as erythromycin, which is somewhat more 
effective than metoclopramide. Both agents can also be used 
together for a synergistic effect, but it should be remembered 
that tachyphylaxis often develops within a week, indepen-
dent of the agent used. 

 Total parenteral nutrition (TPN) retains a place in surgical 
nutrition, specifi cally in those patients who cannot tolerate 
enteral feeds or who have enterocutaneous fi stulas. The use 
of a PICC line for administration rather than a central line 
decreases some of the mechanical complications, but patients 
are still at risk for metabolic and infectious problems. Close 
monitoring of electrolytes is mandatory with TPN. Transition 
to enteral feeding should be established as soon as possible 
as this will maintain bowel integrity and provide benefi ts 
with regard to healing, hepatic protein synthesis, hormonal 
function of the gut, and immune function. TPN should only 
be used in cases where the patient will be unable to tolerate 
enteral feeds for at least 7 days.  

12.7     Fluid, Electrolytes, and Renal Failure 

 Trauma patients often require the administration of signifi -
cant amounts of intravenous fl uids following injury due to 
blood loss, shifts of sodium and water from the interstitium, 

and/or fl uid losses from wounds. Although there is no perfect 
measure for assessing adequacy of resuscitation, a combina-
tion of base defi cit, serum lactate, and urine output works 
well (although none of these measures are adequate indepen-
dently). As mentioned before, trauma patients require close 
monitoring for the end points of resuscitation given the del-
eterious effects of over-resuscitation. 

 Both normal saline and lactated Ringer’s solution are usu-
ally used in the acute phase of resuscitation. The proinfl am-
matory effects of excessive crystalloid use have been well 
documented, and in this new era of “hemostatic resuscita-
tion,” the goal is to minimize careless use. Care should be to 
taken to monitor for hyperchloremic acidosis if normal saline 
is used as the primary resuscitation fl uid; lactated Ringer’s 
may therefore be preferable to eliminate this potential 
complication. 

 Hypertonic saline has recently emerged as a potential 
resuscitation fl uid for the hypovolemic patient given its theo-
retical ability to expand the intravenous volume with a smaller 
overall volume administered. Although the benefi ts remain 
clear that hypertonic saline improves intracranial pressures 
for traumatic brain-injured patients when compared to man-
nitol, a recent study was unable to elicit an improvement in 
mortality outcomes when hypertonic saline was adminis-
tered. Hypertonic saline has its place in the resuscitation of 
the injured patient, and its use should be reserved for trau-
matic brain-injured patients with close monitoring. 

 Many hospitals have protocols for electrolyte replace-
ment on standard order sets, although in the asymptomatic 
patient who is tolerating a diet, most of these electrolyte 
abnormalities are of little consequence. In contrast, the intu-
bated patient in the ICU with arrhythmias should have elec-
trolyte levels closely monitored and aggressively corrected. 
Hypo- or hypernatremia may be the result of an underlying 
serious disease such as the syndrome of inappropriate ADH 
or diabetes insipidus and needs to be appropriately investi-
gated and treated. Hypophosphatemia and hypomagnesemia 
are two other conditions that are common in the ICU setting 
and should be treated aggressively due to the serious conse-
quences that can arise, especially prolonged ventilation. 

 Renal failure is not uncommon in the trauma ICU for a 
number of reasons; it may be related to underlying disease, 
age, nephrotoxin exposure (i.e., intravenous contrast), or 
shock. Prevention through early and adequate resuscitation 
is ideal because once renal failure is established, there are 
few effective treatment options. The most likely type of renal 
failure in the trauma patient is prerenal, but renal and postre-
nal causes still need to be excluded. A fractional excretion of 
sodium (or fractional excretion of urea when a patient is tak-
ing diuretics) should be calculated, and the Foley catheter 
must be carefully examined for evidence of obstruction. 
Central venous pressure monitoring is warranted to assess 
volume status. Although dopamine will increase urine output 
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temporarily, it will not infl uence the need for dialysis or mor-
tality and has therefore been abandoned due to deleterious 
side effects. Similarly, the administration of loop diuretics 
has not been shown to improve outcomes and should not be 
used in the trauma setting. In those cases where renal failure 
becomes established, nephrology consultation for dialysis 
(either continuous renal replacement therapy or hemodialy-
sis) will be necessary.  

12.8     Endocrine: Glucose Control 
and Steroids 

 In recent years, the controversy over glucose control in the 
ICU has subsided, especially for surgical patients. Most 
recent studies have demonstrated that the tight target range 
of 80–110 mg/dL increases mortality, whereas a more liberal 
target of less than 180 has shown to improve it. Glucose 
monitoring and control in the ICU are defi nitely important 
for healing, preventing heart failure, preventing additional 
infections, decreasing length of stay and decreasing overall 
mortality; therefore, a target of 150–180 mg/dL is currently 
recommended and is more achievable without the morbidity 
associated with hypoglycemia. 

 Another area of controversy has been the use of steroids in 
sepsis and still remains so today. Despite all the studies that 
have been conducted over the years about the use of steroids 
in septic shock, there still is very limited prospective evidence 
that they are benefi cial. In the most recent Surviving Sepsis 
Campaign Guidelines from 2013, a few recommendations 
were made about the use of corticosteroids in septic shock. 
First and foremost, corticosteroids should be implemented 
only in patients who are in septic shock and do not respond to 
intravenous fl uids or vasopressors at a dose of 200 mg/day. 
Furthermore, the steroids should be administered as a drip 
and not as boluses given the diffi culty controlling the resul-
tant hyperglycemia. An ACTH stimulation test should not be 
performed prior to administration of corticosteroids given its 
inaccuracy identifying those patients who may benefi t from 
steroids. Finally, the steroids should be tapered off once the 
patient is off vasopressors. Although these are the recommen-
dations from the Surviving Sepsis Campaign, the use of ste-
roids needs to be tailored to each patient individually at 
discretion of the treating clinician. Additional studies are 
required to further clear up this controversy.  

12.9     Transfusions and Blood Products 

 Injury is the still the leading cause of death for patients 44 
years of age or less. Twenty to 40 % of trauma deaths occur-
ring after hospital admission involve massive hemorrhage 
from truncal injury and are potentially preventable with rapid 

hemorrhage control and improved resuscitation techniques. 
Damage control resuscitation, as defi ned as rapid hemor-
rhage control through early administration of blood products 
in a balanced ratio (1:1:1 for units of plasma to platelets to 
red blood cells; a ratio that is the closest approximation to 
reconstituted whole blood), has emerged as the new standard 
of care for traumatic resuscitation through prevention and 
immediate correction of coagulopathy, as well as minimiza-
tion of crystalloid fl uids. A recent large, prospective trial 
demonstrated the effi cacy of a 1:1:1 ratio of traumatic trans-
fusion when compared to a 1:1:2 ratio. Although there was 
no signifi cant difference in mortality, the group receiving 
blood product transfusions in a 1:1:1 ratio achieved hemosta-
sis faster, and fewer patients experienced death by exsangui-
nation in 24 h. 

 Although blood product transfusion is often started in the 
trauma bay or operating room, the resuscitative process often 
carries over to the ICU. Continuing this ratio of blood product 
transfusion is important but still may not result in correction of 
the coagulopathy. In such situations, administration of addi-
tion products such as factor VIIa, tranexamic acid, cryopre-
cipitate, or a prothrombin complex concentrate may be 
required. Furthermore, severe tissue damage can result in such 
phenomena as disseminated intravascular coagulopathy, fur-
ther exacerbating the hemorrhage. The main concern with any 
penetrating trauma is to stop the hemorrhage fi rst, as this is the 
most critical reason the patient will die in the acute setting.  

12.10     Infectious Disease and Nosocomial 
Infections 

 Sepsis in the ICU remains a signifi cant problem with mortal-
ity rates ranging from 25 to 40 % despite advances in antibi-
otics and critical care. The reader is referred to the 2013 
Surviving Sepsis Campaign Guidelines for a full breakdown 
of ICU measures designed to minimize mortality from severe 
sepsis and septic shock. 

 Multiple protocols (i.e., ventilator bundles) have been 
established as part of ICU sepsis preventive care and should 
be established in all intensive care units regardless of size, 
location, resources, etc. as these protocols will provide better 
patient care and decrease overall hospital costs. Unfortunately, 
even with strong preventative measures, infections do occur. 
Source control remains an important part of the fi ght against 
infection in the trauma patient, which may require surgical 
drainage, aggressive debridement of soft tissue infections, 
and multiple operations to obtain fi nal control of the infec-
tion. Although the tissue defects created may be large, an 
aggressive initial debridement will serve the patient much 
better than leaving a continued source of sepsis behind. 

 A guiding principle for antibiotic use in the ICU should 
be the early use of empiric antibiotics in suspected cases of 
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infection. Although at times challenging, early implementa-
tion of empiric antibiotics has been shown to decrease over-
all mortality. Furthermore, all attempts should be made to 
cover likely bacteria within the given infected tissue, and de- 
escalation opportunities for antibiotic coverage should be 
assessed daily to prevent the development of resistant bacte-
ria. It is also highly recommended that diffi cult-to-treat, 
multidrug-resistant organisms be covered with combination 
(usually two) antibiotic therapy. 

 Nosocomial infections remain a serious problem in ICU 
care, with ventilator-associated pneumonia (VAP), catheter- 
related bloodstream infections (CRBSIs), and urinary tract 
infections (UTIs) being the most serious and diffi cult to treat. 
Nursing measures such as head of bed elevation, routine oral 
care, and light sedation can help prevent VAP. Furthermore, 
providing appropriate GI prophylaxis for patients on the ven-
tilator longer than 48 h has been shown to help reduce the 
rate of VAPs. Modifi cations to the endotracheal tube to allow 
for subglottic suctioning, and/or impregnation with silver 
ions, have also shown promise in reducing the development 
of VAP. Ultimately, the sooner a patient can be extubated, the 
less chance they have to develop a VAP. 

 In a recent study on CRBSIs, fi ve simple measures were 
found to drastically reduce the incidence of this nosocomial 
infection: hand-washing prior to line insertion, use of a 
chlorhexidine skin prep, full barrier precautions including 
full body sterile draping, avoidance of the femoral and inter-
nal jugular routes, and daily assessment for line removal. 
Using this approach, the investigators showed a 66 % drop in 
CRBSI rates, which was maintained for at least 18 months 
following the intervention. 

 Prevention of UTIs also remains a problem, with many 
patients requiring indwelling Foley catheters due to the sever-
ity of illness, the need for accurate urine output monitoring, or 
an inability to spontaneously void. UTIs are the second most 
common nosocomial infection and can prolong length of stay 
as well as lead to unnecessary morbidity. As the risk for devel-
opment of an UTI linearly increases with length of time the 
catheter remains in place, patients should have their need for 
an indwelling catheter assessed daily, and it should be removed 
as soon as possible. Early removal of the catheter is the only 
proven intervention to reduce the risk of UTI. Of note, the 
presence of an epidural for analgesia is not an indication to 
keep a Foley catheter in place and can be safely removed with 
less than a 10 % occurrence of urinary retention.  

12.11     Prophylaxis in the ICU: DVT and Ulcer 
Prophylaxis 

 Trauma patients should receive both mechanical and chemi-
cal thromboprophylaxis as soon as is feasible after injury, 
although this will have to be tempered by the patient’s inju-

ries, e.g., brain injury, liver laceration, etc. The weight of 
evidence suggests that low-molecular-weight heparin in the 
form of Lovenox at a dose of 30 mg every 12 h is a more 
effective agent than unfractionated heparin. Despite the 
aggressive routine use of inferior vena cava fi lters in trauma 
patients who cannot initially be anticoagulated, there is 
actually no data to support this practice, and therefore, this 
intervention cannot be recommended at this time. The use 
of IVC fi lters may be considered, however, in patients with 
pelvic fractures and moderate-to-severe traumatic brain 
injuries. 

 There remains confusion regarding the need for prophy-
laxis against stress ulceration in intensive care unit 
patients. Absolute indications for prophylaxis include 
intubated patients for ≥48 h, coagulopathy, active upper 
GI hemorrhage, or known gastritis. The following are rela-
tive indications: current steroid use, traumatic brain injury, 
major burn injury, polytrauma, or sepsis. H2 antagonists 
are typically used for stress ulcer prophylaxis, and proton-
pump inhibitors (PPIs) are reserved for those patients who 
were being previously treated with these medications, 
have active upper GI bleeding, and develop thrombocyto-
penia after introduction of H2 antagonists or those who 
have interactions with another medications. PPIs have 
been shown to increase ventilator- associated pneumonia as 
well as the development of  Clostridium diffi cile  in the 
ICU; therefore, they should be avoided as fi rst-line 
therapy.  

12.12     Multiple Organ Failure 

 This syndrome is a devastating consequence of our improved 
ICU technology and ability to keep patients alive longer. It 
remains one of the most challenging conditions to treat for 
intensivists, even as its incidence has decreased over the last 
decade. This syndrome is characterized by sequential pro-
gressive organ dysfunction involving the lungs, kidneys, 
liver, gastrointestinal tract, and coagulation cascade. 
Mortality has been reported to be as high as 80 %, but more 
recent studies have suggested mortality rates of 30–50 %. 
Prevention is the key to this syndrome as there are no treat-
ment modalities to specifi cally reverse this syndrome. If this 
syndrome develops, the best management is to support the 
patient and attempt to optimize as many organ systems as 
possible. To date, there are no effective pharmacological 
agents for therapy, and the focus remains on early and ade-
quate resuscitation (with much recent research focusing on 
more aggressive use of blood and blood products in the 
early phases) as well as avoiding secondary insults. Patients 
with higher physiologic reserve are more likely to pull 
through and heal during the aggressive support provided in 
the ICU.  
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12.13     Complications of ICU Care 

 The clinician needs to remain acutely aware of sudden com-
plications, which can occur at any time in critically ill 
patients. Two iatrogenic complications in particular, tube/
catheter dislodgements and self-extubation, can result in 
serious consequences. 

 With the multitude of invasive devices, drains, and cathe-
ters, one must be continuously vigilant to prevent them from 
becoming dislodged or pulled out. It is important to ensure 
that they are adequately secured after insertion with sutures, 
the liberal use of adhesive tape, or securing devices. Simple 
measures such as a note at the head of the bed will commu-
nicate to all members of the team looking after the patient 
which tubes are vital and/or tenuous. 

 Self-extubation is usually a consequence of inadequate 
sedation. The reported incidence has decreased over the past 
decade and ranges from 0.7 to 15.9 % with few consistent 
predictive risk factors. Although the ICU length of stay is 
longer in these patients, this does not seem to come with 
increased mortality directly related to the extubation itself. 
Self-extubations often occur during nursing care, and special 
attention should be paid during this time. The incidence of 
re-intubation for these patients has also improved over the 
past decade and is currently approximately 21 %, an improve-
ment from the previously quoted rate of 50 %, within the 
ensuing 48 h. Any patient who has self-extubated should be 
watched carefully in the ICU for signs of respiratory distress 
and the necessity for re-intubation.  

12.14     Ethical and Family Issues 

 One of the hardest aspects of dealing with the critically ill 
patient is interfacing with the family. This interaction can 
vary from being conducted entirely long distance by tele-
phone with relatives to trying to control an excessive number 
of visitors to the patient’s bedside, all of whom are emotional 
and some of whom may not be on good terms with the 
patient. One of the most important roles of the intensive care 
physician is to help the family negotiate this diffi cult time by 
providing timely information, support, and enough time to 
visit with their family member. 

 Futility of care is often a source of confl ict between the fam-
ily and the clinician when there is a differing of opinion regard-
ing the possibility of a successful outcome. Although this needs 
to be approached in a sensitive manner, it usually requires time 
on the part of a family to adjust to the reality of the situation. It 
is recommended that an ethics committee consult be obtained 
in these diffi cult situations, especially when rational decision-
making has been completely overrun with emotion. Rarely, a 
legal approach may be necessary in the case of intransigent or 
belligerent families where consensus simply cannot be reached.  

    Conclusions 

 Intensive care has become increasingly complex and tech-
nology driven, such that it has become a multidisciplinary 
specialty in its own right. While most surgeons enjoy the 
challenge of managing their own patients through the 
period of their critical illness, it has been demonstrated in 
the literature that a dedicated critical care service is nec-
essary to provide the minute-to-minute care that these 
patients require. A thorough and up-to-date knowledge of 
the medical literature is also vital. These are some of the 
sickest patients in the hospital and the most demanding of 
our attention, but the rewards are immense whether it is 
saving a life or helping a family come to terms with the 
death of their loved one.      

 Important Points 

•     Noninvasive monitoring is increasing in popularity, 
especially the use of POCUS.  

•   Avoid benzodiazepines and work with patients to 
prevent ICU delirium.  

•   Gunshot wounds to the head should be aggressively 
resuscitated with blood products and hypertonic 
saline, and coagulopathy should rapidly be cor-
rected to improve survival.  

•   If a gunshot wound to the head is deemed fatal, the 
“T4 protocol” should be initiated to increase 
chances for organ procurement.  

•   Low tidal volume ventilation and proning are used 
for treatment of ARDS.  

•   Prevention is the most important management strat-
egy for ARDS.  

•   Daily spontaneous breathing trials are necessary for 
extubation assessment and delirium prevention.  

•   Early enteral feeding should be started as soon as 
possible.  

•   Hypertonic saline should be reserved for patients 
with traumatic brain injury.  

•   Aim for a target glucose of less than 180 mg/dL.  
•   Surgical control of bleeding is the most important 

management for hemorrhaging trauma patients.  
•   Blood product transfusions should be given in a ratio 

of 1:1:1 (platelets to plasma to pack red blood cells).  
•   Additional agents such as factor VIIa, cryoprecipitate, 

prothrombin complex concentrates, and tranexamic 
acid should be considered with continued hemorrhage.  

•   Central lines and Foley catheter should be removed 
as quickly as possible.  

•   Patients should be extubated as soon as possible 
when deemed appropriate.  

•   Treating the family is an important part of ICU care.    
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      Ventilation in the Trauma Patient: 
A Practical Approach                     

     Guy     A.     Richards     ,     Timothy     C.     Hardcastle     , 
and     Richard     E.     Hodgson    

13.1          Introduction 

 This chapter will provide the trauma surgeon with the basic 
guidelines for the provision of appropriate airway manage-
ment and ventilatory support of the patient being treated for 
major trauma with a brief focus on penetrating trauma. The 
chapter will be divided into the following sections: back-
ground, physiology and theory, emergency airway manage-
ment, early ventilation strategies in the emergency department 
(ED) and intensive care unit (ICU) airway management, and 
ventilatory strategies. The chapter will conclude with brief 
comments regarding liberation from the mechanical 
ventilator.  

13.2     Background Physiology and Theory 

13.2.1     Whom to Ventilate 

 There are three main indications for ventilation:

    1.    Hypoxia from lung pathology resulting in shunt due to 
alveolar collapse or fi lling of alveoli with fl uid (exudate, 
transudate, or blood)   

   2.    Ventilatory insuffi ciency due to neuromuscular dysfunc-
tion resulting in diminished alveolar ventilation resulting 
in an increased partial pressure of carbon dioxide (PaCO 2 )   

   3.    Airway compromise from direct or indirect airway injury 
or neuromuscular dysfunction that impairs airway protec-
tion and places the patient at risk of aspiration     

 Any combination of conditions may coexist and will 
inform the decision to provide mechanical ventilation (MV) 
after endotracheal intubation. 

 Prior to a discussion of practical ventilation, an under-
standing of the terminology used is essential. 

13.2.1.1     Hypoxia 
 The arterial oxygen content (CaO 2  = 16−20 ml/blood) con-
sists of hemoglobin (Hb) × 1.35 ml oxygen × saturation plus 
that dissolved in plasma (0.003 ml × PaO 2 ). Any reduction in 
delivery (DO 2 ) is termed tissue hypoxia and is represented 
by the formula cardiac index (CI) × content:

•    DO 2  = CI × CaO 2     

 Hypoxia may be caused by any of the components of 
delivery as seen below, many of which are frequently encoun-
tered in trauma patients:

    (a)    Hypoxic hypoxia – PaO 2  low (see causes below)   
   (b)    Anemic hypoxia – low carrying capacity (anemia, car-

boxyhemoglobin, methemoglobinemia)   
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   (c)    Circulatory hypoxia – low cardiac output (myocardial 
contusion, myocardial infarct, cardiac tamponade, ten-
sion pneumothorax)   

   (d)    Histocytotoxic hypoxia – low utilization (mitochondrial 
dysfunction, propofol-related infusion syndrome (PRIS), 
aspirin, antiretrovirals, severe sepsis)     

 The latter three present primarily with a metabolic acido-
sis and have a normal or elevated PaO 2 . All of these situa-
tions may be seen by the trauma surgeon and recognition that 
inadequate oxygenation is not the only requirement for intu-
bation is important.  

13.2.1.2     Measures of Adequacy of Oxygenation 
 Clearly, the partial pressure of oxygen (PaO 2 ) in the arterial 
blood alone is of no value as the PaO 2  must be related to the 
fraction of inspired oxygen (FiO 2 ) and whether or not the patient 
is receiving positive pressure ventilation (PPV). Additionally 
PaO 2  is far less important than saturation. The most commonly 
used means of assessment is the PaO 2 /FiO 2  (P/F) ratio where:

•    Normal: 400–500  
•   <300: Mild lung injury/acute respiratory distress syn-

drome (ARDS)  
•   <200 > 100: Moderate lung injury/ARDS  
•   <100: Severe lung injury/ARDS    

 This does not take into account the mean airway pressure 
(MAP), and as such, the oxygenation index is a useful param-
eter. This includes both of the p/f ratio and the MAP, and a 
reduction in the oxygenation index (OI) signifi es improve-
ment whereas a value ≥25 indicates severe hypoxemic respi-
ratory failure

•    (MAP × FiO 2 /PaO 2 ) × 100    

 Another useful bedside calculation which gives an indica-
tion of the degree of shunt can be achieved simply in the 
following manner; the difference between the calculated 
 alveolar  oxygen (PAO 2 ) and the  actual  PaO 2  [P(A−a)O 2 ] is 
measured. This would normally be in the range of 
10–15 mmHg but it is also dependent on age [predicted 
PaO 2  = 103.5−0.42(age) ± 4] and the degree of pulmonary 
parenchymal disease. 

 [The PAO 2  is calculated by means of the Bohr equation:

   PAO 2  = partial pressure of inspired oxygen (PiO 2 ) – PCO 2 /
respiratory quotient (usually taken to be 0.8).  

  The PiO 2  is calculated as follows: Atmospheric pressure – 47 
(for warm moist air) × FiO 2 ].  

  At sea level if one presumes the pCO 2  is 35 mmHg, this 
equation would read [(760−47) × 0.21]−35/0.8 giving a 
value of 106 mmHg.     

13.2.1.3     The Causes of Hypoxic Hypoxia 
(Hypoxemia) Are as Follows 

•     Shunt – alveoli that are perfused but not ventilated due to:
 –    Alveolar collapse – lung that may be recruited by 

application of positive airway pressure  
 –   Alveolar fi lling – lung that is  not  recruitable by appli-

cation of positive pressure but requires resolution of 
the underlying condition due to:
•    Infl ammatory exudate: aspiration and pneumonia  
•   Transudate: increased fi ltration across the alveolar 

endothelium due to raised pulmonary capillary 
pressure as seen in cardiac failure  

•   Blood: due to pulmonary contusion        
•   Partial pressure of inspired oxygen (PiO 2 ) seen in where 

an individual has been trapped in a confi ned space and 
in locations at altitude including Johannesburg, Quito, 
and Kathmandu  

•   Alveolar hypoventilation [overdose of drugs or alcohol, 
head injury, respiratory center control, airway obstruc-
tion, weakness (cord transection, pain, splinting), meta-
bolic alkalosis/vomiting]    

 Less common causes of hypoxia that should be consid-
ered, if the causes above have been treated, include:

•    Alveolar diffusion defect  
•   Anatomical/cardiac shunt  
•   Reduced cardiac output (CO) in the presence of V/Q mis-

match [low CO] decreases central venous saturation 
(ScvO 2 ) such that if V/Q mismatch is present, hypoten-
sion causes hypoxemia      

13.2.2     PaCO 2  

 The PaCO 2  represents a balance between production through 
metabolism and excretion through alveolar ventilation. 

13.2.2.1     Production: VCO 2  

•     Increased (catecholamine inotropes, shivering, high car-
bohydrate diet)  

•   Decreased (paralysis/sedation)     

13.2.2.2     Alveolar Ventilation 

•     Alveolar ventilation is reduced by neuromuscular disor-
ders that include:
 –    Drug or alcohol overdose  
 –   High spinal cord injury or any other causes of 

paralysis  
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 –   Acute severe metabolic alkalosis such as prolonged 
vomiting due to anatomical or functional gastric outlet 
obstruction     

•   Increased physiological dead space: alveoli that are venti-
lated but not perfused
 –    Preexisting chronic obstructive pulmonary disease, 

especially emphysema  
 –   Severe asthma  
 –   Iatrogenic due to the use of excessive positive pressure 

in an attempt to reduce shunt by alveolar recruitment 
which results in overdistension of ventilated alveoli 
increasing physiological dead space and reducing 
effective alveolar ventilation       

 It is important to note however that an elevated pCO 2  
alone is not an absolute indication for ventilation provided 
that:

•    There is no acidosis indicating that the patient may be tir-
ing and that the minute ventilation is insuffi cient relative 
to demand.  

•   There is no evidence of CO 2  narcosis.  
•   There is no traumatic brain injury (TBI) where hypercap-

nia is undesirable.      

13.2.3     Ventilator-Induced Lung Injury 

 Reduction of lung injury means that alveolar distension on 
inspiration and atelectasis on expiration should be avoided. 
This essentially means that one should restrict the tidal vol-
ume (TV) to 6 ml/kg ideal body weight (IBW) and utilize a 
positive end-expiratory pressure (PEEP) designed to avoid 
expiratory atelectasis. Reduction of the “driving pressure” is 
critical. This is the difference between the PEEP and the pla-
teau (volume) or peak (pressures). If this can be restricted to 
<18 or even lower, lung injury can be minimized. 

 The IBW can be simply estimated by utilizing the last two 
fi gures of the height in centimeters, e.g., if the height is 
1.55 m, the IBW is in the region of 55 kg. One can add on 
10 % for males as this really does not add much to the deliv-
ered volumes.  

13.2.4     Recruitment and Recruitment 
Maneuvers 

 In acute lung injury (ALI) of any type, three lung zones 
potentially exist; these are:

    1.    Ventilated alveoli with reduced perfusion increasing 
physiological dead space that are commonly found in 
nondependent zones of the lung.   

   2.    Lungs that are ventilated and perfused – this zone is com-
monly reduced in ALI.   

   3.    Lungs that are perfused but not ventilated with associated 
physiological shunting and is most commonly found in 
the dependent lung regions. This zone is increased due to:
    (a)    Atelectasis – alveolar collapse that may be reinfl ated 

by application of positive pressure, either in the form 
of a recruitment maneuver or PEEP or both.   

   (b)    Alveolar fi lling – as outlined above, fl uid in the alve-
oli cannot be displaced by positive airway pressure, 
making these alveoli non-recruitable.         

 The clinical assessment contributes to the likelihood of 
recruitability. 

 ALI or ARDS may be due to primary lung pathology 
(pneumonia, aspiration, contusion) which is less likely to be 
recruitable or secondary lung injury where the alveolar endo-
thelium is disrupted and capillary leak occurs as a compo-
nent of a systemic disease process (sepsis, pancreatitis, 
burns). The distribution of alveolar fl uid is gravitationally 
dependent, particularly in secondary ARDS, the so-called 
sponge lung. 

 However, regardless of how meticulous the clinical assess-
ment, it is impossible to predict how much of the lung is actu-
ally recruitable. Because the amount of lung that is available 
for ventilation is reduced in both forms of ARDS (as repre-
sented by zones 1 and 2 above), it can be said (as per Luciano 
Gattinoni) that a “baby lung” exists. It is necessary to apply a 
positive pressure to improve recruitment, but at the same time, 
overdistension of nondependent alveoli should be avoided as 
this increases physiologic dead space and results in ventilator 
induced lung injury (VILI). As such a recruitment maneuver 
is applied early in patients that are hypoxemic with pulmo-
nary infi ltrates. Recruitment is thereafter maintained by judi-
cious application of PEEP to prevent repetitive tidal collapse 
and recruitment (pulmonary biotrauma). PEEP “splints” alve-
oli open by increasing the functional residual capacity (FRC) 
but lacks effi cacy in opening already atelectatic lung. 

 The main adverse effect of PEEP is to unmask intravascu-
lar hypovolemia by impeding venous return. In the early 
resuscitative phase, PEEP may need to be limited until nor-
movolemia has been achieved. As there is a balance between 
recruitment and overdistension, there is a balance between 
oxygenation and hemodynamics. Any reduction in mean air-
way pressure (MAP) designed to improve perfusion may be 
associated with a reduction in oxygenation as derecruitment 
occurs. The hemodynamic effects of PEEP can usually be 
corrected with fl uids or pressors and are also less profound 
when applied to the relatively noncompliant lung. 

 If the lung is relatively non-recruitable, tidal volumes 
even in the region of 6 ml/kg, can result in hemodynamic 
compromise and elevation of PCO 2 . It is preferable in this 
setting to consider a reduction of PEEP or an increase in 
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respiratory rate rather than an increase in TV as this causes 
overdistension of functional alveoli with an even greater 
increase in PCO 2  due to the increase in the physiologic dead 
space. 

 Recruitment maneuvers work by the application of a 
raised mean airway pressure over a prolonged period, often 
in association with restriction of anterior motion of the chest 
wall by placing the patient in the prone position. The most 
frequently employed method is the application of a positive 
pressure of 40 cmH 2 O for at least 40 s, and this is usually 
employed when the patient has been sedated and paralyzed. 
Failure to recruit may require turning the patient into the 
prone position, particularly with secondary ARDS (sponge 
lung) where the nondependent lung volume may be substan-
tially increased by anterior redistribution of alveolar fl uid.  

13.2.5     Fluid Overload and Atelectasis 

 Alveolar derecruitment is minimized by early application of 
PEEP and by limiting unnecessary administration of crystal-
loid, which merely enhances leak across the damaged alveo-
lar endothelium even in the absence of increased hydrostatic 
pressures, thereby worsening the ARDS and increasing mor-
tality. A patient that is edematous (sacral edema) is by defi ni-
tion fl uid overloaded, and in addition to avoidance of 
crystalloid, gentle diuresis should be considered or if in renal 
failure, renal replacement therapy could be utilized. Time 
must be allowed for redistribution of fl uid from the extravas-
cular space to the intravascular compartment in order to pre-
vent hypotension; however in our experience, hemodynamics 
actually improve when fl uid overload is corrected. Fluid 
boluses in an already edematous patient  may  transiently 
increase the stroke volume but ultimately worsen pulmonary 
function and overall outcome. In this setting, alternative 
causes for hypotension such as vasodilatation as a compo-
nent of the infl ammatory response, myocardial contusion, 
intra-abdominal compartment syndrome, and pulmonary 
embolus should be sought.   

13.3     Practical Application of Ventilation 
Strategies 

13.3.1     Specifi c Indications for Ventilation 

•     Apnea or severe chest pathology provided treatable causes 
(tension pneumothorax or massive hemothorax) are 
excluded fi rst  

•   Tachypnea (in the adult >30 or <10/min or child RR > 40 
or <15/min)  

•   Mechanical ventilatory compromise (such as severe fl ail 
chest and pulmonary contusion)  

•   Hypoxemia (pO 2  < 8 kPa/60 mmHg on a reservoir mask 
(FiO 2  = 0.6) or a saturation that is decreasing)  

•   Hypercarbia (pCO 2  > 6.5kPa/50 mmHg), especially in the 
context of associated TBI or where an associated acidosis 
indicates ventilatory insuffi ciency  

•   Mental compromise (glasgow coma score (GCS) < 9/15)  
•   Hemodynamic instability/cardiac arrest     

13.3.2     Initiation of Ventilation 

 Once it has been decided that the patient should be venti-
lated, the following steps should be considered. 

13.3.2.1     Airway Management 
 With blunt trauma it should be assumed that there may be 
associated injury to the C-spine and therefore a risk to the 
spinal cord, so extreme caution is required. This is less true 
for penetrating trauma where airway control must not be 
delayed or impeded by the necessity for restriction of spinal 
motion. 

  Assess the Airway for 

•     Patency and maintenance of patency: Does the patient 
need a defi nitive airway emergently?  

•   Protection: Is there an aspiration risk?  
•   Gas exchange: Does the patient need an airway to opti-

mize ventilation. Are there any possible complications in 
the near future i.e., identifi cation of a potentially threat-
ened airway from injuries that might cause swelling.     

  Prepare for Intubation and Have Alternatives Available 

    STOP-IC-BARS is a useful mnemonic:
   S – Suction: with Yankauer catheter and soft-suction 

catheters.  
  T – Tubes: expected size and one 0.5 mm smaller and 

bigger.  
  O – Oxygen source: ideally nasal prongs and bag-mask to 

enable apneic passive oxygenation.  
  P – Pharmaceuticals for rapid sequence intubation: either 

etomidate (0.4 mg/kg) used as a sole agent or ketamine 
1 mg/kg with a muscle relaxant, either succinylcholine 
(1 mg/kg) or rocuronium 1 mg/kg. Drugs should be 
available for ongoing sedation if relaxants are used, to 
avoid the medicolegal hazard of awake paralysis.  

  I – Intravenous access: at least one functional large-bore 
intravenous (IV) line with appropriate fl uid – a 250 ml 
fl uid bolus prior to drug-assisted induction is advised.  

  C – Confi rmatory devices: end-tidal CO 2  capnography or 
color change devices are acceptable.  
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  B –  Bougie  and alternative  blades  for the laryngoscope: 
place the patient at the  belt-height  of the intubator for 
 best view ;  bimanual  laryngoscopy,  best-look  ramping 
of shoulders to ensure there is a horizontal line between 
the earlobe and sternum.  

  A – Alternative airway devices: supraglottic airway 
(SGA), e.g., intubating laryngeal mask airway (LMA), 
video laryngoscope (e.g., Glidescope, C-Mac), and 
fl exible scope, available on a diffi cult airway trolley.  

  R – Rescue devices, such as standard LMA or laryngeal- 
tracheal tube.  

  S – Surgical airway equipment: for emergency 
cricothyroidotomy.
•    Once the airway is secured, one must provide ventila-

tory support – A T-piece alone will lead to progressive 
atelectasis due to nitrogen washout and absence of 
PEEP. Auto-PEEP is normally provided by the vocal 
cords which are bypassed by the tube. Dead space 
however is actually reduced once one is intubated.             

13.3.3     The Initial Ventilator Settings 

 These are determined by the pO 2 , the pCO 2 , and ability to 
trigger the ventilator. 

 Most trauma patients that require ventilation are intubated 
and initiated on full mechanical ventilation (MV) as opposed 
to noninvasive ventilation (NIV). Continuous positive air-
way pressure (CPAP) or noninvasive pressure support venti-
lation (PSV), by face mask or helmet, should be reserved for 
patients with mild pathology where support is predicted to be 
of short duration. If this modality is utilized and despite this, 
the PCO 2  increases or the PaO 2  or saturation decreases, MV 
should ensue. It is far safer to intubate early than to try to 
recover from a sequential failure of face or rebreather mask 
and noninvasive ventilation particularly if eventual respira-
tory arrest occurs. The latter group of patients also has longer 
ICU stay. 

13.3.3.1     Basic Ventilator Settings in the ED 

  FiO 2      If there is no respiratory compromise, initiate at a FiO 2  
of 0.4 and reduce according to saturation, maintaining the 
latter a 92 %. If hypoxemic, initiate at a FiO 2  of 0.8 and 
reduce according to saturation.  

  Trigger Setting     This should be set at whatever setting pro-
vides the least effort. Auto-triggering sometimes occurs, but 
this is more frequently a consequence of too rapid inspira-
tory fl ow rates rather than the trigger setting.  

  Mode     The mode of ventilation is less important; pressure or 
volume modes are acceptable. Total thoracic compliance is 

refl ected by the plateau pressure in volume modes and by the 
peak pressure in pressure modes. Thoracic compliance is 
determined by the chest wall, the pulmonary parenchyma, 
and the intra-abdominal pressure. In general the peak or pla-
teau pressure, depending on mode, should not exceed 30 cm 
H 2 O; however in patients with signifi cant chest wall edema 
or with an obese abdomen, this pressure could be exceeded 
as most of the compliance is determined by factors other 
than the pulmonary parenchyma.  

 Other modes of ventilation that may be utilized include 
airway pressure release ventilation (APRV) or bi-level posi-
tive airway pressure (BiPAP), but these are for more complex 
patients and not appropriate in the early phase of care. 

  pCO 2      If the pCO 2  is elevated and the patient is acidotic, i.e., 
pH < 7.35, or if there is a head injury and a slightly lower 
pCO 2  is required, the pressure support ventilation (PSV) can 
be increased with the proviso that pressure be limited as 
above, or that the respiratory rate can be increased.  

  Tidal Volume     There is evidence that in the early phase 
(<24 h), up to 8 ml/kg TV may be associated with no worse 
outcomes and better control of PCO 2  and reversal of acidosis 
than the lung-protective values; however, early application of 
PEEP generally prevents atelectasis and deterioration of gas 
exchange, and as such 6 ml/kg with adequate PEEP remains 
the best approach.  

  Rate     In the early phase, particularly if the patient is acidotic, 
it is prudent to deliver a rate that would correct hypercarbia. A 
set rate of around 12–16/min, adjusted to the desired PCO 2  
and utilizing an inspiratory/expiratory (I:E) ratio that avoids 
auto-PEEP (failure of airway pressure to return to the baseline 
by the end of expiration), should be employed. This is one of 
the areas of difference from the later ICU phase where sponta-
neous modes are encouraged. It is not necessary to apply a rate 
if the patient has been intubated for airway control only; as 
such patients are able to determine their own rates on PSV.  

  PEEP     PEEP should be administered to all patients, even 
those without ARDS, to prevent lung injury. Although the 
ARDS-net group recommended application of PEEP in pro-
portion to the degree of hypoxemia, this is seldom possible 
as PEEP > 12–15 cm H 2 O is frequently accompanied by 
hypotension and peak pressures >30 cm H 2 0. A starting 
PEEP level of 5–8 cm H 2 O is commonly employed.   

13.3.3.2     Sedation and Analgesia 
 During the resuscitation phase, analgesia and appropriate 
sedation are important to enable the performance of essential 
interventions and imaging studies. Infusions are recom-
mended rather than bolus doses. Paralysis is not routinely 
advised except for general anesthesia.    
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13.4     Ventilation in the ICU Phase 

 Once the  non-head-injured  patient is in the ICU and the 
acute reversible pathologies have been addressed (including 
derecruitment), it is reasonable to use lung-protective venti-
lation, as applied in the ARDS.net study again with the pro-
viso that very high PEEP levels >12–14 cm H 2 O may be 
associated with hemodynamic compromise. 

13.4.1     Positioning 

 If patients have had cervical spinal injuries excluded during 
the resuscitation phase, it is essential to place them in a 
30–45° head-up position, which improves tolerance for 
early enteral feeding, and reduces regurgitation, which 
might also reduce aspiration and ventilator-associated pneu-
monia (VAP). Additionally, avoiding proton pump inhibi-
tors as stress ulcer prophylaxis, with preferential use of 
early enteral feeding with topical mucosal agents, if 
required, will further reduce the risks for VAP. Prone-
positioning may be used in severe ARDS as a means of 
recruitment.  

13.4.2     Ventilator Settings 

 At this juncture if not already at this level, the TV should be 
reduced to around 6 ml/kg  ideal body weight  (in the patient 
without TBI) and PEEP adjusted to avoid expiratory atelec-
tasis. The PEEP is more diffi cult to estimate, but a useful rule 
of thumb is to administer it in a 1:5 ratio with the required 
FiO 2 . 

 Ideally support of the patient’s own respiration is pre-
ferred. This implies allowing the patient to generate a spon-
taneous respiratory effort and a set-rate is only utilized if the 
patient is not triggering the ventilator. If the patient is trig-
gering, then PSV should be utilized with the level adjusted 
using the rapid shallow breathing index (RSBI) which is cal-
culated by dividing the respiratory rate by the tidal volume in 
liters:

   RSBI = Respiratory Rate/TV (liters), e.g., 20/0.4 = 80    

 While the RSBI is usually utilized as a cutoff to determine 
success of extubation, it may also be utilized to titrate pres-
sure support as follows:

 RSBI  PSV 

 >80  Increase 2–4 cmH 2 O 
 60–80  Maintain 
 <60  Increase 2–4 cmH 2 O 

13.4.3        Paralysis 

 If the patient has a P/F ratio of <100 and oxygenation is mar-
ginal, paralysis and sedation are recommended and a recruit-
ment maneuver should be attempted. Not all patients recruit 
successfully however, and it may be necessary to accept lower 
oxygenation in those with severe lung injury. Injurious ventila-
tor strategies only transiently improve oxygenation and cause 
signifi cant long-term pulmonary compromise. There is also evi-
dence that 48 h of paralysis in patients with ARDS may improve 
outcome primarily due to enhancing synchrony. This not an 
issue however in those breathing spontaneously with PSV.  

13.4.4     Sedation and Analgesia 

 Opioid analgesia not only provides pain relief but promotes 
endotracheal tube tolerance by peripheral cough suppression 
and central respiratory depression. Hypnotic sedation (with 
propofol or benzodiazepines) should be minimized and used 
for the shortest period and at the lowest dose possible to 
ensure a calm but not comatose patient. Hypnotic sedation 
should only be used for procedural sedation, severe agita-
tion, or when neuromuscular paralysis is utilized, to avoid 
the medicolegal hazard of awake paralysis. 

 Avoiding hypnotic sedation facilitates early mobilization, 
which is an essential component of the weaning and recov-
ery process, and reduces subsequent cognitive defi cit and 
post-traumatic stress arising from the ICU experience. 
Hypnotic sedation may be required with a P/F ratio <100, 
where paralysis is required and for delirium or extreme agi-
tation (if a cause has been sought and if possible corrected 
and pain and discomfort have been addressed). Analgesia is 
essential and should be titrated to levels of adequate pain 
control. Early involvement of the physiotherapist is essential 
for management of the chest and to ensure maintenance of 
general range of the movement.   

13.5     Rescue Therapies for Persistent 
Hypoxemia 

 Interventions include restrictive fl uid management, recruit-
ment and paralysis (as discussed above), and alternative venti-
latory modes such as airway pressure release ventilation 
(APRV) and extra corporeal membrane oxygenation (ECMO). 

13.5.1     Ongoing Ventilation 

 Ongoing requirements are dictated by such factors as 
degree of lung injury, thoracic and pulmonary compliance, 
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neuromuscular weakness, and level of consciousness. It is 
critically important to avoid further lung injury as described 
above, and every attempt should be made to wean the 
patient as soon as possible.   

13.6     The Head-Injured Patient 

 Patients with TBI should have the end-tidal CO 2  controlled 
for approximately 48 h (neuroprotective ventilation) to 
 optimize neuronal recovery. On the one hand, hyperventila-
tion lowers intracranial pressure (ICP) by causing cerebral 
 vasoconstriction, but the latter decreases cerebral fl ow and 
intracerebral blood volume, leading to ischemia if prolonged. 
It is not recommended that chronic prophylactic hyperventi-
lation be used, although short term it may be of value 
preoperatively. 

 Similarly controversial has been the use of PEEP. It does 
appear however that when PEEP is set at levels lower than 
ICP, it does not have a signifi cant effect on ICP. Given the 
potential for patients with severe trauma to develop ARDS, it 
is advisable that PEEP be used to prevent derecruitment as 
described above.  

13.7     Monitoring the Ventilated Patient 

 Patients ventilated for chest trauma, or post major abdominal 
trauma, are at risk for pulmonary complications due to alter-
ations in thoracic compliance. Capillary leak reduces chest 
wall compliance, and this has the potential to increase intra-
thoracic pressures, which along with increased intra- 
abdominal pressures reduce venous return. Venous pressures 
may be falsely elevated due to reduced abdominal compli-
ance, pneumothorax, hemothorax, or chest wall injuries. If 
coupled with intravascular volume depletion, hypotension 
may ensue. Progression of lung contusion, particularly in the 
face of fl uid overload, reduces lung compliance. All of these 
factors may act in concert to increase measured ventilator 
pressures (volume modes) or reduce tidal volume (pressure 
modes) and reduce oxygenation or carbon dioxide 
clearance. 

 Therefore it is essential to monitor:

•    Blood gases.  
•   Ventilator pressures.  
•   Invasive and noninvasive blood pressure and to watch for 

pulsus paradoxus on the arterial trace.  
•   End-tidal CO 2  monitoring is essential, especially if there 

is a concomitant traumatic brain injury.  
•   Optimal endotracheal or tracheostomy tube positioning 

and cuff pressure.     

13.8     Longer-Term ICU Airway 
Management 

13.8.1     Tracheostomy 

 There are two main indications for tracheostomy, long-term 
airway support as is the case with facial fractures, severe 
traumatic brain (TBI), and laryngeal injury, and prolonged 
requirement for ventilatory support. Essentially a tracheos-
tomy is performed to facilitate nursing care and oral hygiene, 
as there is controversy surrounding the overall benefi t, with 
some suggesting that there might be reduced ventilator- 
associated pneumonia (VAP) and a shortened ICU stay. 

 Either a percutaneous or an open procedure (with diffi cult 
neck anatomy or need for other operative procedures) may 
be performed, either primarily or around day 3 for patients 
with compromised airways or neuromuscular dysfunction. 

 A tracheostomy for cardiopulmonary dysfunction is com-
monly performed at around day 10, depending on the degree 
of persistent pulmonary compromise and as to whether extu-
bation is likely in the near future.  

13.8.2     Weaning 

 Weaning is facilitated by early mobilization and reduced use 
of sedation. 

 There are three main causes of weaning failure:

•    Weakness (critical illness polyneuropathy, cord injury, 
thoracic cage injury, low GCS)  

•   Persistent shunt due to irreversible pulmonary fi brosis  
•   Myocardial dysfunction (myocardial fi brosis after a con-

tusion or infarct or a preexisting cardiomyopathy)    

 As described above, early conversion to spontaneous ven-
tilation with pressure support is suggested with a gradual 
reduction of PSV and PEEP to a predefi ned baseline such as 
6–8 cm H 2 O for both. If the patient tolerates this without 
elevation of RSBI above 80, hypoxemia (saturation <90 %), 
and hypercarbia (with acidosis) with no signs of distress 
(sweating, agitation) and is awake, then the patient should be 
extubated. If the patient is fully conscious and still requires 
PSV, one may extubate to a noninvasive PSV mode, avoiding 
the risks of prolonged intubation while simultaneously opti-
mizing oxygenation. A T-piece trial should be avoided if 
possible, as this leads to loss of PEEP and actually increases 
the work of breathing, risking higher failure rates, and loss of 
recruitment. 

 When all reversible issues have been addressed and the 
patient remains persistently ventilator dependent, the 
approach will depend on available resources. A heart and/or 
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lung transplant may be considered where the resource is 
available, but with limited resources, a family meeting, 
including the patient where possible, should frankly discuss 
the situation with the likely transition from curative to pallia-
tive care.       
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 Important Points 

•     Airway and ventilation go hand-in-hand but should 
be independently assessed.  

•   Early resuscitative ventilation is different from ICU 
ventilation as the goals differ.  

•   Hypercarbia is to be avoided in the TBI patient.  
•   Tracheostomy should be considered on an individ-

ual patient basis.  
•   Weaning should be performed when the patient 

pathology is reversed and the ventilator require-
ments have been reduced to minimal levels.    
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Endpoints of Resuscitation

David J.J. Muckart

If the aim of resuscitation is to restore life, as the above defi-
nition implies, the underlying pathophysiology which threat-
ens existence must be understood. Whatever the mechanism 
of shock, the final common denominators are tissue ischaemia 
and anaerobic metabolism. The reason why this pathophysio-
logical state is lethal can be explained by basic physiology. The 
human is an aerobic organism and 90 % of consumed oxygen 
is used to produce adenosine triphosphate (ATP) via Kreb’s 
cycle. Manufactured by mitochondria within the cell, ATP 
is virtually the sole energy source for the myriad of energy 
requiring enzymatic reactions to maintain homeostasis. The 
human consists of four quadrillion cells in each of which there 
are thousands of mitochondria. On average only 100 g of ATP 
exist at any one time and cells turn over 107 molecules of ATP 
per second, with each molecule being recycled every 20–30 s. 
This results in an average daily production of 100–150 kg of 
ATP per day. The molecular weight of ATP, which therefore 
contains Avogadro’s number or 6 × 1023 molecules, is 0.5 kg 
and therefore the daily minimum production is at least twice 
this number, namely 12 × 1025 molecules. How big is this num-
ber? It amounts to the number of cupsful of water in 200 Pacific 
Oceans. Little wonder then that shock, which disrupts oxygen 
delivery or utilisation at the cellular level, is a threat to life. 
Even for only a short period, shock results in marked deple-
tion of ATP and protracted episodes result in a profound physi-
ological abyss from which there is no prospect of recovery.

In the absence of traumatic brain injury which accounts 
for the majority of trauma deaths, there are three indepen-
dent predictors of death in trauma, namely hypoxia, hypo-
perfusion, and hypothermia, a combination termed the 
“Triple H Syndrome”. The presence of the lethal triad of 

 acidosis, coagulopathy and hypothermia is a late conse-
quence of shock and the thrust of resuscitation must be to 
correct the “Triple H Syndrome”. Hypoxia may be absolute 
when there is a low PaO2, or relative which is reflected by a 
lactic acidosis indicating anaerobic metabolism and cellular 
hypoxia. Hypoperfusion is manifest by hypotension but may 
be present even in the face of a normal mean arterial blood 
pressure if vasopressors have been commenced. Hypothermia 
exists if the core temperature is below 35 °C.

Given the above physiological review and the indepen-
dent risk factors for death, the thrust of resuscitation must be 
to restore oxygen delivery (DO2), oxygen consumption 
(VO2), and monitor the effect of interventions and reversal of 
the metabolic acidosis. The equation for DO2 is the product 
of cardiac output and arterial oxygen content which trans-
lates into:

 

DO StrokeVolume Heart Rate

Hb SaO PaO
2

2 21 34 0 003

= ×[ ]×
× × + ×( ) . . ..  

Given the above equation and the need to reverse anaerobic 
metabolism the two common areas of monitoring to deter-
mine the endpoints of resuscitation involve the macrocircu-
lation using haemodynamics and the microcirculation 
assessing markers of tissue perfusion.

14.1  Haemodynamic Monitoring

14.1.1  Pulse Rate

From ancient time the character of the pulse has guided physi-
cians. One of the early definitions of shock was a systolic pres-
sure <100 mmHg and a pulse rate of >100 beats per minute. The 
endpoint of resuscitation was to reverse these numbers. A 
reduction in pulse rate is uncommon for a number of reasons. 
Firstly, shock results in an altered level of consciousness and 

“Resuscitare” [Latin transitive verb] “to bring back to life”
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failure to appreciate a noxious stimulus. Restoration of cerebral 
perfusion results in pain and anxiety. Secondly, the normal baro-
receptor response is tonic and during shock baroreceptor 
impulses decrease. Despite restoration of an adequate intravas-
cular volume the baroreceptor response lags behind and a tachy-
cardia persists. Thirdly the SIRS response is defined by a 
tachycardia and is an almost constant feature of trauma. For 
these reasons relying on a fall in pulse rate to signify an end-
point of resuscitation is not recommended.

14.1.2  Arterial Saturation (SaO2)

A minimum SaO2 of 95 % must be achieved during the initial 
resuscitation, above this level there is minimal improvement in 
DO2. Anaerobic metabolism creates air hunger and tachypnoea 
as a compensatory mechanism with the aim of removing CO2 to 
eliminate acid. Even if SaO2 can be maintained by spontaneous 
ventilation the work of breathing is markedly increased result-
ing in an increase in VO2. In the presence of a moderate to severe 
metabolic acidosis this compensation should default to the clini-
cian and patients with hypotension must be intubated and 
mechanically ventilated thereby eliminating unnecessary wast-
age of DO2. Protective lung ventilation has been proposed as 
standard of care in the critically ill but it is crucial to understand 
that all data from these studies have been extracted from criti-
cally ill patients in ICU with established severe lung dysfunc-
tion. These results have no relevance whatsoever to the 
emergency room and acute resuscitation and the use of low tidal 
volumes will not allow the effective removal of CO2 nor will it 
recruit atelectactic lung segments, a not uncommon problem in 
thoracic trauma. Assuming similar effects, the misguided 
extrapolation of results from one phase of critical care to a mark-
edly different scenario and location is unjustifiable and danger-
ous. The endpoint of ventilatory resuscitation is a SaO2 of >95 % 
and a CO2 which allows the arterial pH to remain above 7.2 until 
intravascular volume expansion has been achieved and the met-
abolic acidosis improving. The most effective method of reduc-
ing arterial PaCO2 is by increasing the tidal volume and not the 
respiratory rate. The benefit of using larger tidal volumes during 
acute resuscitation far outweighs the potential long term risk of 
ventilator induced lung injury. End tidal CO2 closely reflects 
arterial PaCO2 and is the most practical method of monitoring 
and obviates the need for frequent arterial blood gas sampling.

14.2  Mixed and Central Venous Oxygen 
Saturation

Mixed venous saturation (SvO2) is measured in blood sam-
pled from the pulmonary artery and therefore requires the 
insertion of a pulmonary artery catheter. Central venous  

saturation (ScvO2) is obtained from a central venous cath-
eter and is an acceptable substitute. The normal oxygen 
extraction ratio (arterial saturation – venous saturation) is 
25 % and ScvO2 is therefore around 75 %. Due to mixing of 
venous blood from the coronary sinus which drains directly 
into the right atrium, SvO2 is usually 5 % lower than ScvO2 
although this difference may be reversed in septic shock. In 
the presence of shock and a low ScvO2 the assumption is 
that DO2 is inadequate with excessive oxygen extraction at 
the cellular level. The aim therefore is to achieve a ScvO2 
of >70 %. Although theoretically sound there are caveats. 
A high ScvO2 may be present but the acidosis fails to 
improve and may even worsen. This suggests an unsal-
vageable situation where cellular hypoxia has resulted in 
mitochondrial dysfunction and the inability to extract and 
utilise delivered oxygen. There is no current evidence to 
substantiate the application of ScvO2 in trauma 
resuscitation.

14.3  Pressure and Flow

DO2 depends on adequate blood flow to the tissues but 
despite attempts to quantify cardiac output this has been 
elusive (vide infra). As a result we use pressure as a surro-
gate but this has certain pitfalls. The law of haemodynam-
ics dictates that pressure is a product of flow and peripheral 
vascular resistance; there is no mention of volume.

14.4  Central Venous Pressure (CVP)

CVP has been used to reflect right heart preload, defined as 
the degree of ventricular stretch at end diastole. In the spon-
taneously breathing patient this may have some merit but in 
those undergoing mechanical ventilation this is erroneous. It 
is assumed that a high CVP indicates loss of vascular com-
pliance and therefore an adequate intravascular volume. 
There are many other compliance issues which impact on 
CVP however, namely pulmonary pressure during mechani-
cal ventilation, right heart volume, chest wall anatomy, and 
intra-abdominal pressure. As such, CVP is an unreliable 
indicator of right heart preload and intravascular volume and 
cannot be used as an indicator of fluid responsiveness.

14.5  Pulmonary Arterial Pressure

For many years the pulmonary artery catheter (PAC) was 
regarded as the gold standard for haemodynamic monitor-
ing with the assumption that a pulmonary artery wedge 
pressure (PAWP) reflects left ventricular volume. Swan 
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and Ganz however, stated categorically that this held true 
only in patients with no lung pathology. For some reason 
this statement was ignored and the PAC became routine 
practice. It is nonsensical to believe that if right atrial pres-
sure measured by a central venous catheter placed directly 
adjacent to that chamber is inaccurate but that a catheter 
measuring a pressure across a diseased organ (the lung) 
another chamber (the left atrium) and a valve (the mitral 
valve) is correct. The pulmonary artery occlusion pressure 
does not reflect intravascular volume or fluid responsive-
ness and there is no role for the PAC in acute trauma 
resuscitation.

14.6  Peripheral Arterial Pressure

Although more accurate than CVP as an indicator of 
intravascular volume, a normal mean arterial pressure 
may not signify a successful endpoint of resuscitation. 
Peripheral vasoconstriction may maintain arterial pres-
sure despite hypoperfusion. This is especially true in chil-
dren who have the ability to maintain their blood pressure 
by profound vasoconstriction and their cardiac output by 
a significant tachycardia until sudden decompensation 
occurs.

A simple but reliable indicator of arterial volume is the 
use of systolic or pulse pressure variation using invasive arte-
rial monitoring. During the inspiratory phase of mechanical 
ventilation venous return is reduced by increased intratho-
racic pressure resulting in a reduction in right ventricular 
preload and therefore stroke volume. As the lungs expand, 
alveolar expansion compresses pulmonary capillaries and in 
patients with a reduced intravascular volume may occlude 
forward flow to the left side of the heart. The combined 
effects are to reduce systolic blood pressure during inspira-
tion and a fall in systolic pressure of >15 mmHg during 
inspiration is a strong indicator of a suboptimal intravascular 
volume despite what would appear to be an adequate mean 
arterial pressure. If measuring systolic pressure variation 
certain criteria must be fulfilled, namely that the patient must 
be mechanically ventilated and take no spontaneous breaths. 
The patient must be pre-oxygenated and briefly hyperventi-
lated to reduce the PaCO2 and therefore eliminate triggered 
spontaneous breaths. Thereafter the ventilator is placed on 
expiratory hold and the systolic pressure determined during 
apnoea. This manoeuvre eliminates the effect of inspiration 
while maintaining PEEP and in virtually all patients the vari-
ation in systolic pressure will disappear. Mechanical ventila-
tion is then recommenced and the effect on systolic blood 
pressure ascertained. A fall in systolic blood pressure during 
inspiration indicates hypovolaemia whereas a rise suggests 
the need for inotropic support.

14.7  Cardiac Output Monitoring

With the decline of the PAC less invasive methods of cardiac 
output (CO) monitoring have evolved using a variety of tech-
niques. Despite concerns about the accuracy of the PAC this 
is used as the comparator for these monitors. No method of 
non-invasive CO monitoring has less than a 20 % error rate 
or greater than 90 % concordance with the PAC and the per-
centage error rises with the use of vasopressors, the very 
patients in whom an accurate estimation of CO is desired. 
There are few data demonstrating a survival advantage using 
these monitors. CO monitoring simply generates a number 
and does not indicate whether this meets tissue oxygen 
demands. It should never be used in isolation but if CO is 
determined it must be combined with markers of peripheral 
perfusion.

14.8  Haemoglobin and Coagulation

More than two millennia ago the Hindu doctrines of Sushruta 
Samhita (circa 700BCE) dictated that the best treatment of 
any lost substance is replacement by an identical expander. 
For some inexplicable reason it has taken us two and a half 
thousand years to adopt his philosophy. Although stroke vol-
ume may be restored using either crystalloids or colloids 
these solutions do not carry oxygen and in the presence of 
severe haemorrhage their use should be limited. The only 
effective mechanism for oxygen transport is haemoglobin 
and a massive transfusion protocol which allows the rapid 
administration of blood must be in place in any health facil-
ity which treats major trauma. The end point of PRBC trans-
fusion is a haemoglobin concentration of 10 g/dl. Based on 
rheology this is the optimal concentration for oxygen deliv-
ery. The initial haemoglobin concentration is artificially high 
and misleading and should be repeated frequently during 
resuscitation. On average, in the absence of major ongoing 
haemorrhage, one unit of PRBC will raise the haemoglobin 
by 1 g.

In addition to PRBC’s the acute coagulopathy of 
trauma and shock (ACoTS) necessitates the administra-
tion of plasma, platelets, and possibly cryoprecipitate. 
Although this must not be viewed as absolute, current evi-
dence suggests that the optimal ratio of packed red blood 
cells (PRBC) to plasma and platelets is 1:1:1. A word of 
caution is in order when blindly adopting such a policy. 
Firstly, PRBC and component therapy are not cheap and 
over-zealous use attracts both economic and physiologi-
cal adverse consequences. Secondly, patients are unique 
individuals and the need for ratios of unity is dependent 
on the physical and physiological scenario. Although 
overlap is obvious, patients may be broadly grouped into 
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four categories as depicted below and this should dictate 
how aggressively blood and component therapy is 
employed. 

The broad divisions are the degree of physiological 
derangement and whether source control is absolute. 
Patients in whom total source control of haemorrhage can 

Complete source control
Temperature >35 degrees
Base deficit < –5

Complete source control
Temperature <35 degrees
Base deficit > –5

Incomplete source control
Temperature >35 degrees
Base deficit <–5

Incomplete source control
Temperature <35 degrees
Base deficit > –5

be achieved such as splenectomy, and who are not 
severely physiologically deranged may not require addi-
tional component therapy or the full ratios. In contrast, 
those with incomplete source control such as liver or pel-
vic packing who are hypothermic and acidotic would 
undoubtedly benefit. The optimal method of ascertaining 
the need for component therapy is thromboelastometry. 
The standard laboratory tests for coagulation are not rep-
resentative of the trauma patient, are performed at 37 o 
centigrade, take 20–30 min, assess only the initial phase 
of clot formation, and give no information regarding the 

quality or strength of clot formation, platelet function or 
fibrinolysis. Thromboelastography (TEG) or thrombo-
elastometry (ROTEM©) have been proposed as the gold 
standard, reflecting as close to an in vivo situation as pos-
sible. We have used thromboelastometry for the last 10 
years and found it immensely helpful in not only identi-
fying ACoTS but also dictating the need for, and effect of 
administering specific component therapy. The main 
components of the graphic representation of coagulation 
are illustrated and described below with normal values. 

K time

Amplitude = 20 mm

α angle

R time

Fibrinolysis

Maximal amplitude
(MA)

• R time (reaction time from 0 to 2 mm amplitude) is nor-
mally between 7 and 15 min and represents the clotting 
time until initial fibrin formation

• K time (coagulation time) is normally between 3 and 
6 min and reflects the rate of clot formation from the end 
of R time at 2 to 20 mm clot amplitude

• α angle is normally between 45 and 55° and represents 
the rate of clot formation by fibrin build up and cross 
linking

• MA is normally around 60 mm and reflects the maximum 
clot strength
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Factors affecting measurements in thromboelastography:

• Prolonged R time: anticoagulants, reduced clotting factor 
concentration

• Prolonged K time: reduced clotting factors, fibrinogen 
deficiency, thrombocytopaenia

• Low α angle: reduced clotting factors, fibrinogen defi-
ciency, thrombocytopaenia

• Reduced MA: platelet dysfunction
• Fibrinolysis: acute coagulopathy of trauma and shock 

(ACoTS)

14.9  Reversal of Anaerobic Metabolism

14.9.1  Lactate

During normal aerobic metabolism of glucose, lactate is 
produced from pyruvate by lactate dehydrogenase and the 
normal pyruvate: lactate ratio is 1:10. During anaerobic 
metabolism pyruvate cannot enter Kreb’s cycle and lactate 
levels increase and this serves as a marker of anaerobic 
metabolism and oxygen debt. The normal lactate concen-
tration is <2.5 mmol/l and there is no substantial differ-
ence between arterial and central venous lactate 
concentrations allowing either to suffice for monitoring. 
Although liver and renal dysfunction may result in delayed 
metabolism of lactate this is uncommon and serial estima-
tions of lactate indicate the success or otherwise of resus-
citation. The initial lactate concentrations do not 
necessarily correlate with outcome and the time to lactate 
clearance is a more accurate and independent predictor of 
survival. Complete elimination within 24 h is associated 
with high survival rates whereas failure to normalise lac-
tate after 48 h increases mortality substantially. A distinc-
tion must be made between oxygen deficit and oxygen 
debt. Normal haemodynamic parameters are an indication 
that there is no deficit in DO2 and by extrapolation VO2, 
but the presence of a persistently elevated lactate suggests 
that an oxygen debt remains and is a marker of occult tis-
sue hypoxia. This oxygen debt has to be repaid before 
physiology is normalised and is a useful indicator to decide 
when elective fracture fixation is safe. Despite similar 
fracture fixation techniques and operative times, patients 
in whom surgery is undertaken when the lactate is within 
normal limits fare better postoperatively compared to their 
abnormal counterparts.

14.9.2  Base Deficit

Lactate is a measure only of anaerobic metabolism and does 
not assess metabolic acidoses from aerobic causes such as 
acute kidney injury or hyperchloraemia, both of which are 

common complications as a result of a shock episode and 
worsen outcome. Base deficit is unaffected by acute respira-
tory conditions, is a pure metabolic marker for both aerobic 
and anaerobic pathologies, and as such more accurately 
reflects the global metabolic dysfunction and the severity of 
the underlying physiological disruption. Base deficit corre-
lates with injury severity, the need for urgent blood transfusion 
and outcome. As with lactate, rapid clearance indicates suc-
cessful resuscitation and a protracted base deficit a poor 
prognosis.

14.10  Supranormal Resuscitation 
and Permissive Hypotension

14.10.1  Supranormal Resuscitation

If a subnormal DO2 is the underlying pathophysiology in 
shock then in theory, rapid correction of this state and driv-
ing haemodynamics to supranormal levels should improve 
survival. The initial chosen endpoints were a DO2 of 
>600 ml/m2 and VO2 of >170 ml/m2 using a combination of 
intravenous fluids, inotropes and vasopressors. Unfortunately 
this theory has been disproven and deliberate attempts to 
achieve predetermined goals of DO2 and VO2 do not reduce 
mortality. Survival is determined by the individual’s physi-
ological reserve and the capability of spontaneous restora-
tion of adequate perfusion. It is independent of the endpoints 
of resuscitation or method of monitoring. Patients who 
achieve the predetermine goals have a far better prognosis 
but attempting to drive patients to these endpoints is of no 
benefit.

14.10.2  Permissive Hypotension

There is concern that rapid restoration of blood pressure may 
destroy tenuous early clot formation and precipitate further 
haemorrhage or aggravate blood loss and coagulopathy in 
patients who have not achieved spontaneous haemostasis. In 
patients who are transient or non-responders to resuscitation, 
surgery must be undertaken as part of the resuscitation pro-
cess. Mean arterial pressure should be maintained at 
50–60 mmHg until surgical control of haemorrhage has been 
obtained. Hypoperfusion of this magnitude may be tolerated 
for 60 min but beyond that physiological reserve will be 
exhausted, multiple organ dysfunction is the rule, and mortal-
ity is extremely high.

 Conclusion

There is no one monitoring tool which guarantees the end-
point of resuscitation. Although intuitive, the normalisa-
tion of haemodynamic parameters does not necessarily 
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signify success and these must be combined with tissue 
perfusion techniques to allow a global assessment of per-
fusion and satisfactory restoration of aerobic metabolism.
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Important Points

• Anaerobic metabolism is lethal and must be rapidly 
reversed.

• Hypoxia, hypoperfusion and hypothermia are inde-
pendent predictors of death.

• No single haemodynamic monitoring tool is reli-
able as an endpoint.

• Lactate clearance is proportional to survival.
• A massive transfusion protocol improves outcome.
• Ratios of blood : plasma : platelets are dictated by 

ease of source control and physiology.
• Thromboelastometry is essential to determine the 

need for component therapy.
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      Plain X-Rays for Penetrating Trauma                     

     Marko     Bukur      and     Donald     J.     Green    

      With the advent of new and sophisticated imaging technol-
ogy, one may rightfully question whether there is still a role 
for conventional radiography in penetrating injuries. Though 
there is no question that advanced imaging provides superior 
resolution and diagnostic capability, there is still great utility 
in using plain x-rays for rapid assessment of penetrating 
injuries. Despite the limitations of x-rays, they can provide a 
wealth of rapid information to those experienced in their 
interpretation. We have presented several scenarios in which 
plain fi lm imaging can be used for the initial evaluation in the 
patient sustaining penetrating trauma. In conjunction with 
physical examination, conventional radiography allows for 
more judicious use of adjunctive imaging studies, which in 
turn can reduce healthcare costs and resource utilization. 

15.1     Plain X-Rays for Penetrating Trauma 

 With the advent of new and sophisticated imaging technol-
ogy, one may rightfully question whether there is still a role 
for conventional radiography in penetrating injuries. Rapid, 
helical, multi-slice computed tomography (CT) is readily 
available and steps away from the resuscitation bay. Its “rou-
tine” use has been adopted as protocol in many centers, 
including our own. Though there is no question that advanced 
imaging provides superior resolution and diagnostic capabil-
ity, there is still great utility in using plain x-rays for rapid 
assessment of penetrating injuries.  

15.2     Rationale for the “Plain Film” 

 You should become facile with interpretation of plain diag-
nostic x-rays for a multitude of reasons. Adjunctive imaging 
studies are readily available in most civilian centers, but may 
be unavailable in more austere environments and subject to 
technical failures. Additionally, patients in critical condition 
after sustaining penetrating injury are not the ideal candi-
dates to be transported away from the resuscitation bay. The 
infamous “death in CT scan” is a topic that is typically 
“hotly” debated in the morbidity and mortality session and 
one that is best avoided. The “plain fi lm” may be the only 
feasible study in a decompensating patient. Furthermore, 
screening of asymptomatic patients with diagnostic x-rays 
has been shown to decrease time spent in the emergency 
department, provide substantial cost savings to the patient 
and institution, and decrease the amount of radiation expo-
sure to those that do not require further workup.  

15.3     Limitations of “Plain Film” Imaging 

 With the aforementioned advantages in mind, you must also 
acknowledge some limitations with conventional x-rays. The 
portable chest x-ray is the most common image acquired in 
the trauma patient. The trauma patient is often in a supine or 
semirecumbent position when fi lms are acquired. This image 
is taken as a single anteroposterior (AP) view that can pro-
duce pseudocardiomegaly, mediastinal enlargement, and 
deceiving increases in pulmonary vascularity. In abdominal 
images, the AP view cannot distinguish superimposed soft 
tissue/bony structures from underlying viscera. Additionally, 
since the x-ray beam is perpendicular in orientation to the 
bowel, air-fl uid levels are not well demonstrated. Abdominal 
and upright x-rays are also highly variable in their accuracy 
to diagnose free intraperitoneal air. In addition, radiographs 
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only provide imaging in one dimension. At least two (some-
times more!) views are needed to present anatomical infor-
mation in two dimensions. Despite these limitations, when 
analyzed appropriately by an experienced clinician, plain 
fi lms can be invaluable with respect to the information they 
readily provide.  

15.4     Chest Radiography 

 Thoracic injuries account for a signifi cant number of trau-
matic deaths. Penetrating injuries to the thorax account for 
4–15 % of admissions to major civilian trauma centers. A 
high percentage of these patients will have injuries involving 
the chest wall, pleura, or lung that are identifi able on chest 
x-ray. The portable chest radiograph is the screening test for 
the majority of patients with penetrating thoracic trauma. It 
allows for detection of major life-threatening thoracic inju-
ries and can assist in triage of these patients. We will discuss 
the utility of thoracic plain fi lms as well as imaging fi ndings 
for specifi c injuries in the sections that follow. 

15.4.1     Soft Tissues and Bony Thorax 

 Subcutaneous hematomas present as nonspecifi c radiodense 
opacities overlying the chest wall due to blood accumulation 
in the soft tissues. This can result from damage to muscular 
structures, underlying rib fractures, or injury to thoracic ves-
sels themselves. Foreign bodies (either a missile or other 
sharp objects) can also be present after becoming lodged in 
the soft tissue. 

 Rib fractures are the most common injury identifi ed on 
the x-ray (Fig.  15.1 ) and are important to identify clinically 
since they are markers for other pleural and parenchymal 
fi ndings. Once a rib fracture is found in the penetrating set-
ting, you should also suspect and vigilantly look for a possi-
ble hemothorax, pneumothorax, or pulmonary contusion as 
the sharp edges may cause damage to the underlying inter-
costal vessels or lung parenchyma.

   Soft tissue emphysema is another common abnormality that 
is often identifi ed on radiographic imaging (Figs.  15.1  and 
 15.2 ). The presence of soft tissue gas should alert you to look 
for additional intrathoracic pathology. The most common sce-
nario is subcutaneous air with ipsilateral rib fractures. This 
constellation of fi ndings should be presumed to signify a pneu-
mothorax, even if not readily identifi able on the radiograph.

15.4.2        Pleura and Lung Parenchyma 

 Pneumothoraces are common complications after penetrat-
ing thoracic injury and occur secondary to disruption of the 

alveoli and lung parenchyma leading to leakage of gas into 
the interstitial space. The most frequent radiographic fi nding 
is the “visceral-pleural line” (Fig.  15.3 ) in the apical-lateral 
lung fi eld representing separation of the normally apposed 
visceral and parietal pleura. Pneumomediastinum is also fre-
quently encountered and is most commonly due to 
pulmonary- alveolar rupture. These radiographic signs can 
vary from subtle fi ndings to gross abnormalities. Trauma 
patients are often in the supine or semirecumbent position 
when the portable chest x-ray is acquired. In these positions, 
it has been reported that up to 30 % of pneumothoraces are 
not visualized. Patient positioning can be changed to increase 
radiographic sensitivity but is often not feasible in the trauma 

  Fig. 15.1    Image of a left fl ail chest ( red ellipse ) with associated subcu-
taneous emphysema ( red arrow )       

  Fig. 15.2    Subcutaneous emphysema ( red arrows ) in a patient with no 
other radiographic fi ndings       
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setting. Instead you should be aware of other places that the 
pneumothorax may be visualized, namely, the anteromedial 
and subpulmonic recesses (Fig.  15.4 ). Other less common 
imaging fi ndings present with a pneumothorax include a 
hyperlucent upper abdomen, sharply demarcated diaphragm, 
demarcation of the inferior surface of the lung, and the “deep 
sulcus sign” (Fig.  15.3 ).

    Hemothorax is another common pleural abnormality after 
penetrating trauma. The source of bleeding may be from the 
chest wall, intercostal arteries, internal mammary arteries, 
lung parenchyma, heart, or mediastinal vessels. Typically, a 
volume of 200–300 mL is necessary to be picked up on con-
ventional chest x-ray. These radiographic fi ndings are due to 
radiodense blood collecting in the pleural space. Presentation 
may vary from an opacifi ed hemothorax (Fig.  15.5 ) to a sub-
tle blunting of the involved costophrenic recess. Because 
blood serves as an excellent culture medium for bacteria, 
drainage is important for signifi cant collections. Often after 
tube thoracostomy, “follow-up” chest x-rays are obtained 
daily to judge adequacy of drainage. We caution against this 
practice as they are often misleading in determining the 
amount of residual blood in the thoracic cavity. Computerized 
tomography is much more accurate in evaluating which 
patients will require further evacuation and has been proven 
in a prospective trial.

   Parenchymal injuries to the lung itself are also regular 
fi ndings on chest radiography after penetrating injury. 
Pulmonary contusions occur after disruption of the alveolar 
capillaries and interstitial blood vessels along the tract of 
injury. This leads to hemorrhage into the surrounding lung 
tissue and edema. Contusions appear as “ground-glass” 
peripheral air-space opacities, which may not be apparent on 
the initial radiograph. These infi ltrates typically develop 
within 6 h of injury and begin to resolve over the next several 
days. Contusions may take up to 2 weeks to completely clear 
from the patient’s chest x-ray. Pulmonary lacerations often 
may have the same radiographic appearance as contusions. 
However, blood may fi ll a laceration cavity incompletely, 
resulting in a clot with a small air crescent known as the “air- 
meniscus” sign. Pulmonary lacerations also resolve over a 

  Fig. 15.3    Image of a large left pneumothorax after line placement. 
Visceral-pleural line clearly seen ( white arrows ), with a hyperlucent 
upper abdomen ( red asterisk ) and deep sulcus sign ( red arrow )       

  Fig. 15.4    Subtle anterior pneumothorax in anteromedial ( superior 
black arrowhead ) and subpulmonic ( inferior black arrowhead ) recesses       

  Fig. 15.5    Large right hemothorax ( red asterisk ) after penetrating 
trauma ( red arrow )       
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longer period of time (generally 3–5 weeks), which allows 
them to be distinguished from contusions radiographically.  

15.4.3     Mediastinum 

 Cardiac injuries are diffi cult to diagnose on plain fi lms but 
can be associated with subtle imaging fi ndings. Irregular 
convexities of the heart border or marked shift of the cardiac 
silhouette can signify underlying heart injury or cardiac her-
niation. A globally enlarged heart (“water-bottle” sign) can 
signify a pericardial effusion in rare cases. 

 Great vessel injury is predominantly secondary to pen-
etrating injury and often presents as a widened mediasti-
num (>8 cm) on chest x-ray (Fig.  15.6 ). Rather than pulling 
out a measuring tape, a quick method that we fi nd useful is 
to hold a pager longitudinally across the mediastinum to 
see if its diameter is greater than that of the pager. The dif-
ferential diagnosis for a widened mediastinum should also 
include sternal fracture, thoracic vertebral fracture, or liga-
mentous injury. Other abnormalities that may be encoun-
tered with great vessel injury include the apical cap, loss of 
aortic contour, tracheal/esophageal deviation to the right, 
depression of the left main stem bronchus, or a left pleural 
effusion. The accuracy of chest x-ray for screening for aor-
tic/great vessel injury has been called into question since 
the advent of multi- slice computed tomography (CT). At 
our own institution, we found that liberal use of chest CT 
did not disclose an increased incidence of aortic injury in 
the blunt setting, but in those with high Injury Severity 
Score (ISS) (>27) and other signifi cant other injuries (i.e., 
pelvic fracture), chest x-ray was inadequate in 13.9 %. It is 
diffi cult to extrapolate this data to those with penetrating 

injury. A single center experience with penetrating trauma 
to upper thorax was able to retrospectively validate the use 
of clinical exam and chest radiography in accurately 
excluding great vessel injury in those with negative clini-
cal and radiologic exams. However, if you are suspicious 
of a major vascular injury based upon trajectory (i.e., 
transmediastinal) or physical examination, then there is no 
question that additional imaging is necessary in the hemo-
dynamically stable patient.

   Tracheobronchial injuries occur almost twice as com-
monly in the blunt setting compared to penetrating trauma. 
Early radiographic fi ndings may include subcutaneous 
emphysema, pneumothorax, or pneumomediastinum. Classic 
radiographic signs (albeit rare) associated with tracheobron-
chial injury include the “double wall” sign that occurs sec-
ondary to intramural gas in the proximal-transected airway 
and the “fallen lung” sign associated with inferior lung col-
lapse. More commonly, encountered fi ndings clinically are 
increasing soft tissue emphysema and persisting/enlarging 
pneumothorax despite adequate tube thoracostomy drainage 
(often with a large continuous air leak). Occasionally, frank 
herniation of the endotracheal tube through the tracheal 
defect may occur. 

 Esophageal injuries secondary to trauma account for 
10–20 % of all injuries. An injury tract traversing the medi-
astinum should make one suspicious for aerodigestive injury. 
The most common fi ndings on plain fi lms include cervical 
emphysema, pneumomediastinum, and a left pleural effu-
sion. Contrast esophagography under conventional fl uoros-
copy is the confi rmatory test of choice.  

15.4.4     The Asymptomatic Patient 

 We have presented multiple injury scenarios in the preced-
ing paragraphs, but what about the asymptomatic patient 
who has just sustained a penetrating injury to the thorax? 
Up to 60 % of civilian penetrating thoracic injuries are 
asymptomatic and have normal chest x-rays upon presenta-
tion. Delayed complications after penetrating chest x-ray 
such as hemo-/pneumothorax are well known and occur in 
8–12 % of patients. There is a general agreement that these 
asymptomatic patients typically only require observation 
with repeat chest radiography. Most centers will repeat 
imaging at a 3 h interval. However, a recent prospective 
trial found that there was no increased incidence of delayed 
injury when shortening the period of observation and repeat 
chest x-ray from 3 to 1 h. We agree with and strongly rec-
ommend this shortened observation period in the asymp-
tomatic patient. This change in management has the 
potential to reduce crowding in the emergency room, 
decrease patient radiation exposure, and improve patient 
compliance.  

  Fig. 15.6    Widened mediastinum ( red arrows ) after penetrating injury 
to thorax       
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15.4.5     Iatrogenesis Imperfecta 

 One of the greatest utilities of chest radiography is to evaluate 
therapeutic interventions in a rapid manner. No chest radiograph 
is completely evaluated unless all tubes and catheters placed 
into the patient have been accounted for and found to be in the 
appropriate position. The laundry list includes endotracheal 
tubes, nasogastric tubes, thoracostomy tubes, and central venous 
catheters. The endotracheal tube should terminate approxi-
mately 2–3 cm above the carina. When haphazardly placed, it is 
often in the right main stem bronchus (1–6 %) (Fig.  15.7 ) or an 
esophageal intubation (4–8 %). Often incorrect positioning of 
the endotracheal tube is identifi ed on the fi rst chest radiograph 
after the intervention. These abnormal tube positions must be 
identifi ed quickly to avoid adverse clinical outcomes. 
Nasogastric tube position can also be validated on chest x-ray. 
This is particularly important if there is no return of gastric con-
tents after placement or there is concern over potential airway or 
pleural placement. Chest tubes are notorious for incorrect place-
ment by inexperienced operators. Common errors include sub-
cutaneous placement and placement against mediastinal 
structures, through the lung parenchyma, or through the dia-
phragm itself. Once erroneous placement is identifi ed, the tube 
should be repositioned or removed. If there is doubt over 
whether the tube is intraparenchymal or transdiaphragmatic, 
additional imaging can be of assistance.

15.5         Abdominal Radiography 

 Though less frequently utilized than chest x-ray, there are 
selected indications in which plain abdominal fi lms may be 
useful in guiding further diagnostics after penetrating inju-

ries. This is especially true since the acceptance of selective 
nonoperative management of penetrating abdominal wounds. 

15.5.1     Determination of Trajectory 

 In addition to a complete physical examination, plain abdom-
inal fi lms can be useful in determining the approximate tra-
jectory of a missile. A common practice is to mark the 
external surface wounds with a radiopaque marker (i.e., 
paper clip or EKG lead) and obtain a two-image series of the 
abdomen. This will allow one to determine the relative tract 
of the missile by aligning the surface markers with projec-
tiles. Abdominal fi lms can also be helpful in suspected tan-
gential injuries to the abdominal wall. This should never be 
assumed as fact since this may represent two separate deep 
wounds with vastly differing trajectories. Another useful tip 
to remember is that the sum of surface wounds plus projec-
tiles must equal an even number. If this is not the case, a 
redirected physical exam paying close attention to evaluation 
of the axillae, inguinal region, and perineum is advised, as 
these are areas that are frequently overlooked. If repeat phys-
ical examination is unremarkable, the patient may be a “vic-
tim” of trauma recidivism or require additional imaging to 
rule out embolism.  

15.5.2     Diaphragmatic Injury 

 Though penetrating injury to the diaphragm is less frequent 
than blunt injuries, the radiographic diagnosis is similar. 
Chest and abdominal radiographs are highly variable in their 
diagnostic accuracy of diaphragmatic injury (28–70 %). 
Serial plain fi lm imaging may increase this yield an addi-
tional 12 %. Findings consistent with injury include asym-
metric elevation of hemidiaphragm, herniation of abdominal 
contents into the chest, or opacifi cation of the lower lung 
fi eld with diaphragm asymmetry (Fig.  15.8 ). Due to the low 
yield of plain fi lm imaging, we cannot recommend plain 
radiographs as a screening test. Patients with penetrating 
left-sided thoracoabdominal trauma at our institution are ini-
tially observed if asymptomatic and offered diagnostic lapa-
roscopy prior to discharge to defi nitively exclude 
diaphragmatic injury.

15.6         Missile Embolism 

 Missile injury is secondary to the kinetic energy released as it 
passes through the human body. Rarely does a projectile enter 
the vascular tree and embolize through the body to a site remote 
from the initial injury. Only 200 cases of missile embolus have 
been reported in the literature since 1900. The vast majority of 

  Fig. 15.7    Right main stem intubation ( blue arrow ) with the tip of the 
endotracheal tube terminating at the bronchus intermedius ( red arrow )       
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missile embolism cases are from civilian low-caliber weapons. 
This diagnosis should be considered in patients in whom the 
sum of surface wounds plus intracavitary foreign bodies is 
equal to an odd number or in those with missiles in obscure 
locations. Plain fi lms of the trunk and extremities (Fig.  15.9 ) 
can assist in making the diagnosis and result in less radiation 
exposure than total body fl uoroscopy or computed tomogra-
phy. Once the missile is identifi ed on plain fi lm imaging, addi-
tional diagnostic tests can be performed to plan removal as 
indicated. Another more recent alternative is the Lodox 

Statscan that is a low-dose digital radiographic system that was 
initially developed in South Africa to search mine workers for 
potential diamond theft. The scanner incorporates a movable C 
arm that can acquire a digital AP view of the body in 13 s and 
utilizes less radiation than conventional plain fi lms as well as 
being much quicker. It is most useful in patients that present 
with multiple penetrating injuries to search expeditiously for 
missiles. Though the technology has become more available, it 
is not widely available at every trauma center.

       Conclusions 

 Despite the limitations of x-rays, they can provide a 
wealth of rapid information to those experienced in their 
interpretation. We have presented several scenarios in 
which plain fi lm imaging can be used for the initial evalu-
ation in the patient sustaining penetrating trauma. In con-
junction with physical examination, conventional 
radiography allows for more judicious use of adjunctive 
imaging studies, which in turn can reduce healthcare costs 
and resource utilization. We hope that this review has 
enhanced your armamentarium of knowledge for care of 
the injured patient. After all, you never know when the 
“scanner” is going to be out of service.      

  Fig. 15.8    Chest x-ray consistent with diaphragmatic injury. 
Opacifi cation of the left hemithorax with abdominal contents ( red 
asterisk ) and deviation of mediastinal structures to the right ( red arrow )       

  Fig. 15.9    Missile embolism into left popliteal vein ( red arrow ) sec-
ondary to a penetrating injury to the inferior vena cava       

 Important Points 

•     Radiographs have their limitations; learn them, 
because there is no substitute for the quick diagnos-
tic information provided in the unstable patient.  

•   Subcutaneous emphysema + rib fractures = pneu-
mothorax (even if you cannot see it!).  

•   If you fi nd one injury on a chest x-ray, suspect and 
look for another.  

•   Remember to check the subpulmonic and antero-
medial recesses on the supine portable chest fi lm. 
This is where a pneumothorax may hide.  

•   The most common cause of pneumomediastinum is 
a pneumothorax.  

•   Do not rely on an x-ray to assess drainage of a 
hemothorax.  

•   The differential diagnosis for a widened mediasti-
num is broad, but only one of them can kill your 
patient.  

•   Three hours is enough time to wait to repeat a chest 
fi lm in an asymptomatic patient with penetrating 
chest trauma.  

•   Check the position of all tubes and lines that are 
placed into your patients.  

•   X-rays are the cheapest and least radioactive way to 
screen for missile embolism.    
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      Computed Tomography in the Workup 
of Patients with Penetrating Trauma                     

     Mark     E.     Hamill    

      Penetrating trauma presents one area where operative man-
agement has long been considered the gold standard of care. 
When presented with a patient who has been the victim of a 
penetrating injury, physiologic status often dictates the need 
for rapid operative exploration with the goal of control of 
active hemorrhage and contamination from hollow viscus 
injuries. Certainly no qualifi ed surgeon, when faced with a 
victim of penetrating trauma who is hemodynamically unsta-
ble with active hemorrhage or evidence of peritonitis, would 
seriously argue to undertake an extensive radiological 
workup. However, when faced with the stable patient, there 
is evolving evidence that information obtained from newer 
generation computed tomography (CT) scanners, augmented 
with contrast to allow for CT angiography (CTA), can be 
valuable in guiding further care and limiting nontherapeutic 
operative exploration. While historically not typically con-
sidered an area of major concern, these nontherapeutic 
explorations can be a signifi cant source of morbidity and 
mortality as well as dramatically increasing the length of 
stay and overall cost. This chapter will examine some of the 
available evidence with regard to various anatomic locations 
and provide some guidelines for the appropriate use of CT 
imaging in the workup of the stable patient with penetrating 
trauma. Specifi cally we will examine its use in the workup of 
penetrating injuries to the abdomen, back and fl ank, thorax, 
neck, and extremities. 

16.1     Abdomen 

 When faced with the workup of a patient with penetrating 
injuries to the abdomen, it is essential to consider all avail-
able information and resources available. In the stable patient 
without evidence of peritonitis, many centers have explored 

nonoperative management in patients injured with low- 
energy edged weapons and, more recently, those with higher- 
energy injuries caused by gunshot wounds. The fi rst 
consideration, of course, is determining the need for any 
advanced imaging. In a small series, it was shown that in 
patients with abdominal stab wounds and confi rmed perito-
neal penetration by local wound exploration, physical exam, 
when combined with a variety of diagnostic and imaging 
modalities, allowed nonoperative management of 79 % of 
patients. Another study examining the use of serial physical 
examinations in patients with abdominal stab wounds dem-
onstrated successful nonoperative management in 89 % of 
patients without indication for laparotomy at presentation. 
However, it should be noted that in this group, no attempts 
were made to determine peritoneal penetration. A variety of 
imaging modalities including conventional radiography and 
ultrasound have been examined specifi cally to determine 
their usefulness in evaluating patient with penetrating 
trauma. Overall their roles are likely limited due to their rela-
tively low sensitivity in determining the need for further 
intervention or laparotomy. 

 In penetrating abdominal trauma with both low-energy 
mechanisms (such as stab wounds) and higher-energy mech-
anisms (gunshot wounds), multiple institutions have evalu-
ated the use of CT scan in the workup of patients without 
obvious indication for immediate laparotomy. Initially, these 
studies were aimed at the determination of peritoneal pene-
tration with subsequent operative exploration if the perito-
neum had been violated. Several studies, both retrospective 
and prospective in nature, have demonstrated a high sensitiv-
ity, specifi city, and negative predictive value for CT imaging 
to determine peritoneal penetration. While IV contrast was 
used in all studies, the use of triple contrast – intravenous 
(IV), oral, and rectal – did improve the specifi city. However, 
a recent review of single-contrast CT imaging, using IV con-
trast alone, demonstrated a high sensitivity in predicting the 
need for laparotomy in penetrating trauma, highest in patients 
with gunshot wounds. 
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 When considering abdominal stab wounds, there is a 
large amount of data supporting the increasing use of nonop-
erative management of stable patients. Local wound explora-
tion has been long thought to be an important part of any 
treatment algorithm. If it can be defi nitively determined that 
peritoneal penetration has not occurred, the patient can often 
be safely discharged directly from the emergency depart-
ment. However, once peritoneal penetration has been estab-
lished, the issue is somewhat less clear. Multiple protocols 
have been suggested including serial abdominal exams, 
imaging followed by serial abdominal exams, serial abdomi-
nal exams and laboratory analysis, and selective imaging. 
Evidence exists that contrast-enhanced CT scans can reliably 
demonstrate the likely absence of injury requiring laparot-
omy. A recent US multicenter trial clearly demonstrated that 
once peritoneal penetration has been established, nonopera-
tive management has a defi nite role. Abdominal CT scan was 
used in decision-making in half of the patients. Their conclu-
sions support the use of CT imaging, though not as the sole 
determinant for the need for laparotomy. Some even go as far 
as to suggest that the role of local exploration is overstated 
and that stable patients with negative imaging could be can-
didates for successful nonoperative management regardless 
of evidence of peritoneal penetration. 

 Abdominal gunshot wounds represent an area of even 
greater controversy. Given the increased energy involved, the 
relative risk of signifi cant injury is somewhat higher than 
with wounds involving edged weapons. However, a subset of 
patients can clearly tolerate and even benefi t from nonopera-
tive management. Initial reports used serial exams primarily, 
with the adjunctive use of DPL and radiographic imaging. 
Others have demonstrated that CT imaging can reliably dem-
onstrate the need for laparotomy with a negative predictive 
value of 95 %. Another larger prospective study clearly dem-
onstrated the usefulness of CT scan in the evaluation of 
patients selected for nonoperative management, with a 
resulting high sensitivity and specifi city. It is important to 
note that in this study, patients with tangential wounds were 
completely excluded, and only 38 % of patients presenting 
with abdominal gunshot wounds were considered eligible 
for nonoperative management. CT imaging has been demon-
strated to be useful in determining missile trajectory, as well 
as the likelihood of organ or vascular injury. In one recent 
large series, looking at nonoperative management of abdom-
inal gunshot wounds, the authors found that CT imaging was 
useful in both reducing overall cost and unnecessary lapa-
rotomies. One important word of caution regarding this 
approach – if higher power fi rearms are involved, especially 
modern military or large game hunting rifl es, the possibility 
of blast effect and resulting hydrostatic pressure causing 
intraperitoneal injury exists even with a tangential wound 
and the absence of peritoneal penetration. While there are 
sporadic reports in the literature of this occurring with other 

lower energy fi rearms, the vast majority involve high-energy 
rifl es. In the case of a tangential injury involving a high- 
energy fi rearm, an additional period of observation may be 
warranted. However, even with this potential risk, the mili-
tary units have reported the successful use of CT imaging in 
battlefi eld penetrating abdominal injury to help identify 
patients that can successfully undergo nonoperative 
management. 

 One subset of patients with penetrating abdominal trauma 
deserves a special mention – those with isolated solid organ 
injury identifi ed on abdominal imaging. Looking specifi cally 
at penetrating abdominal trauma, both retrospective and pro-
spective data have demonstrated that in the hemodynamically 
stable patient without peritonitis in whom isolated wounds to 
solid organs are identifi ed by CT scan, most can be safely 
managed nonoperatively with observation. An added benefi t 
in nonoperative management was the rapid identifi cation via 
CT imaging of patients who would benefi t from angiographic 
treatment of solid organ hemorrhage. Additionally, nonopera-
tive management led to an overall decrease in the length of 
stay, even in the face of more serious injuries. 

 The issue of penetrating abdominal trauma was addressed 
by the Eastern Association for the Surgery of Trauma. In 
their 2010 practice management guideline for selective non-
operative management of penetrating abdominal trauma, a 
recommendation was made that abdominopelvic CT scan be 
strongly considered as a diagnostic tool to facilitate initial 
management decision. Subsequent to these guidelines, mul-
tiple authors have published protocols for the nonoperative 
management of penetrating abdominal trauma. While most 
recommend the liberal use of CT imaging in this population, 
several do point out that a deteriorating physical exam may 
be the most important indicator for failure. 

 A patient presenting with hemodynamic instability or 
peritonitis after penetrating injury clearly requires emergent 
operative intervention. However, the increasing role for non-
operative management in the stable patient is just as clear. In 
the stable patient, with an abdominal stab wound, nonopera-
tive intervention is clearly an option, especially with a CT 
scan that is suggestive of no injury. One possible exception is 
a patient with a wound which places them at risk for a dia-
phragm injury; these patients would probably benefi t from 
diagnostic laparoscopy to exclude this injury. However, it 
should be noted that there is a growing role for CT imaging 
in the diagnosis of diaphragm injury after penetrating thora-
coabdominal trauma, as will be discussed later. Gunshot 
wounds are another matter. My personal bias is to have a low 
threshold for operative intervention for abdominal gunshot 
wounds given the tremendous energy transfer that can take 
place and sometimes unpredictable missile path. However, in 
the completely stable patient with a benign abdominal exam, 
CT imaging can prove to be an extremely useful adjunct if 
nonoperative management is being considered.  
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16.2     Back and Flank 

 Penetrating injuries to the fl ank and back present an espe-
cially diffi cult diagnostic challenge. It has been clearly noted 
that, overall, these mechanisms have a low risk for injury 
requiring surgical intervention. However, due to the anatomic 
considerations involved, the diagnosis of these rare injuries 
may be signifi cantly delayed with subsequent increase in 
morbidity and mortality. Modalities such as diagnostic perito-
neal lavage and laparoscopy offer limited usefulness, as the 
main concern is injury to retroperitoneal structures. Since the 
1980s, CT scan, enhanced by the administration of contrast to 
ensure opacifi cation of the colon and other retroperitoneal 
structures, has been demonstrated to be a safe, reliable, and 
effective method to rule out signifi cant injuries due to back or 
fl ank stab wounds. The use of the “triple-contrast CT” allows 
for rapid identifi cation of those patients with injury, as well as 
more rapid discharge of those without and clinically signifi -
cant trauma (Figs.  16.1  and  16.2 ).

    While fi rearm injuries tend to leave a more obvious 
wound tract, stab wounds with their lower energy are more 
problematic. Given the challenge in fully delineating the 
exact trajectory of the wound tract, the technique of CT trac-
tography has been developed. Simply put – prior to the imag-
ing – the wound tracts are packed with gauze soaked in a 
radiopaque solution. The allowed for more accurate determi-
nation of intraperitoneal or retroperitoneal penetration, while 
virtually excluding penetration or signifi cant injury in the 
majority of patients. While this technique is certainly not 
universally accepted and employed, it might prove useful in 
certain circumstances. 

 It should be noted, however, that the same potential issue 
regarding high-energy fi rearms exists in penetrating gunshot 
wounds to the back and fl ank. A clinician should have a high 
index of suspicion for occult injury with bowel wall contu-
sion and potential late presentation of injury in cases where 
the fi rearm used is of an especially high energy, such as a 
military or large game rifl e. In these cases, signifi cant injury 
can occur even with the absence of direct bowel penetration 
and with tangential missile paths. With these injuries, it is 
reasonable that, at the very minimum, the patient be observed 
for up to 24 h and further investigation be undertaken as dic-
tated by the patient’s clinical status.  

16.3     Thorax 

 Penetrating injuries to the thorax represent a critical diagnos-
tic dilemma. While certain presentations such as massive 
hemothorax or ongoing bleeding mandate rapid operative 
exploration, the large majority of injuries can be managed by 
simple tube thoracotomy or observation alone. In fact, only 
approximately 15 % of patients with penetrating chest trauma 
require any type of therapeutic operative procedure. However, 
given the potential for serious morbidity and mortality asso-
ciated with injury to the heart, great vessels, or aerodigestive 
tract structures, rapid accurate diagnosis is essential 
(Figs.  16.3  and  16.4 ).

    The use of chest CT and CT angiography as a tool for tri-
age of stable patients with penetrating chest trauma has been 
well described in the literature. When combined with echo-
cardiography, chest CT has been demonstrated as able to 

  Fig. 16.1    Stab wound to the left back without intraperitoneal or retro-
peritoneal penetration       

  Fig. 16.2    Gunshot wound to back with evidence of intraperitoneal 
penetration. Patient found to have multiple enterotomies at laparotomy       
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exclude injury in approximately 80 % of patients. For those 
patients who have CT fi ndings concerning for signifi cant 
injury, additional diagnostic procedures such as bronchos-
copy or esophagostomy are useful to further evaluate the 
areas of concern. Chest CT and CT angiography have been 
shown to be a useful screening tool for patients with trans-
mediastinal gunshot wounds. It can be used with good accu-
racy to evaluate for hemopericardium suggestive of 
penetrating cardiac injury, especially when echocardiogra-
phy is not immediately available. High-resolution CT angi-
ography is especially helpful in assessing for subclavian and 
axillary artery injury and has virtually supplanted conven-
tional angiography at the initial mechanism to screen for tho-
racic vascular injury. In addition, it has been demonstrated 
that chest CT was far better than conventional chest radiog-
raphy at predicting the presence of signifi cant undrained 
hemothorax needing surgical evacuation. Furthermore, in 
patients who have injuries identifi ed which require operative 
intervention, chest CT has been shown to accurately locate 
the injury and in some cases provides information leading to 
a change in the operative approach best suited for the injuries 
identifi ed (Fig.  16.5 ).

   One area where newer generation CT scans have become 
useful is the detection of diaphragm injuries. New multide-
tector CT scanners can now resolve the presence of dia-
phragm injuries with a sensitivity and specifi city of 82–94 % 
and 88–95.9 % with an overall accuracy of almost 96 % and 
negative predictive value of 93 %. While this represents a 

signifi cant improvement from the older technology scanners, 
a high index of suspicion remains important as signifi cant 
injuries can still be missed by imaging alone. 

 An additional area where chest CT has been reported as 
extremely useful is in the initial screening of patients with 
minor penetrating chest trauma. In a recent study compar-
ing the use of serial conventional chest radiographs with 
CT imaging, it was found that CT scan more accurately 
depicted the injuries present. In addition, in stable patients, 
a normal chest CT was shown to obviate the need for admis-
sion and follow-up chest imaging, leading to a potential 
cost savings, decreasing the proportion of patients signing 
out prior to the completion of their workup and allowing 
for expedited discharge directly from the emergency 
department. 

 All said, chest CT and CT angiography provide a rapid 
means of triage and diagnosis of injuries in stable patients 
with penetrating chest trauma. When used as a screening tool 
to allow for rapid discharge of patients without signifi cant 
injury and to identify those patients either with defi nitive evi-
dence of injury or for whom further workup is needed, it can 
provide a wealth of information. While some suggest that it 
is overutilized, it has the ability to rapidly detect life- 
threatening injuries and provides the information needed for 
optimal treatment. Conversely, it also provides a means to 
facilitate rapid discharge of patients without signifi cant 
injury, freeing scarce resources for the treatment of patients 
more in need.  

  Fig. 16.3    Saw injury to the right anterior chest wall without evidence 
of intrathoracic penetration. Complicated wound care due to extensive 
tissue defect       

  Fig. 16.4    Stab wound to the right chest with intrathoracic penetration 
and lung injury. No evidence of mediastinal or intrathoracic vascular 
injury. Successfully treated with thoracotomy tube drainage       
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16.4     Head and Neck 

 In the evaluation of penetrating injuries to the neck, the avail-
ability of high-resolution CT scan and CT angiography has 
had a dramatic impact on the need for surgical neck explora-
tion. In the past, penetrating injures to the neck with viola-
tion of the platysma, especially those in zone II (the cricoid 
cartilage to the angle of the mandible), were thought to man-
date surgical exploration. This resulted, however, in a high 
rate of negative explorations leading many to suggest the 
need for more selective exploration based on diagnostic eval-
uation using modalities such as bronchoscopy and 
esophagostomy. 

 With the advent of newer generation CT scan technology 
in the late 1990s, several institutions began to question the 

need for invasive diagnostic procedures in the workup of 
stable patients with penetrating neck trauma. In two small 
series done by urban US level 1 trauma centers, CT scan was 
evaluated for its usefulness in the diagnosis of signifi cant 
vascular or aerodigestive tract injuries. Mazolewski et al. 
evaluated CT scan results with operative fi ndings and deter-
mined that CT had a high sensitivity and specifi city (100 % 
and 91 %, respectively) for the detection of signifi cant inju-
ries in penetrating zone II neck trauma. Another study by 
Gracias et al. used CT scan as the sole initial diagnostic 
study in stable patients. They found that CT scan effectively 
ruled out injuries in 56 % based on a wound trajectory remote 
from vital structures. Based on a 3–6-month follow-up, there 
were no missed injuries. This early enthusiasm was not uni-
versal. Another center reported that CT scan had only a 50 % 
sensitivity in detecting aerodigestive tract injury from pene-
trating neck trauma and contributed only minimally to the 
results of physical exam (Figs.  16.6  and  16.7 ).

    Several large series have been reported looking specifi -
cally at the use of CT angiography to evaluate for vascular 
injury in penetrating neck trauma. In a patient without hard 
signs of vascular injury, it is reported the physical exam 
alone in the region has an especially poor sensitivity and 
specifi city (57% and 53 %) for the detection of occult vascu-
lar injury. In specifi cally evaluating CT angiography, Munera 

a

b

  Fig. 16.5    ( a ) Stab wound to the left chest with evidence of diaphragm 
injury adjacent to wound tract. ( b ) Coronal reconstruction of diaphragm 
injury showing herniation of abdominal fat through defect       

  Fig. 16.6    Stab wound to the left posterior neck clearly showing wound 
tract without evidence of proximity to vascular structures       
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et al. compared the results of CT angiography with conven-
tional angiograms. They clearly demonstrated a good corre-
lation with conventional angiography as well as a high 
sensitivity and specifi city (90% and 100 %) for the detection 
of vascular injuries diagnosed by (Fig.  16.8 ).

   Another study prospectively examined the usefulness of 
CT angiography as the initial screening mechanism in stable 
patients with neck injuries penetrating the platysma. Inaba 
et al. demonstrated a sensitivity of 100 % and specifi city of 
93.5 % for the detection of vascular and aerodigestive tract 
injuries. The use of CT angiography has been shown to 
decrease the rate of formal surgical neck exploration, as well 
as the rate of negative neck exploration when used in stable 
patients not requiring emergent exploration. 

 In 2008, the Eastern Association for the Surgery of 
Trauma issued a practice management guideline regarding 
penetrating zone II neck trauma. After an exhaustive review 
of the relevant literature, it was concluded that selective 
operative management of penetrating zone II neck injuries is 
recommended to minimize unnecessary operations. High- 
resolution CT angiography was identifi ed as the initial diag-
nostic study of choice when available. 

 Based on the quality of the images generated by the new-
est generation of CT scanners – some authors are going as far 
as suggesting that the classic delineation of penetrating neck 
trauma by anatomic zone be abandoned. In a patient without 
hard signs of injury or hemodynamic instability, it is sug-
gested that CT angiography be used at the fi rst imaging 
modality. It allows for rapid determination of injury trajec-

tory and provides an excellent assessment tool for the 
diagnosis of both aerodigestive track and vascular injuries. 
With the early use of high-resolution CT angiography the 

  Fig. 16.7    Slash wound to the left neck which clearly penetrated pla-
tysma on exam. CTA neck demonstrating no evidence of proximity or 
injury to vascular or aerodigestive tract structures. Treated with wound 
washout and closure without formal neck exploration       

a

b

  Fig. 16.8    ( a ) Stab wound to the right neck with evidence of internal 
carotid artery (ICA) injury. Patient with large middle cerebral artery 
(MCA) territory thrombotic stroke successfully treated with neurointer-
ventional extraction of thrombus and coiling of the right proximal and 
distal ICA with excellent functional recovery. ( b ) CTA reconstruction 
of the right ICA injury demonstrating abrupt cutoff of the right ICA 
without distal reconstitution       
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workup can be simplifi ed and use of pan endoscopy, oral 
contrast studies and surgical neck exploration can be limited 
to the subset of patients in which it is likely to be higher 
yield. While some advocate the limited use of imaging in the 
case of no signifi cant physical exam fi ndings, they do sug-
gest that it be used liberally when soft signs are present. 

 Again, it should be obvious that patients with signs of 
obvious life-threatening injury including massive hemor-
rhage, expanding hematoma, or airway compromise require 
emergent surgical exploration. However, in the stable patient 
with a penetrating neck injury, CT and CT angiography rep-
resent excellent tools for the diagnosis of both aerodigestive 
tract and vascular injuries. Their liberal use, followed by the 
appropriate use of other diagnostic modalities and selective 
surgical exploration, is associated with timely intervention 
for injures, with the prevention of a large number of negative 
surgical explorations.  

16.5     Extremities 

 When dealing with penetrating extremity trauma, the use of 
CT and CT angiography can enhance the clinical picture in 
the appropriately selected patient. Certainly in a patient 
with hard signs of vascular injury (including pulsatile bleed-
ing, expanding hematoma, pulselessness, thrill/bruit) and 
active hemorrhage or limb-threatening ischemia, the pri-
mary intervention should be operative, with the use of on-
table angiography as dictated by the operative fi ndings. 
However, in the stable patient with soft signs of vascular 
injury including decreased pulses or Ankle Brachial Index 
(ABI), non-expanding hematoma, history of signifi cant 
bleeding, or concerning proximity of the wound tract to 
major vascular structures, CT angiography can be of benefi t 
both in confi rming the injury and determining the character 
and location of the injury and potential appropriateness of 
nonoperative and less invasive interventions such as stenting 
or angioembolization (Fig.  16.9 ).

   In the radiographic evaluation of extremities for vascular 
injuries, conventional angiography has long been considered 
the gold standard. However, over the past several years with 
the development of multidetector CT scanners, CT angiogra-
phy has been shown by several authors to offer both a high 
sensitivity (95–100 %) and specifi city (87–100 %) for the 
detection of injuries, without the potential drawbacks of con-
ventional angiography such as access site thrombosis, groin 
hematoma, distal plaque embolization, or intimal dissection. 
When the use of CT angiography was retrospectively evalu-
ated at an urban US level 1 trauma center, Peng et al. found 
that its use effectively ruled out injuries in 55 % of studies 
and was associated with zero false negatives or missed inju-
ries as well as excellent correlation between CT angiography 

results and operative fi ndings in patients who had injuries 
identifi ed and subsequently underwent operative explora-
tion. Furthermore, the authors noted that by the end of their 
study period, CT angiography had become the radiographic 
study of choice in the initial evaluation of extremity vascular 
trauma at their institution. Another review of the technique 
by Soto et al. at a Columbian trauma center demonstrated 
excellent sensitivity and specifi city (95 % and 98 %, respec-
tively) with one false-positive result over 139 patients. The 
authors did point out that almost 4 % of the studies performed 
were so degraded by scatter artifact from retained metal frag-
ments that they were non-interpretable. Injuries were 
 effectively ruled out by 55 % of the interpretable studies 
(Fig.  16.10 ).

a

b

  Fig. 16.9    ( a ) Gunshot wound to the left lower extremity. No evidence 
of signifi cant bony or vascular injury. Treated with local wound care. 
( b ) CTA reconstruction of lower extremity vasculature demonstrating 
no evidence of vascular injury       
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   CT angiography represents a step forward in the workup 
of stable patients with extremity injures concerning for vas-
cular injury without hard signs. While it only allows for 
diagnosis, it does so without many of the potential hazards 
associated with conventional angiography. With its high sen-
sitivity and specifi city and low potential for complications 
compared to conventional angiography, CT angiography 
offers an excellent radiographic tool for the rapid diagnosis 
of peripheral vascular injuries. Once the presence of CT 

angiographic signs of arterial injury, including active extrav-
asation, pseudoaneurysm formation, abrupt narrowing of a 
vessel, loss or opacifi cation of an arterial segment, or 
arteriovenous fi stula, has been confi rmed, either operative 
intervention, interventional radiographic intervention, or 
appropriate observation can be undertaken as dictated by the 
injury. It is important to note that the ability to detect injury 
is potentially related to the resolving power of the scanner. 
One author notes that the lack of intimal injuries detected 
over a 3-year period at their institution may have been related 
to the limited resolution of the four-row multidetector CT 
scanner used at the time. 

 However – with the proliferation of new generation scan-
ners – CT angiography has virtually replaced traditional 
angiography for the initial diagnosis of occult vascular inju-
ries. Even in the military setting, where operative interven-
tion had been the mainstay of therapy, there is increased 
recognition that penetrating or blast injuries result in a sig-
nifi cant incidence of occult vascular injuries, and routine CT 
angiography provides the ability to rapidly and safely diag-
nose these injuries while limiting unnecessary operative 
interventions. In fact, in a recent review of available imaging 
modalities for vascular trauma, Patterson and colleagues 
concluded in no uncertain terms that, in the absence of indi-
cation for immediate operative intervention, CT angiography 
should be the fi rst imaging modality for all patients with sus-
pected vascular trauma.  

    Conclusion 

 The use of CT scanning in penetrating trauma has led to 
a number of important advances in the care that can be 
provided. Given the rapid and accurate information that 
it provides, we are now able to more accurately deter-
mine which patients will benefi t from operative inter-
vention. It has allowed the expansion of selective 
nonoperative care for penetrating wounds to a variety of 
regions. In addition, with high-resolution scanners and 
CT angiography, it allows for screening and diagnosis 
previously only available through more invasive tech-
niques. With it, we can be better at identifying those 
patients with signifi cant injury and more rapidly com-
mence appropriate treatment. At the same time, we are 
able to more rapidly exclude injury in a signifi cantly 
large number of patients, leading to faster discharge and 
less use of scarce resources. Their use represents a 
major step forward in the diagnosis and treatment of 
patients with both blunt and penetrating trauma. While 
it is important to remember that each of these modalities 
is associated with a level of radiation exposure, in the 
vast majority of cases, this risk is likely far outweighed 
by the risk of missing a signifi cant injury as well as the 
nontrivial risks associated with negative operative 
exploration.      

a

b

  Fig. 16.10    ( a ) Gunshot wound to the left lower extremity with evi-
dence of contrast extravasation in the territory of superfi cial femoral 
artery (SFA). Patient required vascular repair using vein graft. ( b ) 
Vascular reconstruction demonstrating SFA injury with extravasation as 
well as distal reconstitution of vessel       

 

M.E. Hamill



123

   Recommended Reading 

   1.    Albrecht RM, Schermer CR, Demarest GB III et al (1999) Stab 
wounds to the back/fl ank in hemodynamically stable patients: eval-
uation using triple contrast computed tomography. Am Surg 
65(7):683–688  

   2.    Bansal V, Reid CM, Fortlage D et al (2014) Determining injuries 
from posterior and fl ank stab wounds using computed tomography 
tractography. Am Surg 80(4):403–407  

   3.    Bell RB, Osborn T, Dierks EJ et al (2007) Management of penetrat-
ing neck injuries: a new paradigm for civilian trauma. J Oral 
Maxillofac Surg 65(4):691–705  

   4.    Benjamin E, Demetriades D (2015) Nonoperative management of 
penetrating injuries to the abdomen. Curr Trauma Rep 1:102–106  

   5.    Berg RJ, Inaba K, Okoye O et al (2014) The contemporary manage-
ment of penetrating splenic injury. Inj Int J Care Inj 45:1394–1400  

   6.    Biffl  WL, Kaups KL, Cothren CC et al (2009) Management of 
patients with anterior abdominal stab wounds: a Western Trauma 
Association multicenter trial. J Trauma Inj Infect Crit Care 
66(5):1294–1301  

   7.    Biffl  WL, Leppaniemi A (2015) Management guidelines for pene-
trating abdominal trauma. World J Surg 39:1373–1380  

   8.    Boulanger BR, Kearney PA, Tsuei B et al (2001) The routine use of 
sonography in penetrating torso injury is benefi cial. J Trauma Inj 
Infect Crit Care 51(2):320–325  

   9.    Burack JH, Kandil E, Sawas A et al (2007) Triage and outcome of 
patients with mediastinal penetrating trauma. Ann Thorac Surg 
83(2):377–382  

   10.    Chmielewski GW, Nicholas JM, Dulchavsky SA et al (1995) 
Nonoperative management of gunshot wounds of the abdomen. Am 
Surg 61(8):665–668  

   11.    Como JJ, Bokhari F, Chiu W et al (2010) Practice management 
guideline for selective nonoperative management of penetrating 
abdominal trauma. J Trauma Inj Infect Crit Care 68(3):
721–733  

   12.    Demetriades D, Gomez H, Chahwan S et al (1999) Gunshot injuries 
to the liver: the role of selective nonoperative management. J Am 
Coll Surg 188(4):343–348  

   13.    Demetriades D, Hadjizacharia P, Constantinou C et al (2006) 
Selective nonoperative management of penetrating abdominal solid 
organ injuries. Ann Surg 244(4):620–628  

   14.    Ertekin C, Yanar H, Taviloglu K et al (2005) Unnecessary laparot-
omy by using physical examination and different diagnostic modal-
ities for penetrating abdominal trauma. Emerg Med 
J 22(11):790–794  

   15.    Foster BR, Anderson SW, Soto JA (2006) CT angiography of 
extremity trauma. Tech Vasc Interv Radiol 9(4):156–166  

   16.    Ginzburg E, Carrrilllo EH, Kopelman T et al (1998) The role of 
computed tomography in selective management of gunshot wounds 
to the abdomen and fl ank. J Trauma Inj Infect Crit Care 
45(6):1005–1009  

   17.    Gonzales RP, Falimirski M, Holevar MR et al (2003) Penetrating 
zone II neck injury: does dynamic computed tomographic scan con-
tribute to the diagnostic sensitivity or physical exam for surgically 
signifi cant injury/a prospective blinded study. J Trauma Inj Infect 
Crit Care 54(1):61–65  

   18.    Gracias VH, Reilly PM, Philpott J et al (2001) Computed tomogra-
phy in the evaluation of penetrating neck trauma: a preliminary 
study. Arch Surg 136(11):1231–1235  

   19.    Grossman MD, May AK, Schwab CW et al (1998) Determining 
anatomic injury with computed tomography in selected torso gun-
shot wounds. J Trauma Inj Infect Crit Care 45(3):446–456  

   20.    Hasaniya N, Demetriades D, Stephens A et al (1994) Early morbid-
ity and mortality of non-therapeutic operations for penetrating 
trauma. Am Surg 60(10):744–747  

   21.    Hauser CJ, Huprich JE, Bosco P et al (1987) Triple contrast com-
puted tomography in the evaluation of penetrating posterior abdom-
inal injuries. Arch Surg 122(10):1112–1115  

   22.    Ibirogba S, Nicol AJ, Navsaria PH (2007) Screening helical com-
puted tomographic scanning in haemodynamic stable patients with 
transmediastinal gunshot wounds. Injury 38(1):48–52  

   23.    Inaba K, Branco BC, Menaker J et al (2012) Evaluation of multide-
tector computed tomography for penetrating neck injury: a pro-
spective multicenter study. J Trauma 72(3):576–584  

   24.    Inaba K, Munera F, McKenney M et al (2006) Prospective evalua-
tion of screening multislice helical computed tomographic angiog-
raphy in the initial evaluation of penetrating neck injuries. J Trauma 
Inj Infect Crit Care 61(1):144–149  

   25.   Kevric J, Aguirre V, Martin K et al. (2015) Peritoneal breach as an 
indication for exploratory laparotomy in penetrating abdominal 
stab injury: operative fi ndings in haemodynamically stable patients. 
Em Med Int Volume 2015, Article 407173  

   26.    Kirton OC, Wint D, Thrasher B et al (1997) Stab wounds to the 
back and fl ank in the hemodynamically stable patient: a decision 
algorithm based on contrasted-enhanced computer tomography 
with colonic opacifi cation. Am J Surg 173(3):189–193  

   27.    LeBlang SD, Dolich MO (2000) Imaging of penetrating thoracic 
trauma. J Thorac Imaging 15(2):128–135  

 Important Points 

•     The place for an unstable patient after penetrating 
trauma is the operating room, not the CT scanner.  

•   CT scanning is widely recommended in patients 
selected to undergo nonoperative management of 
penetrating injuries to the abdomen.  

•   CT scanning, augmented by colonic contrast, is the 
modality of choice in evaluating for injury to retro-
peritoneal structures in penetrating trauma to the 
back and fl ank.  

•   High-energy penetrating mechanisms (e.g., military 
or large game hunting rifl es) can rarely lead to sig-
nifi cant intra-abdominal injury even with tangential 
wounds that do not penetrate the peritoneal cavity 
by CT imaging. Patients with these types of wounds 
may benefi t from an additional period of observa-
tion to exclude injury with a low threshold for sur-
gical exploration.  

•   Chest CT and CTA provide a rapid method of diag-
nosing signifi cant intrathoracic injury after pene-
trating trauma.  

•   The absence of signifi cant injury on CT chest can 
be used to facilitate rapid discharge.  

•   Stable patients with penetrating injuries can be suc-
cessfully managed nonoperatively; CTA is the rec-
ommended diagnostic modality in these cases.  

•   CT and CTA are rapidly surpassing conventional 
angiography as the modality of choice for the evalu-
ation of suspected vascular injury.  

•   Again, the place for an unstable patient after penetrat-
ing trauma is the operating room, not the CT scanner.    

16 Computed Tomography in the Workup of Patients with Penetrating Trauma



124

   28.    Macleod J, Freiberger D, Lewis F et al (2007) What is the optimal 
observation time for a penetrating wound to the fl ank? Am Surg 
73(1):25–31  

   29.    Magnotti LJ, Weinberg JA, Schroeppel TJ et al (2007) Initial chest 
CT obviates the need for repeat chest radiograph after penetrating 
thoracic trauma. Am Surg 73(6):569–573  

   30.    Mazolewski PJ, Curry JD, Browder T et al (2001) Computed tomo-
graphic scan can be used for surgical decision making in zone II 
penetrating neck injuries. J Trauma Inj Infect Crit Care 
51(2):315–319  

   31.    Meyer DM, Thal ER, Weigelt JA et al (1989) The role of abdominal 
CT in the evaluation of stab wounds to the back. J Trauma Inj Infect 
Crit Care 29(9):1226–1230  

   32.    Miller FB, Cryner HM, Chilikuri S et al (1989) Negative fi ndings 
on laparotomy for trauma. South Med J 82(10):1231–1234  

   33.    Miller-Thomas MM, West OC, Cohen AM (2005) Diagnosing trau-
matic arterial injury in extremities with CT angiography: pearls and 
pitfalls. Radiographics 25(Suppl 1):S133–S142  

   34.    Mirvis SE (2006) Thoracic vascular injury. Radiol Clin North Am 
44(2):181–197  

   35.    Mohammed GS, Pillay WR, Barker P et al (2004) The role of clini-
cal examination in excluding vascular injury in haemodynamically 
stable patients with gunshot wounds to the neck. A prospective 
study of 59 patients. Eur J Vasc Endovasc Surg 28(4):425–430  

   36.    Morrison JJ, Clasper JC, Gibb I et al (2011) Management of pene-
trating abdominal trauma in the confl ict environment: the role of 
computed tomography scanning. World J Surg 35:27–33  

   37.    Munera F, Morales C, Soto JA et al (2004) Gunshot wounds of 
abdomen: evaluation of stable patients with triple contrast helical 
CT. Radiology 231(2):399–405  

   38.    Munera F, Soto JA, Palacio D et al (2000) Diagnosis of arterial 
injuries caused by penetrating trauma to the neck: comparison of 
helical CT angiography and conventional angiography. Radiology 
216(2):356–362  

   39.    Nagy KK, Gilkey SH, Roberts RR et al (1996) Computed tomogra-
phy screens stable patients at risk for penetrating cardiac injury. 
Acad Emerg Med 3(11):1024–1027  

   40.    Navsaria PH, Berli JU, Edu S et al (2007) Non-operative manage-
ment of abdominal stab wounds – an analysis of 186 patients. S Afr 
J Surg 45(4):128–130  

   41.    Navsaria PH, Nicol AJ, Edu S et al (2015) Selective nonoperative 
management in 1106 patients with abdominal gunshot wounds. 
Ann Surg 261(4):760–764  

   42.    O’Connor JV, Scalea TM (2010) Penetrating thoracic great vessel 
injury: impact of admission hemodynamics and pre-operative 
imaging. J Trauma Inj Infect Crit Care 68(4):834–837  

   43.    Offi ah C, Hall E (2012) Imaging assessment of penetrating injury 
of the neck and face. Insights Imaging 3:419–431  

   44.    Osborn TM, Bell RB, Qaisi W et al (2008) Computed tomographic 
angiography as an aid to clinical decision making in the selective 
management of penetrating injuries to the neck: a reduction in the 
need for operative exploration. J Trauma Inj Infect Crit Care 
64(6):1466–1471  

   45.    Owers C, Garner J (2014) Intra-abdominal injury from extra- 
peritoneal ballistic trauma. Inj Int J Care Inj 45:655–658  

   46.    Patterson BO, Holt PJ, Cleanthis M et al (2012) Imaging vascular 
trauma. Br J Surg 99:494–505  

   47.    Peng PD, Spain DA, Tataria M et al (2008) CT angiography effec-
tively evaluates extremity vascular trauma. Am Surg 
74(2):103–107  

   48.    Phillips T, Sclafani SJA, Goldstein A et al (1986) Use of the con-
trast enhanced CT enema in the management of penetrating trauma 
to the fl ank and back. J Trauma Inj Infect Crit Care 26(7):593–601  

   49.    Plorde JJ, Boyle EM, Mann FA (1997) Triple contrast CT interro-
gation of the retroperitoneal colon after a stab wound. AJR Am 
J Roentgenol 169(2):484  

   50.    Plurad D, Green D, Demetriades D et al (2007) The increasing use 
of chest computed tomography for trauma: is it being overutilized? 
J Trauma Inj Infect Crit Care 62(3):631–635  

   51.    Ramirez RM, Cureton EL, Ereso AQ et al (2009) Single contrast 
computed tomography for the triage of patients with penetrating 
torso trauma. J Trauma Inj Infect Crit Care 67(3):583–588  

   52.    Salim A, Sangthong B, Martin M et al (2006) Use of computed 
tomography in anterior abdominal stab wounds: the results of a pro-
spective study. Arch Surg 141(8):745–750  

   53.    Shanmuganathan K, Mirvis SE, Chiu WC et al (2004) Penetrating 
torso trauma: triple contrast helical CT in peritoneal violation and 
organ injury – a prospective study in 200 patients. Radiology 
231(3):775–784  

   54.    Shiroff AM, Gale SC, Martin ND et al (2013) Penetrating neck 
trauma: a review of Management Strategies and Discussion of the 
“No Zone” Approach. Am Surg 79(1):23–29  

   55.    Soffer D, McKenney MG, Cohn S et al (2004) A prospective evalu-
ation of ultrasonography for the diagnosis of penetrating torso 
injury. J Trauma Inj Infect Crit Care 56(5):953–957  

   56.    Soliman AM, Ahman SM, Roy S (2012) The role of aerodigestive 
tract endoscopy in penetrating neck trauma. Laryngoscope 
124(S7):S1–S9  

   57.    Soto JA, Morales C, Munera F et al (2001) Penetrating stab wounds 
to the abdomen: use of serial US and contrast-enhanced CT in sta-
ble patients. Radiology 220(2):365–371  

   58.    Soto JA, Munera F, Morales C et al (2001) Focal arterial injuries of 
the proximal extremities: helical CT angiography as the initial 
method of diagnosis. Radiology 218(1):188–194  

   59.    Staller B, Munera F, Sanchez A et al (2005) Helical and multislice 
CTA following penetrating trauma to the subclavian and axillary 
arteries. Emerg Radiol 11(6):336–341  

   60.    Stassen NA, Lukan JK, Spain DA et al (2002) Reevaluation of diag-
nostic procedures for transmediastinal gunshot wounds. J Trauma 
Inj Infect Crit Care 53(4):635–638  

   61.    Stein DM, York GB, Boswell S et al (2007) Accuracy of computed 
tomography (CT) scan in the detection of penetrating diaphragm 
injury. J Trauma Inj Infect Crit Care 63(3):538–543  

   62.    Tien HC, van der Hurk TW, Dunlop MP et al (2007) Small bowel 
injury from a tangential gunshot wound without peritoneal penetra-
tion: a case report. J Trauma Inj Infect Crit Care 62(3):762–764  

   63.    Tisherman SA, Bokhari F, Collier B et al (2008) Clinical practice 
guideline: penetrating zone 2 neck trauma. J Trauma Inj Infect Crit 
Care 64(5):1392–1405  

   64.    Varin DS, Ringburg AN, VanLieshout EM et al (2009) Accuracy of 
conventional imaging of penetrating torso injuries in the trauma 
resuscitation room. Eur J Emerg Med 16(6):305–311  

   65.    Velmahos GC, Constantinou C, Tillou A et al (2005) Abdominal 
computed tomographic scan for patients with gunshot wounds to 
the abdomen selected for nonoperative management. J Trauma Inj 
Infect Crit Care 59(5):1155–1161  

   66.    Velmahos GC, Demetriades D, Chan L et al (1999) Predicting the 
need for thoracoscopic evacuation of residual traumatic hemotho-
rax: chest radiograph is insuffi cient. J Trauma Inj Infect Crit Care 
46(1):65–70  

   67.    Watchorn J, Miles R, Moore N (2013) The role of ct angiography in 
military trauma. Clin Radiology 68:39–46  

   68.    Yucel M, Bas G, Kulali F et al (2015) Evaluation of diaphragm in 
penetrating left thoracoabdominal stab injuries: the role of mul-
tislice computed tomography. Inj Int J Care Inj 46:1734–1737    

M.E. Hamill



125© Springer-Verlag Berlin Heidelberg 2017
G.C. Velmahos et al. (eds.), Penetrating Trauma, DOI 10.1007/978-3-662-49859-0_17

      Portable Ultrasound as an Adjunct 
in Penetrating Trauma                     

     Jim     Connolly    

      As ultrasound (US) machines have become increasingly por-
table, cheap and robust, so they have also become increas-
ingly available to non-radiologists, not just outside of the 
radiology department but also increasingly out of the hospi-
tal. Point-of-care ultrasound (PoCUS) is considered to be a 
‘visual stethoscope’ and just like any use of the stethoscope 
is used as an adjunct to examination, rather than as a radio-
logical test. 

 Even limited training can help you achieve highly focused 
views and help answer highly focused questions that can 
help your decision-making in time-critical situations. Such 
focussed practice has been shown to have a steep learning 
curve. You should never consider point-of-care ultrasound as 
a replacement for your examination, rather as a skill that 
adds extra vital information to that assessment. In modern 
trauma systems, any new technology should never be used 
for procrastination to delay defi nitive management (e.g. in a 
stab wound with recent loss of cardiac output, ultrasound is 
almost redundant and should not delay your decision to 
move to resuscitative thoracotomy). 

17.1     Introduction 

 Machines ideally should be simple and ready to use within 
seconds. Most modern machines can be defi ned down to a 
small set of buttons, and most have a preset application set 
(providing the best settings for any particular purpose) that 
enable speed of use. 

 Any machine should meet your specifi c needs. For exam-
ple, if you work in an isolated area with intermittent power 
supply, the machine needs to have a good battery life. 
Robustness and portability are also important if you are 
working in the prehospital arena. 

17.1.1     How Should You Use Point-of-Care 
Ultrasound? 

 Point-of-care ultrasound may be of use in all aspects of man-
aging penetrating injury:

•    Defi ning the injury  
•   Assessing volume status  
•   Assisting interventions  
•   Managing patients in the initial and recovery phases of 

their injury     

17.1.2     Defi ning the Injury 

 Ultrasound can be useful not just in detecting and defi ning 
injury but also in triaging which body cavity is injured. 

 In penetrating trauma, it may be used for detecting hae-
mothoraces, pneumothoraces, pericardial effusions and free 
abdominal fl uid. It can pick up these life-threatening injuries 
in the primary survey phase much more accurately and rap-
idly than physical examination alone and more rapidly than 
portable X-ray. 

 It is however not so good at detecting which organ is 
injured or in detecting retroperitoneal blood/injury, diagno-
ses which require CT. 

 Although of defi nite value,  it should never delay critical 
actions in life-threatening penetrating injury . 

  SCANNING SHOULD NEVER DELAY DEFINITIVE 
MANAGEMENT.   

17.1.3     Detecting Abdominal Blood (FAST 
Scan) 

 The term focussed assessment with sonography in trauma 
(FAST) was initially coined by Grace Rozycki and her team 
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in Washington in the mid-1990s to describe a screening scan 
for free fl uid. 

 Invariably, it is the right hepatorenal pouch that becomes 
positive fi rst, as this is the most dependent area in a recumbent 
patient, whatever the area of intra-abdominal injury. In an 
upright patient, fl uid will obviously gravitate to the pelvis. The 
minimum fl uid volume required for a FAST scan to become 
positive is considered to be in the order of a few hundred milli-
litres. This is important to appreciate as this may lead to a 
false-negative scan even with substantial intra- abdominal 
injury, where the blood volume is depleted by bleeding from 
other sources – put simply,  you need blood to bleed ! 

  YOU NEED BLOOD TO BLEED.  
 With limited training, you can quickly achieve sensitivities 

in the order of 85 % for free fl uid, but this has been shown to 
rise to nearer 100 % in those with shock. In the context of 
both penetrating and blunt trauma, particularly gunshot 
wounds, it can usefully predict the need for exploration (coe-
liotomy) and has been shown to reduce the time to theatre. 

 Standard views (Fig.  17.1 ) are obtained of the 6 Ps (peri-
cardial, perihepatic, perisplenic, pelvic, and both pleurae). 
The probe positions are as shown in Fig.  17.1 . The probe has 
an indicator on it and when commencing a scan this should be 

uppermost – the indicator corresponds with the dot on the 
screen which should be on the left of the screen so that on the 
screen the head is on the left and the feet on the right to main-
tain a standard orientation. It is precisely this standardisation 
of approach that will allow you to achieve rapid competence 
in the technique.

    All rotations of the probe in FAST should be anticlock-
wise from this starting position, such that the patient’s right 
side comes to lie to the right of the screen. This again main-
tains a standard accepted orientation. 

 Fluid is black and will collect in one of the areas as 
depicted in Fig.  17.2a–c . 

 You should be aware of the signifi cant pitfalls in perform-
ing a FAST scan. Most important of these is the fact that  you 
need blood to bleed . A negative scan does not exclude injury. 
Remember in all situations to trust your clinical judgement. 
Repeat regularly as this improves accuracy and detects 
evolving bleeding. 

  YOU NEED BLOOD TO BLEED.  
 The presence of signifi cant surgical emphysema can make 

an image impossible to obtain (air is the enemy of ultra-
sound!). As you learn this technique, be wary of false posi-
tives, particularly interpreting the gall bladder and inferior 
vena cava (IVC) on the right as free fl uid in the abdomen. 

 The only way to avoid this is to look for fl uid in predefi ned 
spaces –If you are not getting a view of both the liver and 
kidney (as in fi gure 2) then you can easily mistake the IVC 
or gallbladder for free fl uid. If you are not seeing both the 
kidney and liver do not call it.  

17.1.4     Pearls 

     1.    Always start with notch (US probe indicator) at the top to 
orientate your image.   

   2.    Make all rotations anticlockwise.   
   3.    Look at the pericardium fi rst to defi ne fl uid as black.   
   4.    Repeat! Repeat! Repeat!   
   5.    Do not forget –  you need blood to bleed .   
   6.     In patients who are about to have or have a cardiac 

arrest, do not use US and delay your decision to perform 
a resuscitative thoracotomy  –  in this situation, it adds 
little to what should be a highly standardised protocol- 
driven scenario !       

17.2     Pneumothorax 

 Detection of pneumothorax is an exciting use of point-of- 
care ultrasound and is much more sensitive than chest X-ray, 
which at best picks up 60 % of pneumothoraces. Even   Fig. 17.1    Probe positions for FAST       
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  Fig. 17.2    ( a ) Schematic drawings of scans.  RV  right ventricle,  RA  right atrium,  LV  left ventricle,  LA  left ventricle. ( b ) Four normal scans. ( c ) Four 
abnormal scans           
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b

c

Fig. 17.2 (continued)
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a

b

  Fig. 17.3    Photo of seashore sign ( a ) M-mode – note the lower part of 
image has texture like a beach with sea in the distance – this disappears 
with a pneumothorax when it all looks the same ( b )       

US-naive practitioners can be taught this technique in a short 
period of training. 

 It has the value of being fast, portable and repeatable, and 
in the often-noisy world of trauma, particularly prehospital, 
this ‘visual stethoscope’ has obvious advantages over an 
auditory stethoscope. 

 Air is considered the enemy of ultrasound, so in this scan-
ning modality, it is not the detection of air rather the detec-
tion of the lack of normal signs/artefacts that is utilised. 
When visualising the interface between the two layers of 
pleura, certain signs are considered normal:

    1.     Sliding  – you will see this as a sliding motion between the 
two layers of the pleura; if air interposes between the lay-
ers, then this will be lost.   

   2.     Comet-tail artefacts  – these are reverberation or ring- 
down artefacts caused by fl uid in the interstitium of the 
lung; if the lung cannot be visualised because air has 
interposed, this artefact will be lost.   

   3.    You can use M-mode to look for motion of the lung – 
where there is motion of the lung, there is the appearance 
of a  seashore sign  (Fig.  17.3a, b ).

       In the context of penetrating trauma, US is valuable for 
both detecting and ruling out a pneumothorax. In the prehos-
pital arena and in resuscitation, this will decrease the need to 
undertake blind prophylactic thoracostomies/needle 
thoracocenteses. 

17.2.1     Pitfalls 

     1.    Lack of sliding does not always equal a pneumothorax! In 
effect, lack of sliding is the visual equivalent of no breath 
sounds (e.g. in a right main bronchus intubation, only the 
right lung moves); so  before you diagnose a pneumotho-
rax in the intubated patient ,  check the tube distance at the 
teeth and consider pulling the tube back a bit . You may of 
course also fi nd this useful as an adjunct in noisy environ-
ments for checking the tube position. Looking for a lung 
point, the point where sliding begins, is almost 100 % 
sensitive but can be time consuming.   

   2.    Bullae can be confused for pneumothorax, so proceed 
with caution in patients with chronic lung disease.   

   3.    Surgical emphysema can cause great diffi culty in visual-
ising anything.   

   4.    A one-off anterior probe position in the same site as you 
would listen for a pneumothorax will merely alert you to 
the presence of a pneumothorax. You can quantify the 
size by multiple site sampling or a chest X-ray – in this 
context, however, an ill patient with signs of a pneumo-
thorax gets a drain and a well patient further imaging.     

  A PNEUMOTHORAX IS RECOGNISED BY THE 
ABSENCE OF NORMAL SONOGRAPHIC SIGNS    

17.3     Haemothorax 

 Ultrasound is very sensitive at visualising the dependent cos-
tophrenic angles on both the right and left. In fact, this view 
is seen on the standard FAST views as demonstrated in 
Fig.  17.4 .

   The appearance above the diaphragm is normally made 
up of a composite of the lung and the solid organs below the 
diaphragm being refl ected above the diaphragm (often pro-
ducing a mirror image of the liver or spleen above the dia-
phragm). If fl uid is present above the diaphragm, this is lost 
and the space appears black, indicating there is fl uid in the 
pleural space. A very simple measure of depth can quantify 
the volume – the maximal depth of fl uid in mm multiplied by 
20 gives an approximate quantifi cation in ml of the volume. 

  ON THE LEFT FAST VIEW, FLUID IS AT THE TOP  
AND  ON THE RIGHT, AT THE BOTTOM.   
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17.4     Pericardial Tamponade 

 This is normally seen well on the subcostal FAST view. In 
those patients with poor access to this view, alternative 
views may be needed. In this case, a simple transverse 
scan in the fi fth intercostal space will suffi ce for a rapid 
view or a  parasternal long axis (PLAX) view. Further 
echo views are beyond the scope of this text but are easily 
learnt. 

17.4.1     Pitfalls 

     1.    Clotted blood may be grey rather than black, so catch out 
the unwary.   

   2.    A very small amount of fl uid is normal physiologically. If 
the fl uid goes all the way around the heart, it is likely to 
be signifi cant.   

   3.    Diastolic collapse of the right (R) ventricle and IVC non- 
collapsibility are considered good echo indicators of 
physiological compromise. However, in the context of a 
penetrating wound, with haemodynamic compromise, 
anything but the smallest amount of fl uid should be con-
sidered signifi cant.     

  TAMPONADE IS A CLINICAL NOT RADIOLOGICAL 
DIAGNOSIS.    

17.5     Assessment of Volumetric Status 

 A major value of point-of-care ultrasound is its ability during 
the primary survey and resuscitation stage to aid assessment 
of volume status. Signs that you will fi nd of use include:

    Kissing ventricle sign : You will recognise an empty heart 
when the front wall of the left ventricle touches the back 
wall in systole, the classic ‘kissing ventricle sign’.  

   IVC collapse : Even when you are a relative beginner, direct 
observation of the IVC will give you a rapid indication of 
volume status. The IVC is often visualised in the pericar-
dial FAST view and occasionally seen at the back of the 
liver in the perihepatic views (Fig.  17.5  IVC). Care should 
be taken not to confuse the IVC with the aorta. Simple 
eyeballing of the IVC can be of value. In a normovolae-
mic patient, its diameter is normally 2 cm, a few cm below 
the diaphragm, and it collapses by between a quarter and 
a third. In extreme hypovolemia, the collapse is almost 
the total and the diameter less than 2 cm.
      The IVC can be distinguished from the aorta as it is thin 

walled with a less forceful beat and travels behind the liver 
into the right atrium. Even in the intubated patient (when 
inspiratory collapse will not occur) a small diameter or visi-
bly collapsed IVC will alert you to hypovolaemia. Total or 
near collapse of the IVC or a small diameter however can 
still indicate a depleted volume status. 

 Non-collapse on the other hand may indicate a right-sided 
pressure problem (tension/tamponade/ pulmonary embolus 
(PE)) or may be chronic in right heart failure. 

 In the near future, other quick measures are likely to 
replace this including assessment of carotid fl ow times using 
Doppler, before and after passive leg raise (the fl ow time 
should increase when there is still space to fi ll). 

  USE of the IVC HELPS ASSESSMENT OF THE 
VOLUME STATUS.   

17.6     Using Ultrasound to Manage 
Penetrating Trauma 

17.6.1     Vascular Access 

 You will potentially fi nd ultrasound life saving in severe 
hypovolemia both for gaining peripheral and central access. 
In its most simple form, you can use the high-frequency 
probe to identify patent vessels (patent vessels compress). 

 With more experience, the probe may be used to guide a 
cannula into the vessel using an ‘in-plane’ or ’out-of-plane’ 
technique. 

 For peripheral access, after applying a tourniquet, set the 
machine at the lowest depth using a high-frequency probe; 
apply only light pressure (as you will easily compress ves-
sels). Veins are black and if they are patent are compressible. 

 If peripheral access is not possible, you can use the probe 
to identify the location of central vessels (most commonly 
femoral/internal jugular). The purpose of ultrasound is to 
guide your initial puncture into the vein. Once the needle is in 

  Fig. 17.4    Image of haemothorax – note black above the diaphragm       
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the vein, use a standard access technique. (However, if you 
are going to dilate the tract or pass a large bore line, it is worth 
scanning to see if the guide wire is in the appropriate place.)  

17.6.2     Pericardial and Pleural Drainage 

 Ultrasound guidance can be used to more accurately localise 
fl uid. You can often best achieve this by a longitudinal 
approach (in-plane) so that the needle depth is more accurately 
assessed to ensure no injury occurs to deeper structures. 

 However remember that the  pericardial blood in the initial 
stages is clotted and so is more likely to need open drainage .  

17.6.3     Airway Management 

 In extreme swelling (e.g. haematoma), US can help in the 
rapid assessment of the position of the trachea in order to 
allow urgent access to the airway by means of a needle or 
open cricothyroidotomy. 

 The trachea is easily recognised as an air-fi lled structure

17.6.4       Depth of Tract/Foreign-Body 
Localisation 

 Although the use of US has been described to estimate 
tract depth, the skill needed to be accurate does not justify 
the use of US by non-expert to judge the depth of 
penetration. 

 Retained metallic foreign bodies (FB) can however be 
detected easily by US. A good approach for localising FB 
is to use a 2-needle placement technique, where two nee-
dles are directed individually using US to the foreign 
body. The meeting point of the needles can then be cut 
down on to fi nd the FB at the point where they meet.   

17.7     Postoperative Management 

 With more training, you will increase your skills and be able 
to use US in the postoperative period. Even with simple 
FAST scanning experience, you can start to use ultrasound 
as a valuable adjunct in the shocked postoperative patient. 

 You can look at the following:

    Heart function : Is it beating? Is it beating well or poorly? 
Even simple eyeballing of how effective cardiac function 
is has been shown by multiple authors to correlate well 
with ejection fractions. 

 Assessment for  pericardial fl uid  and  right ventricle size  and 
simple valvular colour assessments are easily learnt. A 
sudden massive dilation of the RV may suggest a pulmo-
nary embolus.  

   Vascular status : Visualisation of the IVC can aid fl uid 
resuscitation.  

   Lung status : Lung abnormalities (wet lung, consolidation, 
pneumothorax, empyema, pleural effusion, etc.).    

  FOCUSSED US IS INVALUABLE IN ASSESSING 
THE SHOCKED PATIENT.   

  Fig. 17.5    Image of IVC 
collapse – black structure is 
IVC. Note as M-mode is applied 
how it collapses with inspiration 
by about 30 % (normal)       
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17.8     Summary of Important Pitfalls 

17.8.1     FAST Scanning 

•     You need blood to bleed!  
•   Do not call a scan positive unless you have one of the 

standard images!  
•   Clotted blood in the pericardium looks grey.  
•   Do not rely on a one-off scan! Repeat! Repeat! Repeat!  
•   The scan should add to your judgement of the situation, 

not replace it!  
•    IF THE PATIENT HAS ARRESTED DO NOT USE SCANS 

TO DELAY DECISIONS - THEY NEED RESUSCITATIVE 
PROCEDURES      

17.8.2     Pneumothorax 

•     In the intubated patient, a right main bronchus intubation 
will look like a pneumothorax on the left.  

•   Bullae appear the same as pneumothoraces.  
•   The scan should add to your judgement of the situation, 

not replace it!     

17.8.3     IVC Scanning 

•     The IVC in an intubated patient does not collapse in 
inspiration.  

•   The scan should add to your judgement, not replace it!          
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 Important Points 

  DO NOT USE THE US SCAN TO DELAY A 
DECISION IN PATIENTS IN EXTREMIS OR 
TRAUMATIC CARDIAC ARREST .

•    A poorly performing doctor with an ultrasound 
probe is still a poorly performing doctor.  

•   You need blood to bleed.  
•   Pneumothorax detection is possible by looking for 

the absence of normality.  
•   Direct visualisation of the IVC enables a rapid 

assessment of volumetric status.  
•   Focussed ultrasound is rapidly becoming an impor-

tant part of the assessment of the critically ill and 
injured.  

•   The scan should add to your judgement, not replace it!    
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      Laparoscopy and Penetrating Trauma                     

     Nicolas     Melo     and     Daniel     R.     Margulies    

      Although not always the primary modality to treat the injured 
patient, laparoscopy has been used in trauma since the early 
twentieth century. In the 1920s, laparoscopy was fi rst pro-
posed as a means of identifying hemoperitoneum. In the 
1960s, Hesselson performed the fi rst diagnostic laparoscopy, 
and in 1976, Gazzaniga successfully used laparoscopy for 
evaluation of 37 patients who suffered abdominal trauma. A 
year later, Carnevale described the use of laparoscopy to 
evaluate patients with anterior abdominal stab wounds and 
tangential gunshot wounds with acceptable outcomes. Over 
the past 30 years, laparoscopy has become the standard in 
diagnosis and treatment of many surgical diseases. As such, 
the technology and availability of equipment, as well as sur-
geons’ ability, have all greatly improved. 

 Laparoscopy, when used as a means of diagnosing perito-
neal penetration or intra-abdominal organ injury, has become 
an accepted practice. In so doing, the majority of literature 
has shown a signifi cant decrease in the number of negative 
laparotomies being performed. A recent retrospective analy-
sis by Chestovich et al. described a series of 518 patients that 
underwent laparoscopic evaluation of penetrating injuries, 
and although it had a 32 % conversion rate to an open proce-
dure, they did not have any missed injuries and had shorter 
lengths of stay. Other studies demonstrated that when lapa-
roscopy was used as a screening tool, it prevented 63 % of 
patients from unnecessary laparotomies which subsequently 
led to lower hospital costs secondary to a shorter length of 
stay. Laparotomy patients have an overall higher morbidity 
and mortality, with a higher incidence of complications such 
as deep vein thrombosis, pulmonary embolism, pneumonia, 
wound infection, wound dehiscence, and abscess formation. 
Although no study has documented long-term follow-up, it 
could be reasoned that a lower laparotomy rate also leads to 
fewer long-term complications such as bowel obstructions 

from adhesions as well as a lower number of ventral hernias 
subsequently requiring repair. Diagnostic laparoscopy for 
penetrating trauma has been shown to have a 3 % complica-
tion rate in comparison to a 22 % complication rate associ-
ated with negative laparotomies. 

 Nevertheless, the fear of a missed injury still exists. Early 
studies reported missed injury rates as high as 82 %. Multiple 
studies since that time, however, report a 0–1 % incidence of 
missed injuries. Studies evaluating laparoscopy solely as a 
diagnostic tool have shown that it was 100 % accurate in 
determining the need for laparotomy. The goal of diagnostic 
laparoscopy is to prevent unnecessary laparotomies with 
complete confi dence that no injury went unrecognized. 
Laparotomy must be performed in patients where any doubt 
of injury remains. 

 Therapeutic laparoscopy becomes a topic of debate. There 
are increasing numbers of studies citing laparoscopy as an 
appropriate means of diagnosis and treatment of penetrating 
trauma. The use of laparoscopy, not only as a diagnostic tool 
but also as a means of therapy, is expanding as the skills and 
comfort level of trauma surgeons improve. In addition, the 
resources available to perform an open procedure must be 
present in the room when undertaking this modality. 

 Extreme care must be taken in selecting injured patients 
to undergo this form of management. The ideal patient will 
have limited penetrating injury to the thoracoabdominal 
region or abdomen. Contraindications to diagnostic lapa-
roscopy include patients with hemodynamic instability 
with evidence of shock or active bleeding. Relative contra-
indications include peritonitis, known intra-abdominal 
injury, or posterior penetrating trauma with high likelihood 
of bowel injury, concern for retroperitoneal injury, previous 
abdominal surgery, and lack of equipment and expertise. 
The positive predictive value of shock and generalized peri-
tonitis in predicting the presence of abdominal organ injury 
requiring surgical repair is well over 80 %. Laparoscopy 
holds no advantage over laparotomy in someone suspected 
of having multiple intra-abdominal injuries that will require 
attention. In addition, the possibility of an intraoperative 
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pneumothorax occurring while obtaining pneumoperito-
neum from an undiagnosed diaphragmatic injury exists and 
must be something that the operating surgeon and anesthe-
siologist are monitoring and are prepared to handle quickly 
if the problem should arise. Another consideration in 
patient selection includes those with traumatic brain injury 
(TBI). It has been shown that intracranial pressure rises 
with the pneumoperitoneum required to perform laparos-
copy, and as such, this may not be the best means of diag-
nosing and treating multi- trauma patients with a component 
of TBI. 

18.1     General Techniques of Laparoscopy 

 To begin, prep and drape the patient in a position that allows 
for easy conversion to exploratory laparotomy if need be. 
Secure the patient to the table as to facilitate positioning in 
Trendelenburg, reverse Trendelenburg, and left or right side 
up as to give you optimal visibility when examining each of 
the four quadrants. If possible, place a tower at the head and 
foot of the bed. Insert the Veress needle with standard tech-
nique and insuffl ation obtained to 15 mmHg. If a penetrating 
wound to the abdomen is large enough, it may not allow for 
insuffl ation and thus may require fascial or skin closure. 
Alternatively, you may place a blunt trocar through the 
wound if you can elevate the fascia or guide the trocar with a 
fi nger. If chest tubes were previously placed, position the 
pleurovac lateral to the bed in a position of visibility to facili-
tate monitoring for the presence of a new air leak during 
insuffl ation. 

 In the inferior umbilical position, insert a 5-mm trocar 
for use with 30° camera. If the patient has a known pelvic 
fracture, however, the trocar should be placed superior to 
the umbilicus and use blunt trocars over bladed ones if 
available. If you fi nd that visualization is insuffi cient with a 
5-mm camera, you may easily convert your trocar to accom-
modate a 10-mm scope. Place two additional 5-mm trocars 
lateral to the umbilicus and rectus, one to the right and the 
other to the left, to facilitate easy manipulation and exami-
nation of the entire small bowel (Fig.  18.1 ). These trocars 
should be placed in a position distanced from the penetrat-
ing wound. Use atraumatic graspers with a hand-over-hand 
technique in order to examine the small bowel from liga-
ment of Treitz to cecum (Fig.  18.2 ). Keep the graspers 
always in view of the camera. Examine the colon along its 
entire length. The right and left colon are easily mobilized 
along the white line of Toldt via laparoscopy. This should 
be done particularly if blood or hematoma is visualized 
along the colon or its mesentery as the likelihood of retro-
peritoneal colon injury is increased. If an anterior colon 

injury is observed, suspect a posterior injury. The lesser sac 
is also able to be dissected, opened, and examined com-
pletely laparoscopically. You can inject methylene blue via 
a nasogastric tube or intravenously to further assist you in 
the identifi cation of injuries. Additional 5- or 10-mm tro-
cars may easily be placed as needed if proceeding with 
therapeutic laparoscopy.

18.2         Technical Considerations 

 In the obese patient, an OptiView ©  or similar trocar is recom-
mended for use if available. The trocar should be placed lat-
eral to the umbilicus but still within the rectus. Place the 
trocar with a 0° scope and then change to a 30° scope. 

 If hemoperitoneum is seen, evacuate the blood and 
examine the abdomen completely if the patient remains 

Scope

  Fig. 18.1    Trocar positions for best overview       
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hemodynamically stable. The blood may be from a small 
liver or spleen injury or from the abdominal wall, all of 
which can be managed laparoscopically.  

18.3     Laparoscopy and Anterior Abdominal 
Wall Stab Wounds 

 Patients with penetrating trauma to the anterior abdominal 
wall can present a challenge in management as up to 45 % of 
hemodynamically stable patients may not have suffered peri-
toneal penetration. Diagnostic laparoscopy in this circum-
stance provides a clear benefi t as a minimally invasive means 
of evaluating for peritoneal penetration. 

 Local wound exploration with subsequent diagnostic peri-
toneal lavage (DPL) if peritoneal penetration is found has 
been used in combination for evaluation of bowel or solid 
organ injury. However, DPL can have false positives second-
ary to blood from insignifi cant liver or splenic injuries as well 
as bleeding from the anterior abdominal wall. Selective non-
operative management has been used as a treatment strategy 
as a means of decreasing the rate of negative exploratory 
laparotomies. However, concern exists over the delay in diag-
nosis of an injury as the management is based on subjective 
physical exam fi ndings. In this circumstance, diagnostic lapa-
roscopy provides abdominal exploration in a minimally inva-
sive fashion as well as information regarding the extent of 

injury. Hospital length of stay and cost are higher for patients 
managed nonoperatively versus those who undergo negative 
diagnostic laparoscopy. If diagnostic laparoscopy is com-
pletely negative, considerations for discharge of the patient 
from the PACU avoid unnecessary hospitalization.  

18.4     Laparoscopy and Gunshot Wounds 

 It has long been the accepted standard that all abdominal 
gunshot wounds (GSW) must be evaluated by laparotomy. 
However, with the use of focused assessment with sonogra-
phy for trauma (FAST) scans as well as improvement in 
computed tomography (CT) imaging and the increasing uti-
lization of diagnostic laparoscopy, this standard is being 
challenged. Zantut et al. reported that 58 % (113 of 194) of 
stable patients with gunshot wounds who were evaluated 
with laparoscopy were discharged home with confi dence 
after a brief hospital stay without the need for laparotomy.  

18.5     Laparoscopy and Thoracoabdominal 
Trauma 

 The risk of diaphragmatic injury exists with penetrating 
trauma in the thoracoabdominal region. Several studies have 
shown that penetration in the thoracoabdominal region has 
an 18–35 % incidence of diaphragmatic injury. A stab wound 
below the nipple, from the xiphoid around to the scapula that 
traverses the ribs has a chance of causing a diaphragmatic 
injury. Laparoscopy is particularly useful in making this 
diagnosis. Spann et al. found that 31 % of patients with a 
hemo- or pneumothorax on chest x-ray had a diaphragmatic 
injury later identifi ed with laparoscopy. Multiple studies 
have found that laparoscopy is safe and effective not only for 
diagnosis but also for treatment of such an injury. 
Laparoscopic repair of a diaphragmatic injury is the most 
commonly reported therapeutic laparoscopic intervention 
(Fig.  18.3 ).

   When repairing a diaphragmatic injury laparoscopically, 
you should use a braided permanent suture. However, large 
traumatic diaphragmatic injuries adjacent to or including the 
esophageal hiatus are best approached via laparotomy.  

18.6     Laparoscopy and Extraperitoneal 
Rectal Injury 

 The current consensus in regard to rectal injuries is that intra-
peritoneal injuries are repaired primarily. Extraperitoneal inju-
ries are also repaired primarily if minimal dissection is needed 

Camera

  Fig. 18.2    Lift and inspect the bowels from both sides from the 
Ligament of Treitz to the rectum       
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or if the injury is exposed during dissection to examine and 
repair other injuries. The feasibility of laparoscopic fecal 
diversion as a means of managing an isolated extraperitoneal 
GSW injury has been documented. With laparoscopy, you are 
able to rule out other injuries and perform mobilization of the 
colon, allowing for creation of a loop sigmoid colostomy. 
Presacral drainage is also able to be established laparoscopi-
cally. The urinary tract is also evaluated to exclude injury.  

18.7     Laparoscopy and Defi nitive Repair 
of Injuries Secondary to Penetrating 
Trauma 

 Several series demonstrate the utility of laparoscopy for 
defi nitive repair. One small series documents 26 of 28 
patients undergoing successful repair of intra-abdominal 
injury following penetrating trauma. Repairs included clo-
sure of gastrostomies, repair of liver lacerations, cholecys-
tectomy, and repair of diaphragmatic injuries. Another small 
series in children demonstrates successful repair of bowel 
injury secondary to trauma. When small bowel injuries are 
identifi ed, all of the following are able to be performed lapa-
roscopically: primary repair and stapled resections with side- 
to- side anastomosis as done in laparoscopic bariatric surgery. 
For liver and spleen injuries, laparoscopy allows for evacua-
tion of blood and establishment of hemostasis with electro-
cautery, argon beam, and/or hemostatic agents. Drains 
should only be left in place for large injuries. Gallbladder 

injuries can be treated with cholecystectomies performed in 
a standard fashion. Bladder injuries can be repaired with a 
laparoscopic suturing device. However, the inside of the 
bladder must be fully examined with the laparoscope or cys-
toscope prior to closure.      
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 Important Points 

•     Laparoscopy as a diagnostic tool in penetrating 
trauma can reduce the rate of negative laparoto-
mies. Its use as a therapeutic means is also increas-
ing. Limitations to its use for diagnosis and 
defi nitive repair include patient stability as well as 
surgeons’ ability.  

•   If the patient is hemodynamically unstable or mul-
tiple injuries are suspected, do not attempt 
laparoscopy.  

•   Prep and drape the patient in such a way as to facili-
tate easy conversion to laparotomy.  

•   Blood identifi ed with laparoscopy may be from a 
liver or splenic injury or from the anterior abdomi-
nal wall and is not an indication alone for conver-
sion to laparotomy.  

•   The entire small bowel can be evaluated with metic-
ulous care via laparoscopy.  

•   Stab wounds to the left lower chest should be evalu-
ated to rule out diaphragmatic injury. Inspection as 
well as repair of such injuries can be accomplished 
laparoscopically.    
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      Angiography and Interventional 
Radiology                     

     Marc     Kalinowski    

      Due to technical innovations over the last decades especially 
in the fi eld of computed tomography (CT), catheter-based 
procedures have evolved more and more from a diagnostic 
modality to a primary treatment option for severely injured 
trauma patients. Whether remote aortic occlusion is per-
formed to avoid a secondary cavity incision, embolization of 
bleeding vessels, or an endovascular stent is placed to cover 
a lacerated vessel, all these techniques can minimize the 
physiologic burden placed on patients who may have very 
little physiologic reserve. The application of endovascular 
technology to the management of penetrating and blunt trau-
matic vascular injuries represents an exciting and signifi cant 
advance in modern trauma centers. Utilization of these tech-
niques to stabilize a patient in extremis or to serve as a 
“bridge” to future elective procedures to correct the same 
problem represents an attractive alternative with potentially 
lower morbidity and mortality rates than conventional man-
agement. It is of utmost importance that these procedures 
must be carried out by experienced providers in an environ-
ment conducive to such repair. A variety of imaging equip-
ment as well as endovascular inventory must be readily 
available for the successful management of these injuries. 

19.1     General Comments 

 Due to the growing availability of fast CT scanners, the diagno-
sis of arterial trauma should be established primarily by using 
this fast and noninvasive imaging modality even in unstable 
patients. Modern multislice CT scanners can detect bleeding 
rates of 0.3 cc of blood/min, whereas digital subtraction angi-
ography (DSA) needs a blood loss of approximately 0.5–1 cc/
min for detection. Suspicion of arterial injury is usually based 
on the fi ndings of clinical examination. Careful evaluation can 
detect abnormalities in patients with major arterial injuries. But 

it is known that arterial injuries may present with so-called soft 
signs (stable hematoma, adjacent nerve injury, unexplained 
hypotension, or proximity of the penetrating wound to the 
underlying major blood vessels) and may be overlooked. In 
case of suspected vascular injury, a contrast-enhanced CT scan 
(presumably a whole-body CT) defi nes on the best way where 
a patient is bleeding. Contrast extravasation on CT proves a 
vascular injury resulting in early intervention. Holding unsta-
ble patients in the emergency room (ER) to achieve cardiovas-
cular stability is not wise and not needed neither for imaging 
nor for percutaneous interventions. Usually, patients lose more 
blood during stabilization, possibly resulting in a “bloody 
vicious cycle” (coagulopathy, acidosis, hypothermia). 
Therefore, imaging and interventions should be understood as 
a continuous process even during ongoing resuscitation. 

 There are some basic algorithms in case of suspected 
bleeding which are useful for suspected vascular trauma 
even if CT is not available using focused assessment with 
sonography for trauma (FAST) ultrasound. If CT is avail-
able, consider the following basic algorithm (Fig.  19.1 ).

   You should always keep in mind that due to the wide 
range of materials needed for vessel occlusion or covering 
(coils, plugs, glue, particles, gelatine-based embolics, and 
covered stents), you should be familiar with this “interven-
tional zoo.” The complexity of these procedures reaching the 
bleeding target site by catheter-based procedures adds to this 
diffi culty. So think twice and check your surrounding before 
you jump. You also need an appropriate facility even in an 
operating room or an angio suite. A wide range of different 
materials must be immediately available, and the most cru-
cial point in such situations is that experienced operators are 
on call on a 24/7 fashion.  

19.2     Technical Considerations 

 In case of penetrating trauma, there are only a handful sce-
narios where percutaneous interventions may provide life- 
saving bleeding control especially in areas that are diffi cult 
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to access surgically. These interventions may prevent the 
need for reoperation in the presence of rebleeding or assist in 
nonoperative management. This includes head and neck 
injuries, extremities and pelvic trauma, and great vessel and 
thoracic and solid abdominal organ injuries. 

 For all these scenarios, the common femoral artery is the 
recommended access site. All vascular regions of the body 
can be reached easily using specifi c catheters and guide-
wires. The retrograde puncture site should be located on the 
lower third of the femoral head seen on fl uoroscopy. Avoid 
an arterial puncture above the inguinal ligament due to an 
increased chance of retroperitoneal bleeding that of course is 
not compressible or a puncture site too low because of the 
same reason. Especially, in case of extensive vascular trauma 
and the need for aortic stentgrafts, a surgical cutdown of the 
groin should be performed. Percutaneous access for stent-
graft placement is also possible, but specifi c closure devices 
and techniques are necessary. In shock situations where 
blood pressure could be extremely low, ultrasound-guided 
puncture is recommended due to possible collapsed and non-
pulsatile arteries. You should use preferential 4 F catheters 
with a 0.038 in. inner lumen, as you can use these devices as 
guiding catheters for ongoing superselective catheterization 
by microcatheters. Time-consuming exchange of standard 
0.035 in. catheters should be avoided. Never lose your guide-
wire. Use one (or better two) French vascular sheaths greater 
than the catheters you use because the side port of the sheath 
can then be used for intra-arterial blood pressure measure-

ments during the intervention by your anesthesiologists. 
They will appreciate you.  

19.3     Basic Imaging Aspects 

 There are some basic imaging principles which should be 
kept in mind especially when searching bleeding sites. Four 
different imaging patterns of injured vessels could be identi-
fi ed during angiography (Fig.  19.2 ):

•     Contrast extravasation “blush”  
•   Vascular occlusion “arterial stump”  
•   Pseudoaneurysms  
•   Arteriovenous fi stulas    

 Considering the following top ten points, you can save 
much time, and therefore, these tips are recommended for a 
successful intervention:

    1.    Perform angiographic series as selective as possible 
with a contrast-media injector; avoid hand injections. 
Most of the available microcatheters are designed even 
for higher injections rates resulting in superior visualiza-
tion of the target vessel region.   

   2.    Perform long series including parenchymal and venous 
phase for detection of even subtle contrast-media 
extravasation.   

   3.    Use additional intravenous (IV) butylscopolamine in the 
abdominal region to reduce bowel motion artifacts.   

   4.    When reviewing your angio series, always look on sub-
tracted and unsubtracted images for better differentia-
tion of possible bleeding sites and bowel motion 
artifacts.   

   5.    Always look for side branch and collateral fl ow, because 
according to specifi c situations, additional vessels have 
to be embolized for successful bleeding control.   

   6.    The complete target region must be imaged. If the vas-
cular region is greater than your fi eld of view, perform 
additional series. Especially, in the abdominal and pel-
vic regions, all visceral arteries must be selectively cath-
eterized including the celiac trunk and both the internal 
iliac and common femoral arteries.   

   7.    Look for “cutoffs.” Treat visible arterial stumps like an 
active bleeding. These lacerated or dissected vessels are 
possibly compressed by surrounding hematoma and 
could rebleed after hemodynamic stabilization.   

   8.    In case of negative angio, do not use a heparin bolus or 
other lytics to induce artifi cial bleeding; this is not 
recommended.   

   9.    Leave the sheath in place after your intervention because 
in some cases, additional secondary embolizations must 

CT scan

“Blush” “No blush”

Embolization OR (If required)

Ongoing
hemorrhage

  Fig. 19.1    Basic algorithm for endovascular treatment decisions 
according to identifi able contrast-media extravasation on CT scan       
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be performed by reopened vessels due to better cardio-
vascular status of your patient.   

   10.    Avoid time-consuming negative angios and unnecessary 
interventions.     

 In an optimal situation, the previous performed CT images 
guide you to the suspected bleeding area. That means that on 
one hand, if you do not have suspected signs of arterial 
bleeding, there is no indication for further time-consuming 
angiographic evaluation. On the other hand, if bleeding site 
was identifi ed and the following angio is negative, prophy-
lactic embolization due to possible end-organ failure and 
concomitant complications should be avoided. The primary 
goals of interventional procedures are stabilization of the 
patient and preservation of function of bleeding organs. 
However, in some cases, a less selective embolization 
(“shower embolization”) and a surviving patient are better 
than an interventional “tour de force” and a dead patient. 

 Common causes for negative angios are local vasospasm, 
local thrombosis, a venous bleeding, or a wrong catheter 
position. Therefore, angiographic images must be reviewed 
extensively in every case.  

19.4     Head and Neck Injuries 

 Cervical blood vessels are the most commonly injured struc-
tures following penetrating neck injuries. Their location rela-
tive to defi ned anatomic landmarks dictates the diagnostic 
work-up and therapeutic approaches of these injuries. The neck 
is divided into three zones: Zone I (from the clavicles to the 
cricoid cartilage), Zone II (between the cricoid cartilage and 
the angle of the mandible), and Zone III (above the angle of the 
mandible). Regardless of which zone is injured, any hard signs 
of vascular injury including overt hemorrhage, an expanding 
hematoma, or ongoing neurologic defi cits demand an operative 

a c

b

  Fig. 19.2    Different imaging patterns of vessel injury presenting at angiographic evaluation. Contrast extravasation ( a ), arterial stump ( b ), and 
pseudoaneurysm ( c )       
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exploration. Endovascular techniques should not be used as a 
fi rst- line therapy in these cases. Patients who present with soft 
signs of vascular injury, e.g., stable hematoma, are typically 
hemodynamically stable, and you have enough time for 
detailed evaluation. However, endovascular techniques may 
assist classical operative approaches like balloon catheter 
blocking until surgery is done and could potentially avoid the 
morbidity of median sternotomy, a high thoracic incision, dif-
fi cult vertebral dissection, or dissections at the base of the skull.  

19.5     Key Points 

•     Direct surgical repair remains the gold standard for inju-
ries in all neck zones.  

•   An occlusion balloon can be used from the groin to pro-
vide endoluminal proximal control of the great vessels, 
allowing surgical exposure in a more controlled fashion.  

•   Endoluminal therapy can be performed under local anes-
thesia, allowing direct assessment of the patient’s neuro-
logic status.     

19.6     Thoracic and Abdominal Aortic 
Injuries 

 Thoracic vascular injuries carry a high mortality rate. 
Endovascular techniques using stentgrafts are limited to patients 
presenting hemodynamic stability and are useful in the treat-
ment of delayed manifestations such as pseudoaneurysms, dis-
sections, or arteriovenous (AV) fi stulas. Usually, trauma patients 
are often younger than patients treated with stentgrafts for aortic 
aneurysmal disease. In the fi rst cohort, the mean aortic diameter 
is approximately 20 mm. Some interventionalists stated that 
oversizing up to 40 % could be performed without sequelae, but 
it has to be mentioned that the manufacturers recommend only 
a 10–15 % oversize. Oversizing the graft more than 15 % can 
possibly result in secondary complications such as graft com-
pression, graft collapse, endoleak formation, and stentgraft 
pleating. According to the injury site in some cases, the left sub-
clavian artery has to be overstented. Some authors recommend 
routinely overstenting of the left subclavian artery resulting in 
an appropriate proximal landing zone. This has proven to be a 
relative harmless procedure. If secondary symptoms arise, a 
carotid-to-subclavian artery bypass can be performed. 

 Vascular injuries in the abdomen remain the leading cause 
of death after penetrating the abdominal aorta and typically 
require operative exploration to stop hemorrhage because the 
concomitant solid organ and gastrointestinal sites of injuries 
are common. Nevertheless, endovascular therapies have 
some advantages in acute and delayed manifestations of 
abdominal aortic trauma including avoidance of aortic cross 

clamping and avoidance of opening the retroperitoneum, 
consecutively placing prosthetic material in possibly con-
taminated regions if the perforated viscus is present and in 
patients with previous abdominal surgery. Especially, for 
delayed manifestations, morbidity and mortality rates are 
dramatically lower compared to open surgical repair. 

 In the acute setting, aorto-monoilical prosthesis is recom-
mended with contralateral occluders followed by femoro-
femoral crossover bypass grafting. If a bifurcated prosthesis 
is used, the patient may bleed to death due to time- consuming 
catheterization of the contralateral leg.  

19.7     Key Points 

•     In preinterventional planning scenario for stentgrafting, 
always check the iliac diameter. Introducer devices range 
from 18 to 24 French; therefore, the external iliac diame-
ter should not be below 7–8 mm.  

•   The length of the proximal landing zone should be not 
less than 10 mm, and the stentgraft should be approxi-
mately 4 cm longer than the treated segment.  

•   If the left subclavian artery must be overstented, watch 
out for an occluded right vertebral artery, dominant or 
indispensable left vertebral artery, and patients with left 
internal mammarian coronary bypass.  

•   In acute abdominal vascular injuries, aorto-monoilical 
prostheses must be on hand because you may get into 
trouble if catheterization of the contralateral leg joining 
the main body of bifurcated stentgrafts takes longer than 
a couple of seconds (this is daily routine even in experi-
enced centers).     

19.8     Extremities and Pelvic Injuries 

 The majority of extremity vascular trauma can be controlled 
with direct tamponade or tourniquets. Due to the relative long-
lasting ischemia tolerance of 4–6 h, there is usually enough 
time to address other life-threatening injuries and detailed eval-
uation. Lower as well as upper extremity vascular injuries can 
be easily approached via femoral access. In case of lower 
extremity injury, preferentially, use contralateral retrograde 
access and crossover techniques to avoid deterioration of injury 
by ipsilateral antegrade access. All kinds of acute or delayed 
injuries could be treated easily, e.g., pseudoaneurysms, AV fi s-
tulas, active bleeding, or thrombosis by using embolics, cov-
ered stents, or thrombectomy devices. Iliac vessel injuries with 
expanding pelvic hematomas are among the most challenging 
to trauma surgeons. The utility of angiographic embolization of 
bleeding pelvic vessels is well documented and could be 
reached easily by ipsi- or contralateral femoral approach.      

M. Kalinowski
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 Important Points 

•     Assure stable catheter position, and be selective as 
possible to avoid dislodgement of embolics and 
malperfusion of downstream-located regions.  

•   If embolization of both internal iliacs is necessary, 
inform patient and/or relatives if possible due to 
specifi c complications such as buttock claudication, 
sexual dysfunction, and gluteal necrosis.  

•   In case of multiple bleeding sites under these cir-
cumstances, proximal “shower embolization” could 
be the best and fastest procedure.    
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      Imaging of Penetrating Urologic 
Trauma                     

     Beat     Schnüriger      and     Donald     J.     Green    

20.1          Imaging of Penetrating Urologic 
Trauma 

 Penetrating injury to the abdomen causes ureteral injury in 
approximately 2 %, kidney injury in up to 8 %, and injury to 
the bladder in up to 20 %. It is important to keep in mind that 
microscopic or gross hematuria is unreliable as a diagnostic 
tool for any urological injury, with a maximal overall sensi-
tivity of 75 %. Hematuria may be even absent in cases of 
complete transection of one ureter. In addition, signifi cant 
penetrating injuries to the major collecting system may pres-
ent without hematuria, because urine from the injured kidney 
exits into the retroperitoneum, preventing ureteral 
conduction. 

 Maintain a high index of suspicion for urinary tract 
involvement in all penetrating injuries to the abdomen, 
fl ank, pelvis, and perineum. For all gunshot injuries to the 
trunk, stab wounds to the fl ank, and cases where the length 
of the knife may reach the retroperitoneum, you should pro-
ceed with further investigations to rule out urinary tract 
injury. 

 About half of the patients with injuries to the urinary 
tract are hypotensive on presentation, indicating the over-
all severity of trauma and not the urologic injury itself. 
These patients require immediate laparotomy without 
delay. Additionally, nearly all gunshot injuries with 
involvement of the urinary tract are associated with signifi -
cant concomitant injuries. The decision-making regarding 
diagnostic procedures and treatment of penetrating uro-

logic trauma clearly depends on the hemodynamic status 
and associated injuries of the patients. As soon as the 
patient is stable, an evaluation of the urinary tract should 
follow as part of the secondary survey. The vast majority 
of urologic injuries are not life threatening. However, fail-
ure of diagnosis and delay in treatment may lead to signifi -
cant patient morbidity. The unique consequence of a 
penetrating injury to the urinary tract is extravasation of 
urine with the risk of local and systemic intra- or extraperi-
toneal subsequent infection. 

 Fortunately, the urinary tract has an amazing ability to 
heal itself. If the fl ow of urine can be maintained without 
obstruction, then healing of the injury is likely. To examine 
the integrity of the urinary tract, a wide spectrum of radio-
logic investigations is available.  

20.2     Computerized Tomography 

 In hemodynamically stable, clinically evaluable patients 
without peritoneal signs, perform computerized tomography 
(CT) scan routinely as part of the secondary survey after pen-
etrating trauma to the trunk. A properly performed contrast- 
enhanced CT scan of the abdomen and pelvis is highly 
sensitive to detect vascular and parenchymal injuries of the 
kidneys as well as proximal urine leaks and urinomas 
(Fig.  20.1 ). Acquisition of multiple thin overlapping slices 
provides excellent 2D and 3D visualization of the entire uri-
nary tract and improves its sensitivity in detecting urinary 
tract lesions.

   Initially, an early phase intravenous contrast CT scan 
of the abdomen and pelvis is performed. This investiga-
tion is highly sensitive in diagnosing parenchymal or vas-
cular injuries to the kidneys as well as in detecting 
associated injuries (Fig.  20.1 ). To fully evaluate the col-
lection system, a second CT scan is performed, approxi-
mately 10 min after intravenous contrast injection. This 
technique is known as CT intravenous pyelography 
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(CT-IVP). These delayed-phase images are highly sensi-
tive in diagnosing parenchymal injuries and proximal 
urine leaks or urinomas and in confi rming bilateral func-
tional renal moieties (Fig.  20.2 ). However, with a low sen-
sitivity of 37 % to detect subtle ureteral injuries, small 
leaks at this location might be missed. Nevertheless, fail-
ure of the distal ureter to opacify on a contrast-enhanced 
CT scan should raise concern of an injury and should lead 
to further investigations or intraoperative evaluation of 
the affected ureter.

   To further improve the value of the initial CT workup 
and to save time, a CT cystogram can be easily done 
simultaneously. CT cystography is equally as sensitive as 
conventional cystography for the detection of bladder rup-
ture. Immediately before the CT scan, the urinary bladder 
is gently fi lled with approximately 350 ml of diluted 
iodine contrast through the urethral catheter. In the 
absence of a urethral injury, this procedure is safe and 
provides an accurate visual assessment of the integrity of 
the bladder. A urethral injury should be suspected in 
patients with pelvic fractures or penetrating injuries to the 
perineum. In these cases, you should consider a retrograde 
urethrogram before placing a urethral catheter.  

20.3     Pyelography 

 Pyelography can be performed either as an excretory pyelogra-
phy or as a retrograde pyelography. With a sensitivity of approx-
imately 30 %,  excretory pyelography  is relatively insensitive for 
the diagnosis of renal injuries and urine leaks. However, in ini-
tially unstable patients, excretory pyelography may be useful to 

a

b

  Fig. 20.1    ( a ) Grade IV right kidney injury with retroperitoneal hema-
toma (zone II) after multiple gunshot injuries to the back. IV contrast- 
enhanced CT scan of the abdomen is highly sensitive in diagnosing 
parenchymal injuries to the kidneys as well as in detecting active 
extravasation and associated intra-abdominal injuries. ( b ) Early 
contrast- enhanced abdominal CT scan after stab wound to the left fl ank. 
There is no contrast enhancement of the left kidney due to a renal arte-
rial lesion       

  Fig. 20.2    Urinoma ( white arrow ) detected on IV contrast-enhanced 
CT scan after a stab wound to the right upper quadrant. The knife went 
through the right portion of the liver into the right kidney, where it per-
forated the major collection system       
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investigate the urinary tract intraoperatively after completion of 
the damage control procedure (Fig.  20.3 ). In the presence of 
hematuria or a suspicious penetrating injury tract, a “single 
shot” excretory IVP is performed intraoperatively. Ten minutes 
after intravenous injection of 2 cc/kg of contrast, a single 
abdominal plain fi lm is taken. This investigation has been shown 
to obviate renal and ureteral exploration in 32 %.

   A  retrograde pyelography  is extremely sensitive in identi-
fying ureteral injuries. However, in the emergency setting of 
patients sustaining abdominal penetrating injury, its value 
and practicability are limited. As an adjunct to CT-IVP or to 
confi rm and further delineate the extent of a ureteral injury 
postoperatively, it is very helpful. Additionally, this investi-
gation should be considered when planning further second-
ary surgical management of urinary tract injuries.  

20.4     Cystography 

 All patients with abdominal gunshot wounds or pelvic 
fractures are at risk of having a ruptured bladder. Gross 
hematuria is very common in case of a bladder injury, 
occurring in over 95 % of cases. Imaging of the bladder 
using only excreted contrast material by CT scan or by 
conventional radiography is not adequate and has been 
shown to result in false-negative studies. The only defi ni-
tive study to rule out a ruptured bladder is a retrograde 
static cystogram. The bladder is gently fi lled with approx-
imately 350 ml of diluted iodine contrast through a ure-

thral catheter. After that, an extravasation of contrast is 
captured by conventional plain fi lm or, as described previ-
ously, by CT scan. In patients with a suspected urethral 
injury, a retrograde urethrogram should be considered 
before placing a urethral catheter. If a urethral rupture is 
found, the bladder is fi lled through a suprapubic tube.  

20.5     Retrograde Urethrogram 

 The most common clinical fi nding in patients with ure-
thral injuries are gross hematuria or blood at the meatus. 
Retrograde injection of contrast medium into the urethra 
is safe and has a high sensitivity for making the diagnosis 
of urethral rupture (Fig.  20.4 ). Multiple techniques have 
been described in the literature. We have had good results 
by inserting a 14-Fr Foley catheter at the meatus for about 
3–4 cm to the fossa navicularis where the balloon is then 
gently infl ated with 2–3 cc of sterile water. A Toomey 
syringe is then used to administer 30–40 cc or water-solu-
ble contrast, and a plain conventional fi lm is obtained, 
while the last 10 cc is instilled. A large extravasation 
without fi lling of the bladder indicates a complete disrup-
tion, whereas partial fi lling of the bladder with some 
extravasation is indicative of partial disruption of the ure-
thra. If there is no extravasation, the catheter should be 

  Fig. 20.3    Intraoperative excretory pyelography with complete proxi-
mal ureteral disruption. This intraoperative investigation of the urinary 
tract was made after completion of the damage control procedure       

  Fig. 20.4    Retrograde urethrography. Large extravasation of contrast 
into the extraperitoneum including scrotum without fi lling of the blad-
der indicates a complete disruption of the urethra. The distended blad-
der is fi lled with excreted contrast material from the previous 
IV-enhanced CT scan       
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advanced into the bladder, and a cystogram should be 
added.       
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 Important Points 

•     Penetrating injuries to the abdomen, fl ank, pelvis, 
and perineum involve the urinary tract in up to 
20 %.  

•   Hematuria may be absent even in signifi cant upper 
urinary tract injury.  

•   The diagnostic procedure and treatment of penetrat-
ing urologic trauma clearly depends on the hemo-
dynamic status and associated injuries of the 
patient.  

•   In patients with suspected urethral injury, a retro-
grade urethrogram should be considered before 
placing a urethral catheter.  

•   By adding a CT-IVP and a retrograde CT cysto-
gram, the initial CT workup can be improved and 
accelerated signifi cantly.  

•   In initially unstable patients, intraoperative excre-
tory pyelography is useful to investigate the urinary 
tract and may obviate unnecessary renal and ure-
teral surgical exploration.  

•   A retrograde pyelography is time-consuming but 
extremely sensitive in identifying ureteral injuries 
in the tertiary survey of the patient.    
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      Video-Assisted Thoracic Surgery 
in Penetrating Chest Trauma                     

     François     Pons     ,     Federico     Gonzalez    ,     Jean     P.     Arigon    , 
and     Guillaume     Boddaert   

      Video-assisted thoracic surgery (VATS) has gained a place of 
choice in the surgical management of thoracic injuries since 
1991. It is an effi cient and safe procedure to assess and man-
age chest trauma. In specifi c indications of chest trauma, 
VATS is associated with decreased morbidity and mortality 
and shortened hospital stay. Because in trauma patients 
VATS is sometimes more challenging than in elective sur-
gery, outcome is strongly related to precise indications and a 
good thoracoscopic expertise. 

21.1     Indications 

 Hemodynamic instability is an absolute contraindication for 
VATS. Unstable patients should undergo open surgery: 
emergency thoracotomy and/or laparotomy in the supine 
position. Indications for VATS in stable patients are based 
upon initial fi ndings and the patient evolution. They can be 
immediate or delayed (Table  21.1 ).

•     Immediate (immediately or within a couple of hours fol-
lowing the wound):
 –    Signifi cant hemothorax (>1 or 1.5 L at chest tube 

insertion).  
 –   Continuous bleeding (>300 cc/h within the fi rst 3 h 

after chest tube insertion).  
 –   Suspected diaphragmatic injury (quite probable when 

the entrance wound is inferior to the nipple line).  
 –   Suspicion of a penetrating heart wound (stable patients 

with penetrating injuries in cardiac proximity and 

doubtful pericardial ultrasound examination). The pro-
cedure aims at ruling out any pericardium or heart 
wound, which can decompensate at any time.  

 –   Withdrawal of a stab in situ under direct vision.      
•    Delayed (up to several days after the trauma) in case of:

 –    Retained or clotted hemothorax. The goals of VATS in 
the management of these retained collections are (1) 
evacuation and culture of the collection, (2) release of 
the trapped lung with decortication, and (3) drainage 
of the chest cavity and lung re-expansion.  

 –   Prolonged air leak and/or recurrent pneumothorax.  
 –   Secondary empyema (often secondary to an incom-

pletely drained hemothorax).  
 –   Chylothorax.  
 –   Foreign-body extraction such as bullets, wires, etc. It 

should be discussed depending on the proximity of the 
vascular structures and on the predictable operative 
diffi culties.        

21.2     Technique of Immediate VATS 
for Penetrating Trauma 

 The aim of the treatment is twofold: (1) to inspect and accu-
rately diagnose the injuries (hemothorax, chest wall, lung, 
diaphragm, pericardium) and (2) to proceed accordingly, 
evacuating a hemothorax, ensuring hemostasis, suturing a 
diaphragmatic defect, treating a pulmonary lesion, etc. The 
extent of the lesions and the operator’s expertise will decide 
whether to hold on to VATS or convert to open 
thoracotomy. 

21.2.1     Anesthesia 

 General anesthesia using a double-lumen endotracheal tube 
is recommended in order to facilitate the ipsilateral lung 
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 collapse and optimize the view in the thoracic cavity. When 
selective endotracheal intubation fails, the exploration is 
made much more diffi cult, and most of the time, you should 
better convert to an open thoracotomy.   

21.3     Positioning of Patient 

 Penetrating chest injuries may involve various organs; some 
of them are best dealt with by laparotomy (abdominal vis-
cus), sternotomy, or thoracotomy (heart, contralateral hemi-
thorax, massive bleeding). Patient positioning is therefore 
paramount in view of a possible thoracic, abdominal exten-
sion, and more therapeutic options.

•    The lateral decubitus position is the easiest approach to 
perform VATS, but as laparotomy or sternotomy requires 
different patient positioning, the surgeon should eliminate 
diaphragmatic or pericardiac lesions before. In practice, 
we mainly recommend lateral position for delayed thora-
coscopic exploration.  

•   The supine position (Fig.  21.1 ) makes the VATS 
slightly more diffi cult, but this setting allows accesses 
in all directions as and when required. Elevate the 
injured chest with a cushion, with the arm folded over 
the head. If necessary, tilt the operating table up to 30° 
in order to improve the exposure. Should you need to 
proceed through a sternotomy or a laparotomy, you just 
have to remove the cushion and replace the arm in 
abduction.

21.4           Setup and Equipment 

 The operator stands at the site of the injured chest, his assis-
tant next to him, and the scrub nurse facing him. Formal tho-
racotomy instruments are prepared and available on an 
auxiliary table. 

 The equipment is as follows:

•    Two or three trocars (10 mm, sometimes 5 mm), one 
10 mm 0° optical (a 30° optical may facilitate the visual-
ization of chest wall lesions), one irrigation-suction can-
nula, bipolar diathermy forceps, coagulating scissors, 
lung grasping forceps (Duval type = endoscopic or open 
surgery forceps), and endostaplers Ethicon® or 
Covidien®, straight or articulated with purple reloads     

21.5     Operative Technique 

 A large hemothorax should ideally be drained before general 
anesthesia. The tube is then removed just before the 
procedure.  

21.6     Port Sites 

•     Use 10 mm ports as it allows you to swap the optical from 
one site to another.  

•   Avoid placing the fi rst port in the wound as it may reacti-
vate bleeding.  

   Table 21.1    Indications for VATS in penetrating chest trauma   

 Clinical picture (stable) 
 Interest in 
penetrating trauma 

 Time of 
thoracoscopy  Diagnosis or Treatment  Indication  Position 

 Signifi cant hemothorax or 
continuous bleeding 

 +  Immediate  Diagnosis: source of the 
bleeding, complete 
exploration 

 Discussed, careful  Supine 

 Treatment: evacuation of 
clotted hemothorax, 
hemostasis 

 Residual hemothorax  +  Delayed (third, 
seventh day) 

 Treatment  Well admitted  Lateral decubitus 

 Persistent pneumothorax, 
air leak 

 +  Delayed (third day)  Treatment  Well admitted  Lateral decubitus 

 Suspicion of diaphragmatic 
injury 

 ++ (wound under 
the nipple 
horizontal line) 

 Immediate  Diagnosis  Well admitted  Supine 
 Treatment (sometimes) 

 Suspicion of 
hemopericardium 

 ++ (wound in the 
“cardiac box”) 

 Immediate  Diagnosis (conversion if 
hemopericardium) 

 Discussed, careful  Supine 

 Post-traumatic empyema  ++  Delayed  Treatment  Well admitted  Lateral decubitus 
 Foreign body  ++  Immediate  Treatment  Admitted  Supine or lateral 

decubitus  Delayed 
 Chylothorax  +  Delayed  Treatment  Admitted, rare  Lateral decubitus 
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•   The fi rst port site depends on the place of the wound; in 
most cases, you should place the fi rst port at the level of 
the inferior angle of the scapula, posterior to the midaxil-
lary line around the fi fth intercostal space. It may then be 
necessary to aspirate blood pouring throughout the port 
before inserting the optical if the thorax has not been 
drained before. The inspection immediately focuses on 
the internal orifi ce(s) of the chest wound and on adjacent 
lung lesions. A second port should rapidly follow, either 
through the seventh or eighth intercostal space, the previ-
ous drain orifi ce, or through the wound itself (Fig.  21.1 ). 
Drain the hemothorax under direct vision, swapping 
instruments if necessary to achieve a systematic and 
meticulous inspection. A third port disposed in an appro-
priate triangulation will allow the insertion of a retractor 
or forceps and careful mobilization of the lung.     

21.7     Exploration 

 This stage may be demanding and stressful. Impaired vision 
is frequent as the hemothorax absorbs the light and gives the 
disturbing impression that the patient is still bleeding. You 
should keep composed and constantly share information 
with the anesthetist. As long as the patient is stable, you can 

pursue the thoracic washout, aspirating the blood and clots 
from the apex to the diaphragmatic cul-de-sac. To remove 
large clots, you can use lung forceps as for open surgery 
(Kelly or Duval) introduced through the port without trocar 
(Fig.  21.2 ) or a 10 mm suction cannula. Once evacuation of 
the hemothorax has been achieved, you should systemati-
cally examine the lung, the diaphragm, the pericardium, and 
the internal aspect of the chest, inventory all lesions, and 

Monitor

Monitor

  Fig. 21.1    Team allocation and port positions       

Injury

  Fig. 21.2    To remove large clots, you can use lung forceps as for open 
surgery (Kelly or Duval) introduced through the defect without trocar       
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decide whether the treatment will remain thoracoscopic or 
converted into a sternotomy or a thoracotomy.

21.8        Parietal Lesion Hemostasis 

 If an intercostal artery bleeds, you can achieve hemostasis 
with bipolar diathermy, completed if necessary with a hemo-
static gauze packed in the orifi ce. Hemoclips are often unsuc-
cessful. Anterior or lateral wounds may require an 
enlargement of the wound and a stitch under direct or video- 
assisted vision or conversion into an open thoracotomy.  

21.9     Treatment of Pulmonary Injuries 

 You should remember that the treatment of a pulmonary 
injury must be a lung-sparing technique. Inspection deter-
mines the site of the wound, its size and depth, the appear-
ance of the adjacent parenchyma, the severity of the bleeding, 
the air leak, etc.

•    A peripheral wound is ideally stapled: Grasp the injured 
lung and apply one or two series of staples in the adjacent 
normal parenchyma (Fig.  21.2 ). The resected lung is then 
extracted under direct vision through the port.  

•   In case of a dry deep wound, possibly transfi xing, do not 
catheterize or manipulate as bleeding may reoccur. 
Refrain yourself from any deleterious manipulation and 
prefer a simple lateral stapling or even abstention.  

•   Pulmonary contusions without breach should just be left 
well alone.  

•   Massive bleeding through a deep pulmonary opening is 
rarely encountered at this stage due to prior hemodynamic 
instability. In the exceptional case that this occurs, con-
vert into open thoracotomy.  

•   Some authors reported video-assisted lobectomies in 
penetrating chest trauma. We share with others the 
opinion that it should remain the exception to spare as 
much parenchyma as possible. Most importantly, 
the patient is hardly ever hemodynamically unstable 
when lobectomy is indicated; therefore VATS is 
contraindicated.  

•   An insuffi cient air leak control may be improved with an 
application of surgical sealant or collagen patch.    

 In conclusion, the main target is to achieve hemostasis. 
Small residual air leaks may be tolerated as it will dry out 
with the chest tubes. Keep in mind that massive pulmo-
nary bleeding may lead to thoracotomy and that pulmo-
nary contusions are not as such an indication of resection, 
as the lung parenchyma has surprising capabilities for 
recovery.  

21.10     Diaphragmatic Injury (DI) 

 Diaphragmatic injury is suspected when the entrance wound 
is located below the nipple line. When an associated abdomi-
nal injury is present, based upon the abdominal entry wound 
site, the peritonitis signs, and the intra-abdominal viscus 
lesions on ultrasound or CT scan, you should prefer an 
abdominal approach. When there is only a thoracic wound 
(especially for a posterior or lateral stab wound), VATS is 
recommended to rule out a diaphragmatic injury. 

 Carefully examine the area facing the wound entry into 
the thoracic cavity, and push down the hemidiaphragm to 
visualize the posterior cul-de-sac where a small wound can 
be missed (Fig.  21.3 ). If you fi nd diaphragmatic injury, a 
laparotomy should be considered to diagnose and treat asso-
ciated intra-abdominal injury. Thoracic approach is easier 
than abdominal to repair posterior DI particularly if you con-
sider laparoscopy. As a result, you may choose the thoracic 
approach if you are familiar with this access or if laparotomy 
is not indicated. You can repair the diaphragm either under 
thoracoscopic vision or through a utility thoracotomy.

   Video-assisted repair of a DI: Interrupted sutures or a run-
ning suture of nonabsorbable material is applied using two 
ports (one for the forceps, one for the needle holder) 
(Fig.  21.4 ). Endothoracic knotting may be diffi cult and time- 
consuming specifi cally for posterior lesions.

   Repair through a utility thoracic incision (Fig.  21.5 ): The 
diaphragmatic breach can be exposed and then grasped and 
sutured through a limited thoracotomy centered on the DI or 
through the enlarged thoracic wound.

Optical
port

Exit wound

  Fig. 21.3    Thoracoscopic visualization of a defect in the diaphragm       
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21.11        Pericardial Effusion 

 Inspect the pericardium systematically. A wound may 
directly be visible, or an effusion may be seen through a 
stretched pericardium. In this case, be careful and inform the 
anesthetist of a probable heart wound leading to immediate 
sternotomy or anterolateral thoracotomy. When pericardial 

effusion is not obvious, perform a pericardial window to rule 
out hemopericardium. Identify the phrenic nerve, and grasp 
the pericardium (most of the time posteriorly to it on the left 
and anteriorly on the right) (Figs.  21.6  and  21.7 ). Endoscopic 
forceps may not be as effective as expected to hold the peri-
cardiac sac, in which case the use of formal forceps (Bengolea 
or Roberts) directly inserted in an intercostal space will be of 

  Fig. 21.4    Video-assisted repair of a diaphragmatic injury       

  Fig. 21.5    Direct suture through a small utility thoracotomy suture       

Pericardium

Phrenic
nerve

Diaphragm

Deflated
lung

  Fig. 21.6    Pericardiotomy after identifi cation of the phrenic nerve. 
Note that a horizontal incision may be safe especially when the nerve 
cannot be seen       

  Fig. 21.7    Video-assisted pericardiotomy.  P  pericardium,  PN  phrenic 
nerve,  L  lung,  D  diaphragm       
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great help. A 1–2 cm incision in the pericardium is suffi cient 
to diagnose a hemopericardium. Some authors recommend 
abstention when minimal bleeding is met. We do not share 
the same view and strongly advocate immediate conversion 
to thoracotomy or sternotomy. When pericardiac effusion is 
eliminated, then the pericardial window should be left open.

21.12         End of Procedure 

 Insert at least one chest tube through the inferior port under 
direct vision. The lung is then progressively reinfl ated, show-
ing possible air leaks. Close the remaining incisions.  

21.13     Technique of Delayed VATS 
for Penetrating Trauma 

 These procedures are performed 3 or 4 days (or later) after 
the trauma. They are consequently carried out as elective 
procedures. We will just emphasize on the main steps.

   Anesthesia: A double-lumen endotracheal tube is also 
necessary.  

  Patient setting: Likewise to elective thoracic surgery, the lat-
eral decubitus position is the position of choice.  

  Trocar positioning: The optical trocar is placed in the fi fth 
intercostal space slightly posterior to the scapular angle. 
One or two additional ports will then be positioned 
depending on the procedure.    

 The main steps are (1) exploration; (2) evacuation of a 
clotted hemothorax (sometimes old clots will need to be 
fragmented and extracted bit by bit; a gentle dissection and 
peeling with sponge sticks and ring forceps usually allow the 
rind to be removed from the visceral and parietal pleura, thus 
completely releasing the trapped lung); and (3) re-expansion 
of the lung to identify air leaks that will be treated as 
described above with stapler, sealant, and collagen patches.

•    Foreign-body extraction (Fig.  21.8 ): It needs fi rst to be 
precisely localized on CT scans to discuss the feasibility 
of a VATS extraction and above all anticipate the risks of 
bleeding. When it is in close proximity to a main vessel, 
then thoracotomy will probably be the way forward.

•      Post-traumatic chylothorax: This is a rare complication 
that may require surgery when the medical treatment is 
unsuccessful. VATS will aim at identifying the lymphatic 
vessel and ensure lymphostasis with diathermy, endo-
clips, or biologic glues.    

 Provided that the surgeon sticks to some basic principles, 
VATS in a stable patient with penetrating trauma of the chest 

allows a comprehensive exploration of the thoracic cavity 
and the performance of simple procedures, which will ensure 
a better outcome in terms of morbidity, mortality, and dura-
tion of hospital stay.      

   Recommended Reading 

   1.    Ahmed N, Jones D (2004) Video-assisted thoracic surgery: state of 
the art in trauma care. Int J Care Injured 35:479–489  

   2.    Barish H, Edil MD, Aaron L, Trachte MD, Christopher Knott-Craig 
MD, Roxie M, Albrecht MD (2007) Video-assisted thoracoscopic 
retrieval of an intrapleural foreign body after penetrating chest 
trauma. J Trauma 63:E5–E6  

  Fig. 21.8    Video-assisted extraction of a bullet ( white arrow ) near the 
posterior diaphragmatic cul-de-sac       

 Important Points 

•     Hemodynamic instability is an absolute contraindi-
cation for VATS.  

•   Double-lumen endotracheal intubation is strongly 
recommended.  

•   Think of abdominal or thoracic extension: Prefer 
the supine position for immediate VATS.  

•   Do not use the wound for the fi rst trocar.  
•   You can use the wound or a tube incision for the 

other trocars.  
•   The treatment of pulmonary injuries must be a 

lung-sparing technique.  
•   Repair of a diaphragmatic injury is often easier 

through a small utility thoracotomy.    
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      Diagnostic Peritoneal Lavage (DPL) 
Unplugged                     

     Keneeshia     Williams      and     Terence     O’Keeffe    

      The original technique for performing a diagnostic perito-
neal lavage (DPL) was fi rst described by Root et al. back in 
1965. For many years, it was the diagnostic test of choice to 
detect the presence of blood in the abdominal cavity. With 
the advent of the computerized tomography (CT) scanner 
and later the focused assessment with sonography for trauma 
(FAST) exam, it now enjoys a more limited use. However, as 
described in the new ninth edition of the advanced trauma 
life support (ATLS) manual, DPL can still be performed rap-
idly, is 98 % sensitive, is able to detect bowel injury, and 
remains an optional skills station during the ATLS course. 

 In the real world, a note of caution must be expressed 
regarding the speed with which it can be performed; because 
of the limited use of DPL, it may be diffi cult to fi nd the nec-
essary equipment, and the lack of technical familiarity may 
extend the time it takes to get a defi nitive result. Additionally, 
the increasing obesity within the trauma population makes 
the placement of the catheter challenging, the infusion of 
saline is not always rapid, and the laboratory where the fl uid 
is sent to will often take up to 30 min to report the results. 

 Notwithstanding the above, the safe and rapid perfor-
mance of a DPL should continue to be part of the diagnostic 
skillset of the trauma surgeon. It particularly retains its use-
fulness in the hemodynamically abnormal patient with a 
negative or equivocal FAST exam. 

22.1     Open or Closed? 

 The technique as originally described consisted of placing a 
catheter through the abdominal wall into the peritoneal cav-
ity and aspirating for gross blood or bile with subsequent 

infusion of a liter of saline into the abdomen, followed by 
removal and analysis of the effl uent. 

 Both open and percutaneous techniques have been 
described, the choice being at the preference of the operator, 
with the closed technique generally being quicker; however, 
the open technique may at times be safer. Both procedures 
use the infraumbilical approach, which should be altered 
only for atypical circumstances such as a pelvic fracture or 
pregnancy (to prevent decompression of pelvic hematomas 
or avoid the gravid uterus, respectively). Prior to performing 
a DPL, it is preferable to place a gastric tube and Foley cath-
eter to decompress the stomach and bladder. The former may 
be omitted in the awake patient if it will cause too much dis-
comfort but should always be placed in an unconscious 
patient. Relative, but not absolute, contraindications to the 
performance of a DPL include prior surgery, advanced cir-
rhosis, coagulopathy, and morbid obesity. The only absolute 
contraindication is an obvious need for surgery, e.g., 
evisceration. 

22.1.1     Percutaneous Technique 

 Otherwise known as a closed DPL, this method employs the 
Seldinger technique, i.e., the catheter is passed over a wire, 
previously placed into the abdomen through a needle inserted 
through the fascia. The initial preparation of the patient is the 
same in both methods; you need to sterilely prepare the area 
around the umbilicus with Betadine or chlorhexidine and 
drape widely to ensure a sterile fi eld. In the hemodynami-
cally normal and awake patient, infi ltration with local anes-
thesia will help to ensure the procedure is comfortable for 
the patient. Conscious sedation is rarely, but sometimes, nec-
essary. A vertical stab incision is suffi cient for the percutane-
ous method, and you should then securely grasp the 
abdominal wall (usually with towel clips) to allow good 
countertraction. Then attach the needle from the DPL kit to a 
syringe containing a few mL of saline, and place it percuta-
neously through the fascia. Angle the needle toward the 
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 pelvis during insertion to facilitate identifi cation of fl uid in 
the dependent portion of the abdomen (Fig.  22.1 ). You will 
feel two distinct changes in the tension on the needle (two 
“pops”) as you penetrate the fascia and enter the peritoneal 
cavity.

   You should confi rm that you are in the peritoneal cavity 
by watching saline fl ow easily from the needle into the abdo-
men; double-check this by disconnecting the syringe and 
watching the saline fl ow freely down the needle. Then place 
the wire through the needle, and withdraw the needle over 
the wire, leaving only the wire in place. Some DPL kits come 
with a dilator, which you should use at this point to make the 
placement of the catheter easier. Next, you insert the DPL 
catheter over the wire and into the abdomen, again aiming 
toward the pelvis (Fig.  22.2 ). Holding the catheter close to its 
point of insertion and gently rotating it continually as it is 
inserted helps it pass through the abdominal wall more eas-
ily. Once the catheter is in place, you should aspirate it gen-
tly, looking for the presence of >10 mL of blood or enteric 
contents such as bile or vegetable matter. If none of these are 
present, infuse a liter of warmed saline into the patient’s 
abdominal cavity. As some DPL kits have relatively small 
catheters, you will normally fi nd it necessary to squeeze the 
fl uid in at this point or place it on a pressure bag. A very 
rapid infusion can be accomplished using the Level 1 Rapid 
Infuser to infuse the saline into the patient.

   It is important to retain a small amount of saline in the bag 
at the end of the procedure and to not allow air to enter the 
tubing; otherwise the capillary effect will be lost. After about 

970–980 mLs have been instilled, you should lower the bag 
below the level of the patient, and the capillary effect will 
draw back the fl uid that has been instilled (Fig.  22.3 ). You 
can help this with gentle pressure and agitation on the 
patient’s abdomen and also with some careful rotation and 
movement of the catheter while being vigilant not to with-
draw it and allow air to enter the tubing. It is important to try 
and get out as much fl uid as possible, as this can infl uence 
the results of the cell count. Although prior studies have 
shown that a negative DPL can be obtained with as little as 
100 mLs of fl uid, you should wait until at least 400 mLs have 
been collected before sending the effl uent for analysis.

Towards
pelvis

Umbilicus

18 gauge

45°

  Fig. 22.1    Grasp the 
abdominal wall with towel 
clips and inject saline       

Towel
clip

Umbilicus

Catheter

Wire

  Fig. 22.2    Insert the DPL catheter over the wire and into the abdomen       
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22.1.2        Open Technique 

 The open technique does not differ in its initial steps, but 
instead of just a vertical stab, a 2–5-cm vertical incision is 
usually necessary, with the exact size depending on the 
thickness of the abdominal wall and the operator’s skill. 
Again you should make this just above or below the umbili-
cus, depending on the presence or absence of pelvic frac-
tures or a gravid uterus. Next, dissect down to the level of 
the fascia, taking care to minimize bleeding from the subcu-
taneous tissues and fat, which could potentially interfere 
with the result. Although having an electrocautery device is 
useful, if it is not available, using lidocaine with epinephrine 
can help to reduce any bleeding. Once you visualize the 
linea alba, make a small incision in the fascia (Fig.  22.4 ). 
Then grasp the peritoneum with two fi ne hemostats, and 
under gentle upward tension, make a small nick to safely 
enter the peritoneal cavity. Place the DPL catheter under 
direct vision into the peritoneal cavity and aspirate using a 
10-mL syringe (Fig.  22.5 ). If it is not grossly positive, infuse 
a liter of warmed saline into the patient as per the closed 
technique.

  Fig. 22.3    Lower the bag below the level of the patient, and the capil-
lary effect will draw back the fl uid that has been instilled       

  Fig. 22.4    Make a small 
incision in the fascia       
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22.2          Interpretation 

 If after placing the catheter into the abdominal cavity your 
initial aspiration yields greater than 10 mL of blood or if bile 
or vegetable matter is present, then this is considered a posi-
tive test, and the patient should be taken directly to the oper-
ating room. While there is a general agreement of what 
constitutes a positive test for blunt trauma patients (>100,000 
RBCs/mm 3 , >500 WBCs/mm 3 , bile, food fi bers, or amylase 
higher than the serum amylase), the same is not true for 
patients sustaining penetrating trauma. 

 If a red cell count of 100,000/mm 3  is used, there is a low 
risk of a nontherapeutic procedure, but some authors feel 
there is a greater risk of a missed injury (false negative) of 
9–11 %. The converse is also true; if the cell count is lowered 
to 10,000 RBCs/mm 3 , there is a false-positive rate of between 
12 and 14 %. One must weigh the risk/benefi t of a missed 
injury vs. a nontherapeutic celiotomy. Recent data would 
suggest that if the same criteria are used for penetrating 
trauma as recommended above for blunt trauma (RBCs, 
WBCs, bile, food fi bers, and amylase), there will be no 
greater risk of a missed injury. It is our preference to use 
100,000/mm 3  as a positive cell count, but observe the patient 

closely for 23 h even if it is negative to prevent missed inju-
ries. If there is a suspicion for a diaphragm injury, then diag-
nostic laparoscopy is preferred, as DPL has a low sensitivity 
for this injury. The white cell count, although also controver-
sial, is helpful in identifying bowel injuries if the DPL is 
performed at least 3 h after injury. The accuracy of enzyme 
assays from lavage fl uid has unfortunately been shown to be 
of limited value. 

 Although rarely used in the pediatric population, there are 
some variances that need to be considered. The amount of 
fl uid infused should be 10–15 mL/kg, and the cell counts 
must be adjusted for the smaller amount of fl uid infused. The 
values used for adult patients are then adjusted on the basis 
of a 1-L dilution. If only 500 mL is infused, a positive red 
cell count would be greater than 200,000.  

22.3     Current Status of DPL 

 As paradigms shift, so does the management of patients. 
With the advent of nonoperative management of many 
trauma patients and the introduction of newer studies such as 
the FAST and newer high-speed CT scans, diagnostic perito-
neal lavage has assumed far less of a role than in years past. 
Because of its limited use, it has been abandoned in some 
centers and newer trainees now have little or no experience 
with its use. In spite of the popularity of the FAST, one must 
take into account that it is operator dependent and there are 
technical limitations. Likewise, a CT scan can be time- 
consuming, expensive, and exposes the patient to consider-
able radiation exposure. Table  22.1  summarizes the 
advantages and disadvantages for the various investigative 
modalities.

   Therefore, where does DPL come into the picture? The 
ideal time to use DPL is in the hemodynamically abnormal 
(shock) patient with multiple injuries secondary to blunt 
trauma. It is imperative to rapidly localize the bleeding or the 
cause of hypotension. If the FAST is equivocal, negative, or 
unavailable, a DPL that is positive can quickly make that 
determination and allow one to proceed to the operating 
room without delay. If on the other hand the DPL is negative, 
one can rule out the abdomen as the source of bleeding with 
reasonable confi dence and avoid an unnecessary abdominal 
procedure. Recent data has shown the validity of this 
approach, with DPL 100 % accurate in the hemodynamically 
unstable patient (where the FAST was only positive in 45 % 
of the time). 

 The most important current application for DPL in pene-
trating trauma remains in the investigation of anterior 
abdominal stab wounds. With the abandonment of manda-
tory operative intervention for abdominal stab wounds, most 
centers today rely on close observation and serial examina-
tions for patients who do not have clear-cut indications for 

  Fig. 22.5    Place the DPL catheter under direct vision into the perito-
neal cavity and aspirate using a 10-cc syringe       
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surgery. Additionally, in situations where there are limited 
personnel resources, the DPL can afford a quick answer in 
patients with these stab wounds. 

 There may also be a limited role in patients with lower 
anterior chest wounds, although laparoscopy is a better 
choice in these cases, as the DPL will miss many diaphrag-
matic injuries. 

 In those hospitals that utilize local wound exploration, 
DPL is no longer recommended following a positive local 
wound exploration, unless the patient has a drop in hemoglo-
bin or develops leukocytosis in the absence of peritonitis or 
hemodynamic instability. If the wound exploration (per-
formed under local anesthesia and sterile technique, with 
extension of the wound and direct visualization of the depth 
of penetration) is either inconclusive and/or positive (fascial 
penetration) and the patient remains asymptomatic, the 
patient can undergo a 23 h observation period with serial 
complete blood count (CBC) monitoring. If it is negative, the 
length of stay in the hospital can be considerably shortened. 
It must be emphasized that its greatest utility is in patients 
with anterior and perhaps selected fl ank wounds, and it 
should not be used to rule out retroperitoneal injuries, as it is 
highly likely it will miss injuries to the kidneys, pancreas, or 
retroperitoneal colon. 

 Although there have been reports regarding the use of 
DPL in gunshot wounds, this should not be encouraged. 
Missiles do not travel in straight lines, and there is no guar-
antee that the tract can be accurately determined. DPL can-
not address the issue of blast injury, which may not be 
manifested for several hours or even days. As stated above, 
DPL has very poor accuracy in the detection of retroperito-
neal injuries. 

 There has been a renewed interest in diagnostic peritoneal 
aspiration (DPA). The technique is similar to the DPL; how-
ever the fl uid is not infused. This approach is most useful to 
determine quickly if the cause of hypotension in a patient is 
due to an intra-abdominal source, if FAST is not available or 
is unreliable. There may be an advantage to this technique if 
the patient needs a CT scan, as there will be less confusion if 
the abdomen is not fi lled with lavage fl uid. If the aspirate is 
positive, it is extremely accurate, but the false-negative rate 
is signifi cantly higher than a full DPL with lavage, and a 
negative result should be interpreted with caution. 

 Figure  22.6  proposes an algorithm for the investigation of 
the patient with penetrating abdominal stab wounds, includ-
ing the use of DPL where appropriate.

   There may also be a need for DPL in those institutions 
that do not possess capabilities in ultrasonography or CT 

   Table 22.1    Summary of DPL versus other diagnostic modalities   

 DPL  FAST  CT scan 

 Time  20–30 min  1–2 min  Variable 
 Repeatability  Possible, but rarely performed  Easy, often performed  Repeatable 
 Safety  Low risk (<2 %)  No risk  Unknown risk (long-term 

radiation) 
 Reliability  Not organ specifi c  Operator dependent  Obesity, movement 

 Not indicated for retroperitoneal injuries  Not organ specifi c  Misses some injuries 
 Sensitivity  High  Medium  High 
 Specifi city  Low  High  High 
 Advantages  Bedside procedure Enables early diagnosis 

 Does not interfere with ongoing resuscitation 
 98 % Sensitive 

 Bedside procedure 
 Enables early diagnosis 
 Does not interfere with ongoing 
resuscitation 

 Noninvasive 
 Highly accurate 

 Inexpensive  Noninvasive 
 May detect bowel injury  Rapidly performed 

 Inexpensive 
 Disadvantages  Invasive 

 Risk of Iatrogenic Injury 
 Infusate may interfere with the interpretation 
of a subsequent CT scan 

 Hampered by  Requires transport 
   Subcutaneous air 
   Intra-abdominal air 
   Obesity 
   Pelvic fractures 
   Only detects presence of fl uid 

 Misses injuries  Initial outlay for ultrasound machine 
 Misses injuries 
 Diaphragm 
 Bowel 
 Pancreas 
 Solid organ 

 Misses injuries 
   Retroperitoneum    Diaphragm 

   Small bowel 
   Diaphragm    Pancreas 

 Expensive 
 Radiation exposure 
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scanning. This may be because the hospital itself does not 
have the resources, or the practitioners caring for the patient 
do not have the technical expertise. Although DPL is inva-
sive, it is associated with a low complication rate (<2 %) and 
can be easily and quickly taught to non-surgeons. In an aus-
tere environment, DPL may be a more useful examination, as 
other imaging or investigative modalities may not be avail-
able. As a DPL kit currently costs approximately $20 in the 
USA, compared to a $30,000 ultrasound machine or a 
million- dollar CT scanner, this is much more in the budget of 
smaller and less well-equipped hospitals, such as may be 
found in less-industrialized nations. 

 Since its introduction 50 years ago, the DPL has been the 
subject of controversy in terms of indications, technique, and 
interpretation, particularly since the development of the 
FAST exam and the advent of CT scanning. There remains a 
select group of trauma patients in which it may be helpful, 
and its simplicity, ease of performance, and acceptable sen-
sitivity and accuracy warrant its continued use. Additionally, 
recent studies have examined the application of DPL in non-
traumatic patient populations such as in the evaluations of 
peritoneal cytology in abdominal malignancies and acute 
mesenteric ischemia in critically ill patients. While the 

 procedure has clearly been consigned to the dustbin of his-
tory in many institutions, we would maintain that there are 
still occasions where it is useful, and that we should continue 
to teach this useful skill to our junior colleagues.      

+
−

−
+

Penetrating Abdominal Stab Wound
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Evisceration
Peritonitis

Laparotomy
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For back/flank wounds

OBSERVATION
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Consider Discharge

DPL or CT

Hypotension
Peritonitis

  Fig. 22.6    Algorithm for the 
investigation of the patient 
with penetrating abdominal 
stab wounds, including the 
use of DPL where appropriate       

 Important Points 

•     Know where the  DPL  kit is in your  ED .  
•   Make a point of teaching  DPL  to your residents/

staff.  
•   Remember the Foley and nasogastric tube prior to 

performing a  DPL .  
•   Always use the IV tubing that comes in the kit (nor-

mal IV tubing has a one-way valve).  
•   A Level 1 Rapid Infuser can infuse the fl uid  VERY   

rapidly and may be an option.  
•    NEVER  put in all 1000 mL – leave 20–30 mL in the 

bag.  
•   Consider lidocaine with epinephrine if doing open 

 DPL .  
•   In pediatric patients, use 10–15 mL/kg of saline.    
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      Mass Casualties and Triage in Military 
and Civilian Environment                     

     James     M.     Ryan     ,     Dietrich     Doll     , and     Christos     Giannou    

      In considering the topic of mass casualties and triage, there 
is an immediate problem on agreed defi nition. In the context 
of war and confl ict, the term ‘mass casualties’ has an exact 
defi nition – North Atlantic Treaty Organisation (NATO) 
defi nes a mass casualty incident as follows: ‘A mass casualty 
situation is one in which an overwhelming number of seri-
ously injured or otherwise incapacitated individuals, within a 
limited area or multiple areas and a brief period of time, are 
placed upon locally available medical facilities quite unable 
to supply medical care for them’. This defi nition, carefully 
worded, implies an overwhelming need of medical facilities 
and implies that the aim of military medical services in the 
area must be to assume care to the greatest benefi t of the 
largest number. More recently, NATO has refi ned their 
approach to mass casualties and now uses the term ‘Mass 
Casualties (MASCAL)’. In a later section on triage, this will 
be discussed further. 

 While this defi nition may be appropriate to total war and 
some catastrophic natural disasters, it requires revisiting in 
the context of civilian needs and experience. 

  Take-Home Point 
 Mass casualty triage in the military and civilian environ-
ments is fundamentally different.  

23.1     Multiple Casualties and Mass 
Casualties 

 The immediate problem here is the lack of international 
civilian agreement on appropriate defi nition. In the United 
States and Israel, the term  mass casualty incident (MCI)  is in 
common usage and is defi ned as: ‘A mass casualty incident 
is an incident where the emergency medical personnel and 
equipment at the scene are overwhelmed by the number and 
severity of casualties at that incident’. In the United Kingdom 
for the purposes of mass casualty planning, the Department 
of Health divides major incidents resulting in casualties into:

•    Major incidents resulting in casualties – casualty numbers 
in multiples of 10 – the receiving hospital is able to cope 
within existing resources.  

•   Mass casualty incidents – casualty number in hundreds 
requiring multiple local hospital facilities.  

•   Catastrophic casualty incidents – more than 1000 casual-
ties. Response exceeds the capacity of local facilities and 
demands a regional or national response.    

 In the midst of this confusion and lack of consensus, it 
falls to the authors of this chapter to suggest a way forward. 
The authors suggest for clarity that one term is used for casu-
alty numbers which exceed the existing resources of a medi-
cal facility –  mass casualties.  

 The following defi nition is suggested: ‘A Mass Casualty 
event is a disastrous single or simultaneous event(s) or other 
circumstances where the normal major incident response of 
one or several health organisations must be augmented by 
extraordinary measures in order to maintain an effi cient, 
suitable and sustainable response’. 

  23
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 By defi nition, such events have the potential to over-
whelm or threaten to exceed the local capacity to respond 
even with implementation of local major incident planning. 

 Mass casualty incidents are usually associated with vic-
tims of trauma. However, this is not always the case. An inci-
dent resulting in mass casualties can be sudden, such as a 
transport disaster or a series of smaller incidents, which 
stretch a health facility in a short space of time. Equally, an 
incident can also creep up gradually, such as a developing 
infectious disease outbreak or a capacity or staffi ng crisis 
such as pandemic fl u. Extreme weather conditions can cause 
a surge in admissions to hospitals, and capacity in specialist 
areas is particularly vulnerable such as intensive care, paedi-
atrics and burns care. In total, there are six ways of categoris-
ing these incidents. 

 They are:

    1.    Big bang – Sudden incident, train crash and bomb   
   2.    Rising tide – Slow onset, epidemic and winter bed crisis   
   3.    Cloud on the horizon – Protracted, war and catastrophic 

incident overseas   
   4.    Headline news – Media-driven public alarm and scan 

scares   
   5.    Internal incidents – Internal workings affected, power cut 

and fl ooding   
   6.    Deliberate release of chemical, biological or nuclear 

materials – The sarin attack in Tokyo, 1995     

 So, in summary, so far, there is a need to separate inci-
dents which result in large numbers of ill or injured patients 
presenting to a medical facility in need of medical care – 
multiple casualty incidents (called major incidents in the 
United Kingdom) or mass casualty incidents. In this work, 
the authors are concerned with mass casualties which require 
novel or unusual solutions. Underpinning an effective 
response is the concept of triage, and this is the major topic 
of concern here.  

23.2     Triage 

 What is triage? In short, it is an attempt to impose order dur-
ing chaos and make an initially overwhelming situation man-
ageable. Its aim is to get the right patient to the right place at 
the right time. In the United States parlance, it is  to do the 
most for the most when faced with multiple or mass casual-
ties.  Triage is now a widely used (and misused) term. It has 
its origins in military medical practice on the battlefi eld. The 
word triage is derived from the old French verb  trier  and was 
used during the Napoleonic Wars and American Civil War, 
meaning to sift or to sort. It is still used in coffee markets in 
Paris to grade coffee beans using sieves into different quali-
ties or sizes. If a system for sorting casualties is not used, 

many of the injured who are salvageable may die unneces-
sarily. A commonly used defi nition is the sorting of casual-
ties and assignment of treatment and transfer priorities to the 
wounded at each level of medical care.  

23.3      Triage Systems 

 Before turning to triage for mass casualties, it is necessary to 
examine triage in general. It is heartening to note that there 
are moves towards a common understanding and agreement 
on defi nition across the European Union. However, marked 
differences exist between Europe and North America. Here 
the authors will confi ne themselves to an evolving European 
understanding. 

 Historically, military and civilian teaching across 
European nations, especially those within NATO, encour-
aged the use of two parallel systems – one for use for multi-
ple casualties and the other for mass casualties. These were 
respectively the ‘P’ or priority system and the ‘T’ or treat-
ment system. Hodgetts has rightly commented that the paral-
lel use of two systems has fundamentally undermined the 
need for simplicity and all should adhere to one system, 
namely, the T or treatment system. His advice remains to be 
heeded, at least within the civilian community. 

 Within Europe, a variety of descriptive terminologies 
were (and still are) used in incorporating labels, colour codes 
and descriptors. Table  23.1  summarises these.

    P or Priority System     This has historically been used within 
UK major incident planning where casualty number associ-
ated with Irish Republican Army (IRA) bombings has been 
small, resulting in what an experienced London-based sur-
geon has described as a ‘sweaty morning’ in the emergency 
room. In these situations, the relatively small numbers of the 
injured were managed within existing resources with little 
impact on the day-to-day working of the affected hospitals. 
Three patient groups were defi ned:  

    P1: Immediate – cannot wait – patients needing immediate 
resuscitation/surgery  

  P2: Urgent – can tolerate short delay >30 min  
  P3: Delayed – can tolerate long or indefi nite delay    

    Table 23.1    Triage systems in common use in the United Kingdom   

 Priority  Colour  Label 

 Immediate  Red  P1 or T1 
 Urgent  Yellow  P2 or T2 
 Delayed  Green  P3 or T3 
 Expectant  Blue/black  T4 
 Dead  Black/white  T0 
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 Plainly, this system works well with small numbers being 
cared for in a major European general hospital but will not cope 
with overwhelming numbers. In these situations, the T or treat-
ment system was suggested. Four or fi ve categories are defi ned:

   T1: Immediate – but not patients with such severe injury that 
good outcome is unlikely or where care would overbur-
den resources in terms of time and material  

  T2: As P2 above  
  T3: As P3 above  
  T4: Expectant group which includes patients with severe, 

multisystem injury where prognosis is poor and care is 
unduly time-consuming and demands scarce resources    

 It is interesting to observe that one of the drivers for change 
from conventional triage to mass casualty triage has been the 
recent threats of international terrorist attacks. There is now a 
growing trend to move towards the T system but also incorpo-
rating a coloured label and a description as outlined in 
Table  23.1 . This recognises the need to conform to one sys-
tem in all events and makes training easier, particularly across 
national boundaries. Sensibly, there remains a degree of fl ex-
ibility. In the United Kingdom, for example, while the T sys-
tem is agreed where casualty numbers are small (in the 10 s) 
after a transport accident, the T4 or expectant category is not 
invoked. However, when managing hundreds of patients, the 
T4/expectant category may be invoked, at least for a time. 

 In summary, a sensible suggestion for future use is sum-
marised below: 

     T1 – Red label – Immediate : These cannot wait. Treatment 
needed as soon a possible.  

   T2 – Yellow label – Urgent : Casualties with serious injury. 
Treatment needed after a limited delay.  

   T3 – Green label – Delayed:  Indefi nite delay, while not 
desirable can be tolerated.  

   T4 – Blue or Black label – Expectant:  Likely not to survive 
but optimism maintained and will be treated if and when 
conditions improve.  

   T5 – Black or White label – Dead: Should  not enter the clini-
cal arena but may do so.    

  Take-Home Point 
 When faced with overwhelming casualties, the P or priority 
system will fail, resulting in unnecessary morbidity and 
mortality.  

  Take-Home Point 
 Civilian triage systems maintain an optimistic outlook in the 
face of mass casualties. In our modern cities, it is hard to 
visualise a total overwhelming abundance of resources.   

23.4     Methodology 

 We have suggested a system to sort casualties in the event of 
mass casualties. The next question is how to apply the sys-
tem. Historically, triage was performed by the most senior 
doctor present – usually a senior surgeon – and decisions 
were based on observed anatomical injury. This is now rec-
ognised to be a poor method and results in both overtriage 
and undertriage. In brief, this approach is fl awed for a num-
ber of reasons:

•    Anatomical triage requires a fully exposed patient which 
is rarely possible in the chaos of a mass casualty 
incident.  

•   Considerable experience is required and will rarely be 
available.  

•   Even in experienced hands, full anatomical examination 
will fail to detect signifi cant bleeding in the chest and 
abdomen in over 40 % of cases.    

 This realisation has resulted in a move towards a more 
discriminating approach – namely, measurement of physio-
logical parameters. A two-part physiological system has 
evolved, referred to as a sieve-sort methodology.  

23.5      The Sieve-Sort Approach to Mass 
Casualties 

 This is a two-part approach when applying mass casualty tri-
age to injured patients. 

  Triage Sieve     The fi rst part – the sieve is an algorithm and is 
illustrated in Fig.  23.1 . This fi gure is from the author’s hos-
pital major incident policy. While the word ‘priority’ is used 
to describe the patient categories, the method uses the mass 
casualty T system and an expectant group is included.
    The sieve is a physiologically based method using the ABC 
approach advocated by the Advanced Trauma Life Support 
(ATLS) programme of the American College of Surgeons. It is 
ideally suited to prehospital sorting by trained but not neces-
sarily medically qualifi ed fi rst responders but is also used by 
emergency room medical teams working at a hospital entrance 
selecting patients for admission to resuscitation room bays in 
receiving hospitals. Figure  23.2  shows triage sieve in opera-
tion during a major incident exercise at a London hospital.

    Triage Sort     This component is a hospital (resuscitation 
room)-based method requiring a more time-consuming and 
accurate assessment. Its aim is to iron out undertriage or 
overtriage. It is typically performed by a trained triage offi -
cer and needs skill and equipment to perform accurately. The 
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method uses the physiological fi ndings outlined in Table  23.2  
and yields a score or coded value for each of the three physi-
ological measurables. The sum of the three scores gives the 
triage revised trauma score (T-RTS). Table  23.3  shows the 
relationship between the T-RTS and triage priority.

     This is not a one-off method. It may be repeated over time 
and allows a refi ning of priorities following therapeutic 
interventions. Figure  23.3  shows a summary of triage sort 
included in a major London hospital’s major incident policy. 
Note the comment that a decision to invoke mass casualties 
is a high-level political decision by medical and management 
senior staff working in concert. Note too that it utilises the 
newly agreed T treatment approach.

   Table 23.2    Triage sort based on revised trauma score   

 Score  Respiratory rate  Systolic BP  Glasgow coma score 

 0  0  0  3 
 1  1–5  1–49  4–5 
 2  6–9  50–74  6–8 
 3  >29  75–90  9–12 
 4  10–29  >90  13–15 

   Table 23.3    Scores converted to triage priorities   

 Triage revised trauma score  Triage group or priority 

 4–10  T1 
 11  T2 
 12  T3 
 1–3 (hospital only)  T4 
 0  Dead 

  Source for all tables used: Ministry of Defence [ 13 ] publication – with 
permission  

T-RTS Score 1–10

T-RTS Score 11

T-RTS Score 12

T-RTS Score 0

Mass casualty
extensive lnjurles

This category can only be used after
a decision and order by an Incident

control team (ICT) trust exectlve

Trtage revised trauma scortng system

Major Incident triage sport

Priority T2

Priority T3

Priority T5

Priority T4

Priority T1

(Expectant)
Minors

(Delayed)
PAEDS A&E

>29
10–29

6–9
1–5

>90
76–89
50–75
1–49

0

0
1
2

4

0

13–15
9–12
6–8
4–5

3

0
1
2

4
Score

3

3

(Urgent)
Majors

Physiological variable
Respiratory rate

Systolic blood pressure

Glasgow coma scale

(Immediate)
Resus

(Dead)
Mortuary

Y

Y

Y

Y

Y

N

N

N

Measured value

  Fig. 23.3    Major incident triage sort fl ow diagram       

 

23 Mass Casualties and Triage in Military and Civilian Environment



170

23.6        Effect-Related Triage 

 In an attempt to add a scientifi c basis to the application triage 
and of therapy, following triage Lennquist has described 
 effect-related triage.  This approach to triage is based on which 
effect a decision or therapy will have for a given injury in a 
given situation. For example, in considering a 40 % burn, if an 
intravenous fl uid therapy is instituted as early as possible, the 
average mortality is between 5 and 10 %. If therapy is delayed 
for up to 24 h because of a poor triage decision, then the aver-
age mortality is >90 %. Effect-related triage forces triage rat-
ers to consider available resources and to set priorities in an 
effect-related way. Lennquist clearly shows that failure to do 
so results in increased mortality. This approach lends itself to 
wider application and has relevance for facial injuries with 
threatened airway, life-threatening thoracic injuries, intra-
abdominal injuries and major injuries to the musculoskeletal 
system. Application of effect-related triage requires knowl-
edge and training. It is particularly suited to hospital triage 
where a more scientifi cally based approach is mandated.  

23.7     Triage in Austerity 

 Triage was born of need on the battlefi elds of Europe and 
North America. It later spread to the civilian arena. War 
and disaster provide the most extreme and testing envi-
ronments for the application of triage. Triage here is infl u-
enced by matters not encountered in the civilian setting 
even when faced with terrorist outrages. In war and fol-
lowing natural catastrophes such as earthquakes, unique 
infl uences impact upon decision-making. These include 
casualty numbers, availability of transport, hostile terrain, 
distance and danger. Figures  23.4  and  23.5  are illustrative. 
Decisions here can be agonising – evacuating badly 
injured patients to a partially destroyed and non-function-
ing hospital may not be possible, and a correct triage deci-
sion may be to hold casualties in a functioning prehospital 
medical facility who may die but not in the back of an 
ambulance or in the waiting area of a hospital quite unable 
to care for them.

  Fig. 23.4    An infantry regiment’s triage location in desert at night       
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23.8         Training 

 Triage is a medical skill and requires knowledge, training and 
appropriate temperament. It can be taught, and many organ-
isations provide such training. Proof of the need is provided 
by Frykberg who has shown a clear correlation between over-
triage or undertriage and avoidable morbidity and mortality. 
Lennquist has shown that the most effective way to avoid 
such tragedies is training and regular exercising (Figs.  23.6  
and  23.7 ).

23.9         Mass Casualty Triage 
in a Humanitarian Context 

 Triage is the categorisation of patients for evacuation or 
treatment according to medical priority, given the constraints 
of the context. Its effi cient implementation is essential to 

limit mortality, morbidity and disability. Major natural disas-
ters and armed confl ict often result in a large number of vic-
tims. When local capacities are overwhelmed by the extra 
burden, international humanitarian agencies often deploy 
foreign medical teams to assist. 

 The common circumstances of these humanitarian set-
tings involve working with limited resources in austere 
conditions, often with limited or even non-existent possi-
bilities for transfer of patients: the hospital on the spot 
must do everything. The logic is then to do the ‘best pos-
sible for the largest number’ and not ‘everything for 
everyone’. The capacities of humanitarian organisations 
under such conditions – logistics, fi nances and person-
nel – are far more limited than those of military services, 
especially of industrialised countries. In addition, the mis-
sion mandate is a specifi c one of humanitarian neutrality, 
impartiality and independence from political or other 
considerations. 

  Fig. 23.5    Ill and injured patients evacuated from a partially destroyed hospital and awaiting re-triage in a new hospital location – following the 
earthquake in Pakistan       
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23.9.1     The Logic of Mass Casualty Triage 

 Triage is always a balancing act between needs (numbers of 
victims, type of pathology) and resources available (infra-
structure, equipment, supplies, competent personnel, capac-
ity to transfer). 

 The categorisation of patients is based on the urgency of 
care and the probability of acceptable quality of survival, as 
related to the available resources, all the while remembering 
that the goal is the best possible outcome for the largest 
number. 

 Triage takes place from the point of wounding through 
the entire chain of casualty care; it is a repeated exercise. It 
must be remembered that every triage categorisation of a 
patient is a ‘snapshot’ of that patient’s condition at a 
 particular time and place. The patient, however, is a continu-
ous ‘fi lm’, whose condition can, and often does, change – 
and may change rapidly. Triage thus involves a continuous 
reassessment of each patient.  

23.9.2     Triage System in a Humanitarian 
Context 

 Most medical personnel who deal with trauma on a regular 
basis have the clinical skills to deal with mass casualties. A 
new mind-set, however, is required in order to manage 
patients according to the ‘best for most’ principle under con-
ditions of limited resources. This describes a rationing of 
medical care, with obvious ethical implications, that is often 
diffi cult for medical personnel to accept given their training, 
commitment and everyday work. 

 A four-category system, similar to the treatment system 
described in Sect.  23.3  and the two-step sieve and sort 
approach in Sect.  23.5 , is used by most humanitarian agen-
cies and has been found suitable to a civilian context in an 
environment of limited resources (Table  23.4 ).

   Category I patients have life-threatening conditions – air-
way, breathing, and circulation – and a good chance of 
recovery! Category II is a large group of relatively seriously 

  Fig. 23.6    Realistic pre-deployment triage training by British combat medical personnel       
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injured patients requiring surgery but whose condition is not 
immediately life-threatening, including most limb wounds, 
with or without fractures, but not peripheral vascular inju-
ries, and penetrating head wounds with a GCS >8. Working 
with limited resources, delay to operation for these patients 
can be up to 12 or even 24 h; nonetheless, they are in a hos-
pital and receiving wound dressings, analgesia, fl uids and 
antibiotics. In practice, Category III is a large group, includ-
ing superfi cial wounds managed under local anaesthesia or 

with simple fi rst aid measures. These patients are then dis-
charged to alleviate the burden on hospital facilities and in a 
prehospital context, their treatment can often be considered 
terminated. Category IV patients suffer such severe injuries 
that they are unlikely to survive or would have a poor quality 
of survival or whose treatment would be at the expense of 
others more likely to have a favourable outcome. This is the 
category of ‘leave to die in peace and with dignity’ that dif-
ferentiates a multiple from a mass casualty event. Obviously, 

  Fig. 23.7    Effective triage training in the desert by Israeli Defence Forces (IDF) combat medical personnel       

   Table 23.4    Triage Categories (International Committee of the Red Cross)   

 Category  Description  Colour code 

 I. Serious  Resuscitation and immediate surgery (5–10 %)  Red 
 II. Second priority  Require surgery but not on an urgent basis and can wait 

(25–30 %) 
 Yellow 

 III. Superfi cial  Ambulatory management requiring little or no surgery 
(50–60 %) 

 Green 

 IV. Severe  Expectant: supportive treatment (5–7 %)  Black 
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surviving patients can be taken to theatre once Category I 
and severe Category II patients have been operated, if thought 
apt. 

  Sieve  is a rapid examination of patients to place them in 
one of the main triage categories. The idea is to select those 
most severely injured and identify and remove the dead, the 
slightly injured and the uninjured. In a civilian context, 
everyone comes to the hospital, including the dead and unin-
jured, usually creating quite a confused environment. A ten- 
fi nger whole-body palpation, from top to toe, front and back, 
in 20–30 s places each patient in a major category. This is a 
physiological diagnosis and follows much the same proce-
dure as that discussed in Figure  23.1  but adapted to the reali-
ties of limited resources. The patient is then dispatched to the 
area of the hospital designated for that triage category. 

  Sort  is then a more complete examination to determine 
the priority for treatment within each category. The diagno-
sis becomes more an anatomic one, without forgetting physi-
ological urgency. While patients are waiting for their 
operation, more detailed paraclinical examinations can be 
implemented. The full T-RTS system may not necessarily be 
invoked in conditions of limited personnel.  

23.9.3     Prehospital Triage 

 In a natural disaster such as an earthquake, the proper pre-
hospital sorting of patients is essential to prevent the few 
functioning hospitals from being overwhelmed by large 
numbers of patients with relatively minor wounds. This is 
usually organised by the national Red Cross/Red Crescent 
societies and more formalised emergency medical services 
in industrialised countries. Self- and ‘buddy’-evacuation are 
also common phenomena. 

 In armed confl ict, the problem of evacuation of a wounded 
civilian has particular specifi cities related to security. Buddy 
evacuation using private transport of some sort – taxis, lor-
ries, private automobiles, donkeys, wheelbarrows, cots or 
stretchers made of simple blankets carried by family and 
friends – is all too often the only means available. Triage is 
not practised under these circumstances and everyone arrives 
at the hospital. At times, the national RC/RC society, or 
Emergency Medical Services (EMS), may be able to set up a 
system of fi rst aid posts with ambulance service that allows 
for a more organised evacuation of the wounded. 

 A good system for prehospital triage is described in 
Fig.  23.1  and can be adapted to situations of limited resources 
in the fi eld. Its practical implementation implies that the 
respiratory rate is not counted; rather obvious laboured 
breathing or dyspnoea is noted. Similarly, capillary refi ll is 
useless at night, or in cold weather, or if the patient is wear-
ing coloured nail polish; feeling the radial, femoral or carotid 
pulse is more appropriate. In situations where penetrating 

trauma is preponderant, as in war, the paradigm changes to 
C-ABCDE: catastrophic peripheral haemorrhage comes 
fi rst. 

 Priority for treatment is not necessarily the same as prior-
ity for evacuation. Distance to the hospital, diffi cult or hos-
tile terrain, availability of transport and security are essential 
in deciding which patient to send fi rst, or at all. There is no 
use in priority evacuation of a seriously injured patient if the 
patient dies in the back of an ambulance or in the waiting 
area of a hospital quite unable to care for them. Figures  23.4 , 
 23.5  and  23.8  are illustrative.

23.9.4        Hospital Reorganisation and Planning 

 All too often, the response to a disaster or armed confl ict is an 
 ad hoc  affair, apart from organised military services. Too few 
countries, and hospitals, have a proper disaster plan. Mass 
casualty triage and a disaster plan go together to diminish the 
always chaotic situation of a mass infl ux of the wounded. 

  Fig. 23.8    Gunshot wound of the mandible. Category I for tracheos-
tomy; Category II for debridement and reconstruction of the maxillofa-
cial wound       
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 The functioning of the hospital must be reorganised and 
administrating the reorganisation is the key to successful 
hospital triage. All the functions of everyday hospital routine 
must be continued but adapted to a massive infl ux of wounded 
patients. This includes patient identifi cation and removal of 
valuables, money and offi cial papers, patient registration in 
order to communicate with families, availability of beds, 
paraclinical examinations, laundry and kitchen and cleaning 
services and, especially, security and crowd control. 

 For a clinic or hospital, the reorganisation involves: 

  Infrastructure and Space     The reorganisation of hospital 
space usually implies the re-affectation of various depart-
ments. The Accident & Emergency (A&E) is usually not 
large enough to accommodate mass casualties; what is man-
ageable in a multiple casualty incident no longer is in a mass 
casualty one. The actual triage area may have to be set up in 
the hospital parking lot, under tents if necessary. The many 
patients with superfi cial or minor wounds not requiring hos-
pitalisation may best be assembled in the outpatient or phys-
iotherapy departments, far from the A&E.  

  Equipment and Supplies     These must be adapted to the situ-
ation; the concept of ‘appropriate technology’ comes to the 
forefront here.  

  Communications     Contact with outside authorities and ser-
vices (civilian, police, military, ambulance system, other 
hospitals, the media, etc.) as well as with hospital personnel, 
inside and outside the facility, must be assured. The possibil-
ity of patient transfer to another facility, either a higher level 
one or simply to share better the casualty burden, must never 
be forgotten. Unfortunately, it is all too often limited or sim-
ply not available.  

  Security     Crowd control is a signifi cant problem. Not only 
does a massive infl ux of family, friends and onlookers bur-
den the emergency admissions department but major 
events tend to create population displacement. Civilians 
often seek refuge in or around hospitals, especially during 
armed confl ict, thinking that a hospital is a secure area; the 
hospital then runs the risk of becoming a ‘hotel’ for 
families.  

  Personnel     Medical, paramedical and non-medical. One of 
the most important tasks is the reorganisation of personnel 
rosters. Everyone in the hospital must know what they are to 
do and how it differs from the ordinary work day.  

 An important distinction must be made between the one- 
off event (earthquake, isolated bomb explosion), where all 
the casualty burden exists at one time, and the continuous 
but irregular arrival of the victims of armed confl ict that 
 continues until the cessation of hostilities. This difference 

has enormous consequences for logistics, security and hos-
pital organisation.  

23.9.5     Triage Teams 

 Hospital personnel are reassigned into a number of key func-
tions. The composition of triage teams is specifi c to the con-
text of the particular hospital and depends on the availability 
of qualifi ed personnel. 

  Triage Team Leader     This is the main coordinator who acti-
vates the disaster plan and assures contact with outside 
authorities and the media.  

  Clinical Triage Offi cer     No task in the medical services 
requires greater understanding, skill and judgement. 
According to the size of the hospital, the same person may 
perform both sieve and sort, or this may be done by different 
individuals. The sieve triage offi cer does not treat any 
patients, with one exception: putting an unconscious patient 
in the lateral security position.  

  Head Nurse, Matron     This is the chief organiser and is 
responsible for changing personnel rosters, discharging 
patients to make beds available and mobilising the non- 
medical services (kitchen, laundry, etc.) in cooperation with 
the hospital administrator.  

  Resuscitation Teams     These are designated groups of doctors 
and nurses who are responsible for the resuscitation of Category 
I patients in preparation for theatre. Sort triage takes place here.  

  Follow-Up Medical Groups     Designated doctors and nurses 
who continue the observation and management of patients 
who are either awaiting surgery (Category II and who also 
undergo sort triage) or who can be discharged (Category III). 
The identifi cation of undertriaged patients is an essential 
task of these groups.    

    Conclusion 

 “Best for most” policy: priority patients are those with a 
good chance of good survival. 

 A simple emergency disaster plan to organise the per-
sonnel, space and infrastructure and equipment and sup-
plies is essential. Hospital disaster plans are not equivalent: 
no one single model exists; they are context specifi c. 

 Hospital teams must always practise simulations of the 
mass infl ux of the wounded: armed confl ict or natural 
disaster. 

 The only people who do mass casualty triage well are 
those unfortunate enough to live in a country where they 
have to perform triage on a regular basis.      

23 Mass Casualties and Triage in Military and Civilian Environment
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 Important Points 

•     You must understand the fundamental difference 
between multiple and mass casualties – the man-
agement approaches are very different.  

•   Please do not assume that military triage will work 
in a civil prehospital or hospital setting – it will not!  

•   The above does not mean we cannot work together 
or learn from each other – we can.  

•   Experience of managing a handful of patients fol-
lowing an autobahn/motorway pile up does not pre-
pare you for handling mass casualties.  

•   Please know that while we are making progress, we 
have not yet reached full consensus on either defi ni-
tion or management strategies – we will get there.  

•   Triage requires a knowledge-based, realistic train-
ing and constant practise – not everyone is tempera-
mentally suited.  

•   Triage is a dynamic process applicable across the 
entire patient journey – many hands and many peo-
ple are involved – separated in time and place, a 
common language and understanding are critical.  

•   Triage in austerity, whether in a civilian calamity or 
in a war zone, have issues wider than clinical.  

•   The extreme circumstances of managing mass casu-
alties with limited resources demand a change in 
the mind-set of medical personnel.  

•   Working with limited resources requires rapid pri-
mary categorisation in order to decrease the confu-
sion and organise the workload.  

•   Distance to the hospital is calculated in minutes, 
hours and sometimes days, not kilometres.  

•   Finally, management of mass casualties and appli-
cation of effective and accurate triage are team- 
based, multidisciplinary activities.    
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Ballistics in Trauma

Maeyane S. Moeng and Kenneth D. Boffard

24.1  ‘A Primer of Ballistics’

Ballistics is the study of the behaviour of missiles and pro-
jectiles (from the Roman ballista, meaning ‘a war machine 
for throwing projectiles’, and the Greek word ballein, mean-
ing ‘to throw’). These include civilian firearms as seen in 
different kinds of hand guns, hunting rifles and shotguns, as 
well as military firearms.

The basic mechanisms of guns involve small controlled 
explosions propelling projectiles through tube structures, called 
barrels, of varied lengths and designs. The explosion is set off 
by the trigger mechanism resulting in a firing pin hitting the 
base of the cartridge in the gun. The cartridge contains a primer, 
gun powder (propellant) and the bullet above. When the trigger 
is released and the firing pin hits the primer on the base of the 
bullet, the impact ignites the propellant which then ignites the 
gunpowder, causing it to catch alight and resulting in a small 
explosion which is contained within the base of the cartridge. 
The expanding gases increase in volume and push the bullet out 
ahead in the barrel. The amount of propellant, and the duration 
of force applied (i.e. the length of the barrel), determines the 
velocity with which the projectile exits the barrel. The heavier 
the bullet, the more energy is required to propel it.

The key to understanding the impact of different bullets in 
tissues is to understand that each missile has kinetic energy, 
derived from the formula

 KE ,= 1
2

2MV  

Where KE = Kinetic energy, M = the mass of the bullet, and 
V = maximum velocity.

When a bullet strikes tissue (e.g. the human body), 
wounding energy is transferred to the body according to the 
following formula:

 WE entry exit= −( )1
2

2
M V V

 

where Ventry is the velocity on entry and Vexit is the velocity on 
exit.

The barrel can be either smooth bore or rifled. The rifling 
comprises alternating grooves and raised areas (lands) along 
the length of the barrel. These give the bullets a gyroscopic 
stabilising motion as they spin along the barrel.

Bullets can be made from lead, or steel, and may be cov-
ered with an external, usually copper, jacket. The bullet can 
be designed to deform on impact, increasing its cross- 
sectional resistance and imparting more energy to what it 
hits, or can be designed to be unstable in flight so it can pres-
ent a greater cross section on impact with the target. In prin-
ciple, the heavier the bullet (the greater the mass), the more 
energy it will have. This is linear – twice the mass, twice the 
kinetic energy.

A shotgun is designed to fire multiple tiny balls, 2–4 mm 
in diameter, which collectively have a very large amount of 
energy, though individual projectiles have limited penetra-
tion. However these projectiles, when fired, can spread over 
a wide area of the target, causing significant damage.

Crowd control ammunition can be made with rubber or 
plastic or rubber-coated metal bullets. These special rounds 
are heavy, intended for minimal penetration and have a low 
velocity. They are supposed to be fired at a distance and pref-
erably aimed at the ground, bouncing upwards to the torso. 
Close-range use of rubber bullets directly at individuals may 
be very harmful.

The initial velocity of the projectile is very important. All 
bullets will have a shock wave ahead of the bullet itself. This 
is related to the speed of the bullet, and the energy is 
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 exponential – twice the velocity, results in four times the 
energy delivered.

The behaviour of projectiles fired from a weapon can be 
classified as follows:

24.1.1  Internal Ballistics

It describes the movement of the projectile through the gun.
Once the firing pin is struck, it transmits the force to the 

primer which ignites the gunpowder that propels the projec-
tile through the barrel of the gun, using the pressure gener-
ated from the flame and the gases produced. The length of 
the barrel and its spiral design will influence the behaviour 
and the speed of the projectile. The groves and the lands on 
the barrel will reflect on the bullet itself, leaving a ‘finger-
print’ characteristic of that individual weapon, and it is pos-
sible to identify the weapon used from these marks.

Different guns have specific properties that may be of use 
in determining from which gun a bullet was fired. Guns may 
have peculiar impressions in the barrel that are transferred to 
the bullet as it passes along the length of the barrel. A com-
parison microscope is used to compare the pattern from a 
test-fired bullet and the one found at the scene or recovered 
from the victim (Fig. 24.1a, b).

Where possible, bullets should be recovered. Care should 
be exercised to minimise damage to the retrieved bullet. 
Meticulous dissection and avoidance of contact with metal 
forceps will lessen artefactual marks on the bullet. This will 
help at the time of ballistic identification so as not to obscure 
potential class or specific gun marks left on the bullet. The 
bullet must be properly sealed, labelled and dated with the 

site of retrieval indicated and names of treating physician 
specified.

24.1.2  External Ballistics

It describes the travel of the projectile outside of the barrel 
through the air or a different medium, on its way to the tar-
get. Bullets are inherently unstable, as most of the mass lies 
at the rear of the bullet. The bullet spirals because of the 
rifling of the barrel, and the instability can be characterised 
as:

 I. Yaw: Rocking from side to side.
Yawing represents deviation of the bullet in its longi-

tudinal axis, making the projectile unstable. As the bul-
let travels, it may start to tumble.

 II. Tumbling: The bullet tumbles in flight.
Tumbling represents forward rotation around the cen-

tre of the mass resulting in a greater surface area on 
impact. The more unstable the bullet is, the greater the 
tissue destruction.

 III.  Nutation and precision: The tip (leading edge of the 
 bullet) rocks in a spiral fashion.

The bullet also has precision and nutation movements 
along the horizontal axis.

24.1.3  Terminal Ballistics

The effect and movement of the bullets at point of impact is 
referred to as terminal ballistics. If the track of the bullet is at 

a b

Fig. 24.1 (a) The appearance of a gun barrel showing lands and grooves. (b) Deformed bullet retrieved for ballistic test. See clear markings that 
may assist in linking it to a suspected firearm

M.S. Moeng and K.D. Boffard



179

precisely 90 ° to the surface of the target (body), the bullet tip 
may enter cleanly. However, if the bullet is tumbling, it pres-
ents a much greater surface area, with greater retardation of 
velocity and transfer of greater energy to the tissue.

24.1.4  Wound Ballistics

The injuries that result from bullet wounds are known as 
wound ballistics. This is the clinician’s actual point of care, 
which can only be competently exercised if there is an under-
standing of the potential injuries, also based on the type of 
weapon, the energy of the projectile and the nature of the 
bullet itself. It is no longer appropriate to talk of ‘high- 
velocity’ and ‘low-velocity’ injury. Injuries are better classi-
fied into ‘high-energy injuries’ and ‘low-energy injuries’.

The severity and extent of injuries resulting on the body at 
point of impact depends on a number of factors which 
include:

 I. The velocity of the bullet on impact and the velocity 
on exit. The greater the retardation, the more energy 
has been transferred.

 II. The range from which the shot was fired (bullets slow 
down with distance).

A high-velocity round fired from a longer distance 
may result in a low-energy wound.

 III. The type of missile or bullet used.
Bullets can be designed to mushroom or open on 

impact to increase their cross-sectional area and there-
fore retardation.

See Fig. 24.2:
 IV. The area of the body hit.
 V. The number of bullets.
 VI. Whether there was any intermediary object in the way, 

e.g. protection, car door, etc.
 VII. Whether the bullet was stable or unstable at time of 

impact:
Did it go straight through, was it tumbling, etc?

 VIII. The presence of underlying natural pathology and 
state of health.

24.1.5  Cavitation

When a bullet travels through tissue, it is associated with a 
shock wave in advance of the bullet. The shock wave drives 
the tissues away from the bullet, resulting in a cavity which 
has a high negative pressure. The movement is dynamic, and 
behind the bullet, the cavity the vacuum created has the 
effect of sucking external debris, clothing, etc., into the 
wound. The shock wave travels furthest and fastest in dense 
tissue such as liver and brain, and least damage occurs in air 
filled cavities like the lung (Fig. 24.3).

The final tissue damage represents a combination of the 
following features:

• The permanent cavitation from the bullet as it tracks 
through the tissues.

• The temporary cavitation by the shock wave effect of the 
bullet especially present in high energy missiles. This will 

Fig. 24.2 Handgun bullet designed to open on impact and increase its 
cross-sectional area, often used for self-defence

Fig. 24.3 Cavitation in a high energy bullet showing the shock wave 
and temporary cavity
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cause damage further away from the direct path of the 
bullet. It may also suck in bacteria and other surrounding 
foreign material into the deeper tissues.

• Note that because the cavity is temporary, it is not seen 
clinically, and the amount of soft tissue damage is com-
monly underappreciated.

• Impact of intermediary objects or missile effect of rico-
cheted bullets and a fractured bone.

24.2  Initial Management of Gunshot 
Wounds

All normal principles of major trauma management apply, 
using ATLS® principles.

24.2.1  Thought Processes

• Always think trajectory: this will assist you in consider-
ing possible tissues and organs that may have been dam-
aged by the bullet. While bullets do not always travel in 
straight lines, unless they hit a tissue like the bone, the 
path between the bullet markers will provide a good 
guide.

• Always use bullet wound markers: A simple paper clip 
attached to wounds will assist you in interpreting the tra-
jectory with assistance of basic radiology (develop a sys-
tem in your unit for anterior vs posterior wounds, e.g. 
open paper clips for the former and closed paper clips for 
the latter) (Fig. 24.4).

• Always count the number of bullet wounds. Wounds will 
generally be even numbered if the bullet has passed 
through (i.e. an entrance and an exit). A single or odd 
number of wounds imply a retained bullet (Fig. 24.5).

Unless there is one GSW (Gunshot wound) and a single 
retained bullet, you must refrain from clinically committing 
to an entrance versus an exit wound. Rather describe the 
wounds without labelling them as entrance and exit wounds.

• Always obtain X-rays based on the above ‘hole count’, 
and if there is a ‘mismatch’ between holes and bullets, 
X-ray the whole body as widely as necessary to exclude 
remote injury.

• Have a high index of suspicion for ‘silent’ associated 
injuries, e.g. GSW involving the anterior portion of the 
thoracic or cervical spine must imply oesophageal injury 
till proven otherwise.

• Plain X-rays are most accurate for identifying missile 
debris.

• CT scans should be used in haemodynamically stable 
patients only.

• Deal with the wound and not the type of firearm used 
(Fig. 24.6a, b).

Fig. 24.4 Chest X-ray showing the use of bullet markers (paper 
clips) – high suspicion of liver injury

Fig. 24.5 Multiple gunshot wounds
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24.2.2  Shotgun Injury

A shotgun fires multiple balls, 2–4 mm in diameter. These 
are contained in a plastic cup inside the shotgun round. The 
shotgun has a smooth barrel and the effect is that the pellets 
spread out, hitting a much larger area of the torso. Most balls, 
if they penetrate, will stop inside the body. The plastic ‘wad-
ding’ which drives the pellets is radiolucent and must be 
looked for and removed (Fig. 24.7).

• Do not remove individual pellets unless they are in close 
proximity to a vital structure. There is a greater likelihood 
of surgical damage to overlying normal tissue when try-
ing to find the pellet.

• Holes in the bowel can be oversewn.
• Always X-ray the entire body. An ectopic pellet may have 

embolized remotely. The hole in blood vessel for it to get 
there must be anticipated and repaired.

• Always look for the plastic cup/wad, which is radiolu-
cent. A >1 cm round hole on the skin is highly sugges-
tive of its presence. It should be looked for and 
removed.

• Shotgun injuries of the abdomen with multiple holes in 
the bowel require a methodical approach. All bleeding 
vessels should be ligated. All bowel holes should be 
closed primarily. Treat such injuries as requiring a man-
datory relook laparotomy, since it is very easy to miss 
holes, and relooking is helpful. Pass the bowel through a 
bowl filled with warm water. Bubbles are highly sugges-
tive of a perforation of the bowel.

24.3  Definitive Care

• Low-energy wounds can be cleaned in the absence of 
injury to vital structures.

• Use copious wound irrigation with warmed lactated 
Ringer’s solution

• Except for the face, do not suture bullet wounds of the 
skin. Simply trim skin tags and use a local dressing with 
an antibiotic ointment, e.g. chloramphenicol or 
bacitracin.

a b

Fig. 24.6 (a) Abdominal gunshot with omentum protruding. (b) Underlying bowel injury
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• In stable patients, the small bowel can be closed primar-
ily. Large bowel injuries can be closed primarily if less 
than 6 hours old and with limited contamination. 
Protective stomas are not usually necessary. However, 
in the unstable patient, principles of damage control 
apply.

• For solid organs, haemostasis with simple packing and 
limited resection may be all that is required. Spleen and 
kidney injuries may be most safely treated with splenec-
tomy or nephrectomy.

• High-energy wounds require extensive debridement to 
remove dead tissue. Where necessary, principles of dam-
age control apply.

• Have a very high index for compartment syndrome in 
abdominal and extremity wounds. Early or prophylactic 
decompression with a fasciotomy should be performed.

• Antibiotic prophylaxis and wound care is required to min-
imise the risk of infection. Gram-positive cover, espe-
cially for clostridium sp., staphylococcus and 
microaerophilic streptococcus may be required. A peni-
cillin or cephalosporin is commonly used (Fig. 24.8).

24.3.1  Removal of Bullets

The decision to remove a bullet should be balanced with the 
risks of the procedure. The fear of lead poisoning due to bul-
lets left in situ is not a major clinical problem.

Bullets that are clinically palpable, in close proximity to 
major vessels or nerves or are lodged in major joints should 
be removed as they impact on quality of life.

24.4  Forensic Considerations

Forensic evidence needed is by the police, whether the 
patient survives or dies. The correct handling and bagging of 
bullets, or fragments, will ensure a chain of custody that is 
accurate and reliable for the courts to be able to use the evi-
dence with confidence. It is therefore critical to handover and 
document to whom the bullet was handed over, and this 
should be maintained and confirmed until the ballistic tests 
are done.

Gunshot wound appearances of entrance and exit gun-
shot wounds are for the most part different. The gunshot 
wounds of entrance are typically round to oval, have a collar 
of abrasion and may show gunshot residue (see Fig. 24.4). 
The sizes of the entrance wounds tend to be smaller than the 
exit gunshot wounds; unfortunately this is not always true 
(Fig. 24.9).

The precise number and nature of the wounds should be 
documented and, if possible, photographed. It is often not 
possible, particularly with lower energy wounds, to say with 
certainty, whether a wound is an entrance wound or an exit 
wound. This should be left to experts in the field.

Fig. 24.7 Shotgun cartridge showing plastic insert containing pellets 
and one removed from a victim

Fig. 24.8 Liver injury showing typical stellate appearance from shock 
wave
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Remember that there may be gunshot residue on the 
clothes, hands or body of the patient. The residue is what 
comes out of the barrel with the bullet. It comprises flames, 
soot, burnt and unburnt propellant, primer and oil. All rele-
vant clothing should be handed over to the police or foren-
sics for further evaluation.

 Conclusion

Firearm injuries may cause complex injuries. Appreciating 
ballistics offers a grounded approach to the management 
of these cases. An unstable patient may be managed on 
clinical suspicion of the suspected trajectory and basic 
radiology if time permits. Even in emergency cases, a 
focused assessment may guide with surgical approach in 
theatre. More elaborate examination should be ordered in 
stable patients as the suspected injuries permit. Match the 
wound with the bullet and expect an even number unless 
the wound is obviously tangential. Treat the wound and 
the injuries and not the firearm involved.
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Fig. 24.9 Oval-shaped entrance wound showing central defect and 
collar of abrasion

Important Points

• Bullets do not always travel in straight lines; they 
can ricochet off the bone.

• Bullets do not always stay intact. They can break 
up, and each part can cause separate injury.

• Previous retained bullets may confuse the current 
clinical presentations.

• Failure to examine the perineum and the axilla may 
add to the confusion in clinical interpretation.

• Mismatching wounds when dealing with multiple 
GSW may lead to missed injuries (see Fig. 24.5).

• Failure to remove slug/wad in close range shotgun 
injuries.

• Failure to debride exit wound especially when bul-
let has perforated hollow viscus especially the large 
bowel and rectum.

• Failure to appreciate shockwave effect on surround-
ing structures.

24 Ballistics in Trauma



   Part II 

   Surgical Strategies in Penetrating 
Trauma to Head, Face, and Neck        



187© Springer-Verlag Berlin Heidelberg 2017
G.C. Velmahos et al. (eds.), Penetrating Trauma, DOI 10.1007/978-3-662-49859-0_25

      Surgical Strategies in Trauma                     

     V.  C.     Nikolian     ,     P.  E.     Georgoff     , and     H.  B.     Alam    

      Traumatic hemorrhage is a major cause of trauma-related 
death in both the civilian and military settings. Given the pre-
ventable nature of the consequences of hemorrhage, signifi -
cant energy has been dedicated to better therapeutic 
considerations. Trunkey et al. stratifi ed traumatic deaths to a 
trimodal distribution: immediate death from massive neuro-
logic or cardiovascular injuries, early death from noncom-
pressible torso trauma and hemorrhage, and late death related 
to organ failure and death. This concept has been challenged 
with recent studies suggesting that severely injured patients 
have only a small percentage of late deaths, with death pri-
marily occurring within the fi rst 6 h of admission. This may 
be attributed to better postoperative care and hospital sys-
tems. These fi ndings place emphasis on the importance of 
early events in the management of bleeding patients. The 
basic principles of the contemporary approach to the bleed-
ing trauma patient include:

    1.    Damage control operations   
   2.    Damage control resuscitation   
   3.    Appropriate utilization of adjunctive hemorrhage control 

strategies     

25.1     Damage Control Operations 

 The term damage control in trauma literature is borrowed 
from the naval vocabulary where it refers to the ability of a 
ship to absorb damage while maintaining mission integrity. 

In the context of severely injured patients, damage control 
approach has three phases. The goal of the fi rst phase is to 
perform an abbreviated operation focusing on controlling 
hemorrhage and contamination. Time is of critical impor-
tance, and you must select surgical maneuvers that rapidly 
achieve the goals of the operation, including packing, vessel 
ligation, temporary shunting, bowel resection without anas-
tomosis, and placement of drains. Oftentimes, temporary 
closure of abdominal cavities will be utilized to expedite the 
transition to defi nitive resuscitation. Leaving the cavities 
open not only saves time, but it also avoids potential prob-
lems with tight compartments during the postoperative 
period that can predispose to various types of compartment 
syndromes. 

 As the trauma surgeon, you must accept the fact that 
defi nitive repair of all the injuries at the time of the fi rst oper-
ation is not in the best interest of the patient. This initial life-
saving operation is followed by a period of resuscitation in 
the intensive care unit to correct acidosis, hypothermia, and 
coagulopathy. Once normal physiology has been restored, 
the third phase starts where the patient is taken back to the 
operating room for defi nitive repair of the injuries. During 
this phase, vascular and bowel continuity is restored, injured 
organs are repaired or removed, packs are taken out, and 
body cavities are properly closed. It may require multiple 
operations to achieve all these goals. 

 The principles of damage control have been applied to 
almost all types of major injuries, in nearly all parts of the 
body.

    1.     Patient selection : Damage control approach is clearly not 
benign as it commits the patient to multiple operations, 
prolonged sedation and mechanical ventilation, and 
repeated administration of general anesthesia. It also 
increases the risks related to leaving the body cavities 
open, including infections, fl uid and heat loss, excessive 
metabolic demands, loss of domain (e.g., large hernia), 
and organ injury (e.g., enteric fi stulae). Thus, it must be 
applied in a group of patients where the risk-to-benefi t 
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ratio justifi es this approach. Equally important is to make 
the decision early in the course of the operation. Choosing 
to apply damage control strategies too late in the opera-
tion is equally harmful. You must identify the presence of 
hypothermia, acidosis, and coagulopathy early in the 
course. Often labeled the “lethal triad,” these factors per-
petuate one another, creating a vicious cycle that is diffi -
cult to interrupt. Late coagulopathy often refl ects dilution 
of platelets, hemoglobin, and clotting factors, but early 
coagulopathy is a well-recognized marker of injury sever-
ity – its presence associated with signifi cantly greater 
mortality. Similarly, hypothermia is not only due to loss 
of body heat and drop in temperature due to infusion of 
cold fl uids, but more importantly, it refl ects presence of 
signifi cant tissue ischemia. Maintaining normal body 
temperature is an energy-dependent process that patients 
in shock are unable to maintain. Acidosis refl ects the 
presence of shock, which in turn further perpetuates coag-
ulopathy and hypothermia. Thus, the surgeon must 
actively monitor the patient for the development of these 
markers and use their presence as a trigger to switch into 
a damage control mode. There are no universally agreed- 
upon criteria, but a reasonable list would include core 
temperature <35 °C, a base defi cit >10 mmol/L, require-
ment for vasoactive agents to maintain a systolic blood 
pressure >90 mmHg, a pH less than 7.20, transfusion of 
>10 units of packed red blood cells, and clinical evidence 
of coagulopathy/diffuse oozing. Experienced trauma sur-
geons know that it is better to avoid development of the 
lethal triad rather than to reverse it, because by the time 
all these signs become obvious, it may already be too late. 
If you are not sure, it is better to err on the side of being 
too cautious and opt for a damage control approach. 
Remember that you can always come back to fi ght another 
day if the patient survives today.   

   2.     Basic goals : The major aim during the initial operation is 
to control the bleeding as soon as possible to minimize the 
blood loss and limit the duration of shock. As time is of 
critical importance, the quickest exposure should always 
be selected. Thus, laparoscopic or minimally invasive 
approaches are not appropriate for patients where every 
minute counts. Once in the body cavity, tools that can 
expedite controlling the source of bleeding should be lib-
erally used. For example, a stapler fi red through a tract of 
a bullet is a fast way to open the track and expose the 
bleeding vessels in the lung. When the source of bleeding 
is exposed, consider ligation if it can be done without 
excessive morbidity. If ligating the blood vessel is likely 
to result in signifi cant tissue loss, select a temporary shunt 
instead of a formal anastomosis/graft, which should be 
delayed for a later stage. When unable to get quick expo-
sure of the blood vessel, which is not uncommon in the 
head and neck region, consider tight packing with or 

without balloon tamponade (e.g., Foley catheter) of the 
tract as a damage control strategy. Similarly, for nonvas-
cular injuries (e.g., solid organs, pelvic fractures, mangled 
extremities), packing combined with rapid infl ow control 
could be lifesaving. Always remember that saving life 
takes priority over saving organs or limbs, and doing a 
quick, focused operation is better than doing a perfect 
operation that takes too long. 

 The second goal (after controlling hemorrhage) is to 
control contamination, mostly from bowel but also from 
other sources such as bile, pancreatic juices, saliva, and 
urine. In these seriously injured patients, dividing the 
bowel proximal and distal to the injury with a stapler rap-
idly controls the spillage. There is no need to restore con-
tinuity of the bowel if the patient’s physiology is critically 
deranged. Simply, drop the stapled ends of the bowel back 
in the abdomen and take care of the anastomosis during 
the next operation. When unable to fi x the source of con-
tamination, try to get a controlled leak. Drainage catheters 
and tubes can be rapidly placed to achieve this goal.      

25.2     Damage Control Resuscitation 

 The aim of damage control resuscitation is to select strate-
gies that can decrease bleeding, avoid development of coag-
ulopathy, minimize cellular damage, and maintain cellular 
viability while keeping hemostatic parameters within the 
normal range. As described above, damage control surgery 
sets out to avoid reaching these conditions. However, upon 
closer inspection, it is evident that traditional means of resus-
citation focus on reversal of acidosis and prevention of hypo-
thermia, while surgical interventions focus on hemostasis. 
Direct treatment of coagulopathy has been relatively 
neglected until recently.

    1.     Futility of current methods / adverse effects of aggressive 
resuscitation : Although it is widely believed that early 
aggressive fl uid resuscitation is benefi cial, clinical and 
basic science literature fails to provide conclusive sup-
porting evidence. In a study that has generated vigorous 
debate since its publication in 1994, hypotensive patients 
with penetrating torso injury were randomized to routine 
fl uid resuscitation or delayed resuscitation until bleeding 
had been surgically controlled. The results of this study 
demonstrated a survival advantage in the delayed resusci-
tation group (70 % vs. 62 %,  p  = 0.04). Despite all the con-
troversy, the most impressive fi nding remains that 
withholding fl uid resuscitation until hemorrhage control 
did not increase the mortality. The issue of timing and 
volume of fl uid resuscitation in bleeding patients has also 
been addressed by the Cochrane Database of Systematic 
Reviews. Only six randomized clinical trials met the 
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inclusion criteria, and a careful review failed to provide 
any evidence in support of (or against)  early  or  large- 
volume  intravenous fl uid administration in uncontrolled 
hemorrhage. In addition to the impact of resuscitation on 
bleeding, resuscitation fl uids have profound cellular 
effects. It is now widely recognized that resuscitation fl u-
ids are not completely innocuous, and they may actually 
potentiate the cellular injury caused by hemorrhagic 
shock. Therefore, in addition to the immediate side effects 
(worsening of hemorrhage), delayed complications of 
fl uid resuscitation such as systemic infl ammatory 
response, fl uid overload (leading to compartment syn-
dromes, pulmonary edema, etc.), anemia, thrombocyto-
penia, electrolyte/acid–base abnormalities, and cardiac 
and pulmonary complications must also be kept in mind. 
It is reasonable to conclude that fl uid resuscitation is not 
a substitute for early hemorrhage control. You should 
consider low-volume, careful resuscitation, especially 
when trying to control bleeding in a dying patient. 
However, early aggressive fl uid resuscitation, in the 
absence of hemorrhage control, should be avoided.   

   2.     New developments : Despite a paucity of good random-
ized controlled trials in this arena, clinical practices are 
rapidly changing. In general, large-volume, aggressive 
fl uid resuscitation is becoming increasingly rare, and low- 
volume, carefully guided resuscitation is more common. 
Controlled mild hypotension in appropriate patients (e.g., 
in young victims of penetrating trauma) prior to hemor-
rhage control is fairly routine practice in large trauma 
centers. Blunt trauma patients with associated head injury 
should still be resuscitated to a higher blood pressure, in 
an attempt to maintain adequate cerebral perfusion, but 
the early use of blood products and vasopressors is replac-
ing large-volume crystalloid infusion. 

 The concept of “hemostatic” or “damage control” 
resuscitation has also gained prominence. Trauma patients 
are often coagulopathic due to shock and tissue injury, 
and this coagulopathy is worsened by resuscitation with 
crystalloids and packed red blood cells (PRBCs), as both 
are defi cient in clotting factors. Observational data from 
the battlefi eld suggested that early administration of com-
ponent therapy (fresh frozen plasma and platelets) may be 
benefi cial. The Prospective, Observational, Multicenter, 
Major Trauma Transfusion (PROMMTT) study, a pro-
spective study performed at ten US Level I trauma centers 
which related in-hospital mortality to early transfusion of 
plasma and/or platelets, found that higher plasma and 
platelet ratios early in resuscitation were associated with 
decreased mortality in patients receiving at least 3 units of 
blood products during the fi rst 24 h after admission. At 30 
days, the subsequent risk of death was not associated with 
the plasma or platelet ratios. What exactly was the higher 
ratio of plasma/platelets to blood cells was variable, 

prompting the Pragmatic Randomized Optimal Platelet 
and Plasma Ratios (PROPPR) trial randomized clinical 
trial to address the optimum ratio of blood product trans-
fusions. This study revealed that the transfusion of 
plasma, platelets, and red blood cells in a ratio of 1:1:1 
versus 1:1:2 did not result in signifi cant difference in 
mortality at 24 h or at 30 days. Hemostasis was achieved 
sooner with less death related to exsanguination at 24 h in 
the patient group receiving a higher ratio of platelets and 
plasma relative to red blood cells.   

   3.     Clotting factors : Though fresh frozen plasma does provide 
a full spectrum of clotting factors, the administration of 
individual clotting factors has been explored for the trauma 
patient. Of particular interest, recombinant human clotting 
factor VIIa (rFVIIa) has been evaluated after it was granted 
the US Food and Drug Administration approval for use in 
hemophiliacs. Multiple trials evaluated the potential for 
rFVIIa in the traumatized, bleeding patient, with no evi-
dence to support its use to reduce mortality, prevent mas-
sive transfusion, nor improve functional outcomes 
following traumatic brain injuries. As such, the use of 
rFVIIa for hemostasis in the general population should be 
abandoned, except for highly selected patient populations. 

 With the general population aging and the importance 
of therapeutic anticoagulation, trauma teams are faced 
with complex scenarios in which a bleeding patient may 
require reversal of anticoagulation with an intolerance to 
high-volume resuscitation. Prothrombin complex con-
centrates (PCCs) provide a rapid and effective means of 
administering vitamin K-dependent factors (typically fac-
tors II, IX, and X; variations also include FVII and pro-
teins C and S) while balancing the need for low-volume 
resuscitation. Though data is limited for the use of PCC in 
patients on Warfarin, PCC is often used in salvage ther-
apy in patients with persistent coagulopathy.   

   4.     Antithrombolytics:  The bleeding trauma patient pres-
ents with perturbations in the homeostasis of clot orga-
nization and breakdown. The coagulopathic patient’s 
poor clot- forming ability is complicated by rapid and 
inappropriate clot breakdown. The Clinical 
Randomization of an Antifi brinolytic in Signifi cant 
Hemorrhage (CRASH-2) trial prospectively evaluated 
if tranexamic acid (TXA) could provide benefi t to the 
bleeding patient. Findings reveal a modest improve-
ment in survival (14.5 % vs. 16 % all-cause-mortality in 
the TXA vs. placebo-treated subjects;  P  =  0.0035 ). 
These fi ndings were tempered with statistically signifi -
cant increases in deep venous thrombosis and pulmo-
nary embolism. In adult patients in hemorrhagic shock 
and known predictors of fi brinolysis, TXA should be 
 administered within 3 h from the time of injury, with 
dosing given as a 1 g bolus over 10 min followed by 
infusion of an additional gram over the subsequent 8 h.      
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25.3     Appropriate Utilization of Adjunctive 
Hemorrhage Control Strategies 

 A major change over the last decade has been a dramatic 
improvement in medical technology, especially in the fi elds 
of diagnostic and interventional radiology. Angiographic 
embolization has become an indispensable method for con-
trolling bleeding in various areas. In most hospitals, bleeding 
in the head/face region as well as the pelvis is preferentially 
controlled using this approach. It should be emphasized that 
embolization and surgical control are not mutually exclusive. 
Often the critically bleeding patients are taken to the operat-
ing room for packing of major bleeding such as liver or pel-
vis, which is followed by angioembolization to consolidate 
the hemorrhage control, allowing for early and safe removal 
of the packs. These adjunctive angiographic procedures 
should be performed in the operating room, if logistically 
possible to avoid transporting critically ill patients. Secondly, 
urgent embolization (a lifesaving intervention) is fundamen-
tally different from procedures that are performed in stable 
patients, and it should follow the principles of damage 
control. 

 A classic example is the control of retroperitoneal bleed-
ing following pelvic fractures. The radiologist must appreci-
ate that the goal is to rapidly, and temporarily, control the 
source of blood loss, without wasting time in doing subselec-
tive coil embolization of the precise bleeding points. 
Following this concept, pelvic embolization should routinely 
involve injection of gelatin sponge slurry into both of the 
internal iliac arteries. This can be done within minutes, and it 
decreases the pelvic perfusion, which slows down the bleed-
ing and allows clotting to occur. Usually, there is still suffi -
cient blood supply to insure organ viability, and signifi cant 
ischemic complications are extremely rare. The sponge par-
ticles are reabsorbed within the next few days, resulting in 
restoration of normal perfusion. But most importantly, dam-
age control embolization is a quick procedure that can be 
performed in most of the institutions without a need for very 
advanced equipment. The evolution and success of endovas-
cular therapies have provided a basis to revisit efforts in 
management of noncompressible vascular injuries to the 
torso and pelvis. Resuscitative Endovascular Balloon 
Occlusion of the Aorta (REBOA) has garnered attention in 
the management of trauma patients. Efforts are in place to 
simplify the procedure and reintroduce it to the management 
armamentarium of the trauma surgeon. 

 Embolization of other organs, such as the liver or kidney, 
requires a higher degree of selectivity and is usually per-
formed by placing coils in the bleeding branch. Splenic hem-
orrhage can also be controlled by embolizing the main 
splenic artery. However, this should be avoided in unstable 
patients as it goes against the principles of damage control. A 
prompt splenectomy is a much better option for the vast 
majority of unstable patients with splenic hemorrhage. 

 The basic tenants for management of the bleeding 
trauma patient include: (1) Accept low blood pressure in 
young patients as long as they have adequate tissue perfu-
sion, (2) delay the full resuscitation until the source of hem-
orrhage has been controlled, (3) prioritize hemorrhage 
control, (4) use limited volume of crystalloids, (5) switch to 
blood products early during the initial resuscitation (after 
the fi rst liter of crystalloids), and (6) transfuse plasma and 
platelets early and in a high ratio along with red cells in 
massively bleeding patients. Most importantly, remember 
that resuscitation is not a substitute for early hemorrhage 
control. Patients hardly ever die because you run out of 
resuscitation fl uids or blood products; they die due to a 
delay in the hemorrhage control.      
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26.1          Initial Evaluation 

26.1.1      Airway and Breathing 

 The initial evaluation begins, as always, with an assessment 
of the patient’s airway. Direct penetrating injury to the larynx 
or trachea can cause airway obstruction or disruption, mak-
ing endotracheal intubation diffi cult or impossible. When 
penetrating injury to the airway is suspected, regardless of 
the presenting symptoms, it should be assumed that the 
patient has a diffi cult airway and appropriate intubation 
adjuncts such as an indirect laryngoscope (e.g., GlideScope), 
fi beroptic bronchoscope, or laryngeal mask airway should be 
on hand. As increasing number of intubation attempts is 
associated with poorer outcomes, the most experienced per-
son available should attempt the initial intubation and the 
surgeon should be prepared for immediate cricothyroidot-
omy if intubation fails. In some cases, the patient may require 
a surgical airway during prehospital management. In addi-
tion to open surgical technique, a variety of commercially 
available needle cricothyroidotomy kits exist; however, evi-
dence suggests that primary surgical technique may have the 
highest success rate and should preferentially be performed. 
In the setting of a large anterior neck wound, if the defect to 
the trachea can be identifi ed, the distal trachea may be 
directly intubated through the wound. It is essential to con-
fi rm the patency of the surgical airway upon arrival in the 
emergency department and to assess the need for emergent 
revision due to malpositioning and associated airway injury 
or for hemorrhage control. 

 Alternatively, if the patient is able to oxygenate and ven-
tilate during the primary survey, but airway injury is evident 
from physical examination, the safest airway management 
involves immediate transport to the operating room for 
awake fi beroptic intubation or awake tracheostomy with 
local anesthesia under optimal operative conditions. This is 
particularly important when the larynx is injured, as the 
usual anatomic landmarks may be absent. When the trachea 
is penetrated, but not transected, the use of fi beroptic bron-
choscopy facilitates localization and characterization of the 
extent of the airway injury, as well as the ability to confi rm 
that the endotracheal tube balloon has been placed distal to 
the injury, enabling positive pressure ventilation. In general, 
blind nasotracheal intubation and retrograde intubation tech-
niques are not recommended due to the potential for exacer-
bation of injury or nasopharyngeal hemorrhage complicating 
air exchange. In extreme situations, such as complete tran-
section of the trachea, ventilation through rigid bronchos-
copy may be required to facilitate control of the distal airway 
until defi nitive control is achieved through thoracotomy and 
intubation of the distal trachea on the operative fi eld. Should 
the trachea retract into the mediastinum after complete tran-
section, it may be located by inserting a fi nger into the medi-
astinum anterior to the esophagus, palpating for the tracheal 
rings, and using a clamp to retract the distal trachea into the 
wound to allow for intubation. 

 Compromise of the airway may also occur without direct 
trauma to the airway itself. Aspiration of blood, teeth, or soft 
tissue from intraoral or pharyngeal trauma may precipitate 
lobar collapse and severely impact gas exchange. Loss of 
consciousness from direct trauma to the cranium and its con-
tents may cause asphyxia due to airway obstruction or loss of 
respiratory drive. Vascular injury to the neck may evolve to 
expanding hematoma and associated airway infl ammation or 
obstruction. These cases are particularly challenging, endo-
tracheal intubations and impending airway loss should be 
avoided by preemptive defi nitive airway control, when signs 
and symptoms of cervical penetrating trauma are present. 
The importance of reevaluation of the airway throughout the 
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 initial evaluation cannot be understated, as progression of 
hemorrhage or airway injury can quickly transform an ini-
tially patent airway to a life-threatening airway obstruction. 

 Following establishment of the airway and confi rmation 
by capnometry and oximetry, physical examination of 
breathing should proceed to rule out distal airway injury and 
associated life-threatening conditions such as tension pneu-
mothorax, massive hemothorax, or open chest wound. Due 
to the relative rarity and high acuity of airway injuries, there 
is a risk that providers will be distracted from the appropriate 
full evaluation of the trauma patient and life-threatening 
injuries may be overlooked; however, over 50 % of penetrat-
ing tracheobronchial trauma has associated injuries, under-
scoring the need for complete evaluation. Furthermore, 
deviation of the trachea, one of the key fi ndings in tension 
pneumothorax, may be obscured by direct cervical trauma. 
When the patient is hypotensive or hypoxic, thoracostomy 
should be performed when pneumothorax is suspected even 
without prior confi rmation on chest radiograph.  

26.1.2     Hemorrhage Identifi cation 
and Temporary Control 

 While defi nitive airway management always takes prece-
dence, in reality, the team caring for the patient with pene-
trating head, face, or neck trauma must simultaneously begin 
physiologic monitoring, evaluate for all sources of hemor-
rhage, and attempt preliminary hemorrhage control. 
Penetrating trauma may be localized or multiple and can be 
coincident with blunt injury as well. For this reason, it is 
imperative that the initial evaluation of the patient includes a 
thorough survey of the entire body so that signifi cant wounds 
are not overlooked. 

 Providers should adhere to a systematic evaluation of the 
common causes of life-threatening bleeding including an 
assessment of the external blood loss. Although rare when 
considering all patients with life-threatening trauma, isolated 
hemorrhage from head and face can cause hemorrhagic 
shock, and delayed recognition of this source of acute blood 
loss can be fatal. Lacerations to the scalp should be expedi-
tiously irrigated then sutured (or stapled) to avoid occult 
blood loss; posterior lacerations are most often missed due to 
supine positioning. Compression and packing of facial lac-
erations are preferred over blind clamping to prevent possi-
ble nerve injury. Penetrating neck wounds may require 
manual direct control of hemorrhage until emergent explora-
tion is possible in the controlled setting of the operating 
room. For persistent bleeding, military literature supports the 
use of Foley catheter balloon tamponade, with reports of 
decreased mortality and delayed failure rates as compared to 
external pressure. Anterior nasal hemorrhage may be con-
trolled with direct pressure, but persistent nasopharyngeal 

hemorrhage may require posterior packing with 1:10,000 
epinephrine or even embolization or ligation of the internal 
maxillary or external carotid arteries. Furthermore, profuse 
nasopharyngeal hemorrhage is an indication for intubation 
for airway protection. Nasopharyngeal bleeding due to direct 
trauma should be distinguished from that seen with coagu-
lopathy which is common in patients with head injury and 
multisystem involvement, the latter better addressed with 
administration of coagulation factors rather than direct hem-
orrhage control.   

26.2     Identifi cation of Injury 
and Prioritization of Treatment 

 This section will address the scope of penetrating injuries by 
anatomic location. Common injury patterns, key physical 
examination fi ndings, diagnostic adjuncts to the secondary 
survey, and basic tenets of therapy will be discussed. 

26.2.1     Penetrating Brain Trauma 

 Civilian penetrating head injuries are most commonly the 
result of low-velocity gunshot wounds and are frequently 
due to suicide attempts. In the United States, fi rearms are the 
leading mechanism of traumatic brain injury (TBI) mortality, 
particularly among young persons, but even in the elderly, 
death from self-infl icted TBI ranks third after that due to TBI 
from motor vehicle crashes and falls. The predominant injury 
from projectiles is facilitated through the velocity of the 
object, as the energy conveyed to the tissue is proportional to 
the square of velocity. Injury occurs via three different mech-
anisms. The direct disruption of the missile tract lacerates 
parenchyma and blood vessels. Shock waves produce pres-
sure gradients that impact neural tissue and function beyond 
the path of the missile tract. Cavitation facilitates further 
direct tissue damage and increased intracranial pressure 
(ICP). For this reason, military injuries from high-velocity 
projectiles are usually associated with a higher rate of death 
that is caused by civilian weapons. It has been observed that 
the majority of soldiers that present for medical attention 
with penetrating head injuries sustain low-velocity shrapnel 
or shell wounds. 

 Because of the potential for secondary brain injury due to 
hypotension and hypoxia, any initial management of pene-
trating head injury must begin with efforts to restore homeo-
stasis. The airway must be secured, adequate oxygenation 
and ventilation confi rmed, and an attempt made to improve 
circulation before the patient is transported for brain imaging 
or operative intervention. The secondary survey begins with 
evaluation of neurologic disability, including pupillary 
examination, determination of spontaneous respirations, and 

M.L. McCrum and H.L. Evans



195

motor-sensory evaluation. With penetrating wounds due to 
sharp objects, such as nails fi red from pneumatic nail guns, 
the entrance wounds may be deceivingly small and initial 
neurologic assessments benign, particularly in injuries to the 
anterior temporal and frontal regions. A normal mental sta-
tus may mask evolving intracranial hemorrhage, and neuro-
logic deterioration can be rapid. Alternatively, penetrating 
head trauma can be associated with massive blood loss, and 
direct pressure may be inadequate to achieve more than tran-
sient hemostasis, such as that from the nasopharynx. 
Combination injuries to the face, neck, and cranium may 
require the early involvement of multiple surgical specialists 
to coordinate control of the airway and bleeding sources. 

 Computed tomographic (CT) scans of the brain and cervi-
cal spine facilitate evaluation of the tract of the penetrating 
object, missile debris, and the secondary effects of the pro-
jectiles including cerebral edema, hemorrhage, and bone 
fragmentation. Computed tomographic angiography (CTA) 
has largely supplanted cerebral angiography and should be 
employed liberally to evaluate for carotid and vertebral arte-
rial injuries when injuries involve the sphenoid and temporal 
bones and posterior fossa. Early and rapid identifi cation of 
vascular injury by screening CTA can allow planning for 
angiographic embolization or stenting of pseudoaneurysms. 
The limitations of CTA, with a sensitivity as low as 80 % in 
some studies due to shrapnel artifact, should be recognized 
and targeted evaluation of potential injuries supplemented 
with subsequent duplex ultrasound or angiography. 

 The prognosis of penetrating head injury is extremely 
poor; the overall mortality rate is 88 %, signifi cantly higher 
than that of blunt head injury. Table  23.1  summarizes a num-
ber of factors identifi ed by various investigators as predictors 
of mortality. Of note, midline effacement, presence of brain 

matter in open wounds, and caliber of weapon have not been 
demonstrated to infl uence a fatal outcome.

   Although increased ICP is associated with higher mortal-
ity in penetrating brain injury (PBI) patients, there is little 
published data on the use of ICP monitoring in this patient 
population, primarily focused on the directed evacuation of 
hematoma or relief of intractable cerebral swelling. In the 
absence of guidelines, it is generally accepted that ICP moni-
tors may be employed to follow ICPs for evidence of deterio-
ration when neurologic examination is not possible, as is the 
practice in blunt head injury. 

 Harvey Cushing’s experience during World War I estab-
lished the standard for early and meticulous debridement of 
penetrating head wounds. The subsequent military experi-
ence of World War II and the Vietnam War largely supported 
the aggressive operative management of high-velocity 
weapon injuries, but the evidence seems to support a less 
invasive management strategy in low- to moderate-velocity 
missile injuries, even in the context of military confl icts. In 
general, the practice in low-velocity penetrating injury is one 
of the minimal interventions to prevent subsequent intracra-
nial infection, and there is some evidence that cerebrospinal 
fl uid leak and air sinus involvement are independent predic-
tors of infection. The rate of infection after penetrating brain 
injury ranges from 1 to 11 %, with higher rates reported in 
the military literature. For this reason, broad-spectrum anti-
biotic prophylaxis is recommended, with most recent guide-
lines suggesting a second- or third-generation cephalosporin 
plus metronidazole to cover gram positive and anaerobic 
organisms for 7–14 days. Early intervention (within 12 h), 
local debridement of the wound, removal of immediately 
accessible foreign bodies, and watertight closure of the dura 
have historically been favored over extensive craniectomies 

   Table 23.1    Predictors of mortality in penetrating brain injury   

 Category  Predictor  Class of evidence 

 Demographics  Increasing age  III 
 Epidemiology  Perforating (through and through) injury  III 

 Suicide  II 
 Systemic measures  Hypotension  III 

 Coagulopathy  III 
 Respiratory distress (<10 breaths/min)  III 

 Neurologic measures  Fixed and dilated pupils  III 
 Increased intracranial pressure  II 
 Low Glasgow Coma Score  I (civilian), III (military) 

 Neuroimaging features  Missile track 
 Bihemispheric involvement  II 
 Ventricular involvement  III 
 Cisternal effacement  I 
 Subarachnoid hemorrhage  I 
 Intraventricular hemorrhage  I 

  Adapted from  J Trauma  [ 9 ]  
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to remove all devitalized brain tissues. Recent studies in the 
military setting, however, have favored early decompressive 
craniectomy with watertight dural closure, followed by rapid 
evacuation and aggressive critical care, with reports of 
improved outcomes in these patients. Several authors sug-
gest that the only indication for craniectomy is mass effect 
due to hematoma; however, there are no prospective clinical 
trials of hematoma evacuation in this patient population, so 
this remains a class III recommendation. Finally, due to an 
elevated risk of posttraumatic epilepsy after penetrating 
brain injury to the cerebral cortex, prophylactic anticonvul-
sant therapy is recommended for the fi rst week following 
injury.  

26.2.2     Penetrating Facial Trauma 

 Although detailed evaluation of the extent of facial trauma is 
usually delayed until the secondary survey, 25–35 % of 
patients with penetrating injuries to the face will require an 
emergent airway. Oral intubation is always preferred over 
nasal intubation in the setting of midface instability, cerebro-
spinal fl uid leak, and basilar skull fracture in order to avoid 
cranial intubation. Success rates of 85 % have been reported 
in large series of patients sustaining penetrating facial 
trauma. As mentioned in the introduction to this chapter, 
early elective intubation should be considered if the potential 
for deterioration of airway patency is high such as in intra-
oral bleeding and edema, gunshot wounds to the mandible, 
and close-range shotgun wounds. Additionally, brisk hemor-
rhage from lacerations to the face, scalp, and underlying 
structures should be identifi ed and controlled with direct 
pressure during the initial evaluation. 

 There is no universal approach to the diagnosis and clas-
sifi cation of penetrating facial trauma, but several authors 
have described schema to identify the location of the external 
wound and predict underlying structures at risk. The original 
designation of three zones of the face included everything 
below the hairline to the superior orbital rim (Area 1), the 
midface from the superior orbital rim to the upper lip extend-
ing laterally to the preauricular area (Area 2), and the lower 
face from the upper lip to the hyoid bone (Area 3). The use 
of this system directed further diagnosis and management of 
injuries based on the identifi able injuries on screening physi-
cal examination. Additionally, particular attention was paid 
to the injuries posterior to the angle of the mandible, as this 
location was associated with a higher incidence of vascular 
injury due to the proximity of the carotid artery and jugular 
vein, but these are really Zone III neck injuries (see 
Sect.  26.2.3 ). This approach has been generally supplanted 
by a more simple two-area designation of the midface and 
mandible; this is largely due to the fact that signifi cant Area 
I injuries are intracranial and not truly facial injuries, as well 

as to avoid the confusion due to the nomenclature and over-
lap with the previously named three zones of the neck. In the 
newer designation, the midface includes the area from the 
supraorbital rim superiorly to the oral commissure inferiorly 
to the external auditory meatus laterally, and the mandible 
designates the area below the oral commissure, but not 
including Zone III of the neck. 

 Although useful for the description of fi ndings during the 
secondary survey, these anatomic schemas do not reliably 
distinguish between the extent and severity of injury, as the 
path of projectiles is largely unpredictable. External and 
intraoral examinations are often insuffi cient to identify the 
trajectory and extent of penetrating injury, particularly if 
concomitant neck or head injury is suspected, and additional 
diagnostic modalities must be employed. Plain radiographs 
are of little use today, as CT with reconstructed multidimen-
sional views facilitates a detailed analysis of the path of the 
projectile and the scope of the tissue damage, including pos-
sible intracranial and cervical spine involvement. Three- 
dimensional bony reconstructions of the face are regarded by 
many surgeons as essential tools for planning operative 
reconstruction of facial fractures. Associated vascular injury 
can be quickly identifi ed using CT angiography, including 
evaluation of the cerebral circulation, and may assist in plan-
ning angiographic intervention of vessels notoriously diffi -
cult to expose surgically. 

 The mechanism of injury also bears importance in the 
evaluation. In general, the degree of soft tissue loss and over-
all structural disruption is greater in ballistic injuries than 
that seen in stabbings, and knife lacerations to vascular struc-
tures or nerves may be amenable to primary repair. Gunshot 
and close-range shotgun blasts are commonly associated 
with fractures and tissue loss due to their substantial kinetic 
energy and may leave behind signifi cant shrapnel and bony 
fragmentation. Shotgun injuries are more commonly spread 
across multiple areas and have a high incidence of globe 
injury. Although low velocity, objects such as knives have 
unpredictable depth of penetration. If the stab wound imple-
ment is still present in the wound at the time of evaluation, it 
should remain in situ until after any diagnostic studies are 
performed and the patient is in the operating room. Vascular 
control can be temporarily obtained endovascularly either 
before or in conjunction with the operative exposure. 

 Timing of repair of soft tissue injury depends on the com-
plexity of the injury and degree of contamination. The major-
ity of low-energy wounds are simple lacerations, which 
should be cleansed and closed primarily in layers within 24 h 
of injury. Heavily contaminated wounds and large avulsion 
injuries, however, may be packed and treated with sequential 
debridement before undergoing delayed closure—particu-
larly if they have already failed a primary closure attempt. 
For large, complex soft tissue defects that require graft or 
fl ap closure, delayed management may be benefi cial to allow 
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for wound bed conditioning or for complete demarcation of 
necrosis or nonviable tissue, as is often the case in high- 
velocity ballistic wounds. 

 Damage to specialized organs of the face requires evalua-
tion by surgical subspecialists. Ocular and intracranial pen-
etration necessitates early ophthalmological and 
neurosurgical consultation. Particularly with fractures to the 
facial bones and involvement of the sinuses, multidisci-
plinary evaluation and coordinated treatment by craniofacial 
reconstructive specialists is recommended to obtain the best 
long-term cosmetic and functional outcomes. Special atten-
tion should be paid to meticulous realignment of the eyelids, 
nasal alar rims, auricular helical rims, and oral stoma. 
Patients who present with obvious facial paralysis should be 
assumed to have sustained direct injury to one or more 
branches of the facial nerve. If the wound is posterior to the 
lateral canthus, a local exploration with primary nerve repair 
is considered the treatment of choice. In cases of blast 
trauma, the nerve is debrided beyond the visible injury, and 
nerve grafting should be strongly considered. Delayed onset 
of paralysis suggests post-injury nerve edema that may 
resolve without intervention. The parotid duct is commonly 
injured in association with buccal branch of the facial nerve 
injuries due to the proximity of these structures. Additional 
signs of parotid injury include clear fl uid draining from a 
cheek wound or sialocele formation. As the parotid duct 
rarely heals or recanalizes without intervention, repair over a 
stent is recommended. 

 After establishing that the airway is not at risk, maxillofa-
cial bony trauma does not generally pose an immediate threat 
to life. As such, delayed reconstruction up to 2 weeks after 
injury is an acceptable approach. At that time, post-injury 
edema has largely resolved and the reconstructive effort may 
be more straightforward. In cases of severe wound contami-
nation or tissue loss, multiple-staged debridements and serial 
dressing changes may be required to prepare the recipient 
bed for grafting or implantation of prosthetic material. 
Prophylactic antibiotics with activity against oropharyngeal 
fl ora are commonly employed, especially when there is com-
munication to the sinuses for fear of development of menin-
gitis. Interestingly, several reports of patients with facial 
fractures and cerebrospinal fl uid leak do not support this 
practice. Perioperative antibiotics at the time of facial frac-
ture fi xation are associated with a signifi cant reduction in the 
incidence of surgical site infection. However, prolonged 
administration beyond 24 h does not confer additional pro-
tection in contaminated head and neck surgery and may be 
associated with higher incidence of infectious complica-
tions. Nevertheless, evidence is limited in severe facial 
trauma with heavily contaminated, multiple open fractures, 
where antibiotics outside the normal perioperative period 
may still confer a benefi t. As foreign bodies and necrotic, 
contaminated tissue serve as a nidus for infection, early 

debridement and extraction of bullets, shrapnel, and debris is 
indicated. This is especially true for bullets as projectiles 
carry clothing and other debris along the projectile track. 
While knives and other sharp implements tend to breach 
clothing rather than drag it into the wound, irrigation and 
debridement of devascularized tissue is just as important in 
these wounds. Removal of fragments may not be possible 
due to the risk of damage to adjacent structures or the inac-
cessibility of the approach. There is no consensus as to the 
duration or appropriateness of antibiotic therapy in these cir-
cumstances, and delayed removal of debris may be required 
if infection develops. Timing of bony reconstruction is con-
troversial, but earlier defi nitive treatment, including grafting 
and fi xation, is possible in some patients and may result in 
fewer infectious complications.  

26.2.3      Penetrating Neck Trauma 

 The neck is anatomically unique. No other area of the body 
contains a focused collection of vital structures from the car-
diovascular, respiratory, digestive, endocrine, and nervous 
systems. As such, the proper evaluation of penetrating 
trauma to the neck is crucial due to the consequences of 
missed injury that vary depending upon the structures 
affected. The zones of the neck are defi ned by anatomic fea-
tures readily identifi ed on physical examination. The caudal 
most zone is Zone I, spanning the area from the clavicle to 
the cricoid cartilage. Zone II is defi ned between the cricoid 
cartilage and the angle of the mandible. Above this, Zone III 
extends to the skull base. Reference to these zones provides 
a means to describe the location of penetrating injury and 
further implies the degree of diffi culty of operative exposure 
required for adequate proximal and distal vascular control 
due to bony structures such as the clavicle, the angle of the 
mandible, and the skull base. Table  23.2  lists the major struc-
tures at risk for injury by zone.

   Evaluation of the patient with suspected penetrating neck 
trauma begins, as always, with the airway. About 10 % of 
patients will present with a compromised airway; both direct 
and indirect airway obstruction must be considered. Any sig-
nifi cant penetrating injury to the aerodigestive tract may 
compromise the airway due to fi stula, obstruction, or, more 
commonly, hemorrhage into the trachea; these are indicators 
for mandatory neck exploration (Table  23.3 ). Alternatively, 
adjacent injury may progressively occlude the airway. Two 
main fascial layers, the superfi cial and deep cervical, enve-
lope the contents of the neck, often limiting bleeding to the 
compartments defi ned by the fascia. While this generally 
prevents exsanguination from most penetrating wounds, the 
real danger is often airway compromise due to compression 
by expanding hematoma. Preemptive defi nitive airway con-
trol to prevent impending airway loss should be the rule, as 
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an expanding hematoma can rapidly change a stable  situation 
into a frantic struggle to obtain a patent airway (see previous 
Sect.  26.1.1 ). If the patient’s airway has already been secured 
by prehospital providers, information about the appearance 
of the airway on direct laryngoscopy should be obtained, 
particularly noting any physical fi ndings present at the time 
and any changes that had occurred in the interim. Fiberoptic 
bronchoscopy may be employed to examine the proximal 
trachea by carefully withdrawing the endotracheal tube over 
the scope, but airway edema due to direct trauma or hema-
toma compression may demand tracheostomy prior to 
attempting this. CT of the neck is probably the best test in the 

intubated patient for detecting fractures of the larynx and to 
determine which patients should be managed operatively. If 
the airway is patent on arrival but a direct injury to the larynx 
is suspected, formal evaluation of the airway via direct or 
fl exible fi beroptic laryngoscopy and fl exible or rigid bron-
choscopy may be undertaken in the operating room, where 
tracheostomy may be performed if indicated.

   Along with defi nitive airway management, the initial 
management of penetrating neck injury includes an assess-
ment of the overall stability of the patient, and consideration 
for any other major life-threatening injuries. Chest and lat-
eral cervical spine x-rays are helpful to rule out adjacent 
intrathoracic hemorrhage and spinal cord injury as alterna-
tive causes of hypotension. Active hemorrhage is controlled 
with direct pressure or focused balloon tamponade. 

 Traditionally, patients with Zone II injuries were rou-
tinely explored, while Zone I and III injuries were managed 
selectively with angiography due to diffi culty of obtaining 
vascular exposure in these areas. This resulted in an unac-
ceptable number of negative Zone II explorations along 
with a signifi cant number of missed injuries in Zones I and 
III. Management practices have since evolved with selec-
tive management employed for all three neck zones pro-
vided that “hard signs” (Table  23.3 ) of vascular injury are 
absent. 

 All patients who display hemodynamic instability or 
“hard signs” of vascular injury should undergo immediate 
operative exploration delayed only by securing an unstable 
airway through endotracheal intubation or surgical airway as 
needed. If the patient is not in shock and has no other “hard 
signs” of vascular injury, further evaluation of the location 
and severity of the neck injury can proceed. 

 The same principles of injury categorized by weapon as 
described in facial penetrating injury apply to the neck. In 
general, ballistic injuries are associated with signifi cantly 
more collateral damage, retained foreign material, and a sig-
nifi cantly higher rate of infection than those caused by sharp 
implements, but the extent of sharp penetrating injury may be 
initially deceiving due to unpredictable trajectory and depth. 
The history is sometimes helpful to understand the path of the 
projectile, but should be confi rmed with CTA imaging in 
appropriate patients to assist in planning further diagnostic or 
therapeutic intervention. The fi rst determination to be made is 
whether or not the injury has violated the platysma muscle; 
superfi cial wounds need no further workup and may be closed 
primarily. Blind exploration of penetrating injuries that vio-
late the platysma is not advised due to potential for reactiva-
tion of bleeding from a stable hematoma, but not all of these 
injuries will require operative exploration. Removal of a 
retained penetrating implement is best performed after pre-
emptive vascular control is attained, usually by means of 
operative exposure, but potentially via angiography if the 
location of the injury is amenable to this modality. 

   Table 23.2    Anatomic structures at risk in penetrating neck trauma 
characterized by zone   

 Location  Structure at risk 

 Zone III  Pharynx 
 Distal carotid artery 
 Distal vertebral artery 
 Parotid gland 
 Cranial nerves 

 Zone II  Carotid artery 
 Vertebral artery 
 Jugular vein 
 Larynx 
 Esophagus 
 Trachea 
 Vagus nerve 
 Recurrent laryngeal nerve 

 Zone I  Proximal carotid artery 
 Subclavian artery 
 Vertebral artery 
 Upper lung 
 Esophagus 
 Trachea 

    Table 23.3    Hard and soft signs of vascular, airway, or pharyngo-
esophageal penetrating injury on initial physical examination   

 Injury  Hard signs  Soft signs 

 Vascular  Shock 
 Expanding hematoma 
 Active ongoing 
bleeding 

 History of pulsatile 
bleeding 
 Small, stable hematoma 
 Cranial nerve injury 
 Unexplained neurologic 
defi cit 
 Proximity injury without 
other signs 

 Aerodigestive  Airway obstruction or 
compromise 
 Air escaping from neck 
wound 
 Major hemoptysis 
 Massive subcutaneous 
emphysema 

 Dyspnea 
 Hoarseness 
 Subcutaneous emphysema 
 Odynophagia 
 Rare hemoptysis 

  In general, hard signs call for operative intervention, while soft signs 
demand further diagnostic evaluation  
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 Few topics in surgery have generated more controversy 
than the operative exploration of the neck following pene-
trating trauma. Mandatory exploration of all penetrating 
neck injuries, including those without hemodynamic com-
promise or obvious signs of vascular or airway violation, 
was once the rule out of concern for occult esophageal 
injury. However, as high rates of negative neck explorations 
were published in multiple case series, a more selective 
management approach was developed whereby screening 
angiography, laryngoscopy, esophagoscopy, and bronchos-
copy were employed to rule out arterial, laryngeal, esopha-
geal, and tracheal injury, respectively. In a landmark review 
assessing the mandatory versus selective exploration of 
Zone II injuries, Asensio and colleagues failed to conclude 
that one approach was favored over the other, primarily due 
to the heterogeneity and retrospective nature of previously 
reported studies. Since that publication, increasingly accu-
rate and expeditious noninvasive computed tomographic 
angiography has become commonplace and has largely 
replaced standard angiography in the initial evaluation of 
stable Zone II penetrating neck trauma. CT has the added 
benefi t of being a single diagnostic modality that may char-
acterize associated hematoma, laryngeal disruption, as well 
as both arterial and venous injuries. However, defi nitive 
exclusion of pharyngeal and esophageal injury requires 
additional diagnostic challenges. 

 The pharyngoesophagus includes the hypopharynx, 
bounded by the tip of the epiglottis superiorly and the crico-
pharyngeus inferiorly, and the cervical esophagus. This area 
is the most protected in the neck and estimates of rates of 
injury in penetrating trauma range from 1 to 8 %. While vas-
cular injuries comprise the predominant cause of early mor-
tality (whether due to exsanguination or airway occlusion), 
pharyngoesophageal injuries are responsible for the majority 
of the late deaths seen in penetrating neck trauma. Delay in 
repair of esophageal injury has been described as an inde-
pendent risk factor for death. Therefore, the screening test 
performed should not only have a high sensitivity for detect-
ing injury; it should also be performed and interpreted in a 
timely manner to facilitate expeditious repair. 

 In patients with Zone I and II injuries who undergo CTA 
imaging without obvious evidence of aerodigestive tract 
injury, but in whom injury may be suspected due to trajec-
tory of the wound, further evaluation is appropriate. As con-
trast swallow studies have been shown to be less sensitive for 
hypopharyngeal injuries, these patients should undergo 
fi beroptic nasoendoscopy or laryngoscopy. If an injury to the 
pharynx is discovered and it is <2 cm and does not involve 
the piriform sinuses below the arytenoids cartilages, the 
patient may be treated by nonoperative observation with 
intravenous prophylactic antibiotics and without anything by 
mouth. There has been some debate over the best modality 
for esophageal evaluation: esophagography, rigid esopha-

goscopy, fl exible esophagoscopy, or a combination of the 
above. Weigelt et al. recommended that patients fi rst undergo 
esophagography and if negative, proceed with rigid esopha-
goscopy, citing a sensitivity of 100 %. Srinivasan et al. found 
fl exible endoscopy to yield a sensitivity of 100 % and sensi-
tivity of 92.4 %. Most recent guidelines recommend either 
esophagography or endoscopy (either rigid or fl exible), 
emphasizing the importance of early assessment, rather the 
modality used. 

 All other hypopharyngeal and all esophageal injuries 
should be repaired in two layers after necrotic tissue is 
debrided. Muscle fl aps and closed suction drainage are advo-
cated to encourage sealing of the repair and salivary diver-
sion, particularly in the setting of adjacent vascular repair. It 
may be necessary to mobilize the pharynx from the hyoid 
bone to achieve greater length and a tension-free repair. If 
extensive tissue loss is encountered, more commonly experi-
enced in gunshot wounds to the esophagus, a diverting 
esophagostomy and delayed repair should be performed. 

 For patients in whom vascular injury is discovered, repair 
or ligation/embolization of the vessel depends on the nature 
of the injury, the vessel injured, and the preoperative exami-
nation. The vertebral artery is generally very well protected 
within the spinal column, with the exception of the portion in 
Zone I, where it arises from the subclavian artery. As such, 
the incidence of these injuries is relatively low, and most are 
asymptomatic, discovered on angiography or CTA. Control 
may be achieved via angiographic embolization or with 
proximal and distal direct ligation. In situations where access 
is particularly diffi cult, bone wax compression can be used to 
obtain temporary control of hemorrhage and obtain time for 
either defi nitive surgical or endovascular management. 
Embolization is also recommended in vertebral arteriove-
nous malformation and pseudoaneurysm. 

 All signifi cant penetrating carotid artery lesions should be 
repaired when technically feasible, either primarily or with 
patch angioplasty. If a signifi cant segment of artery is lost, 
interposition graft or internal to external carotid artery trans-
position may be performed. Injuries to the distal internal 
carotid are especially challenging. Options include ligation, 
extracranial-intracranial bypass, or angiographic stenting. 
Controversy surrounds the population of injuries with preop-
erative coma, as initially it was thought that revascularization 
was associated with a higher incidence of hemorrhagic con-
version of ischemic infarction. More recent series suggest 
that because most defi cits remain unchanged or improve 
after repair, carotid repair should be carried out regardless of 
preoperative neurologic status, if technically possible. The 
majority of jugular venous injuries are likely unrecognized, 
due to the low-pressure venous system; however, in those 
large enough to cause signifi cant hemorrhage, ligation of the 
jugular vein can generally be performed without 
consequence.       
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      Gunshot Injuries to the Head                     

     Ekkehard     M.     Kasper     ,     Yosef     Laviv    ,     Martina     Stippler    , 
and     Burkhard     S.     Kasper   

      Traumatic brain injury (TBI) remains a major cause of death 
and disability worldwide, and missile-induced TBI remains 
the most deadly of all traumas since fi rst reported and has 
always been associated with high mortality and morbidity. 
The prevalence of TBI secondary to gunshots is strikingly 
variable and refl ects the global scenery of violence. Injuries 
from gunshot wounds (GSW) to the head place an extreme 
economic burden on the public while disabling the victims in 
the zenith of their life and imposing enormous medical, 
legal, and emotional costs. Since every gun/projectile combi-
nation is associated with a typical pattern of injury, war inju-
ries differ signifi cantly from others. We will focus here on 
predominantly penetrating civilian gunshot wounds with low 
muzzle velocity (<1,000 f/s) as they occur in the setting of 
homicide and suicide attempts or during accidents. Many 
surgeons did take patients to the OR over the last 30 years, 
and they have achieved a remarkable reduction in morbidity 
from well above 50 % to less than 25 % in patients admitted 
with severe brain injury. However, in the setting of increas-
ingly limited resources, recent research focus has shifted 
toward more precise prediction of survival as well as on bet-
ter functional outcome. 

 Among fi rearm injuries, gunshot wounds to the head and 
brain are nightmares for all involved. Prehospital mortality 
remains >50 % and the in-hospital mortality for civilians 
with penetrating neurocranial injury is around 50–95 % 
depending on the study and the proportion of suicide victims 
in the series. Of note is the observation that female victims 
seem to have worse outcome based on a different causative 
injury pattern. It is clear from all studies that “time is brain,” – 
so we must act swiftly on all patients brought to a trauma 

center and ensure protocol-guided resuscitation. You must 
obtain an accurate qualifi ed exam upon arrival, since this is 
the most relevant determinant and reports of any GSC from 
the scene are often established pre-resuscitation and hence 
grossly inaccurate (e.g., secondary to intoxication, hypoten-
sion, or hypoxia/hypothermia). “Time is brain,” so initiate 
ATLS-guided treatment (vasopressors, mannitol, hyperventi-
lation) even prior to completing the imaging. To prevent sec-
ondary damage perioperatively, always ensure suffi cient 
cerebral perfusion (goal >70 mmHg) by keeping intracranial 
pressure below 25 mmHg and arterial blood pressure above 
90 mmHg and use ICP monitoring, broad-spectrum antibiot-
ics, and anticonvulsants. 

 Most studies support intervention for patients with a post- 
resuscitation GCS of greater than 5, but there are exceptions 
to the rule, and despite a fi rst impression of devastation, 
some will have good outcome “against all odds.” So our 
credo is to treat any not clearly hopeless case as fast and 
aggressively as possible. 

 In managing gunshot-injured brain-patients, you should 
be well aware that  only a part of the neurological harm 
arises at the moment of impact . The prognostic relevant 
damage most frequently evolves in the time span after the 
incident, and any achieved outcome correlates to the time 
between injury and the time of intervention and postopera-
tive management. By managing and preventing secondary 
problems aggressively, you justify swift surgical treatment 
and improve your outcome. 

 If the patient is comatose with a GCS of 3–5, we do  initi-
ate intracranial pressure  ( ICP )  treatment already in the 
trauma bay even prior to the acquisition of imaging . 
However, as soon as the patient is systemically stabilized, it 
is mandatory to immediately obtain a standardized CT scan 
(5-mm cuts parallel to the skull base in  brain / home / bone 
windows with reformats in coronal and sagittal planes ) in 
ALL patients with GSW to the head to make a decision on 
operative intervention;  CT  scanning does not differ from 
other trauma patient workups, but we scan the patient  head 
fi rst  during the trauma protocol workup to get a better idea 
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about the prognosis, the urgency of the situation, and the 
chance to plan a more precise setup for the OR. Workup and 
handling of patients with stab injuries to the brain does also 
not differ signifi cantly from those with gunshot wounds, but 
injury might be more localized since the impact transforms 
less energy than that of a projectile. 

 The acquisition of  CT scans must NOT   be postponed  ever 
because of a good presenting GCS, since approximately 

10 % of patients with non-penetrating injury (without breach 
of the neurocranium) may still suffer a signifi cant intracra-
nial injury and will require lifesaving neurosurgical interven-
tion; see also patient illustrated in Fig.  27.1 . The reverse is 
also true: even in the setting of a GSC as low as 3–5, a young 
patient deserves surgical intervention if a defi ned space- 
occupying lesion (e.g., hematoma) is identifi ed on admission 
CT.

  Fig. 27.1    Patient No. 1: a 22-year-old female crime victim, who sus-
tained multiple GSW with a single non-penetrating GSW to the head. 
Entry wound at R cheek, exit wound on R supraorbital forefront.  Plates 
1 and 2 : scout images A/P and lateral without evidence of bullet.  Plates 
3 and 4 : preoperative images (bone windows) demonstrating R frontal 
skull fracture with pneumocephalus and orbital roof fracture.  Plates 5 

and 6 : axial and coronal views of large R epidural hematoma and infra-
orbital hematoma.  Plates 7 and 8 : axial views of postoperative results 
status post evacuation of hematoma and autologous cranioplasty.  Plates 
9 and 10 : reconstructed orbital roof status post transfrontal evacuation 
of retro-orbital hematoma           
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Fig. 27.1 (continued)

27 Gunshot Injuries to the Head



206

  Initial patient management should be according to ATLS 
protocols or equivalent algorithms. Isotonic volume resusci-
tation, normotonia, normorhythmia, and normothermia 
should be ensured. Traumatic GSW brain injury is classifi ed 
as critical in any patients presenting with a GCS score below 
eight and an abnormal CT scan, e.g., showing a skull fracture 
or deformation, hematoma, contusion, swelling, or other 
signs of local or global mass effect possibly causing incipi-
ent herniation. Remember that patients with GCS scores >8 
and/or a supratentorial single-lobe lesion have the best 
chance to show good outcome after aggressive surgical 
treatment. 

 Recent literature offers also some outcome prediction 
models for head-injured patients using a number of parame-
ters including age, GCS score, pupil reactivity, and the pres-
ence of extracranial injuries. Further adjustments are made 
by including fi ndings on CT scanning. As expected, outcome 
is also defi ned by the locally available treatment resources 
and hence refl ects the socioeconomic status of the country. 
Based on our experience in an urban trauma level 1 center, 
we strongly suggest aggressive surgical treatment in all not 
clearly hopeless cases.

27.1       Some Rules for Workup Leading 
to Operative Management 

 The most important rule to memorize at the very beginning 
is  Time is brain . 

 As profane as it may sound: Clear thinking and a high 
speed of  coordinated action is crucial  and it requires a well 
pre-instructed and well-drilled team. 

 What we really mean here is: Swiftly coordinated actions 
are vital in the true sense of the word and will defi ne the 
outcome for such challenging endeavors and are an absolute 
requirement if you want to succeed. This applies to all parts 
of the care-provider chain: from Advanced Life Support- 
trained EMTs, who pick up and transport the patient, their 
management en route, to the presentation upon arrival in the 
ER. Admission exam and timely workup is critical and 
potentially lifesaving (with its bedside decisions) until a pos-
sible intervention in the OR can be performed. The latter can 
only be successful with a premeditated and very well- carried- 
out surgical plan. 

 Here are my (EMK) rules:

     No. 1:  DO NOT PANIC ! In many ways, it is a case like 
many others; therefore RUN YOUR ROUTINE. Do all 
the workup and related decision like a tree and according 
to a protocol.  

    No. 2:  DO NOT WASTE TIME  – and save it where you 
can do it safely. This means: When the hospital is notifi ed 
about the arrival of such a GSW patient, GET READY 
BEFORE THEY ARRIVE. Call the OR upfront to get a 
room setup. Announce the most likely scenario (e.g., 
20-year-old male; RT craniotomy/supine or suboccipital 
craniotomy/prone, etc.). Ask to assemble a team for the 
OR that you already know/can work with, not newcomers 
(Fig.  27.2 ).

       No. 3:  GO TO THE ER AND WAIT IN THE TRAUMA 
BAY FOR THE PATIENT TO ARRIVE . If you are out of 
the hospital, start driving in NOW. Meanwhile organize 
things by phone on your way. These are most valuable 
minutes that you can save for later (Fig.  27.3 ).

       No. 4:  Touch base with the ER attending . In an experi-
enced setting, the ER will get prepared early and have 
identifi cation labels/numbers and a trauma team assigned 
prior to arrival (Fig.  27.4 ).

       No. 5: Make sure they  notify the blood bank  for possible 
need of products with “emergent release.” Make sure they 
have vasopressors and mannitol/Lasix IV ready and a 
respiratory therapist to initiate hyperventilation. 
Remember the rule of 30s: height of bed 30 o  and hyper-
ventilation with  f  = 30 for a goal pCO 2  < 30.  

    No. 6: Get  the trauma team ready in the bay and assign 
tasks  by talking to the senior/attending running the case. 
 THIS IS NOT THE PATIENT TO PRACTICE ON . 
Newcomers can stand by and watch, but should stay at a 
distance and out of the way! Try to pass all preliminary 
information around as it can be gathered from the EMT-
call-in from the scene or en route (ask about patient age, 
single wound or systemic injury, patient awake or with 
loss of  consciousness (LOC)/comatose; patient intu-
bated, patient stable; blood loss at the scene; other 
issues).  

    No. 7:  Call the CT scanner  upfront that you will bring a 
critically ill patient ASAP so they keep the scanner  FREE 
for your case !  

    No. 8: Listen well to what the transport team has to say 
upon presenting the case; they sometimes know important 
details (downtime, seizures at the scene, diffi culties with 
the airway, etc.).  

    No. 9:  WATCH  if there is any sign of life upon arrival. 
Get a good glimpse at the patient (I recommend 
you stand behind the chief running the case at the 
head end of the patient) and once the primary survey is 
done.  

    No. 10: You should  get a 10 – 30 - s neuroexamination 
yourself .    

  NOW MAKE THE RUN AGAINST THE CLOCK !  
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  Fig. 27.2    Patient No. 2: a 23-year-old female, who sustained a solitary 
GSW to the head from close range. Entry wound on the R cheek, exit 
wound R parietal.  Arrows  in  plates 1 and 2  of this fi gure illustrate the 
blow out fracture of the right sided calvarium as seen on CT scout 
images; This creates a hemispheric decompression.  Arrows  in  plate 3 
and 4  indicate the corresponding bony defect with multiple fragments 

as seen in bone windows of the axial CT scan.  Arrows  in  plates 5 and 6  
indicate the hemorrhagic contusion and SAH.  Arrows  in  plates 7 and 8  
indicate the hemicraniectomy site ( 7 ) and evacuated subdural hema-
toma site ( 8 ).  Arrow  in  9  points at the inserted hemicranioplasty 
allograft.  Arrow  in  10  points at the cystic portion of the encephalomala-
cia from the bullet tract           
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Fig. 27.2 (continued)
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  Fig. 27.3    Patient No. 3: a 30-year-old female, who sustained a solitary 
GSW to the back of her head from close range. Entry wound on the 
occiput and no exit wound.  Arrow  in  plates 1 and 2  points at the retained 
bullet case.  Arrow  in  plate 3  shows the bullet case as seen in the corre-
sponding head CT on axial CT bone window.  Arrows  in  plate 4  point at 
a dilated right lateral ventricle and at left perimesencephalic hemor-

rhage.  Arrows  in  plate 5  show the enlarging hematoma in the CP angle 
and a hematoma in the left sided posterior fossa.  Arrow  in  plate 6  shows 
the bilateralsuboccipital craniectomy site that was created to gain 
access for evacuation.  Arrow  in  plate 7  points at the evatuation side of 
the previously seen hematoma in  5 .  Arrow  in  plate 8  points at the R 
frontal EVD catheter inserted to treat the occlusive hydrocephalus         
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  Fig. 27.4    Patient No. 4: a 26-year-old male, who sustained a solitary 
GSW to the head from distant range. Entry wound at the R ear canal, no 
exit wound.  Plates 1 and 2 : scout images A/P and lateral with evidence 
of multiple bullet fragments on the R extracranially and bilaterally 
intracranially. Note the large R-sided skull fracture.  Arrows  in  panel 3 
an 4  point at the bullet tract as seen on head CT with axial bone win-
dows ( 3 ) and in matching coronal reconstructions ( 4 ). There are inter-

spersed metal bullet fragments visible with their streak artifact.  Arrow  
in  plate 5  points at the temporal lobe hematoma.  Arrow  in  plates 6 and 
7  points at the hemicraniectomy site.  Arrow  in  plate 8  points at the R 
MCA bifurcation with multpiple retained bullet fragments and a surgi-
cal clip for the traumatic avulsion site.  Arrow  in  plate 9  indicates the 
allograft cranioplasty. And  plate 10  shows a small left frontal inraparen-
chymal hematoma           
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27.2     Preoperative and Intraoperative 
Management 

 For most TBI strategies, you will fi nd very little class 1 or 2 
recommendations. To get a good grip on how to run these 
scenarios and treat your patient well, watch as many cases as 
you can during training. Take home the pivotal steps of deci-
sion making from seasoned staff. You can often not random-
ize patients in critically ill settings since it often poses an 
ethical dilemma; therefore, remember the following points to 
increase the possibility of a satisfying discharge status of a 
patient injured by gunshot or a stab wound: 

 In all trauma patients, let the trauma team perform  systematic 
reviews  in the bay and stanch blood ASAP; get the patient lined 
up (two peripheral 16 G IVs) and treat abnormal vital signs 
(e.g., hypotension, hypoxia/hypothermia!) before you move to 
the radiological examinations, and  consider any surgical inter-
vention. The minutes spent here are WELL SPENT and make 
your part SAVE. No one wants to rush the GSW patient to the 
scanner and see them crashing there. And remember: NO GSW 
TO THE HEAD goes to the OR without fi lms EVER! 

 Have one team member assigned as liaison to the relatives 
if you do not have the time to communicate during the need 
of swift action. They will be extremely grateful and less anx-
ious. Once you have obtained your scans, make a swift deci-
sion: Patients with a GCS of 3–5 AND a devastating scan 
(bilateral global injury with transventricular bullet trajectory, 
massive blood or swelling with near-complete herniation, 
tram track signs) may not be salvageable and warrant conser-
vative treatment alone with ICP-bolt placement and medical 
management only. Other patients with either improved post- 
resuscitation GCS > 5 and limited supratentorial injury and a 
vector that does not show involvement of the fatal zone 
should be considered for surgery. 

 NOW TO THE POINTS THAT MATTER:  

27.3     Operative Management 

  Always ask yourself: 

   “How can I do the best intervention the fastest possible 
way?”
    Here are the 15 most important points on the road to 

success :      

    1.    Transport the patient yourself from the CT scanner 
straight to the OR.   

   2.    Position the patient by transferring him from the stretcher 
onto the OR bed (which has been preplaced correctly in 
the room since you called from the CT scanner).   

   3.    Apply only the utmost necessary padding to save time 
(this is not the time to search for pneumoboots or gel 
rolls).   

   4.    Pin the patient in a Mayfi eld headrest at straight angles! 
(either supine or fully lateral). This helps to keep your 
orientation once you are deep inside.   

   5.    Shave the entire hemiconvexity (be generous!).   
   6.    Scratch the skin to keep your landmarks and pay atten-

tion to especially the midline!   
   7.    Use a quick prep solution: e.g., soaking beta-iodine 

sponges followed by Prevail®; this is not the time to go 
through six sponges of your three soap elective crani 
routine.   

   8.    Do not waste the time to wait for using local anesthesia/
epinephrine for better hemostasis.   

   9.    Incise with the goal of creating a generous fl ap to allow 
for post-OP swelling.   

   10.    Perform a really good sized hemicraniectomy for opti-
mal decompression and do not forget to prepare in all 
p-fossa lesions a  Frazier burr hole  so you can place an 
external ventricular drain (EVD) any time.   

   11.    Save the bone fl ap on the back table to be used in a freezer-
storage protocol, and do not waste time on a second 
(abdominal) incision! You want to get out of the OR ASAP.   

   12.    Always irrigate copiously with antibiotic solution: e.g., 
bacitracin®.   

   13.    Perform your  wide durotomy BEFORE you place any 
dural tenting stitches  since this decompresses the brain 
earlier and you save the brain some more vital minutes.   

   14.    Close the dura provisionally, e.g., with an  onlay dural 
allograft  (e.g., DuraGen®) to prevent adhesion scarring 
from the brain surface to the undersurface of the muscle 
fl ap. A subgaleal CSFoma is of no concern here, since 
you will be back for a regular cranioplasty.   

   15.    Close the muscle fl ap in three layers only to save some 
time: (1) muscle + fascia, (2) galea, and (3) skin.    

  Do not forget to talk to “your team” at all times during the 
case and announce your next moves clearly and loud. These 
are fast and stressful cases and performed not for pretty but 
effective surgery; describe technical details that make a dif-
ference (anesthesia needs to know when you open the dura to 
anticipate a change in ICP and SBP response).  

27.4     Perioperative Management 

27.4.1     Cerebral Perfusion Threshold 

 An adequate cerebral perfusion pressure (CPP) is instrumen-
tal to keep brain tissue alive. More is better here. The goal 
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value is the result of subtracting the ICP from the mean arte-
rial pressure (MAP). You may guess via the SBP if your 
monitor does not calculate and display MAPs. 

 The critical cerebral perfusion pressure (CPP) threshold 
for ischemia lies around 50_60 mmHg; do not over resusci-
tate with IV fl uids, and DO NOT USE fl uids with concentra-
tions of half normal saline (0.45 %), which act as 
hypo-osmolar volume expanders and may create signifi cant 
brain edema. Remember: There is poor outcome in patients 
with systemic hypotension, but there is risk of adult respira-
tory distress syndrome with too ambitious use of fl uids too. 
So keep ICP low and MAP high enough with mannitol (e.g., 
1–1.5 g/kg body  weight is about 100 g I / V  for an average- 
sized person of 70 kg), and do not hesitate to use vasopres-
sors early (e.g., Neo-Synephrine) and do NOT bring down 
systolic blood pressure (SBP) if a patient comes in at 165 
before you have a CT scan; he may need that pressure for 
good perfusion!. 

 Always monitor blood pressure (BP) frequently 
(q2–5 min) and avoid  systolic drops of BP  <  90 mmHg . Now 
a personal hint:  Do NOT waste time placing an A - line before 
CT scanning . In a hemodynamically stable patient, you are 
better off seeing the intracranial damage early and go to the 
OR quicker rather than waiting 5 min for line placement 
before you can make an informed decision. The OR can 
work more effi ciently with teams acting in parallel which 
saves you vital minutes (needless to say: In the unstable 
patient, this does not hold true).   

27.5     Intracranial Pressure Monitoring 

 Aim to always maintain adequate cerebral perfusion to pre-
vent secondary damage! So monitor ICP in all necessary set-
tings of severe traumatic brain injury with GCS < 8 to defi ne 
the need of intervention (level II evidence). But what does 
that mean here? You are not able to manage CPP correctly 
without measuring ICP and MAP! However, if the patient 
goes to the OR anyway, do not waste time placing an ICP- 
bolt monitor or external ventricular drain upfront. It is more 
suitable for the post-op setting. 

 Especially in smaller institutions, the threshold for inva-
sive monitoring remains too high. Here we advocate a low 
threshold for transferring the patient to an experienced cen-
ter and correct placement in an ICU setting. CT scans are 
not appropriate for “guessing” ICP, but good enough preop 
to make a decision. If the patients scan supports nonopera-
tive management, the patient needs an ICP bolt placed 
ASAP. 

 By the way, if a CT does not present any abnormalities to 
explain a low admission GCS, then measure ICP when two 

or more of the following features are noted: negative tox 
screen, patients above 40 years of age, systolic BP 
< 90 mmHg, or the patient showing sign of posturing (uni- or 
bilateral). 

 Do  not  treat potential high ICP for any prolonged period 
of time prophylactically without correct monitoring in the 
ICU setting. (This is NOT true for a sudden change in men-
tal status in a critically ill TBI patient; if you notice a rapid 
decline in neuroexam, you SHOULD initiate therapy 
immediately with hyperventilation/HOB30/mannitol and 
then go to the scanner ASAP to explore the intracranial 
situation!) Once again, time is brain and less ICP for sev-
eral minutes can save a lot of tissue if used in the correct 
setting. Whether you use a parenchymal or ventricular ICP-
bolt device is more a question of preference than of evi-
dence. However, the latter is known for lower costs and 
offers the chance to also treat by draining off excess cere-
brospinal fl uid (CSF). Start treatment if ICP is sustained 
>20 mmHg (level II) and follow respective clinical and 
radiological fi ndings.  

27.6     Hyperosmolar Therapy 
and Barbiturates 

 Mannitol or hypertonic saline lowers ICP and may thereby 
increase CPP, thus improving neurological outcome. As a 
rule of thumb, use mannitol at 1 g/kg body weight as a load-
ing dose (level II). Equimolar doses of NaCl may be given 
according to institutional protocols. Then maintain the dos-
ing but divide it into equal fractions (e.g., 25 g mannitol q6 
h). Do NOT forget to also order holding parameters (e.g., 
hold next dose for osmolarity > 320 or Na > 150) to prevent 
drying the patient out. Also be aware that you might cause 
transient arterial hypotension! Mannitol outweighs barbitu-
rates in improving ICP, but bears a higher risk of hypoten-
sion. While mannitol may have a detrimental effect on 
mortality when compared to hypertonic saline, recent com-
prehensive literature review found confl icting evidence. 
Prophylactic administration without evidence of increased 
ICP is not recommended. Only use barbiturates if ICP can-
not be decreased by any other measure to prophylactically 
slow metabolism. (It also makes brain death determination 
really diffi cult.)  

27.7     Hyperventilation and Steroids 

 Hyperventilation can reduce ICP. The mechanism most 
likely comes from intravasal volume reduction secondary 
to vasoconstriction. The method works well for 6 h (giving 
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you a good time window to initiate further treatments) but 
can turn detrimental thereafter. So do not use it without 
careful consideration and limits! Avoid too excessive a pro-
tocol, and do not hyperventilate to a PaCO 2  < 25 mmHg 
during the fi rst 24 h after TBI when cerebral blood fl ow 
(CBF) is often critically reduced (level II). Mind you that 
the day after a signifi cant injury, CBF is reduced to less 
50 % of normal individuals; this means that you risk 
decreasing CBF even further with aggressive hyperventila-
tion and a subsequent reduction in CBF and you actually 
worsen the situation to the point that the patient may 
become ischemic or stroke. 

 Do NOT apply steroids. Currently, there is no proven ben-
efi t for the use of steroids in traumatic closed-head/brain 
injury. Earlier data had reported some benefi t but at an 
increased risk for overall morbidity especially in the popula-
tion of elderly.  

27.8     Infection Prophylaxis 

 Most general guidelines (level II) suggest periprocedural 
administration of antibiotics to reduce the incidence of pneu-
monia after intubation in the patients with signifi cantly 
decreased mental status. Although gunshots are often con-
sidered to be sterile in themselves, we support the notion of 
a 48–72-h period of broad-spectrum antibiotic prophylaxis 
for prevention of meningitis secondary to a CSF leak. 
Vancomycin 1 g Q12 h, gentamicin 80 mg Q 8 h, and Flagyl 
500 mg Q6 will suffi ce. Since most CSF leaks close sponta-
neously within 48 h, or will be taken care of during surgery, 
we do not maintain this regimen beyond day 3, unless there 
is a signifi cant amount of bony debris translocated into the 
parenchyma. If that is the case, 7–10 days of antibiotic cov-
erage seems reasonable.  

27.9     Prophylactic Hypothermia 

 Even though preliminary data had shown a possible increase 
of survival when induced hypothermia is maintained for 
more than 48 h in TBI patients, we currently do not use pro-
longed hypothermia on patients with GSW. Pooled data 
(level III) indicated no improvement in overall mortality and 
are hinting at increased coagulopathies. Furthermore, RCTs 
on hypothermia for severe traumatic brain injury in pediat-
rics found neither improvement in global functional outcome 
nor reduced morality rates. In fact, mortality rates may 
increase in hypothermia-treated patients.  

27.10     Antiseizure Prophylaxis 

 We strongly recommend the use of antiepileptic medica-
tions for a minimum of the fi rst 7 days of injury for sub-
arachnoidal hemorrhage (SAH). If signifi cant parenchymal 
damage incurred, we keep it on until the fi rst follow-up 
appointment. 

 Phenytoin is the drug of choice and clearly decreases the 
incidence of early posttraumatic seizures (PTS) and associated 
morbidity. Penetrating trauma to the head is an established risk 
factor for the development of PTS, but you can relax: These 
early PTS are not worsening long-term outcome. Since pre-
cautionary administration of valproate or phenytoin has not 
shown to prevent (level II) late posttraumatic seizures, most 
centers do not use them for anything else but perioperative.  

27.11     Postoperative Consideration 

 Excessive postoperative strategies are not topic of this book. 
All basic postoperative prophylactic strategies apply for 
GSW trauma victims too. A brief reminder follows and your 
care protocols should include the following:

•    Most patients have a rough course during the fi rst 3–7 
days, since swelling seems to peak around POD 3–4, and 
you have to watch out for it and treat any trends of increase 
in ICP early and aggressively.  

•   Wean all patients from the ventilator ASAP; an extubated 
patient gives you the best scenario for a proper assess-
ment and neurological examination which can be fol-
lowed once the GCS > 8. If the patient does not regain 
consciousness soon, opt for an early tracheostomy and 
PEG in anticipation of a long postoperative course.  

•   Ensure full caloric intake by day 7 post-injury to support 
wound healing. To achieve best results, begin feeding not 
later than72 h after injury.  

•   Combine mechanical DVT prophylaxis via compression 
stockings or intermittent pneumatic compression stock-
ings with low molecular weight heparin or low-dose 
unfractionated heparin as early as POD 2.  

•   Provide a decent bowel regimen (including acid blocker 
and a stool softener to help the slowed guts) and for pre-
vention of stress-induced ICU gastritis.  

•   Supply adequate pain medications as these patients will 
not ask for any.  

•   Support the patient with anxiolytics and sedation in the 
setting of ICU care.  

•   Meticulous decubitus prophylaxis must be applied.  
•   Mobilize the patient early (PT/OT/out of bed to chair).     
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27.12     Special Circumstances 

 If you ever face a situation in which you have multiple GSW 
victims (such as a terror attack or a mass casualty), you have 
to make a stern decision: Who is going to be treated fi rst, or 
who is not going to be treated at all. It seems to be accept-
able to make that decision based on your available resources 
and based on the available data refl ecting the different prog-
noses for patients; I recommend to perform the workup in 
each patient just as outlined above. Based on the clinical 
information (presenting GCS score) and the CT scan, I feel 
strongly that a patient with a higher GCS and limited dam-
age on scan (e.g., unilobar right-sided injury) has the best 
chances for good functional outcome and hence should go 
to surgery fi rst. However, we acknowledge the ethical 
dilemma in this scenario and accept differing decisions 
based on momentary rationale or the experience of the treat-
ing team. 

   NOW MAKE THE RUN AGAINST THE CLOCK !  

27.13     Clinical Vignette 

 A 33-year-old male was shot in his car which then led to a 
car crash. He was transferred to our trauma center. On 
arrival, he was moving all his extremities but needed to be 
intubated for airway protection. Clinical examination 
revealed a left bullet entrance in the occipital region. After 
the patient was stabilized, a head CT was obtained. See 
Figs.  27.5  and  27.6 . The patient was fl exor posturing in his 
upper extremities and extending his bilateral lower extremi-
ties. Pupils were 2 mm and nonreactive. His brain stem 
refl exes were intact.

    While surgical management in most cases is limited to 
local wound care, debridement of wound and scalp closure, 
this decision needs to be based on the neurological exam 
and the extent of intracranial injury. If the trajectory of the 

bed 30 o  and hyperventilation with  f  = 30 for a goal 
pCO 2  < 30.  

•   Get  the trauma team ready in the bay and assign 
tasks  by talking to the senior/attending running the 
case.  THIS IS NOT THE PATIENT TO PRACTICE 
ON . Newcomers can stand by and watch, but 
should stay at a distance and out of the way! Try to 
pass all preliminary information around as it can 
be gathered from the EMT-call-in from the scene 
or en route (ask about patient age, single wound or 
systemic injury, patient awake or with loss of con-
sciousness (LOC)/comatose; patient intubated, 
patient stable; blood loss at the scene; other 
issues).  

•    Call the CT scanner  upfront that you will bring a 
critically ill patient ASAP so they keep the scanner 
 FREE for your case !  

•   Listen well to what the transport team has to say 
upon presenting the case; they sometimes know 
important details (downtime, seizures at the scene, 
diffi culties with the airway, etc.).  

•    WATCH  if there is any sign of life upon arrival. Get 
a good glimpse at the patient (I recommend you 
stand behind the chief running the case at the head 
end of the patient) and once the primary survey is 
done.  

•   You should  get a 10 – 30 - s neuroexam yourself .    

 Important Points 

•      DO NOT PANIC ! In many ways, it is a case like 
many others; therefore RUN YOUR ROUTINE. Do 
all the workup and related decision like a tree and 
according to a protocol.  

•    DO NOT WASTE TIME  – and save it where you can 
do it safely. This means: When the hospital is noti-
fi ed about the arrival of such a GSW patient, GET 
READY BEFORE THEY ARRIVE. Call the OR 
upfront to get a room setup. Announce the most 
likely scenario (e.g., 20-year-old male; R crani/
supine or suboccipital crani/prone, etc.). Ask to 
assemble a team for the OR that you already know/
can work with, not newcomers.  

•    GO TO THE ER AND WAIT IN THE TRAUMA BAY 
FOR THE PATIENT TO ARRIVE . If you are out of 
the hospital, start driving in NOW. Meanwhile orga-
nize things by phone on your way. These are most 
valuable minutes that you can save for later.  

•    Touch base with the ER attending . In an experi-
enced setting, the ER will get prepared early and 
have identifi cation labels/numbers and a trauma 
team assigned prior to arrival.  

•   Make sure they  notify the blood bank  for possible 
need of products with “emergent release.” Make 
sure they have pressors and mannitol/Lasix IV 
ready and a respiratory therapist to initiate hyper-
ventilation. Remember the rule of 30s: height of 
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  Fig. 27.5    Admission head CT scout images demonstrating bullet fragments in later view (Panel 1) and AP view (Panel 2). Also the ICP mentor 
placed on admission is visible       

bullet transects both ventricles, it is thought to be futile. 
Although the trajectory in this patient involved both hemi-
spheres, it was not to be deemed futile since there was no 
injury to deep brain structures such as the thalamus and 
basal ganglia. 

 If the patient has a survivable injury, safe accessible 
bone fragments should be removed and subdural, and epi-
dural hematomas with mass effect should be evacuated. 
Routine surgical removal of bone or missile fragments 
lodged distant from the entry site or in the eloquent areas of 
the brain is not recommended. Chasing these fragment 
leads to worse outcome and higher morbidity. For this rea-
son, we decided in this case to perform an emergent right-
sided hemicraniectomy for ICP control. Although the entry 
wound was on the left side, the main bullet tract-associated 
hemorrhage was mostly on the right. See Fig.  27.7 , Panels 
3 and 4. 

 At 6-month follow-up, the patient is imaged again, 
now 1 month after his cranioplasty. A CT scan of the 

head (Fig.  27.7 ) shows encephalomalacia along the bullet 
tack and reabsorption of the associated hemorrhage. He 
is alert and oriented to place, time, and person. His exec-
utive functions were good enough to allow him to con-
sent for his own cranioplasty 1 month prior. 
Neurologically, he is left with increased tone and 2/5 
strength on the left side and 4/5 strength in his right upper 
and lower extremity.

   This case demonstrates very well that – although most 
GSWs have a high mortality – the need for surgical interven-
tion needs to be evaluated on a case-by-case basis. Although 
pathophysiology of penetrating wounds is very different 
from other closed-head injuries, predictors for poor progno-
sis are the same: pupil size, GCS, and age. GCS score of 3–5, 
bihemispheric lesions, multilobar injuries, intraventricular 
hemorrhage, and uncal herniation (CT scan fi ndings) are 
indicators for poor outcome. All these aspects should be con-
sidered before offering surgery for penetrating TBI from a 
GSW.     
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  Fig. 27.6    Axial slices form the admission head CT. Panel 1 brain win-
dow and Panel 2 bone window show the bihemispheric injury and bullet 
trajectory, but it is high enough for not to injury deep brain structures. 

Panels 3 and 4 again show a left posterior occipital parietal gunshot 
wound with multiple metallic and osseous fragment and associated 
hemorrhage within the right and left occipital lobes       
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  Fig. 27.7    Panels 1 and 2: the 6-month follow-up head CT axial images show encephalomalacia along the bullet tack and reabsorption of the 
associated hemorrhage       
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      Penetrating Injuries of the Face                     

     Rizan     Nashef      and     Thomas     B.     Dodson    

      The reported frequencies of penetrating maxillofacial inju-
ries in the English literature range from 14 % to 52 %. The 
wide range in reported frequencies is a function of the insti-
tution’s location and referral patterns. Level 1 emergency 
departments (EDs) located in an urban environment and 
military units are more likely to see a large volume of pene-
trating injuries compared to lower level EDs or those located 
distant from urban environments. 

28.1     Types and Characteristics of Injuries 

 Penetrating injuries occur when objects, e.g., a missile or 
knife, violate skin or mucosal barriers and enter the body and 
are classifi ed as high energy (missile such as a bullet or 
shrapnel) or low energy (knife). High-energy penetrating 
injuries produce avulsive injuries associated with loss of 
both soft and hard tissues, producing a composite defect 
(Fig.  28.1a, b ). Composite defect wounds are complex 
wounds to manage acutely and commonly require secondary 
reconstruction. Internal fi xation devices to stabilize bony 
segments or replace missing bony structures, prudent preser-
vation of the soft tissue, and the use of advancement fl aps 
can produce excellent anatomic restoration of form.

   Low-energy penetrating injuries, such as a knife, machete, 
or other sharp objects, result in isolated damage to the soft 
tissue or a combination of damage to the soft tissue and 
facial fractures, generally with preservation of soft and hard 
tissue masses (Fig.  28.2a, b ).

28.2        Structures at Risk for Injury 

 Maxillofacial injuries, while not generally life threatening, 
present challenging problems to trauma surgeons because of 
the concentration of complex, vital anatomic structures with 
their associated functions. These structures include the brain 
with its 12 cranial nerves, 4 of the 5 senses, the airway, an 
intricate bone confi guration, the cervical spine, the major 
blood vessels, the salivary glands, and the centers for speech 
and deglutition. In addition, the face has an important esthetic 
component that affects patients’ self-worth and psychologi-
cal well-being.  

28.3     Goals of Management 

 Penetrating maxillofacial injuries do not usually create 
major resuscitation challenges. As such, immediate atten-
tion needs to be directed toward evaluating and managing 
the airway and bleeding. After the patient is stabilized, the 
long-term treatment objectives are to restore facial form 
and function (Fig.  28.1c, d ) while preventing or minimizing 
complications, e.g., infection, inadvertent damage to the 
facial nerve, or discarding valuable soft or hard tissue 
structures. 

 The purpose of this chapter is to highlight the principles 
of evaluation and management of patients with penetrating 
maxillofacial injuries focusing on the acute management 
skills required by the trauma surgeon and the latter manage-
ment issues addressed by the specialty service.  

  28
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  Fig. 28.1    ( a ) Clinical picture of a high-energy penetrating injury. 
Notice the avulsive injury producing a composite defect characterized 
by loss of both soft and hard tissues. ( b ) CT demonstrating the hard 
tissue damage caused by high-velocity penetrating injury. ( c ) Clinical 

picture of the same patient after treatment which includes restoring 
facial form. ( d ) CT scan demonstrating reduction and fi xation of facial 
fractures with restoration of facial form       
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28.4     Acute Management 

28.4.1     Patient Evaluation 

 Most maxillofacial injuries are not life-threatening and are 
usually evaluated as a component of the secondary trauma 
survey. Airway and bleeding, however, require immediate 
evaluation and control. Simultaneously, the clinician must 
avoid unnecessary manipulation of the neck pending cervical 
spine clearance. Ten percent of facial penetrating injuries 
associated with a motor vehicle collision (MVC) or fall from 
height have associated cervical spine injuries. 

 Other potential complications initiated during the initial 
evaluation and management are due to inappropriate man-
agement of the maxillofacial soft and hard tissues. For exam-
ple, careless vessel clamping and ligation while trying to 
obtain homeostasis may result in facial nerve damage. Direct 
pressure often provides adequate homeostasis. Discarding 
nearly avulsed tissues, especially those involving the eyelid, 
may result in soft tissue defects that are challenging to cor-
rect. Discarding fracture segments could impair subsequent 
early or late treatment (Fig.  28.3 ).

28.5         Airway Management 

 Airway control is a priority. Obstruction may be due to for-
eign bodies, e.g., dentures, teeth, fl uids (blood or vomit), 
soft tissue (tongue or loss of tongue support due to a man-
dible fracture), or direct laryngeal injury. While assessing 
the airway, bleeding from maxillofacial injuries can be 
managed acutely with pressure and local hemostatic 
measures. 

 Primary airway management is a core competency of 
the trauma surgeon and addressed in detail elsewhere in 
text. There are a few considerations worth noting when 
managing the airway of patients with maxillofacial inju-
ries. Usually, the initial airway control is by endotracheal 
intubation or performance of a surgical airway. With few 
exceptions, at a later stage and depending on oral endo-
tracheal tube that needs to be converted to the maxillofa-
cial operative procedure, the orotracheal intubation is 
changed to nasotracheal or converted to tracheostomy. 
Occasionally, maxillofacial surgeons can work around an 
oral airway or may elect to perform submental intubation 
(Fig.  28.4a, b ).

  Fig. 28.2    ( a ) Low-energy penetrating injury results in isolated damage to the soft tissue. ( b ) Notice the preservation of soft tissue mass after repair       
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28.6        Evaluation and Management 
of Maxillofacial Bleeding 

 Penetrating injuries of the face may bleed profusely due 
to the highly vascular nature of this region. The corollary 
of this is that injuries to hard or soft tissues are more 
likely to survive and be resistant to infection. Many times, 
because of the copious blood supply and relatively small 
wounds, maxillofacial injuries appear serious. As such, it 
is critical to clean the wounds, to establish the nature and 
severity of the injuries, and to identify and control bleed-
ing sources. Magnifi cation (loupes) and illumination 
(headlights) are invaluable to assist in identifying and 
controlling bleeding. Direct pressure is effective for con-
trolling bleeding from facial injuries. The wounds can be 
cleaned effi ciently with sponges soaked in saline or dilute 
hydrogen peroxide. 

 Nasal injuries associated with bleeding are common 
and can be challenging to manage. Injury of Kiesselbach’s 
plexus accounts for nasal bleeding in 90 % of the cases. 
Nasal bleeding can be caused by laceration of the nasal 
mucosa, and any of the nasal vessels can be the source of 
the bleeding. Since the branches of the internal maxillary 

artery and the anterior and posterior ethmoidal arteries are 
located in the posterior aspect of the nose, most likely that 
these vessels will cause posterior bleeding toward the 
pharynx and anterior packing of the nose or packing of the 
oral cavity is ineffective. As such, posterior nasal packing 
is indicated. Posterior packing consists of placing a Foley 
catheter into the far posterior portion of the nasal cavity 
and then inserting an anterior nasal pack in front of the 
balloon. The posterior pack is maintained for 1–3 days 
(Fig.  28.5a ).

   Nasal septal hematomas are associated with septal frac-
tures. Septal hematomas need to be diagnosed and managed 
effi ciently. Left untreated, a septal hematoma may produce 
necrosis of the underlying cartilage, producing a nasal defor-
mity characterized by collapse of the nasal dorsum and may 
be very diffi cult to correct. 

 Management of the maxillofacial bleeding can be achieved 
by any one or a combination of the following options:

    1.    Direct pressure:
   Bleeding from maxillofacial injuries responds well to 
direct pressure. Use dry sponges and abdominal swabs, 

  Fig. 28.3    Frontal repose view of frontal bone deformity as a result of 
discarded hard tissue at the time of neurosurgical treatment       

  Fig. 28.4    ( a ) Extraoral and ( b ) intraoral views of submental intuba-
tion.  Arrow  points to endotracheal tube as it enters the fl oor of the 
mouth       
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and press on the bleeding site to produce pressure hemo-
stasis (Fig.  28.6 ).

            2.    Ligation:
   Ligating vessels is done in the usual manner; however, 
avoid blind clamping of tissues to prevent iatrogenic 
injury to vital structures such as the facial nerve.       

    3.    Hemostatic agents:
   Incremental measures to obtain homeostasis include 
packing with hemostatic agents, e.g., oxidized cellulose, 
microfi brillar collagen, and chitosan-based hemostatic 
dressing.       

    4.    Interventional radiology:
   Occasionally, bleeding from the nose and infratemporal 
fossa or indeterminate, profuse maxillofacial bleeding 
cannot be controlled with usual methods. Under these cir-
cumstances, consider consultation with  interventional 
radiology for diagnostic angiography and embolization.  
      

  Fig. 28.5    ( a ) Typical blunt midface injury demonstrating stabilization 
of the neck with a cervical collar, oral intubation, facial edema, perior-
bital ecchymoses, and posterior nasal pack (Foley catheter) and anterior 
nasal pack to control nasal bleeding. Marked facial edema develops 

within a few hours of injury, making the physical examination more 
diffi cult. ( b ) Same patient few days later. Notice the decreased swelling 
allows better delineation of the deformity and facilitates operative 
repair of the injuries       

  Fig. 28.6    Hemostasis obtained by packing the wound with sponges       
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28.7       History and Physical Examination 
of Maxillofacial Injuries 

 In most cases, evaluating maxillofacial injuries is a compo-
nent of the secondary trauma survey. Historical information 
regarding the mechanism of injury, timing, and location of 
injury can be valuable. Unless the patient is awake and ori-
ented, these data are best collected from witnesses of the inci-
dent. Medical history may be important, and family members 
are helpful with an unconscious or intubated patient. The sim-
plest way to ascertain quickly if there is a fracture of the max-
illa or mandible is to ask patients if their bite is altered. If the 
answer is yes, there is a high likelihood of a fracture. If the 
answer is no, there is a low likelihood of fracture. The follow-
ing paragraphs outline a method for completing the initial 
examination for maxillofacial injuries.  

28.8     External Examination 

 The goal of the examination is to determine quickly and effi -
ciently the presence or absence of maxillofacial injuries. 
Edema develops within a few hours after injury, masking 
underlying injuries, making physical identifi cation of inju-
ries more diffi cult (Fig.  28.5a ). 

 Inspect the scalp and face for obvious lacerations or 
deformities. Probe the laceration to determine if it communi-
cates with the underling bony structures. Assess facial nerve 
function by asking patients to raise their eyebrows, squeeze 
their eyes shut, smile, pucker their lips, and grimace. 
Lacerations posterior to a line dropped perpendicular to the 
horizontal at the lateral canthus of the eye increase the risk 
for a facial nerve or salivary duct injury (Fig.  28.7 ).

   Gently stroke the forehead, infraorbital region, and lower 
lip to assess trigeminal nerve sensory function. Abnormal 
sensation suggests a facial bone fracture due to injury to a 
trigeminal nerve branch. 

 Palpate the supraorbital, lateral, and infraorbital rims to 
identify periorbital or zygomatic fractures as evidenced by 
bony steps or pain. Examine the nasal bridge and look for 
deviation of the nose or deformity. Place your nondominant 
hand on the patient’s forehead to stabilize the head, and 
using your dominant hand, place your index and the thumb 
fi ngers over the nasal bridge, and assess stability by trying to 
move it side to side (Fig.  28.8 ). Using a headlight and a nasal 
speculum, perform an intranasal examination. Inspect the 
nasal septum for evidence of deformity or deviation of the 
septum and a septal hematoma.

   To identify maxillary fractures, stabilize the head with 
your nondominant hand, hold the premaxilla with the index 
and thumb fi ngers on the dominant hand, and try to mobilize 

the midface. Do not hold the teeth as they may be mobile. 
Mobility of the inferior maxilla separate from the upper 
 midface indicates a Le Fort I fracture (Fig.  28.9a, b ). If the 
nose and maxilla move as a unit, the injury may be a Le Fort 
II fracture (Fig.  28.10a, b ). If the maxilla, the nose, and the 
lateral orbital rims move as a unit, a Le Fort III fracture is 
suspected (Fig.  28.11a, b ).

  Fig. 28.7    Lacerations located posterior to the line dropped perpen-
dicular to the horizontal at the lateral canthus of the eye are associated 
with an increased risk for a facial nerve or salivary duct injury       

  Fig. 28.8    Bimanual palpation to ascertain stability of the nasal bones       
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     Le Fort fractures predispose patients to cerebrospinal 
fl uid (CSF) leaks with rhinorrhea. Clear or yellow rhinorrhea 
in patients with midface fractures suggest a CSF leak. The 
fl uid should be accumulated and sent for beta-2 transferrin 
test. 

 Use your index fi ngers and palpate the zygomatic arches 
bilaterally. Compare the level of the index fi ngers on both 
sides from a posterior view. Asymmetry due to depression of 
the zygomatic arch may suggest an arch fracture. 

 Palpate the preauricular area and ask awake patients to 
open fully their mouths while palpating the preauricular area 
to assess temporomandibular joint function. Normal man-
dibular opening is 35–55 mm without deviation. Limited 
range of mandibular motion or deviation with opening sug-

gests injury to the temporomandibular joint, mandible, or 
muscles of mastication. Palpate the inferior border of the 
mandible to identify steps or painful areas suggestive of a 
fracture. Findings from this examination in the intubated 
patient are compromised. 

 The ocular examination is crucial because 15–20 % of 
patients with major facial trauma suffer from signifi cant 
ocular injuries. An initial ocular examination should be 
performed immediately to ascertain visual status, pupil-
lary appearance and function, and extraocular muscle 
function. When feasible, the ocular examination should 
be complemented by an ophthalmologist when the eye is 
at risk for injury, e.g., direct globe injuries or midface 
injuries. 

  Fig. 28.9    ( a ) Clinical examination and ( b ) three-dimensional CT of 
Le Fort I fracture. Notice the correlation between the fracture line on 
CT ( arrows ) and the area being palpated for mobility on the clinical 
picture       

  Fig. 28.10    ( a ) Clinical examination and ( b ) three-dimensional CT of 
Le Fort II fracture. Notice the correlation between the fracture line 
( arrows ) on CT and the area being palpated for mobility on the clinical 
picture       
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 The ocular examination includes the following elements:

    1.    External examination:
   Gross inspection of the eye and ocular adnexa can reveal 
lacerations and abrasions. Eyelid lacerations may be full 
thickness with underlying globe injury. Examine the 
conjunctiva and look for subconjunctival hemorrhage 
(Fig.  28.12  ) . Subconjunctival hemorrhage is associated 
with midface fractures. In the awake patient, assess 
extraocular muscle function by asking the patient to fol-
low your moving index fi nger with his eyes through the 
major visual fi elds to confi rm that the globe moves 
freely in all directions while looking for limitation of 
motion or diplopia. In the intubated patient, evidence of 
extraocular muscle entrapment can be assessed using the 
forced duction technique. With forceps, grasp the inser-
tion of the inferior rectus muscle and rotate the globe. 
There should be free, passive movement. Restricted 

movement suggests entrapment of the inferior rectus in 
an orbital fracture.

            2.    Optic nerve function:
   Assess grossly whether the patient can perceive light or 
movement. If light perception or movement is absent, an 
urgent ophthalmology consultation is indicated. In the 
cooperative patient, one of the best tests to evaluate the 
optic nerve function is the subjective red color saturation. 
A red object is presented to one eye at a time; in case of 
signifi cant optic nerve injury, ipsilateral color perception 
will be altered.       

    3.    Pupil evaluation:
   In the nonverbal or uncooperative patient, the pupil exam-
ination may be the only measure of ocular function and 
can provide insights into neurologic function. Inspecting 
the pupils includes three parts:
    (a)    Size and shape:

   Changes in size might indicate injury in cranial nerves 
(CNs) III and V, while changes in shape might indi-
cate a damage or trauma to the globe.       

    (b)    Reactivity to bright light:
   Each pupil should be viewed independently, followed 
by swinging the light from one eye to the other and 
back to determine whether there is a relative afferent 
pupillary defect.       

    (c)    Pupillary accommodation:
   This examination assesses miosis during near syn-
kinesis. This test may be of little value when evalu-

  Fig. 28.11    ( a ) Clinical examination and ( b ) three-dimensional CT of 
Le Fort III fracture. Notice the correlation between the fracture line on 
CT ( arrows ) and the area being palpated for mobility on the clinical 
picture       

  Fig. 28.12    Subconjunctival hematoma, a possible sign for midface 
fracture       

  

R. Nashef and T.B. Dodson



229

ating eye trauma, especially if the remainder of the 
pupil examination is normal.       

         Determination of sight, extraocular muscle function, 
and pupillary status should be completed by the trauma 
surgeon for every patient with trauma to the periorbital 
region. More specifi c and complicated inspection and 
tests, including visual fi eld determination, penlight exam-
ination, and intraocular pressure measurement, should be 
done by the ophthalmologist when the patient can tolerate 
these exams or as needed, in the ED.  

28.9     Intraoral Examination 

 Rapidly identify lacerations or other soft tissue injuries, and 
palpate the wounds for retained foreign bodies such as teeth, 
parts of the teeth, or shrapnel. Sweep your gloved fi nger to 
remove loose foreign bodies, e.g., removable dental prosthe-
ses and fractured teeth. If an avulsed tooth is intact, do not 
discard it. Place it into saline and milk or reinsert it into the 
socket. Note the presence or absence of teeth. Intraoral lac-
erations may involve the salivary ducts. This is not an emer-
gency, but should be noted and managed secondarily. 
Ecchymosis in the fl oor of the mouth (Fig.  28.13 ) or in the 
maxillary buccal vestibule suggests mandibular or midface 
fractures.

   Examine the dentition for evidence of fractured or avulsed 
teeth. Patient complaint of an altered bite, steps or spacing 
between the teeth, or an inability to interdigitate the teeth 
suggests a fracture. Check the stability of the mandible by 
holding it with both hands and try to mobilize it (Fig.  28.14 ). 
Sublingual ecchymosis suggests a mandibular symphysis 

fracture. Other fi ndings include gingival lacerations or a 
biplanar occlusion (Fig.  28.15 ).

    Use your index fi nger to palpate the zygomatic buttresses, 
bilaterally; this region could be reached on the deepest point 
between the buccal mucosa of the cheek and the maxilla. 
Step-offs on this region indicate a zygomatic fracture. 

 Most neurosensory injuries are managed as a secondary 
procedure. Suspected facial nerve injuries should be evalu-
ated immediately and managed as soon as the patient is sta-
ble enough for operative intervention. Facial nerve 
exploration and repair are commonly done in conjunction 
with repair of associated facial lacerations.  

  Fig. 28.13    Ecchymosis in the fl oor of the mouth, a sign of a mandible 
fracture, is due to disruption of the lingual cortex of the mandible with 
bleeding into the adjacent soft tissues       

  Fig. 28.14    Bimanual palpation of the mandible to assess for stability 
of the lower jaw       

  Fig. 28.15    Biplanar occlusion due to mandibular fracture. Notice the 
laceration of the mandibular gingiva at the fracture       
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28.10     Imaging 

 Advances in imaging technique have made it a critical com-
ponent of evaluating maxillofacial injuries. Maxillofacial 
imaging is usually not an emergent procedure and may be 
delayed until the patient is stable or completed in conjunc-
tion with imaging of the cervical spine or head. 

 Computed tomography (CT) with three-dimensional refor-
matting is the current standard (Fig.  28.16 ). Imaging orders 
should include axial cuts (1-mm thick) with sagittal, coronal, 
and three-dimensional reformatting. Contrast is usually not 
needed unless the injury is old, and there is concern about a 
secondary infl ammatory process. Absent CT imaging and alter-
native imaging choices include panoramic radiographic tech-
nique to demonstrate mandibular and dental injuries, mandibular 
series, Waters’ and Caldwell’s views, and a submental vertex.

28.11        Initial Treatment 

28.11.1     Indications for Immediate Treatment 
in the ED 

 Many soft or hard tissues in maxillofacial injuries can be 
managed in the ED as long as treatment time is short, e.g., 
<60 min, and the patient is conscious, stable, and can tolerate 

procedures involving the use of local anesthesia. Lacerations 
that do not involve vital structures such as the facial nerve or 
parotid duct can be repaired in ED setting. Dentoalveolar, 
nasal, and some mandibular or zygoma fractures can be 
reduced and stabilized in the ED. If there is a delay in treat-
ing unstable mandibular fracture, these fractures can be tem-
porarily reduced and stabilized by placing a 24-gauge 
stainless steel wire around the teeth on either side of the 
fractures. 

 For most maxillofacial injuries, broad-spectrum antibiot-
ics decrease the risk for secondary wound infection. 
Penicillin, fi rst-generation cephalosporins, or clindamycin 
are excellent choices for empiric therapy. For intraoral 
wounds, adding an antibacterial mouth rinse such as 0.12 % 
chlorhexidine is useful.   

28.12     Defi nitive Treatment 

28.12.1     Early Versus Late Management 

 For maxillofacial injuries requiring more extensive treat-
ment, there exists a debate between early (<24 h) and late 
(>24 h) treatment. Proponents of early treatment claim supe-
rior esthetic and functional outcomes, whereas those of the 
delayed approach claim fewer complications due to infec-
tion. In most cases, however, maxillofacial injuries do not 
require immediate operative treatment. Delaying treatment 
for a few days after injury allows completion of all diagnos-
tic workups and development of an operative plan, and 
decreased swelling aids in delineating the degree of defor-
mity and facilitates operative treatment, especially with mid-
face fractures (Fig.  28.5b ). When a multidisciplinary 
approach is indicated for a particularly challenging injury, 
delayed treatment permits the opportunity to organize treat-
ment resources and develops and implements a rational treat-
ment plan. 

 For patients with high-energy penetrating injuries, the 
treatment plan usually is divided into three stages:

    1.    Debridement, fracture stabilization, and primary clo-
sure – Superfi cial wounds should be meticulously cleaned 
and freed from debris and foreign bodies, primary closure 
of the wound should be attempted, and most maxillofacial 
injuries can be closed primarily. If the wound cannot be 
closed primarily, consider packing and dressing changes. 
This component of the treatment plan may be imple-
mented early or late. At this time, a comprehensive physi-
cal examination can also be completed in a well-illuminated 
controlled setting. 

 Fractures can be reduced in a closed manner and stabi-
lized with maxilla mandibular fi xation (MMF) or treated 
with open reduction with rigid internal fi xation (OR-RIF).   Fig. 28.16    3D CT demonstrating a complex, panfacial fracture       
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Preserve the soft tissue attachments to the bone segments 
as possible to prevent necrosis of free bony segments. In 
patients without severe comminuted fractures or infec-
tion, using reconstruction plate may be indicated and per-
formed concomitantly with debridement and primary 
closure. Application of arch bars for penetrating injuries 
in the jaws has proved invaluable in reestablishing arch 
form, occlusion, and stabilizing of dentoalveolar 
fragments. 

 Reconstruction of soft tissue defects could be done at 
the same early intervention stage, and it prevents exten-
sive scarring of facial tissues associated with healing by 
secondary intention. In case of large soft tissue defects 
and absent adequate local tissue, delayed treatment is 
preferred, and the wound edges should be 
approximated.   

   2.    Reconstruction of the hard tissue defects – Management 
of bony defects is usually delayed weeks to months and 
part of the second stage of reconstruction. The goal of 
delaying bony reconstruction is to allow for soft tissue 
healing to avoid inadvertent entry into the mouth at the 
time of bone grafting. Generally, 3 months is adequate if 
nonvascularized grafting is indicated. If vascularized 
grafts are being used, the treatment time can be 
accelerated. 

 Delayed treatment is indicated for the following 
reasons:
•    Early intervention may increase the risk of necrosis 

due to detachment of bony fragments from the soft tis-
sue surrounding it.  

•   MMF may produce a superior functional and esthetic 
outcome.  

•   Late intervention decreases the risk of postoperative 
infection and increases the success frequency of bony 
reconstruction or augmentation.      

   3.    Rehabilitation of the oral cavity, including the oral vesti-
bule, alveolar ridge, and secondary correction of residual 
deformities – This fi nal reconstructive stage restores the 
jaw and dental function and commonly requires multiple- 
staged procedures with care delivered months after the 
initial injury.       

    Conclusion 

 Trauma surgeons involved in the early management of 
penetrating maxillofacial injuries play a key role in deter-
mining the ultimate esthetic and functional outcome asso-
ciated with operative management of these injuries. 
Establishing an airway, obtaining initial control of bleed-
ing, rapidly assessing the injuries, and requesting effi cient 
imaging of maxillofacial injuries are marks of a well-
trained trauma surgeon.      
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 Important Points 

•     Obtain cervical clearance or inspect your patient 
with a collar until the c-spine injury is cleared.  

•   Secure the airway and assure homeostasis prior to 
initial inspection and treatment of the facial injury.  

•   Be aware of inappropriate management of the max-
illofacial soft and hard tissues. Do not discard bro-
ken bones, and avoid careless vessel clamping and 
ligation while trying to obtain homeostasis.  

•   While there are a few exceptions, to manage most 
maxillofacial injuries involving the dentition, an 
oral endotracheal intubation needs to be converted 
to nasoendotracheal intubation or a surgical 
airway.  

•   Indications for use of a surgical airway include 
complicated injuries such that the nasoendotracheal 
tube impedes the operative approach, respiratory 
hygiene, or planned prolonged intubation.  

•   Most maxillofacial bleeding can be controlled using 
direct pressure and local hemostatic measures. 
Occasionally, interventional radiology may need to 
be consulted.  

•   Inspection of the maxillofacial injury starts from an 
external approach, and it includes the forehead, 
orbits, nose, midface, joints, and lower face, based 
on the later order.  

•   Intraoral inspection includes soft and hard tissues. 
Be aware of the following signs, which indicate jaw 
fracture, ecchymosis in the fl oor of the mouth, step- 
offs, and biplanar occlusion on the same jaw.  

•   The 3D CT is used as the standard for facial trauma 
imaging. In case CT is not available, plain x-rays 
can be used instead though with less accuracy.  

•   Immediate treatment in the ED is indicated for sim-
ple lacerations, dentoalveolar trauma, and some of 
the mandibular and zygomatic fractures.  

•   For more complicated fractures (high-energy), the 
sequence of treatment is debridement, reconstruc-
tion, and rehabilitation.    
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      Operative Strategies in Penetrating 
Trauma to the Neck                     

     Marc     de     Moya    

      The neck is a region dense with vital structures. As such, 
careful assessment and timely treatment can signifi cantly 
affect morbidity and mortality. Penetrating neck injuries, 
defi ned as penetration of the platysma, account for approxi-
mately 5–10 % of all penetrating injuries. How these injuries 
are assessed and treated has dramatically changed over the 
last four decades. This chapter will focus on some of the 
“tricks of the trade” and damage control options for operat-
ing on the neck after penetrating injuries. 

 In 1969, Cook County investigators divided the neck 
into three zones. Roon and Christensen recapitulated this 
classifi cation in 1979 in an effort to standardize therapy and 
research efforts. Zone I refers to the area from the clavicles 
to the cricoid cartilage. Zone II refers to the area from the 
cricoid cartilage to the angle of the mandible, and Zone III 
refers to the area from the angle of the mandible to the base 
of the skull. However, since the fi rst description of these 
zones, much has changed in how we approach, image, and 
treat patients with neck trauma. In fact, some have advo-
cated relegating the zones to research rather than practical 
clinical guidelines in stable penetrating trauma patients, the 
“no zone approach.” This approach focuses on signs/symp-
toms rather than zones. Mandatory exploration of the neck 
was the standard of care soon after WWII. However, man-
datory exploration produced a negative exploratory rate of 
approximately 50–60 %. In the 1960s, routine operative 
explorations were challenged, not just in the abdomen, by 
Dr. Carter Nance and I. Cohn Jr., but also in the neck by 
Drs. Shirkey, Beall, and Debakey. This initial push for non-
operative management eventually led to a more careful 
selection of operative candidates. Over the last decade, 
larger prospective observational trials have demonstrated 
success with a more selective approach. Biffl  et al. demon-
strated in a series of 128 asymptomatic patients by physical 

exam that only one patient had a missed injury. This injury 
was from an ice pick. He went on to describe that only 15 % 
of the patients required adjuvant tests. Sriussadaporn et al. 
observed 17 asymptomatic patients. Only 2 of 40 patients 
who underwent exploration did not need the operation 
despite having a “deep” wound. Nason et al. found that 
67 % of those mandatorily explored had a negative explora-
tion, and all zone II injuries were symptomatic. Velmahos 
et al. described in a large retrospective series, 3 % of explo-
rations were unnecessary and in the monitored group, 9 % 
had missed injuries; however, interpretation of the high 
missed injury rate was diffi cult. The only randomized clini-
cal trial comparing mandatory exploration to selective 
observation was by Golueke et al. where there was no dif-
ference in hospital stay, morbidity, or mortality in 160 
patients. 

 Clinicians began to use the hard signs of injury, i.e., active 
bleeding, expanding hematoma, a bruit or thrill over the 
wound, pulse defi cit, and a central neurologic defi cit to pos-
sibly detect a signifi cant vascular injury. Bubbling from 
wound, massive subcutaneous emphysema, or hemoptysis 
would be considered hard signs of an airway injury. Some 
consider crepitance/dysphagia/hematemesis as soft signs of 
digestive tract injuries. Hard signs of digestive tract injuries 
usually do not manifest themselves immediately but will 
lead to neck cellulitis/sepsis. Atteberry et al. in 1994 studied 
28 patients with penetrating zone II neck injuries. They com-
pared the physical exam to angiographic, operative, and 
ultrasonic fi ndings. There were no missed injuries albeit a 
short follow-up period. The same group performed a follow-
 up study with a larger series in 2000 after having instituted 
strict physical exam-driven protocols for neck trauma. This 
follow-up study with 145 patients over an 8-year period con-
fi rmed their earlier study. Again the false-negative rate was 
approximately 0.3 % which was quoted to be equivalent to 
false-negative rates of angiograms. The false-positive rate 
was 10 %. In 1997, Demetriades et al. reviewed their experi-
ence of 223 patients and claim that the negative predictive 
value of physical exam was 100 %. 

  29

        M.   de   Moya      
  Division of Trauma, Emergency Surgery and Surgical Critical 
Care ,  Massachusetts General Hospital, Harvard Medical School , 
  165 Cambridge Street, Suite 810 ,  Boston ,  MA   02114 ,  USA   
 e-mail: mdemoya@partners.org  

mailto:mdemoya@partners.org


234

 Once the decision to operate is made in either an emer-
gent or urgent manner, there are few guidelines to assist the 
surgeon. As in other trauma scenarios, bold yet directed/
accurate moves are needed to minimize ongoing blood loss 
and maximize patient outcomes. However, in the neck, the 
density of vital structures should heighten the surgeon’s 
sensitivity. 

29.1     Positioning 

 A lift (either a roll, thyroid pillow, etc.) is placed posterior to 
the scapula. This raises the shoulders off the bed causing the 
neck to passively hyperextend. This hyperextended position 
is complemented by rotating the head away from the side of 
interest. Keep in mind that you should be able to rotate the 
head in the middle of the case if it becomes necessary to 
explore the opposite side. If the trajectory of the injury 
crosses the midline, the surgeon must be ready to access both 
sides of the neck. The right arm of the patient can be tucked 
to allow easier access to the head/neck of the bed by the sur-
geons. The left arm should be left outstretched to allow for 
access of the chest for proximal control of the left-sided ves-
sels. Both arms should be left outstretched if the patient sus-
tained multiple stab or GSW in order to maximize options. 
The patient should be routinely prepped from the base of the 
skull to the groin.  

29.2     Incision/Approach 

 The most commonly used approach is via an oblique incision 
just anterior to the sternocleidomastoid (SCM) muscle. 
Extend this incision from the level 1 cm below the angle of 
the mandible to the sternal notch to gain easy and wide 
access to the neck structures. Of particular concern initially 
is the vascular control. Naturally, the key concept in any vas-
cular repair is proximal and distal control. However, in the 
neck, this may not always be accessed prior to opening the 
hematoma given the small area. Carry the incision through 
the platysmal layer and retract the SCM muscle laterally 
(Fig.  29.1 ). Even if the hematoma is centered lateral to the 
SCM, staying medial provides easier access to the vital 
structures.

    Trick      Always approach a neck hematoma medial to the 
SCM.   

 Once you divide the platysma and retract the SCM later-
ally, your next objective is to identify the internal jugular (IJ) 
vein and retract it laterally with a self-retraining blunt retrac-
tor. The facial vein usually needs to be ligated and divided to 
allow the IJ to retract laterally. Often there is a pseudoaneu-
rysm/hematoma encountered at this point; however, if the 

hematoma remains intact, it is helpful to dissect alongside 
the hematoma in order to gain control of either proximal or 
distal vessels. Depending upon the position of the hema-
toma, you may only be able to obtain control of one or the 
other prior to invading the pseudoaneurysm. It is unlikely 
that you will be able to do both prior to opening the hema-
toma, but if possible certainly gaining both proximal and dis-
tal control is ideal. I prefer to gain control with vessel loops 
vs. vascular clamps in the neck, as the vessel loops are less 
traumatic to a soft, healthy carotid artery (Fig.  29.2 ).

    Trick      If the pseudoaneurysm is contained in the neck ,  dis-
sect either proximally or distally to gain vascular control in 
more virgin territory .  

 Once the most proximal or distal control is obtained, then 
continuing your dissection to the center of the problem is the 
next step. You will need to apply digital pressure as the pseu-
doaneurysm is entered to allow you to evacuate clot and gain 
better proximal and distal control. 

Mastoid
process

Standard incision
ant. border
of SCM muscle

Laryngeal
cartilage

2cm
Alternate

incision
Manubrium

  Fig. 29.1    Neck incision through the platysmal layer; then retract the 
SCM muscle laterally       
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 There is no need to heparinize the patient, and carotid 
shunts are only occasionally used if there is an internal 
carotid artery injury. If you fi nd that the back bleeding from 
the internal carotid artery is poor, then nothing is lost by 
placing a shunt. The wound edges then need to be debrided 
and a decision is made about how to repair the defect. This 
should not be a concern when operating on the common 
carotid artery as the internal carotid artery has additional 
infl ow from the external carotid artery. 

 On occasion, a zone I injury will require more proximal 
control via a median sternotomy. A median sternotomy will 
facilitate control of both sides, although it is near impossible 
to gain control of the left common carotid artery at its takeoff 
given the posterior position on the arch of the aorta. However, 
usually the neck injuries only require control a few centime-
ters below the level of the clavicle/sternum, which a sternot-
omy can afford you. Disarticulation of the sternoclavicular 
junction can be helpful in this regard. The utility of the highly 
morbid trapdoor is minimal and rarely, if ever, necessary. 

  Trick      If you enter a pseudoaneurysm and you are unable to 
control it more proximally ,  try replacing your fi nger with a 
Foley catheter and infl ate the balloon. This will often tampa-
node the bleeding in a GSW tract   while you perform your 
sternotomy .   

29.3     Vascular Repair 

 There are four options for vascular injuries: (1) ligation, (2) 
primary repair, (3) patch repair, and (4) replacement. All 
internal or common carotid injuries should be repaired since 
there is at least a 75 % stroke rate with acute ligation. The 
external carotid artery can be ligated with impunity. The 
most common vascular injury in the neck is the IJ. A unilat-

eral internal jugular vein can be ligated but repair if feasible 
is preferred. 

  Caution      Bilateral IJ ligation has a high mortality associ-
ated with it .  

 Stab wounds are more likely repaired primarily given the 
lack of associated tissue loss or blast effect. All GSW need to be 
debrided prior to repair and are unlikely to allow primary repair 
(as seen in Fig.  29.3 ) without tension. Patch repair can be per-
formed with a synthetic patch or a biologic patch (e.g., bovine 
pericardium, saphenous vein graft). The biologic or synthetic 
patches may be quicker than saphenous vein graft with no major 
downside. Interposition synthetic grafts (PTFE or Dacron 
6 mm) are also easy to use and have excellent patency rates.

29.3.1       Damage Control 

     1.    It is OK to ligate common carotid artery, external carotid 
artery, and unilateral IJ, but remember ligation of internal 
carotid artery is associated with >75 % stroke rate.   

   2.    If necessary, place a shunt in the carotid artery to allow 
perfusion while you tackle other severe injuries requiring 
control.     

 Once the bleeding is controlled, then the rest of the neck 
structures and the tract of the missile/knife must be inspected 
(Fig.  29.4 ). Following the tract of the wound may raise or 
lower your index of suspicion for specifi c injuries. The tra-
chea/esophagus/vascular structures must be inspected, and if 
a bilateral neck exploration is needed, the fi rst incision is 
then carried in a U fashion from the sternal notch to the angle 
of the mandible on the opposite side.

  Fig. 29.2    Carotid injury         Fig. 29.3    Gunshot wound to the common carotid injury repaired with 
a bovine pericardial patch       
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29.4         Tracheal Injuries 

 Tracheal wounds can be approached via either a midline or 
transverse neck incision. However, if other injuries to the esoph-
agus or vascular structures are suspected, the approach described 
above for vascular injuries is appropriate. Primary repairs of the 
trachea are performed using an absorbable suture in a full thick-
ness fashion. If there is signifi cant laryngotracheal damage, an 
initial lifesaving tracheostomy may be necessary. Mathisen and 
Grillo outlined a few key principles in tracheal repair. 

  Tricks     ( 1 )  Evaluate associated injuries . ( 2 )  Avoid searching 
for the recurrent laryngeal nerves . ( 3 )  Separation of tracheal 
and esophageal suture lines . ( 4 )  Conservation of viable tra-
chea . ( 5 )  Avoid tracheostomy through the repair . ( 6 )  Flexion 
of the neck postoperatively to reduce tension .  

 The repair should be buttressed with viable muscle, either 
SCM or strap muscle. This should also be done to separate 
the tracheal and the associated esophageal repairs. 

29.4.1     Damage Control 

     1.    Advance the endotracheal tube beyond the defect and 
plan a staged repair.       

29.5     Esophageal Injuries 

 Esophageal injuries are approached via either a right or left 
oblique incision as described for the vascular injuries. It is a 
little easier to approach from the left given the to-the-left of 

the midline tract of the cervical esophagus. The identifi cation 
of a small hole in the esophagus can be challenging. If there 
is no gaping hole, the associated hematoma may be used as a 
guide. Combining a fl exible esophagoscopy with the open 
approach can help the surgeon rule out any small esophageal 
injury by insuffl ating the esophagus under saline looking for 
bubbles in addition to the intraluminal inspection. 

 If a hole is discovered, debriding the tissue is necessary, 
and a single- or double-layer closure is acceptable. The 
mucosa of the esophagus will retract, and therefore the sur-
geon must ensure that the entire edge is identifi ed and 
repaired. In addition, mobilizing a tongue of either strap 
muscle or SCM to reinforce the repair will provide addi-
tional blood supply to the area and separate the esophageal 
suture line from other repairs. The most common suture line 
to leak in the neck is the esophagus, and the secretions/infec-
tion may cause the failure of neighboring suture lines. 

  Trick      Buttress the esophageal repair with a tongue of viable 
strap or SCM when associated with other vascular or tra-
cheal injuries .  

 Always place a drain in the neck following an esophageal 
repair. If in 72 h, there is no amylase present in the drain, it 
is OK to remove in order to avoid erosion into the repair or 
other structures. It is always better to have a controlled fi stula 
with an esophageal leak rather than mediastinitis/death. 

29.5.1     Damage Control 

     1.    Create a fi stula with a drain.   
   2.    May consider diversion with a cervical esophagostomy 

with massive destruction of the esophagus.       

29.6     Bone Bleeding 

 An uncommon but distressing problem could be bleeding 
from a hole in the vertebrae. Usually this type of bleeding in 
the neck arises from an injured vertebral artery. The treat-
ment is to either stuff bone wax into the hole, a Foley cathe-
ter, or pack and perform an angio/embolization.  

    Conclusion 

 These are general guidelines and a few tricks of the trade 
for surgeons to consider when performing these repairs. 
This is by no means an exhaustive list of tricks. The sur-
geon’s approach to penetrating neck trauma needs to be 
considered in the context of the institutional resources. At 
times for a tracheal injury, airway control with an endo-
tracheal tube with the cuff below the injury and transfer to 
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  Fig. 29.4    Once the bleeding is controlled, the rest of the neck struc-
tures and the tract of the missile/knife can be inspected       
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a higher level of care is necessary. If imaging modalities 
are limited and follow- up is limited, more liberal explora-
tion of necks may be necessary. This only serves to pro-
vide some guidance when you are confronted with a real 
neck injury and you fi nd yourself in the operating room.      
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 Important Points 

•     Trick: Always approach a neck hematoma medial to 
the SCM.  

•   Trick: If the pseudoaneurysm is contained in the 
neck, dissect either proximally or distally to gain 
vascular control in more virgin territory.  

•   Trick: If you enter a pseudoaneurysm and you are 
unable to control it more proximally, try replacing 
your fi nger with a Foley catheter and infl ate the bal-
loon. This will often tampanode the bleeding in a 
GSW tract while you perform your sternotomy.  

•   Caution: Bilateral IJ ligation has a high mortality 
associated with it.  

•   Tricks: (1) Evaluate associated injuries. (2) Avoid 
searching for the recurrent laryngeal nerves. (3) 
Separation of tracheal and esophageal suture lines. 
(4) Conservation of viable trachea. (5) Avoid tra-
cheostomy through the repair. (6) Flexion of the 
neck postoperatively to reduce tension.  

•   Trick: Buttress the esophageal repair with a tongue 
of viable strap or SCM.    
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      Access to the Neck in Penetrating 
Trauma                     

     Jeffrey     Ustin    

      The neck is an incredibly anatomically complex region of 
the body containing vital aerodigestive and neurovascular 
structures. Despite this density of structures, you can access 
the entire neck by knowing three basic exposures. 

 Deciding among the incisions requires some knowl-
edge or assumptions about the trajectory of the wound. 
Ultimately, you are trying to decide which zone or zones 
(Fig.  30.1 ) have been injured and if the wound is unilat-
eral or transcervical. It is here that your assessment is 
critical. What have you learned about the mechanism of 
injury? Are there any signs or symptoms that indicate 
which structures have been injured such as the classic 
“hard signs”? Are there any indications that the trajectory 
crossed the midline and affected the bilateral necks? Is 
there a pneumothorax, hemothorax, pericardial effusion, 
or abnormal brachio-brachial index (BBI) indicating a tra-
jectory into the thoracic cavity as well as the neck? Do 
you have any imaging studies to guide your decision? It is 
usually feasible to obtain a quick chest radiograph and 
thoracic ultrasound.

   Some situations require a defi nitive maneuver prior to 
formal exploration. Tracheal injuries require defi nitive air-
way control. Laryngoscopic or fi ber-optic endotracheal 
intubation is often possible and worth attempting. Large 
injuries allow direct intubation through the wound which 
is an acceptable temporary airway. Otherwise, emergency 
cricothyroidotomy is the quickest approach and may be 
left as a defi nitive airway without conversion to 
tracheostomy. 

 Bleeding is usually controllable with digital pressure. 
Subclavian injuries can be diffi cult to compress. Place a 
Foley catheter into the wound, infl ate it, and pull against the 
clavicle for tamponade. 

 Several steps can help optimize surgical approach. 
Obviously, the cervical collar is removed. It is unnecessary 
to follow cervical spine precautions in penetrating neck 
trauma since the probability of an unstable cervical spine 
with a penetrating mechanism is exceedingly small, and 
suboptimal positioning can seriously impair the ease of 
access to the neck. Place a transversely oriented shoulder 
roll to obtain some neck extension. Turn the patient’s head 
away from the side of initial exploration. Prep both sides of 
the neck starting at the mastoid process. Leave the tips of 
the pinnae and angles of the mandible exposed. Prep the 
sternum into the fi eld for possible extension of the neck 
incision into a sternotomy. Prep one leg for possible vein 
graft. Finally, if you are uncertain about the exact trajectory 
of a missile, consider prepping the abdomen as well. Make 
sure to ask to have the following equipment immediately 
available: vascular suture such as 5-0 Prolene, vascular 
clamps, vascular grafts and patches, a variety of balloon 
embolectomy catheters, and a sternal saw and sternal retrac-
tor. Request the anesthesiologist to place a large bore naso-
gastric (NG) tube. 

 The workhorse access is the anterior sternocleidomastoid 
(SCM) incision (Fig.  30.2 ). Make a generous incision along 
the anterior border of the sternocleidomastoid. At the angle 
of the mandible, curve the incision slightly posteriorly to 
remain at least 2 cm from the mandible and thus avoid injury 
to the marginal mandibular branch of the facial nerve. The 
platysma is divided, and the dissection is continued anterior 
to the SCM. Look for the internal jugular (IJ) vein. The facial 
vein crosses the wound and empties into the IJ. Divide the 
facial vein or veins. It is also acceptable to divide the IJ as 
well, if there are other injuries, the patient is doing poorly, or 
the vessel is badly injured.

   A large hematoma will often distort the planes as you 
continue your dissection, advancing the self-retaining 
retractors deeper into the wound. Prior to entering a large 
hematoma, gain proximal control. This may require extend-
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ing the incision caudally toward the sternal notch or even 
performing a median sternotomy. The omohyoid crosses the 
wound low in the neck and may need to be divided. Stay in 
the adventitial plane on top of the carotid artery (Fig.  30.3 ). 
As you pass a vessel loop or clamp around the carotid and 
IJ, recall the position of the vagus nerve and protect it. 
Sometimes this requires surrounding it with a vessel loop 
and gently retracting it laterally.

   Distal control can be challenging. The incision may 
need to be extended toward the mastoid. The hypoglossal 
nerve crossed the carotid at approximately the level of the 
bifurcation and often very near the posterior belly of the 
digastric muscle. Protect the hypoglossal, and divide the 
digastric if needed. By remaining anterior to the SCM, you 
should not encounter the spinal accessory nerve until you 
are within several centimeters of the skull base. High 
carotid injuries are very hard to reach. Dislocating the jaw 
is possible but requires special expertise. Use a handheld 
retractor on the mandible itself in these situations. 
Oftentimes it is easier to obtain distal control by entering 
the hematoma and applying distal pressure, vascular 
clamps, or a balloon embolectomy catheter directly to the 
open end of the vessel. 

 To access the trachea, divide the omohyoid, sternohyoid, 
and sternothyroid as needed. If needed, mobilize the thyroid 
by dividing the middle thyroid vein and inferior thyroid 
artery. Be mindful of the recurrent laryngeal nerve, although 
frequently it is not readily identifi able in the trauma 
situation. 

 To access the esophagus, divide the omohyoid, sterno-
hyoid, and sternothyroid (as needed), middle thyroid vein, 
and inferior thyroid artery. Retract the carotid sheath pos-
terolaterally. Do not hesitate to open the contralateral neck 
to fully examine the esophagus when needed. The previ-
ously placed NG tube helps with the esophageal 
mobilization. 

 Bleeding from deep within the posterior neck is com-
ing from a vertebra or vertebral artery. This is best con-
trolled with a hemostatic agent and pressure. You can also 
try placing bone wax to control hemorrhage. Avoid 
exploring these injuries as they are very diffi cult to 
directly control. 

 As discussed above, it is sometimes necessary to per-
form a sternotomy to gain proximal control of the carotid. 
This is further described in the chapter on thoracic trauma. 
Briefl y, incise the skin over the sternum from the sternal 
notch to several centimeters below the xiphoid. Pass a fi n-
ger deep to the sternum at both ends of the incision to sepa-
rate the deep surface of the sternum from the underlying 
soft tissues (Fig.  30.4a ). Ask the anesthesiologists to hold 
respirations and divide the sternum using the saw. Try to 
remain in the middle of the sternum. Apply gentle traction 
on the saw toward the ceiling, keeping the saw guide against 
the deep surface of the sternum. Place the sternal retractor, 
and divide the thymus between clamps if needed. Retract 
the innominate vein to expose the ascending aorta and great 
vessels. You can divide the left innominate vein to achieve 
better exposure if retraction alone is insuffi cient 
(Fig.  30.4b ). The right-sided vessels are easily accessible. 
The left side is more diffi cult since the arch extends poste-
riorly. Identify the vagus and recurrent laryngeal nerves 
prior to clamping.

   For transcervical injuries, perform a “U” incision 
(Fig.  30.5 ). Start by making an anterior sternocleidomastoid 
incision as described above. At approximately 2 cm above 
the sternal notch, curve the incision toward the contralateral 
side, and continue by incising the skin along the anterior 
border of the other sternocleidomastoid. Incise the pla-
tysma, grasp it with several Allis clamps, and raise a supe-
rior fl ap. Continue to identify the IJ veins, divide the facial 
veins, and access the carotid sheaths as described above.    
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  Fig. 30.1    Zones of the neck       
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  Fig. 30.2    ( a ,  b ) Easiest and 
most safe access is via the 
anterior sternocleidomastoid 
incision       
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  Fig. 30.3    Stay in the adventitial plane of top of the carotid       
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  Fig. 30.5    For transcervical injuries, perform a “U” incision to enable 
bilateral exploration       Xyphoida
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  Fig. 30.4    ( a ) Pass a fi nger deep to the sternum at both ends of the inci-
sion to separate the deep surface of the sternum from the underlying 
soft tissues. ( b ) You can divide the left innominate vein to achieve better 
exposure if retraction alone is insuffi cient       
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      Penetrating Trauma to the Larynx 
and the Cervical Trachea                     

     Lisa     M.     Kodadek     ,     Alicia     Kieninger     , and     Elliott     R.     Haut    

      Penetrating neck trauma with laryngotracheal injury carries 
high mortality secondary to the loss of the airway. While 
many patients die from these injuries prior to reaching the 
hospital, improved prehospital care has increased the num-
ber of patients seeking surgical evaluation for penetrating 
neck trauma. As many as 50 % of patients presenting with 
gunshot wounds and 10–20 % of patients with stab wounds 
will have signifi cant injuries. Injuries to multiple structures 
in the neck are common given the close proximity of major 
vascular, aerodigestive, nervous, and endocrine structures 
(Fig.  31.1 ). Important aspects of initial care include both 
hemorrhage control and airway control along with early and 
thorough diagnosis of all injuries.

   The most common categorization for penetrating trauma 
to the neck divides the neck into three zones. Zone I extends 
from the clavicles to the cricoid cartilage, Zone II spans from 
the cricoid cartilage to the angle of the mandible, and Zone 
III is between the angle of the mandible and the skull base. 
Zone II is most commonly injured, and the evaluation and 
management of these injuries remain the most controversial. 
The management of asymptomatic or moderately symptom-
atic injuries to Zone II has evolved over time. Historical 
management of all Zone II penetrating injuries, formed by 

military experience during confl ict, was mandatory operative 
exploration and direct repair given the high incidence of 
injuries to vascular and aerodigestive structures. Mandatory 
exploration remained the standard of care for civilian patients 
for several decades, even though 40–89 % of these opera-
tions were nontherapeutic. Many surgeons began to advocate 
for selective operative management for asymptomatic civil-
ians presenting with Zone II penetrating neck trauma given 
the different injury patterns sustained from lower velocity 
weaponry. 

 While some series suggest that clinical exam alone may 
accurately determine which asymptomatic patients require 
further diagnostic studies after penetrating neck trauma, we 
believe that a low threshold for imaging studies is necessary 
given the high morbidity and mortality of missed injuries. 
High-resolution computed tomography angiography (CTA), 
multiplanar computed tomography (CT), and/or endoscopic 
modalities (i.e., bronchoscopy, esophagoscopy) may be uti-
lized to further evaluate patients. With overall mortality rates 
as high as 40–50 %, penetrating neck trauma remains a chal-
lenging disease process and requires skillful and timely sur-
gical care. 

31.1     Airway Management 

 Patients presenting obtunded or in respiratory distress 
after penetrating neck trauma require immediate intuba-
tion. Patients with a patent airway and spontaneous 
breathing may not require emergent intubation, but a high 
level of clinical suspicion for injury is required. Any delay 
in diagnosis of a laryngotracheal injury may lead to edema 
and hematoma formation with subsequent airway obstruc-
tion and urgent need for a surgical airway. Signs and 
symptoms of airway injury may be readily apparent such 
as massive subcutaneous emphysema, air bubbles in the 
wound, and inability to phonate. More subtle signs may 
include hoarseness, cervical ecchymoses, voice changes, 
and odynophagia. Prehospital cervical collar used in 
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penetrating neck trauma may not always be necessary and 
may indeed be harmful by obscuring penetrating wounds 
and making management of the airway more diffi cult. If a 
cervical collar is present, it should immediately be 
removed to fully assess the airway and neck. 

 A review of 52 patients with penetrating laryngotracheal 
injury demonstrated that 48 % of patients required immedi-
ate airway control and 80 % of these airways were accom-
plished through oral endotracheal intubation. In an older 
series of penetrating laryngotracheal injuries, 56 % required 
immediate airway control, but only 44 % of these airways 
were accomplished through oral endotracheal intubation. In 
both of these series, the most common clinical manifesta-
tions of injury were stridor, respiratory distress, and 
crepitus. 

 Oral endotracheal intubation via direct laryngoscopy is 
the preferred route for airway control in patients with 
laryngotracheal injury. While this method is expedient 
and successful in many patients, oropharyngeal swelling 
or facial fractures may limit visualization under direct 
laryngoscopy. Furthermore, neuromuscular blockade, 
commonly used to achieve oral endotracheal intubation, 
should be avoided in cases of penetrating neck trauma in 
order to maintain the patient’s spontaneous respiratory 
drive. In cases of suspected laryngotracheal injury, the 
most experienced individual available should perform the 

procedure. In some cases only one attempt at intubation 
will be possible. In the event of failure to orally intubate, 
other options for airway control must be readily 
available. 

 Controlled awake fi beroptic nasotracheal intubation with 
topical anesthesia is a safe and effective alternative when 
performed by an individual skilled in this procedure. Blind 
nasotracheal intubation should not be attempted in any 
patients with airway injury as this may compound injuries. 
Furthermore, nasotracheal intubation should not be attempted 
in patients with basilar skull fractures, frontal sinus fractures, 
or cribriform plate fractures. Other options for control of the 
airway may include videolaryngoscopy (e.g., GlideScope) or 
intubation over a gum elastic bougie (e.g., Eschmann). 
Routine use of video laryngoscopy has increased, with the 
potential benefi ts that all providers have the same visualiza-
tion of the airway, and there may be a higher fi rst-pass intu-
bation rate in trauma patients. Laryngeal mask airway 
(LMA) may be considered, but this is not a defi nitive airway; 
these typically do not work well when anatomy is distorted, 
and placement may cause additional injury either via direct 
trauma or insuffl ation pressures above an airway injury. 

 Surgical airway equipment should always be readily 
available in the event translaryngeal techniques fail. 
Cricothyroidotomy is the procedure of choice in the emer-
gent setting and can be accomplished quickly and with 
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  Fig. 31.1    Injuries to multiple 
structures in the neck are 
common with penetrating neck 
trauma given the close proximity 
of major vascular, aerodigestive, 
nervous, and endocrine structures       
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minimal morbidity to surrounding structures. Both horizon-
tal and vertical incisions are described, but we prefer a verti-
cal  incision in all patients and in particular in the setting of 
tracheolaryngeal injury (Fig.  31.2a ). A vertical incision 
allows fl exibility to identify the proper level of the airway 
and avoids the anterior jugular veins. A tracheostomy tube is 
the preferred device (Fig.  31.2b, c ), but an endotracheal tube 

may also be used. Care should be taken to avoid main stem 
bronchus intubation if an endotracheal tube is used. Emergent 
tracheotomy should only be used in cases of suspected com-
plete laryngotracheal separation or when injury is located 
below the cricothyroid membrane. For large tracheal injuries 
requiring an emergent airway, the tracheostomy may be 
placed directly through the anterior tracheal wound.

Vertical
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over cricoid

a

b c

Thyroid
cartilage
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  Fig. 31.2    (a) A vertical 
cricothyroidotomy incision 
allows fl exibility to identify the 
proper level of the airway and 
avoids the anterior jugular veins. 
(b, c) A tracheostomy tube is the 
preferred airway device for 
cricothyroidotomy       
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31.2        Injury Classifi cation 

 Defi nitive care of laryngotracheal injury requires a compre-
hensive understanding of the anatomy of the larynx and tra-
chea. Airway injuries are best classifi ed based on their relation 
to the vocal cords. Supraglottic injuries are typically associ-
ated with vertical fractures of the thyroid cartilage with or 
without fracture of the cricoid cartilage. Glottic injuries may 
involve the thyroid cartilage but can also involve the true 
vocal cords, thyroarytenoid muscles, and aryepiglottic bands. 
Subglottic injuries involve the lower thyroid cartilage and cri-
coid cartilage and are potentially the most dangerous injuries. 
Complete loss of the airway may result from subglottic steno-
sis related to cricotracheal separation, and emergent tracheos-
tomy is required in this setting. Glottic and supraglottic 
injuries are more diffi cult to repair, especially with respect to 
voice quality. Early engagement of a head and neck surgeon 
is important in these cases once the airway has been secured.  

31.3     Injury Evaluation and Management 

 Laryngotracheal injury is uncommon, but patients presenting 
with these injuries almost universally require operative man-
agement. An older prospective study of 223 patients with 
penetrating neck trauma found that only 6.3 % of patients 
had laryngotracheal or pharyngoesophageal injury. A recent 
single institution 13-year review identifi ed 22 patients spe-
cifi cally with penetrating cervical or thoracic tracheal injury, 
and 86 % required emergent neck exploration. 

 Indications for immediate surgical exploration in patients 
with penetrating neck trauma include expanding hematoma, 
exsanguinating hemorrhage, hemodynamic instability, and 
massive subcutaneous emphysema. Data suggest that patients 
without immediate surgical indications should undergo com-
plete physical examination and symptom assessment, antero-
posterior (AP) chest plain fi lm, and AP and lateral neck fi lm. 
Asymptomatic patients may be observed with serial physical 
exam every 6–8 h for at least 24 h before discharge. Clinical 
exam is at least 95 % sensitive for identifying laryngotracheal 
injuries that require operative repair. For patients with mild or 
moderate signs and/or symptoms or those with a change in 
exam, high-resolution CTA should be obtained as the diag-
nostic study of choice. CTA may be utilized for all patients in 
whom injury is suspected if the modality is available. If there 
is no evidence of vascular, neurologic, or aerodigestive injury 
on CTA, observation is warranted. 

 If there is physical exam or CT evidence or clinical suspi-
cion for injury, endoscopic evaluation should be pursued. 
Direct or indirect laryngoscopy, fi beroptic bronchoscopy, 
and esophagoscopy may be used to evaluate for injury to the 
aerodigestive structures. Contrast esophagography modali-
ties may also be used in addition to or instead of esophagos-
copy. Once all injuries have been identifi ed, defi nitive 

surgical care may include operative exploration and repair or 
nonoperative management. Many patients with small glottic, 
supraglottic, or pharyngeal lacerations or hematomas may be 
managed nonoperatively with NPO status, antibiotics, and 
speech/language therapy. Follow-up contrast esophagogra-
phy may be necessary to identify any persistent pharyngeal 
or esophageal leak before resuming an oral diet.  

31.4     Operative Approach 

 The patient is placed supine on the operating table with a 
shoulder roll in place to facilitate neck extension; the table is 
fl exed at its midpoint. The patient is prepped from the angle of 
the mandible to the umbilicus, and a lower extremity/groin is 
also prepped in the event of vascular injury requiring vein 
graft. The neck may be explored via a lateral oblique incision 
anterior to the sternocleidomastoid (as often used for carotid 
endarterectomy) or via a cervical collar incision (as often used 
for thyroidectomy). The lateral incision is useful to retract the 
sternocleidomastoid and expose the vascular structures of the 
carotid sheath as well as the esophagus and cervical trachea. 

 The cervical collar incision is placed two fi ngerbreadths 
above the sternal notch or higher, depending on the location of 
injury. Subplatysmal fl aps are raised superiorly and inferiorly, 
and the strap muscles are divided vertically in the midline. This 
exposure allows excellent access to the cervical trachea and the 
central neck structures. The incision may be extended laterally 
along the anterior borders of the sternocleidomastoids or with a 
vertical extension down toward the sternal notch.  

31.5     Laryngeal Repair 

 The larynx is approached via a high cervical collar incision 
and entrance through the cricoid membrane. Flexible laryn-
goscopy should be employed to fully evaluate the extent of 
injury including injury to the posterior wall and the vocal 
cords. Repair of laryngeal lacerations must ensure adequate 
mucosal coverage of the exposed cartilage to avoid granula-
tion tissue formation and chondritis; grafting and rotational 
fl aps may be used in some cases to achieve coverage. 
Cartilage fractures and mucosa are repaired with absorbable 
suture such as 4-0 PDS. Rigid internal fi xation and stents 
may also be used. Early involvement of a head and neck sur-
geon is important to ensure the best functional outcome.  

31.6     Tracheal Repair 

 The trachea is approached via a lateral neck incision or a cervi-
cal collar incision. Fiberoptic bronchoscopy is necessary to 
fully evaluate for injury including any posterior wall defects. 
Simple tracheal lacerations are repaired primarily with 
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absorbable suture such as 4-0 PDS. For larger tracheal defects, 
the distal trachea may be mobilized cephalad via the use of a 
tracheal hook or more extensive soft tissue dissection when 
necessary. Dissection should be completed in the anterior/pos-
terior planes to avoid injury to the recurrent laryngeal nerves, 
which are located just lateral to the trachea in the tracheoesoph-
ageal grooves. Tracheal resection is not commonly required, 
but up to half the length of the trachea may be resected using 
mobilization techniques such as laryngeal release. Tracheal 
repairs should be buttressed with a vascularized muscle fl ap 
such as the sternocleidomastoid or omohyoid, particularly if 
the esophagus or other structures in the neck also require surgi-
cal repair.  

31.7     Associated Injuries 

 Operative exploration for penetrating injury to the larynx or 
trachea requires thorough intraoperative assessment of all 
associated structures including the contents of the carotid 
sheath and the cervical esophagus. Injuries should be 
addressed with appropriate repair, ligation, or reconstruc-
tion. Injuries to the cervical trachea may commonly harm the 
recurrent laryngeal nerves. If injury is suspected at the time 
of exploration, direct repair of the recurrent laryngeal nerve 
is not recommended. Function may improve with time and 
observation. If repair is indicated, better outcomes may be 
achieved with delayed repair in an elective setting.  

31.8     Postoperative Airway Management 

 Historical accounts suggest that a tracheostomy is necessary as 
a protective measure for the postoperative airway management 
of patients with laryngotracheal injuries. The use of “protective 
tracheostomy” has fallen out of favor because good outcomes 
have been reported with direct suture repair of the trachea, based 
on an extensive elective head and neck and thoracic surgery 
experience. More recently, immediate extubation after repair of 
tracheal injuries has been advocated as a safe airway manage-
ment strategy in these patients. A recent retrospective multisite 
study identifi ed 103 patients who underwent operative repair of 
cervical tracheal injury and evaluated outcomes based on post-
operative airway management strategy. Almost 40 % of patients 
were extubated within 24 h of cervical trachea repair. Immediate 
or early extubation was common and safe, although these 
patients tended to have less severe injuries. Patients with more 
severe injuries who underwent immediate tracheostomy had 
higher risk of surgical site infection, while those who underwent 
prolonged intubation had higher risk of pneumonia and mortal-
ity. Patients with large tracheal injuries or other injuries that may 
limit the patient’s ability to protect the airway may require early 
tracheostomy. For large tracheal injuries requiring an emergent 
airway, the tracheostomy may be placed directly through the 

anterior tracheal wound. For smaller injuries, the tracheostomy 
should be sited such that the balloon cuff rests distal to the injury 
and repair.  

31.9     Complications 

 Complications of laryngotracheal penetrating injury may 
include tracheal stenosis, fi stula, diffi culty with phonation, 
hoarseness, and abscess. Complications are more common 
when multiple structures are injured. Lyons et al., in the 
recent series of patients with penetrating cervical or thoracic 
tracheal injury, documented that 41 % of patients had iso-
lated tracheal injury and the remainder had additional esoph-
ageal or vascular injuries. Nearly 54 % of patients with 
multiple injured structures suffered any complication, but 
only 11 % of the patients with isolated tracheal injury suf-
fered any complication. The mortality rate in this series was 
4.5 %. The older series by Grewal et al. identifi ed a 5 % rate 
of stenosis and a 17.5 % rate of voice change/hoarseness 
among patients who required operative management of pen-
etrating laryngotracheal injury. The mortality was 3.5 % in 
this series. While mortality for patients who survive to seek 
surgical care for penetrating laryngotracheal injury is rela-
tively low, morbidity may be signifi cant. Careful attention to 
operative technique and early diagnosis of all associated 
injuries is critical to ensure best outcomes.      

 Important Points 

•     Airway control and hemorrhage control are the 
most important aspects of early management of 
penetrating laryngotracheal injury.  

•   Oral endotracheal intubation is the preferred defi ni-
tive airway.  

•   Cricothyroidotomy is the surgical airway of choice.  
•   Early diagnosis of all aerodigestive and vascular 

injuries is critical.  
•   Not all patients will require operative management 

of penetrating laryngotracheal injuries.  
•   CT angiography is the diagnostic test of choice for 

asymptomatic patients or those with mild or moder-
ate signs/symptoms.  

•   Endoscopy and contrast esophagography may be 
utilized to fully evaluate the aerodigestive tract for 
injury.  

•   The trachea is primarily repaired with absorbable 
suture (4-0 PDS).  

•   A vascularized muscle fl ap such as sternocleido-
mastoid or omohyoid is used to buttress the tracheal 
repair, especially if other cervical structures (e.g., 
esophagus) require repair.    
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      Penetrating Injury to the Pharynx 
and Cervical Esophagus                     

     Angela     L.     Neville    

32.1          Anatomic Basics 

 The region containing the pharynx and cervical esophagus is 
not particularly familiar to the average general or trauma sur-
geon. Moreover, pharyngoesophageal injury occurs in a 
mere 0.9–6 % of penetrating neck injuries. Thus, when 
encountering an injury to this area, knowing a few critical 
anatomic landmarks can help. 

 The pharynx originates at the base of the skull and 
extends to the level of the cricoid cartilage. Its constrictor 
muscles propel food into the esophagus. The lowermost 
constrictor comprises the upper esophageal sphincter and 
sits anatomically at the level of the cricoid and C6 vertebra 
(Fig.  32.1 ). The cervical esophagus descends from there to 
the thoracic inlet. Thus, the pharynx is the portion of the 
digestive tube injured in a Zone 2 or 3 injury, and the cervi-
cal esophagus is injured in a Zone 1 injury. It is important 
to acknowledge that the use of “Zones” in dictating the sur-
gical management of penetrating neck injury is falling out 
of favor with the advent of computed tomography angiog-
raphy (CTA) but is included here as a clinically useful 
descriptor.

   The pharynx and cervical esophagus lie deep in the neck 
and are protected posteriorly by the cervical vertebrae. 
They are abutted anteriorly by the larynx and trachea. 
Consequently, the only way to get to the pharyngoesopha-
geal region is via a lateral approach which requires retract-
ing the carotid sheath out of the way. Concomitant (and 
more deadly) injury to the trachea or vascular structures 
should be addressed before embarking on a pharyngo-
esophageal repair.  

32.2     Know When to Go In 

 There are essentially two scenarios in penetrating neck 
trauma. The fi rst scenario is a patient with an obvious “hard 
sign” (expanding hematoma, active bleeding, shock, airway 
compromise, massive subcutaneous emphysema) of vascular 
or tracheal injury who needs to be in the operating room 
immediately. Once these injuries are identifi ed and repaired, 
the pharyngoesophagus should be evaluated. Trace the tra-
jectory of the bullet. Perform maneuvers to see if there is a 
hole in the esophagus (on table endoscopy, air in the naso-
gastric tube, etc.), and repair it. If the patient is too unstable 
for further exploration, then leave a drain and get out. 

 The second, more common scenario is a patient who is 
hemodynamically stable and requires evaluation to exclude 
an injury that should be fi xed in the operating room expedi-
tiously. Several retrospective studies found worse esophageal- 
specifi c outcomes in patients who had a preoperative 
evaluation prior to the esophageal repair compared with 
those who did not. The implication is that delay in repair 
(while studies are being performed) leads to a worse out-
come. The retrospective nature of these studies makes the 
interpretation diffi cult, and no specifi c time frame has been 
established, but the take-home message is to identify and 
treat esophageal injury as soon as possible. 

 There are no hard signs of pharyngoesophageal injury, but 
a thorough history and physical examination may give clues 
that further workup is needed. Symptoms of odynophagia or 
dysphagia and signs of subcutaneous emphysema or 
hematemesis are indications of pharyngoesophageal injury 
and warrant further evaluation. In a study of 223 patients 
with penetrating neck injury, none of the evaluable, asymp-
tomatic patients had an esophageal injury; workup was rec-
ommended for symptomatic or unevaluable patients. 
Similarly, a larger multicenter study of 453 patients with 
penetrating neck wounds noted no missed injuries in the 
group of asymptomatic patients. Still, the potential morbid-
ity associated with a missed injury has led to the recommen-
dation that surgeons have a low threshold for obtaining 
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imaging studies in evaluating penetrating injuries to the 
neck. 

 Computed tomography angiography (CTA) has emerged 
as the single imaging modality with the greatest potential 
to rule out esophageal as well as tracheal and vascular 
injuries. A missile trajectory away from the esophagus (or 
other vital structures) obviates the need for exploration or 
additional invasive studies. Beyond this, CTA has not yet 
proven itself as a stand-alone study for diagnosing or 
excluding pharyngoesophageal injury. In 2003, Gonzales 
evaluated 42 patients with CTA followed by mandatory 
esophagogram and operative exploration. Two very small 
stab wound injuries (<5 mm) were missed both by CTA 
and swallow study, suggesting that CTA was no better than 
esophagogram. Inaba subsequently found that CTA “over-
diagnosed” aerodigestive injury in four patients with sub-
cutaneous air as the common, nonspecifi c sign. Two 
patients had the injuries ruled out by negative contrast 
swallows and endoscopy. The other two patients under-
went negative exploration. Most centers are using physical 
examination along with CTA to evaluate for a possible 
aerodigestive injury. Finding air near the pharyngoesopha-
gus prompts the need for further study, surgical explora-
tion, or both (Fig.  32.2 ).

   Current recommended workup of pharyngoesophageal 
injury is by contrast esophagography or esophagoscopy. 
There is no consensus that one study is preferable to the 
other, and most study protocols seem driven by surgeon 

preference or institutional availability. If a contrast swallow 
study is chosen, a majority of authors favor water-soluble 
esophagogram initially, with thin barium to follow. The sen-
sitivity of esophagography to detect pharyngoesophageal 
injury varies widely and is reported between 60 and 100 %. 
Rigid or fl exible endoscopy has proven equally, if not more 
effi cacious to esophagogram. Two early studies utilizing 
rigid esophagoscopy suggested improved sensitivity com-
pared with esophagogram. Since then, fl exible endoscopy 
has been studied with a reported 100 % sensitivity (92 % and 
95 % specifi city). As fl exible endoscopy does not require 
general anesthesia or manipulation of the cervical spine, it is 
the scoping modality that we prefer. 

 Of importance, multiple authors report successful con-
servative (nonoperative) management of patients with pen-
etrating pharyngoesophageal injury. In these studies, 
patients are kept nothing per oral (NPO), given intrave-
nous antibiotics, and maintained on surgical nutrition 
(enteral or parenteral). Stanley made a compelling argu-
ment that penetrating injuries of the upper hypopharynx 
(above the arytenoids) be managed nonoperatively. He 
suggested that the anatomy of this area favored spontane-
ous healing yet further demonstrated increased complica-
tions to the lower pharynx or cervical esophagus if these 
areas were not surgically repaired. Nel and Yugeros also 
reported retrospective success of nonoperative manage-
ment of the pharynx (but did not specify upper or lower). 
Madiba successfully managed patients with penetrating 
injury to the cervical esophagus nonoperatively if their 
water-soluble contrast study showed contained extravasa-
tion (not trickling widely or into the mediastinum). To 
date, there are no prospective, randomized studies compar-
ing the role of surgical and nonoperative management for 
penetrating pharyngoesophageal injury. Based on retro-
spective data, a nonoperative approach seems feasible in a 
patient with a contained pharyngeal injury who has no 
other indications for neck exploration. 

 To summarize, we recommend physical examination and 
CTA in stable patients with penetrating injuries to the neck. 
If the examination is negative and the trajectory of the injury 
is away from the pharyngoesophageal area, no further 
workup is performed. If there is still potential for pharyngo-
esophageal injury, we recommend expeditious esophago-
gram. A small, contained pharyngeal leak can be managed 
nonoperatively, with plans to repeat the swallow study in 3–5 
days. A patient with a larger, noncontained injury should be 
taken immediately to the operating room for primary repair. 
Flexible endoscopy is our preferred modality in a patient 
who needs to go or is already in the operating room, who is 
intubated (making the logistics of a swallow evaluation dif-
fi cult) or whose swallow evaluation is “negative,” but whose 
physical examination or CTA is highly suggestive of a 
pharyngoesophageal injury.  
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  Fig. 32.1    Anatomic landmarks of the pharyngoesophageal region       
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32.3     How to Do the Repair 

 So you’ve made the decision to operate. Positioning the 
patient for a complete neck exploration is the fi rst key to suc-
cess. Place a shoulder roll and tilt the patient’s head away 
from the injury – unless of course, there is concern of a cervi-
cal spine injury, in which case you will have to keep the head 
midline. Start your neck exploration on the side that is 
injured. If the injury is bilateral or you are not sure where the 
injury originates, start your approach to the esophagus from 
the patient’s left side. The esophagus deviates slightly to the 
left in the neck, and there is a lesser chance of injury to the 
recurrent laryngeal nerve on this side. 

 Have the anesthesiologist gently place a nasogastric (NG) 
tube. The NG tube often proves critical in fi nding your injury 
when the time comes. Prep and drape both sides of the neck 
(from the mastoid down), and include the entire chest in the 
event that mediastinal exploration is warranted. It is also pru-
dent to prepare both groins in case vascular access or saphe-
nous vein harvesting is required. 

 Start with a generous incision along the anterior border of 
the sternocleidomastoid (SCM) muscle (Fig.  32.3 ). If better 
exposure is required, the incision can be extended all the way 
up to the mastoid superiorly. Curve posteriorly as you 
approach the angle of the mandible to avoid injuring the mar-
ginal mandibular branch of the facial nerve and the compli-
cation of smiling asymmetry. Inferiorly, the incision can be 
carried down to the sternal notch (and even further if median 
sternotomy is needed).

   Divide the platysma muscle and look for the SCM. The 
critical next move is dividing the fi brous tissue (superfi cial 
cervical fascia) along the anterior border of the SCM 
(Fig.  32.4 ). Use a retractor to pull the SCM laterally so you 
can fully extend the exposure in either direction. This gives 
you direct access to the carotid sheath.

   Put in self-retaining retractors, such as blunt-tip 
Weitlaners, now. Make sure that the Weitlaner retractors 
prongs sit below the SCM. 

 You are about to begin your search for the pharyngo-
esophagus. In order to get to the esophagus, visualize the 
mantra – “carotid sheath down and thyroid gland up.” That is 
the path you must create to get to your injury. To safely and 
effectively perform this retraction, you will need to open the 

  Fig. 32.2    Nondiagnostic CTA images for exclusion of pharyngoesophageal injury. Air near the pharynx and esophagus will require further evalu-
ation if there are no other indications for surgical exploration       

  Fig. 32.3    Incision along the anterior border of the sternocleidomastoid 
muscle       
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carotid sheath and ligate some key structures. Tackle any 
encountered vascular injuries fi rst. 

 Open the carotid sheath laterally over the big blue internal 
jugular vein (Fig.  32.5 ). Stay on the anterior surface of the vein, 
and extend in both directions. As you move superiorly, look for 
the large facial vein which courses just over the carotid bifurca-
tion. The facial vein is a critical landmark in any neck explora-

tion; once identifi ed, it needs to be ligated and divided. This 
provides direct access to the carotid bifurcation and also releases 
the internal jugular for lateral retraction. With the facial vein 
ligated, you may replace your blunt Weitlaner retractors below 
the medial aspect of the internal jugular to increase exposure.

   Begin to march from superior to inferior along the inter-
nal jugular vein to release the thyroid gland and retract it 
“up” (anteromedially), so you can access the pharyngo-
esophagus. In your approach, you will sequentially encoun-
ter and divide three structures – the middle thyroid vein, the 
inferior thyroid artery, and the omohyoid muscle (Fig.  32.6 ). 
The middle thyroid vein comes directly off the internal jugu-
lar and goes into the thyroid gland. Once this is divided, the 
thyroid gland can be pulled more medially. Next, gently 
retract the carotid sheath “down” (posterolaterally), and you 
will see the inferior thyroid artery, a branch of the thyrocer-
vical trunk (from the subclavian artery), coursing horizon-
tally posterior to the carotid and entering the posterolateral 
aspect of the thyroid. Divide this. Note: The inferior thyroid 
artery is another crucial landmark as it leads you directly to 
the recurrent laryngeal nerve. Use this opportunity to look 
for the nerve in the tracheoesophageal groove, and avoid it. 
Finally, carry on inferiorly and divide the superior belly of 
the omohyoid muscle. You now have maximal exposure to 
the pharyngoesophagus and are ready to go.

   With the thyroid gland retracted “up” and the carotid sheath 
“down,” open the deep cervical fascia. Be gentle. The fascia 
can be thin. You are looking for the longitudinal muscle fi bers 
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of the pharyngoesophagus. Technically, the cervical esopha-
gus starts anatomically at the level of the cricoid. Whether 
your injury is to the pharynx or the cervical esophagus is really 
inconsequential; fi nding the injury is what matters! 

 Start by gross inspection. Identifying an injury in the pha-
ryngoesophagus can be tricky. Given its lack of a shiny sero-
sal layer, you may not see a subtle hole in the muscle lying 
before you (particularly from a stab wound). Here is where 
the NG tube comes in. The NG tube provides a fi rm structure 
to feel for in an area which may have distorted tissue planes. 
Use your fi nger to feel for the NG tube. Use careful digital 
dissection posteriorly in the areolar tissue plane between the 
esophagus and the spine (Fig.  32.7 ). Remember the recurrent 
laryngeal nerve lies anterior to the esophagus in the tracheo-
esophageal groove, so it is much safer to work posteriorly. 
Keep your eye on the nerve and avoid it. You can basically 
hook around the entire esophagus with this blunt maneuver. 
To avoid injury to the recurrent laryngeal nerves and the 
membranous trachea, dissect very carefully along the ante-
rior aspect of the esophagus.

   Next, utilize air via the NG tube to look for the injury. 
Have the anesthesiologist pull back the NG tube so that you 
can feel the tip. Bathe the area with saline, and gently push 
air into the NG tube. The area that bubbles is injured. If you 
still cannot fi nd the hole, then we recommend intraoperative 
endoscopy to look for the injury from the inside. While rigid 
esophagoscopy was traditionally used, we have found fl exi-
ble endoscopy (a more familiar technique) to be extremely 
effi cacious. Methylene blue insertion in the NG tube is 
another option but can color the fi eld and make further work 
more diffi cult; we are less keen on this option. Be diligent in 

your search for an injury, and consider the possibility of a 
contralateral through and through injury that you might be 
missing. Make sure you have your trajectory accounted for 
before you leave the operating room. 

 With the injury identifi ed, you are ready for repair. 
Debride esophageal wound edges completely, and reapproxi-
mate only the well-vascularized, healthy tissue. Repair the 
injury in one or two layers – equally effi cacious. In a trauma 
situation, where time is important and there is often an ele-
ment of tissue loss, we prefer a solid one-layer closure. Full 
thickness, interrupted bites using a 3.0 absorbable monofi la-
ment suture is our preference. The submucosa is the strength 
layer, and good mucosal apposition is critical. A second 
layer can be performed, but take care to avoid narrowing the 
lumen. We try and perform the repair over a 40 French bou-
gie to prevent this complication. 

 For simple injuries, sutures suffi ce. If the patient has 
“any” other injury to the surrounding area (laryngotracheal 
or vascular) or if you are concerned about the repair (tissue 
viability, tension, etc.), buttress it with a muscle fl ap! We 
strongly recommend placing the muscle between combined 
esophageal and airway injuries to avoid a fi stula. Use what-
ever muscle you can easily mobilize – omohyoid, another 
strap muscle, or sternal portion of the SCM – and make sure 
that it overlies the esophageal suture line. 

 Draining your repair is the fi nal crucial step. If you do get 
a leak, you have it controlled. Leave a closed suction drain 
(we like the fl at-fl uted Jackson-Pratt) adjacent to your repair. 
Bring it out away from the carotid sheath. Confi rm hemosta-
sis to avoid an urgent trip back to the operating room for a 
neck hematoma. Irrigate and close. 

 Note: This operation becomes very disconcerting when 
you just cannot do the repair. This may be because the patient 
is too hemodynamically compromised or because the pha-
ryngoesophagus is too mangled. Your bailout option for a 
smaller pharyngoesophageal injury is to leave a drain. 
Remarkably, some of these fi stulas will heal on their own, or 
additional procedures may be required once the patient has 
stabilized. The bailout for a highly destructive pharyngo-
esophageal injury is to staple across the distal cervical 
esophagus and construct an esophagostomy (spit fi stula). 
Divide the esophagus as low as possible, and bring your dis-
tal esophageal stump to a small skin incision. Be sure to also 
leave a drain. It isn’t pretty, but your goal is to prevent medi-
astinitis and save the patient.  

32.4     Postoperative Care and What to Do if 
the Repair Falls Apart 

 There is no gold standard or tried-and-true algorithm for the 
postoperative care of a pharyngoesophageal repair. Our pref-
erence is to leave the NG tube in place and keep the patient 
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NPO for 3–5 days. At this point, we obtain a swallow study 
to evaluate the integrity of the repair and rule out a subclini-
cal leak. If the repair is solid, we remove the NG tube and 
start clear liquids with advancement to a soft, dysphagia diet 
as tolerated. 

 We favor leaving the NG tube in place early on to provide 
enteral nutrition usually starting around postoperative day 2. 
Some authors prefer total parenteral nutrition (TPN) in the 
perioperative period. We have not found TPN necessary, or 
had an increase in complications, when feeding via a prop-
erly positioned NG tube. The NG tube is removed when the 
swallow study is negative. Broad-spectrum antibiotics are 
used empirically until the patient has no clinical signs of 
infection (afebrile, normal white cell count) and leak has 
been excluded by swallow study. 

 We feel the most critical aspect of postoperative care is 
the drain. The drain should be well secured and maintained 
until the swallow study confi rms no leak and dysphagia diet 
is tolerated for 1–2 days. 

 Perioperative complications of penetrating pharyngo-
esophageal injury include neck abscess (and in the worst 
case, a descending infection leading to mediastinitis), sali-
vary fi stula, tracheoesophageal fi stula, and swallowing 
dysfunction. 

 Neck infection is a complication occurring in both opera-
tive and nonoperative managements and requires prompt 
open drainage to prevent descending progression. Madiba 
reported a single case of local sepsis (6 % incidence) in 17 
patients with contained cervical esophageal injury who were 
managed nonoperatively. A multicenter study found the inci-
dence of neck abscess to be 3.3 %, esophageal fi stula 3.8 %, 
and tracheoesophageal fi stula 1.9 % in 211 patients with cer-
vical esophageal injuries. 

 Winter and Weigelt reported cervical esophageal fi stu-
las occurring in 9 % of 46 penetrating cervical esophageal 
injuries. In this study, all of the fi stulas healed with non-
operative management. This study gave support to the 
widely practiced dictum that the vast majority of esopha-
geal fi stulas will heal on their own. Importantly, this is 
contingent upon control of local sepsis (which may neces-
sitate opening of the surgical wound) and no distal 
obstruction. Of note, a much higher incidence of compli-
cations has been reported by Stanley who found that 22 % 
of patients with a hypopharyngeal injury and 39 % of 
patients with cervical esophageal injury developed either 
a neck infection that required drainage or a postsurgical 
salivary fi stula. This group did not discuss their manage-
ment of these problems, but did report that one of two 
tracheoesophageal fi stulas healed spontaneously at 3 
weeks’ time, and the other required a sternocleidomastoid 
muscle interposition fl ap. 

 The consensus is that a majority of esophageal fi stulas (to 
the skin or even to the trachea) will heal spontaneously, but 
this may require a period of prolonged restricted oral intake. 
In recent years, endoscopically positioned self-expanding 
stents have been used to expeditiously manage esophageal 
fi stulas and iatrogenic esophageal perforations. The stent 
excludes the injury while the body repairs itself. It is extracted 
in approximately 1 month’s time and the patient restudied. 
We recently managed a large posttraumatic cervical esopha-
geal fi stula successfully with a covered plastic stent. A caveat 
is that the stent needs to be positioned inferiorly to the upper 
esophageal sphincter to avoid patient discomfort. Several 
case reports have described using these stents in challenging 
penetrating esophageal injury, but experience is too limited 
to make defi nitive recommendations.  
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32.5     At the End of the Day 

 While it may not be the most familiar or hospitable place 
for a penetrating injury, expeditious diagnosis and manage-
ment of a pharyngoesophageal injury is generally very sat-
isfying as the surgeon knows he/she has (hopefully) staved 
off a future, lethal mediastinitis. Familiarity with the neck 
exploration as we have described here can aid in success. 
With the knowledge that this area can be forgiving as long 
as postoperative management is vigilant, we hope that you 
breathe easier the next time this injury rolls through the 
door.      
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 Important Points 

•     Initial assessment of penetrating pharyngoesopha-
geal trauma involves history, physical examination, 
and CTA. A swallow study or endoscopy should 
confi rm or exclude an injury in the stable patient 
with concerning, yet inconclusive, clinical, or CTA 
fi ndings.  

•   Small, contained pharyngeal injuries can be man-
aged nonoperatively.  

•   Patient positioning is key – unless there is concern 
for an unstable cervical spine, place a shoulder roll 
and turn the head away from the side of injury. If it 
is unclear which side is more involved, approach 
the esophagus through the left neck.  

•   Stay along the anterior border of the sternocleido-
mastoid muscle, and retract it laterally to gain expo-
sure to the neck.  

•   Open the carotid sheath along the internal jugular 
vein, and ligate the facial vein.  

•   Retract the carotid sheath down and the thyroid 
gland up to fi nd the esophagus. You will divide the 
middle thyroid vein, the inferior thyroid artery, and 
the omohyoid muscle to maximize this exposure.  

•   Place an NG tube to facilitate fi nding the pharyngo-
esophagus by feel. Find the injury by looking for 
bubbles. Be vigilant to avoid a missed injury.  

•   Debride injury to healthy edges and repair it in one 
or two layers – no tension, over a bougie if you can.  

•   Mobilize a muscle fl ap and interpose this tissue 
anytime you create two suture lines or are con-
cerned about a repair.  

•   Leave a drain until the swallow study confi rms no 
leak and the patient is tolerating a diet.  

•   If the repair fails, the vast majority of fi stulas will 
heal spontaneously (or consider the use of a tempo-
rary stent).    
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•          Trauma to the neck is dangerous and has a high mortality 
and morbidity.  

•   Penetrating neck injuries remain challenging, as there are 
a number of important structures in a small volume. Injury 
to any of these structures frequently is also not readily 
apparent.  

•   The cervical blood vessels are involved in 25 % of patients 
with head or neck trauma, and carotid artery injury consti-
tutes 5–10 % of all arterial injuries. The reported mortal-
ity for carotid injuries ranges from 10 to 31 % with 
permanent neurological defi cit ranging from 16 to 60 % 
and remains high despite advances in diagnosis and 
treatment.  

•   The management of penetrating neck trauma has under-
gone considerable development in recent years. In the 
1980s, a policy of routine exploration was slowly replaced 
by a policy of selective exploration. More recently, treat-
ment strategies have been refi ned by the introduction of 
accurate diagnostic modalities in the stable patient 
(mostly rapid multislice CT scanning) and the use of 
endovascular therapies.    

  Caveat     Severe vascular injury after neck trauma can be 
present even in the absence of clinical signs. Liberal Duplex 
Doppler or angiography after penetrating trauma when cer-
vical vessel injuries cannot be ruled out is indicated. 
Associated injuries of the cervical spine, airway and diges-
tive tract must always be considered.  

 Always stabilise the neck of patients in all types of severe 
cervical trauma until the entire spectrum of injuries is known. 

 If the patient is stable, angiography should always be per-
formed in penetrating injuries to zones I and III. 

 Duplex Doppler or angiography should be performed (if 
available) in order to select between conservative, endovas-
cular and surgical management. 

 The surgical anatomy of the superior mediastinum and 
neck is shown in Fig.  33.1 , demonstrating the proximity of 
the vessels and nerves around the aero-digestive tract 
(Fig.  33.1 ).

   The neck contains many vital structures located in a small 
volume:

•    The important anterior structures of the neck lie deep to 
the platysma, and as a result, only injuries that have pen-
etrated through this muscle are clinically signifi cant.  

•   As a result of the aero-digestive tract’s position in the 
midline and its close relationship to the major blood ves-
sels in the neck injuries, crossing the midline usually 
causes a greater degree of damage.  

•   The sternocleidomastoid muscle divides the posterior 
and anterior triangles of the neck. Within the anterior tri-
angle lie the aero-digestive tract and the major blood ves-
sels supplying the head and face, while the posterior 
triangle contains the nerves and blood vessels to the 
upper limbs.  

•   The area of the neck posterior to the cervical vertebral 
body and the scalene muscles is composed mainly of 
muscle, bone and other nonvital structures. The spinal 
cord is encased in the cervical spine which usually can 
only be penetrated by gunshots.  

•   The neck is divided into three zones using anatomic land-
marks (Fig.  33.2 ). The management of injuries in these 
zones varies due to the vital structures that each zone con-
tains and the manner in which access can be gained.
 –     Zone I is the area between the clavicle/suprasternal 

notch and the cricoid cartilage, encompassing the tho-
racic outlet structures (Fig.  33.2a ). The proximal com-
mon carotid arteries, internal jugular veins, vertebral 
arteries and veins and the subclavian arteries and veins 
and the trachea, oesophagus, thoracic duct and thymus 
are located here (Fig.  33.2b ).  
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 –   Zone II is the area between the cricoid cartilage and 
the angle of the mandible. It contains the internal and 
external carotid arteries; jugular veins; pharynx; lar-
ynx; oesophagus; cranial, sympathetic and recurrent 
laryngeal nerve; spinal cord; trachea and thyroid and 
parathyroid glands.  

 –   Zone III is the area that lies between the angle of the 
mandible and the base of the skull. It contains the dis-
tal extracranial internal carotid and vertebral arteries, 
the uppermost segments of the jugular veins and a vari-
ety of cranial nerves.     

•   Tight fascial compartments of neck structures may limit 
external haemorrhage from vascular injuries, but it may 
increase the risk of airway compromise by an expanding 
haematoma.    

33.1     Pathophysiology 

 Wounding instruments have specifi c characteristics that 
affect surgical fi ndings. Two factors in the mechanism of 
injury or kinematics in penetrating neck trauma determine 
the extent of damage to the tissue:

•    Weapon characteristics:
 –    Tissue injury results from either a direct impact by the 

penetrating projectile or tissue displacement from 
temporary cavitation caused by high-velocity 
projectiles.  

 –   Stab wounds typically have a 10 % higher rate of nega-
tive exploration than injuries from projectiles.  

 –   Secondary missiles in gunshots frequently add to the 
injury severity.     

•   Location of injury and human tissues involved:
 –    Wound sites and, if present, the wounding agent 

(retained bullet or stabbing implement) provide an 
indication of the likely injury complex.  

 –   Implied wound tract, particularly if it crosses the mid-
line, is of particular value.       

 Penetrating injuries may cause partial or complete tran-
section with thrombosis of the vessel or pseudoaneurysm. 
Pseudoaneurysm may have an acute or delayed onset with 
progressive enlargement causing compression of the sur-
rounding structures. An arteriovenous fi stula may develop if 
there is adjacent perforation of an artery and vein and is often 
accompanied by a pseudoaneurysm. Intimal injury can be 
caused by a high-velocity missile shock wave. The vessel is 
macroscopically intact with minimal bruising, but on open-
ing the vessel, there is an intimal tear with or without a 
superimposed thrombosis. 

 The potential neurological consequences of vascular inju-
ries are caused by hypoperfusion (caused by transected or 
thrombosed vessels) or embolisation from intimal injuries, 
pseudoaneurysm or AV fi stulae.  

33.2     Clinical Signs 

 Rapidly expanding cervical haematoma, absent carotid 
pulse, a bruit or thrill and external bleeding are hard signs 
indicative of vascular injury. Soft signs which may indicate a 
vascular injury and warrant further investigation include 
active or previous bleeding from wounds of the neck or the 
pharynx, a superfi cial temporal artery pulse defi cit, ipsilat-
eral Horner’s sign, IX–XII cranial nerve dysfunction and a 
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widened mediastinum. Neurological defi cit may be present, 
but obscured due to concomitant head injury, shock or the 
use of alcohol or drugs. Up to 50 % of patients with estab-
lished blunt injury caused by cavitation to the carotid and 
vertebral arteries could initially be asymptomatic, but 
43–58 % of these will eventually develop neurological signs. 
Physical exam is most reliable for arterial injuries, but less 
sensitive to venous and aero-digestive tract injuries. The 
presence of distal pulses does not rule out an arterial injury. 
Be aware of concomitant injury to nearby structures. Signs 
of laryngeal injury include respiratory distress, stridor, sub-
cutaneous air, haemoptysis, odynophagia and anterior neck 
pain. Dysphagia, bloody saliva, subcutaneous air and hae-
matemesis are all features suggestive of oesophageal injury. 
Neurological fallout will vary depending on the affected 
segment.  

33.3    Management 

33.3.1     The Stable Patient: Diagnostics – 
CT Scan or Equivalent  

•     Patients with active bleeding and a compromised airway 
require immediate exploration. Occasionally, such bleed-
ing can be controlled with insertion of a Foley catheter, 
thereby converting this extremely dangerous setting to a 
semi-elective one.  

•   Haemodynamically stable patients with a patent airway 
who have the following signs should undergo further 
appropriate investigations:
 –    In gunshot injuries:

   Proximity to vessels  
  Evidence of crossing the midline  
  Bleeding that has been controlled by a Foley catheter 

or similar manoeuvre     
 –   In stab wounds:

   Wound penetrating platysma and with bleeding that 
has been controlled by a Foley catheter or similar 
manoeuvre        
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  Fig. 33.2    ( a ) Zones of the neck, projected onto the cervical spine. ( b ) 
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  Fig. 33.3    CTA has replaced angiography as the initial study of choice 
in the vascular evaluation of a neck injury (here in patient with frag-
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•   The diagnostic modalities used are:
 –    Duplex Doppler examination is useful for investigating 

zone II vascular injuries. Duplex scanning, however, 
has its limitations in zones I and III due to anatomical 
constraints. Duplex Doppler is not as readily available 
at all times and requires an experienced operator.  

 –   Multislice contrast CT and CTA has replaced arteriogra-
phy in recent years, as it not only demonstrates vascular 
anatomy well but also gives substantial additional infor-
mation about other structures in particular those of the 
aero-digestive tract. A review by Woo and colleagues 
reports that the use of CTA is associated with less opera-
tive exploration, less negative explorations and reduced 
use of invasive studies, such as conventional angiogra-
phy. Physical examination fi ndings supplemented by 
CTA should have a prominent role in the selective man-
agement of penetrating neck injuries. CTA has replaced 
angiography as the initial study of choice in the vascular 
evaluation of a neck injury (Fig.  33.3 ).

 –      A CT scan of the brain should be obtained to investi-
gate patients with associated head trauma, bone inju-
ries of the spine and skull and those with neurological 
defi cit. A CT scan of the brain is a good predictor of 
outcome: Patients who have an infarct on initial CT on 
admission have a high mortality with poor chance of 
neurological recovery compared to those patients who 
have a normal CT on admission.  

 –   Arch angiography remains a good alternative if CTA is 
not available for the diagnosis of cervicomediastinal 
(zone I) and zone III vascular injuries. It gives informa-
tion regarding suspected injuries to other vessels and 
evaluation for possible endovascular treatment. Certain 
centres that have in-house angiographers may perform 
angiography for injuries in zone I and zone III despite 
hypotension or haemorrhage. Angiography remains the 
criterion standard for defi ning arterial anatomy and 
injury complexes, with an accuracy close to 100 % 
(arteriography demonstrates a low yield in asymptom-
atic patients). Arteriography is usually  performed using 
a digital subtraction angiography (DSA) technique that 
reduces the amount of contrast required and yields a 
superior computer-manipulated image for evaluation.  

 –   MR angiography may be valuable in carotid artery and 
vertebral artery dissection but only in the stable patient, as 
monitoring of the vital signs is diffi cult during the inves-
tigation and MRA is a time-consuming investigation.  

 –   Cervical anteroposterior and lateral radiography with 
bullet markers is used to evaluate for vertebral bony 
injury; retained foreign bodies; and foreign body 
deformity, location, size and number. These radio-
graphs can also give additional valuable information 
like retropharyngeal or mediastinal air which are 
indicative of aero-digestive tract injuries.        

33.3.2     The Unstable patient: Operative 
Approach 

33.3.2.1     Management in the Emergency 
Department 

 Advanced Trauma Life Support (ATLS) guidelines should be 
followed for severe cervical vascular injuries. Thus, airways with 
cervical spine control and respiration have fi rst priority, followed 
by control of bleeding. Control of bleeding is best achieved by 
manual compression or application of a Foley catheter (see later) 
applied directly to the bleeding site. Blind application of haemo-
static clamps should not be attempted because of the risk of inju-
ries to blood vessels as well as to other structures. Do not remove 
impaled objects until the patient is in a controlled environment 
and you are ready to control the bleeding. 

 The concept of hypotensive resuscitation should be adhered 
to as hypertension may increase bleeding and also induce pro-
gression of a dissection, while severe hypotension will increase 
the risk for thrombosis and decreased cerebral perfusion. 

 Sucking neck wounds can be covered by an occlusive 
dressing to avoid air embolism. Also turn the patient to a left 
lateral position and tilt the bed head down. 

 Intubation should be performed in such a manner as to 
avoid coughing and increase in blood pressure, which might 
dislodge thrombus and thus cause haemorrhage or embolisa-
tion. Take care not to fl ex the patient’s neck at the intubation 
because of the risk of associated cervical vertebral fractures or 
dislocations. Only use bag mask ventilation if absolutely nec-
essary because you may force additional air into the soft tis-
sues and distort the anatomy further. The intubation might also 
be diffi cult because a haematoma might cause compression of 
the trachea. Emergency tracheotomy or cricothyroidotomy is 
then the only alternative, but it may also be complicated by the 
deranged anatomy and risk of bleeding. The risk of profuse 
and uncontrolled haemorrhage is greatest if the haematoma is 
located in the anterior triangle of the neck because the tampon-
ade will be lost when the pretracheal fascia is incised. By 
using liberal intubation early on and under controlled condi-
tions, loss of airway could be avoided. Consider awake fi bre 
optic intubation if available and always be fully prepared for a 
surgical airway. Prepare two suction units and have alternative 
airways like laryngeal mask devices ready. 

 Place IV lines on the opposite side to the injuries as there 
may be a subclavian vein injury. Blood tests need to be indi-
vidualised per patient. Commonly needed tests are prothrom-
bin time (PT), partial thromboplastin time (PTT), urea and 
electrolytes, haemoglobin and a crossmatch to order blood.  

33.3.2.2     After Initial Resuscitation: What Now? 
     1.    Injuries in zone II not penetrating the platysma need no 

further examination.   
   2.    Immediate operation is indicated for unstable patients 

with active bleeding not responsive to resuscitation or 
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with a rapidly expanding haematoma or airway obstruc-
tion, irrespective of anatomical zone.   

   3.    All others require further diagnostic evaluation to deter-
mine whether critical structures have been injured. If angi-
ography or high-quality duplex ultrasound is not available, 
injuries in zone II need to be surgically explored.     

 We recommend repair in all patients with penetrating 
carotid injuries when there is still evidence of prograde fl ow 
and the patient has no major neurological symptoms. 

 For minor injuries to the carotid artery, including those 
with small but adherent intimal fl aps, defects or pseudoaneu-
rysms <5 mm in size, repair is recommended in symptomatic 
patients. If the patient is asymptomatic and there is no ongo-
ing active bleeding, a conservative approach has proven to be 
a safe alternative; however, the patient needs to be followed 
on an inpatient basis for a couple of days to monitor for the 
appearance of neurological symptoms. We employ Duplex 
Doppler examination repeatedly. Anticoagulation therapy 
and antiplatelet therapy are routinely initiated. 

 Management of signifi cant carotid artery injury existing with 
major neurological defi cit and coma is controversial. Some sug-
gest only observation and palliation, especially in patients with 
CT-verifi ed cerebral infarction, because of the poor prognosis. 
We advocate repair and are aware of the risk of converting an 
ischaemic infarct into a haemorrhagic infarct. This strategy 
however requires extensive experience in carotid surgery and/or 
endovascular intervention. Most patients with carotid artery 
injuries are best managed by primary arterial repair, regardless 
of neurological status. We consider neurological defi cit only a 
contraindication to surgical repair in case of a deeply comatose 
patient with a dense neurological defi cit, arterial occlusion and 
a large infarct on cerebral CT scan; these patients have poor 
outcome regardless of the treatment. All other patients with 
associated neurological defi cit would benefi t from arterial repair 
with improved mortality and fi nal neurological status. 

 When the carotid artery is occluded and there are no neu-
rological symptoms, we recommend observation and antico-
agulation with heparin and antiplatelet therapy followed by 
3–6 months of an oral anticoagulant and antiplatelet irre-
spective of the type of trauma. 

 In the unstable patient, a Foley catheter (extraluminally) 
or a Fogarty catheter (intraluminally) can be utilised to tam-
ponade bleeding temporarily while waiting to move the 
patient to the operating theatre (Fig.  33.4 ). As a generalised 
dictum, a liberal sternotomy and clamping of the proximal 
neck vessels in the upper mediastinum is a safe method to 
gain proximal vessel control.

   South African experience from large series suggests that 
all penetrations beyond the platysma should at least be evalu-
ated if not explored due to the high morbidity and mortality 
associated with missed injuries, not only of the vital arteries 
but also of the aero-digestive tract (Fig.  33.8 ).    

33.4     Operative Technique 

 Remember that vascular control may be problematic in zone 
I (proximal control) and zone III (distal control). This conse-
quently leads to the higher mortality rates in patients with 
vascular injuries in these neck zones. 

 General principles of management are as follows:

    1.    In order to have good exposure, be sure to have the patient 
in a supine position with a bolster between the scapulae 
and the neck extended and the head rotated to the contra-
lateral side. The patient must be draped to allow access 
from the base of the skull to the xiphisternum.   

   2.    Zone II injuries are explored by the standard incision 
overlying the anterior border of the sternocleidomastoid 
muscle. Figure  33.5  shows the steps of standard exposure 
of the common carotid bifurcation.

       3.    Zone I injuries usually require a median sternotomy 
unless endovascular or similar control of vascular struc-
tures can be achieved.   

   4.    Various techniques have been described to improve expo-
sure of the distal internal carotid artery in zone III injuries 
by dislocating the jaw and detaching the sternocleidomas-
toid muscle from its insertion on the mastoid process and 
resecting the styloid process. We use endovascular tech-
niques like over-the-wire Fogarty balloons in conjunction 
with open surgery.   

   5.    We only make use of intraluminal shunts during compli-
cated repairs of the internal carotid artery.   

   6.    The external carotid artery can be safely ligated if the 
internal carotid artery is patent.   

   7.    Internal carotid artery ligation is only allowed when the 
distal vessel is thrombosed with no back bleeding follow-
ing extraction of thrombus.   

Foley’s
catheter

Balloon compressing
subclavian artery

  Fig. 33.4    In the unstable patient, a Foley catheter (extraluminally) or 
a Fogarty catheter (intraluminally) can be utilised to tamponade bleed-
ing temporarily while waiting to move the patient to the operating 
theatre       
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   8.    Minor venous injuries can be managed by lateral suture 
repair, but complex venous repair is not indicated as there 
is a high occlusion rate, and it increases the magnitude of 
the operative procedure. Ligation of a single jugular vein 
can be performed without signifi cant sequelae.   

   9.    Protect the vascular repair in the presence of associated 
injuries to the trachea and oesophagus by soft tissue inter-
position (sternocleidomastoid muscle).     

 An incision anterior and parallel to the anterior border of 
the sternocleidomastoid muscle is recommended. The incision 
can be extended dorsal to the ear and down to the sternal notch. 
As previously stated, preparations need to have been made to 
allow elongation of the incision into a median sternotomy in 
order to obtain proximal control of the neck vessels. 

 A transverse or collar-type incision can be performed for 
suspected injuries traversing the cervical region, providing 
exposure to both sides and obviating the need for bilateral 
neck incisions. 

 The specifi c injuries described below must be confi rmed and 
treated during neck exploration. Note that multiple structures 
frequently are injured from penetrating neck injury because of 
the numerous vital structures that are contained in a small area. 

 Carotid artery injuries are the most common, with an inci-
dence of approximately 9 %. They also pose one of the most 
immediate life-threatening situations. The objective of surgery 
is to arrest haemorrhage yet maintain cerebral blood fl ow and 
preserve neurological function. Arteriorrhaphy, vein patch or 
interposition repair with autogenous reversed saphenous vein 
graft can be performed to repair the injury. Arterial repair is 
shown to have lower morbidity and mortality rates than liga-
tion. The presence of neurological defi cits, coma and shock, 
especially preoperatively, are poor prognostic signs but are not 

absolute contraindications for carotid artery repair. Carotid 
ligation is advocated in patients who are comatose with no evi-
dence of anterograde fl ow in the internal carotid artery. Ligation 
can also be an option when uncontrollable haemorrhage is 
present and temporary shunt placement is technically diffi cult. 

 Jugular vein injury repair is contingent on the condition of 
the patient. Repair can be performed by simple lateral clo-
sure, resection and reanastomosis or saphenous vein graft 
reconstruction, particularly the internal jugular. Repairing at 
least one side is very important if both internal jugular veins 
are injured. The external jugular vein can be ligated without 
any adverse effects.  

33.5     Technical Tips 

33.5.1     Surgical Exposure of the Carotid 
Arteries 

 After the skin has been incised, subcutaneous fat and the 
platysma are divided. The sternocleidomastoid muscle is 
retracted laterally, and a dissection plane anterior to the 
muscle is identifi ed. The next structure overlying the carotid 
medially is the facial vein and its confl uence to the internal 
jugular vein (Fig.  33.6 ). This is suture-ligated and divided 
and is usually a very good landmark because it is located 
just above the carotid bifurcation (beware – the hypoglossal 
nerve may be adherent to the posterior surface of this vein). 

Internal
jugular

vein
Facial
vein

  Fig. 33.6    The next structure overlying the carotid medially is the 
facial vein and its confl uence to the internal jugular vein       
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  Fig. 33.5    Standard approach to the common carotid bifurcation       
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Dividing this vein allows posterior retraction of the internal 
jugular vein and exposure of the common carotid and its 
bifurcation. When preparing the carotid arteries, care must 
be taken to avoid manipulation of the vessel to avoid the risk 
of embolisation to the brain. Vessel loops are applied, and 
the most cranial clamp is applied fi rst to avoid embolisation 
when the more proximal parts are clamped. Important struc-
tures to protect are the hypoglossal and vagus nerves. The 
former usually crosses over the internal carotid artery 
2–3 cm cranial to the bifurcation and is best exposed after 
cranial retraction of the digastric muscle. The vagus nerve 
runs parallel, posterior and between the common carotid 
artery and jugular vein. The sympathetic trunk runs poste-
rior to the carotid sheath. The ansa cervicalis, often located 
obliquely over the carotid bifurcation, may be divided to 
facilitate exposure. We use local heparinised saline solution 
and not general heparinisation. We routinely leave a 15 
French soft silicone suction drain in the wound, taking care 
to place it away from the arterial repair.

33.5.2        Vertebral Artery Injuries 

 The incidence of vertebral artery injury is low with the reported 
incidence in penetrating neck trauma ranging from 1 to 7 %. 
Gunshot wounds are the most common mechanism of injury. 

 The majority of patients with vertebral artery injuries 
have associated injuries of the cervical spine, spinal cord, 
other vascular structures in the neck or the aero-digestive 
tract. Helical CT angiography has a high sensitivity and 
specifi city for detecting vertebral arterial injury and is being 
used increasingly in penetrating neck trauma. 

 Angiographic embolisation is the treatment of choice in 
the majority of patients with vertebral artery injuries, as 
access to the vertebral artery may be diffi cult and time- 
consuming (Fig.  33.7 ). Operative management is only indi-
cated for severe active bleeding or when embolisation has 
failed. Ligation, use of wax, careful cauterisation and even 
packing of the area can be done to control the bleeding. 
Haemodynamically stable patients with a thrombosed verte-
bral artery do not need any intervention.

33.5.3        Postoperative Procedure 

 Vascular injuries are managed postoperatively to ensure haem-
orrhage is stopped and blood supply and drainage to affected 
organs is adequate. Continually, monitor the neurological 
status of the patient. Follow-up angiographic and Doppler 
ultrasound studies can be performed to evaluate suspected 
complications with the repaired vessels. We routinely start 
these patients on antiplatelet therapy (aspirin) postoperatively. 
Thromboprophylaxis with low molecular weight heparin 
should be given until the patient is fully mobilised (Fig.  33.8 ).        

Vertebral
artery

injuries

  Fig. 33.7    Exposure of the vertebral artery in its canal may be diffi cult 
and time-consuming       

 Important Points 

•     The neck contains a vast amount of vital structures 
in a small space.  

•   This region illustrates the importance of the step-
wise “ABCDE” approach used in ATLS resuscita-
tion. It contains the aero-digestive tract and cervical 
spine (A). The respiratory system is in close prox-
imity (B). It involves the major blood vessels (C) 
supplying the brain (D). It is important to fully 
expose the neck anteriorly and posteriorly to assess 
the extent of the injuries (E).  

•   The unstable patient should be explored immedi-
ately while the stable patient allows for further 
investigation.  

•   The physical exam is more sensitive to arterial 
injury so venous and aero-digestive injuries can 
easily be missed.  

•   Early airway control is essential as this may be lost 
at any stage.  

•   Proper positioning of the patient allows for ade-
quate exposure of the structures in this region.  

•   The use of endovascular techniques to gain proxi-
mal and distal control has introduced very useful 
adjuncts in operating in this fi eld – the so-called 
hybrid approach.  

•   Endovascular techniques are also useful in the 
defi nitive treatment of injuries to the vessels – both 
in accessible and inaccessible regions.    
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  Fig. 33.8    Diagnosis and management of penetrating neck injuries       
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      Penetrating Trauma to the Subclavian 
Vessels                     

     Daniel     F.     Du     Toit    

      The management of penetrating injuries to the subclavian 
vessels presents a considerable challenge to even the most 
experienced surgeon. Complex surgical exposures required 
for conventional open repair contribute to a high morbidity 
and mortality. The contemporary management of these inju-
ries consists of a combination of open and endovascular sur-
geries. The availability of local expertise, resources, surgeon 
preference, and clinical presentation will dictate the manage-
ment of individual cases. A comprehensive knowledge of the 
anatomy of the subclavian vessels is essential for the selec-
tion and execution of individualized patient management. 

34.1     Applied Surgical Anatomy (Fig.  34.1 ) 

     The Subclavian Artery     On the right side, the subclavian 
artery arises from the innominate artery behind the sternocla-
vicular joint; on the left, it comes directly from the arch of 
the aorta. Each subclavian artery is divided into three parts 
for descriptive purposes. The fi rst part extends from its ori-
gin to the medial border of the scalenus anterior muscle, the 
second part lies behind this muscle, and the third part extends 
from its lateral border to the outer aspect of the fi rst rib where 
it becomes the axillary artery. The fi rst parts of the right and 
left subclavian arteries differ with respect to course, length, 
and relation to neighboring structures and require separate 
descriptions. The second and third parts of the two arteries 
are essentially similar and will be described together:  

  First Part of the Right Subclavian Artery     Arising from the 
innominate artery behind the right sternoclavicular joint, it 

passes in a superolateral direction to the medial border of 
the scalenus anterior muscle. The extent to which it ascends 
above the clavicle varies. This can infl uence the ease with 
which it can be accessed via a supraclavicular incision. It is 
covered anteriorly by the skin, superfi cial fascia, platysma 
muscle, deep fascia, the clavicular head of the sternocleido-
mastoid muscle, and the sternohyoid and sternothyroid mus-
cles. It is crossed by the internal jugular and vertebral veins, 
the vagus nerve, and a loop of the sympathetic trunk. 
Posterior and inferior lie the pleura and apex of the right 
lung as well as the sympathetic trunk and fi rst thoracic ver-
tebra. The recurrent nerve winds around its inferior and pos-
terior aspect.  

  First Part of the Left Subclavian Artery     This arises from the 
aortic arch posterior and lateral to the left common carotid 
artery and ascends to the root of the neck and then inclines 
laterally to the medial border of the scalenus anterior muscle. 
Its anterior relations are similar to the right side and posteri-
orly lies the esophagus and thoracic duct. Medially lie the 
esophagus, trachea, thoracic duct, and left recurrent nerve. 
Laterally, the left pleura and lung are to be found.  

  Second Part of the Subclavian Artery     This lies behind the 
scalenus anterior muscle, is short, and is the most superiorly 
located part of the vessel. The phrenic nerve runs from lat-
eral to medial over the muscle. Posterior to the vessel are the 
scalenus medius muscle and pleura, superior the brachial 
plexus, and inferior the pleura. The subclavian vein lies 
below and in front of the artery, separated from it by the sca-
lenus anterior muscle.  

  Third Part of the Subclavian Artery     This part runs in an 
inferolateral direction from the lateral border of the scalenus 
anterior muscle to the outer aspect of the fi rst rib where it 
becomes the axillary artery. It is covered by the skin, pla-
tysma muscle, supraclavicular nerves, and the deep cervical 
fascia. The external jugular vein and tributaries cross the 
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anterior and medial to it. The distal part of the artery lies 
behind the clavicle and the subclavius muscle, with the 
 subclavian vein anterior and at a slightly lower level than the 
artery. Posteriorly lies the brachial plexus which intervenes 
between the artery and the scalenus medius muscle. Superiorly 
and to the lateral side are the upper trunks of the brachial 
plexus and the omohyoid muscle and inferiorly the fi rst rib.  

34.1.1     Branches of the Subclavian Artery 

  First Part:     Vertebral artery:
   Internal mammary artery  
  Thyrocervical trunk     

  Second Part:     Costocervical trunk  

  Third Part:     Dorsal scapular artery   

34.1.2     Anatomical Anomalies: 

•     The right subclavian artery can arise as a separate trunk 
from the arch of the aorta as the fi rst, second, third, or last 
branch of the arch.  

•   If it arises as the last branch, it passes from left to right 
behind the trachea, esophagus, and right carotid or some-
times between the trachea and esophagus.  

•   It can pass anterior to the scalenus muscle, perforate it, 
and can ascend as high as 4 cm above the clavicle.  

•   The left subclavian artery generally does not reach as high 
in the neck as the right.     

34.1.3     The Subclavian Vein 

 The subclavian vein is a continuation of the axillary vein, 
extending from the outer aspect of the fi rst rib to the manu-
brial head of the clavicle. Here it unites with the internal 
jugular vein to form the innominate vein behind the 
manubrio- clavicular joint. Its relations are as follows: ante-
rior, the clavicle; posterosuperior, the subclavian artery sepa-
rated by the phrenic nerve and the scalenus anterior muscle; 
and inferior, the fi rst rib and the pleura.   

34.2     Clinical Presentation, Preoperative 
Care, Diagnosis, and Management 
Principles (Fig.  34.2 ) 

    Patients with subclavian vessel injuries can present in hypo-
volemic shock with active bleeding or in a stable condition 
with a Zone I or II neck or infraclavicular anterior chest 
wounds. Zone I is defi ned as the area between the clavicle 
and the cricoid cartilage and Zone II the area between the 
cricoid and the inferior border of the mandible. Resuscitation 
should be managed according to ATLS guidelines and 
adjunctive measures to control active bleeding include Foley 
catheter tamponade (Fig.  34.3 ) and manual compression. If 
local control cannot be achieved or if the patient bleeds into 
the pleural cavity as evidenced by continuous blood loss 
from a chest drain, the patient should be transferred to the 
operating room immediately. In this case, we prefer a mid-
line sternotomy, with appropriate extension, if needed, to 
provide access to most mediastinal and thoracic outlet struc-
tures. Stable patients or patients that remain stable after 
resuscitation should be evaluated for arterial injury. In the 
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stable or stabilized patient, you should proceed to diagnostic 
imaging. Controversy exists with regard to routine investiga-
tion of these surface wounds if no signifi cant other signs of 
arterial injury are present. We currently favor routine CT 
angiography to exclude arterial injuries. When hard signs of 
arterial injury are present, it allows assessment of the extent 
of the injury and planning of intervention. When only soft 
signs are present, it acts as a low morbidity screening inves-
tigation to exclude arterial injuries. If an arterial injury is 
diagnosed in this case, you should note the exact position 
and extent of arterial injury and evaluate the patient for endo-
vascular or open surgery.

   In our practice, we prefer endovascular treatment by stent 
grafts whenever possible as we believe that it greatly benefi ts 
the patient by limiting surgical morbidity and mortality. The 
relative contraindications that can preclude endovascular 
management include clinical and angiographic factors. 
Clinical factors are active uncontrollable hemorrhage, criti-
cal limb ischemia, airway or brachial plexus compression, 
concomitant aero-digestive injuries, and infected wounds. 
Angiographic factors include excessive luminal discrepancy 
proximal and distal to the injury, an inability to traverse the 
lesion by guide wire, and a dominant vertebral artery on the 
injured side. Transfemoral endovascular management is our 
fi rst choice if no contraindications are present. 

 If any of the above mentioned are present, consider open 
surgical repair. The basic approaches available for the expo-

sure and proximal and distal control of subclavian vessel 
injuries include a full or limited upper median sternotomy, a 
supraclavicular incision, an infraclavicular incision, a lim-
ited anterolateral third-interspace thoracotomy, a full fi fth- 
interspace posterolateral thoracotomy, a medial partial 
resection of the clavicle, and a trapdoor thoracotomy. The 
extent of the injury, pathology, the presence of a venous 
injury, the part of the vessel, and surgeon preference will dic-
tate which approach or, more usually, combination of 
approaches to be used. In our practice, clavicle resection and 
trapdoor thoracotomy are very rarely used, only for subcla-
vian vein injuries that cannot be controlled via any of the 
other approaches. This will usually be an extension of an 
existing sternotomy and supraclavicular or infraclavicular 
incision.  

34.3     Surgical Exposures 

34.3.1     Midline Sternotomy in the Unstable 
Patient with No Diagnostic Imaging 
(Fig.  34.4 ) 

    Here the source of bleeding could be from a number of large 
vessels in the mediastinum and thoracic outlet, or even from 
the heart. In this scenario, it is best to position the patient for 
a midline sternotomy with a small sandbag between the 
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  Fig. 34.2    Algorithm for the treatment of patients with potential subclavian vessel injuries       
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scapula, with the ipsilateral arm in 30° lateral abduction, 
allowing for the manipulation of the thoracic outlet and bet-
ter access to the distal subclavian/proximal axillary arteries. 
If time permits, it is prudent to clean a proximal thigh for 
harvesting saphenous vein, should this be required. 

 This preparation should be effected within minutes. It is 
also a good practice to ascertain that a working pneumatic 
saw and a vascular instrument tray are available in the opera-
tion room. While pressure on or in the wound is maintained, 
you can, with good suction and two Langenbeck retractors, 
coordinate the release of pressure and a “quick peep” into the 
wound can sometimes be of value. A visible vessel (subcla-
vian or a large branch) can sometimes be glimpsed and 
clamped with one or two straight atraumatic vascular clamps. 
This should happen in seconds and you should not attempt 
more than two “peeps”; otherwise the patient is in danger of 
exsanguinating. With luck, control, or partial control, it can 
be achieved in this fashion. You can complete the procedure 
by formal supraclavicular neck exploration. 

 If control cannot be achieved in this way, the best option 
is to proceed to a midline sternotomy. A vertical midline 
incision is made from the suprasternal notch to 2 cm distal to 
the xiphoid process. You can extend the incision superiorly 
along the anterior border of the sternocleidomastoid muscle, 
or in the case of a true subclavian artery injury being identi-
fi ed, continue obliquely over the two heads of this muscle 
laterally about 2 cm above the clavicle for supraclavicular 
exposure. The sternal incision is deepened to the periosteum 
with electrocautery. In the sternal notch, deepen the midline 
space between the two sternal heads of the  sternocleidomastoid 
muscles with a combination of sharp and blunt dissection. 
One or two large but unimportant veins may be encountered. 
Entry to the retrosternal space is effected with blunt fi nger 
dissection between the strap muscles, which implants on the 
posterior aspect of the sternum. Inferiorly the xiphoid is 
mobilized and a plane should be developed retrosternally, in 

an upward direction. The anesthesiologist should arrest ven-
tilation in expiration (to prevent lung injury), and the ster-
num is divided in the midline using a pneumatic saw or 
Lebsche knife. Bleeding from the sternal edges is controlled 
by electrocautery and bone wax. The latter is used to prevent 
infection and impaired wound healing. Insert a sternal retrac-
tor and open it carefully, a few turns at a time to prevent 
sternal and rib fractures. 

 In the fully retracted position, a divided sternum reveals 
the structures of the anterior, superior, and middle mediasti-
num (Fig.  34.5 ). The thymus gland is encountered fi rst. 
Divide it vertically to expose the left innominate vein that 
runs obliquely from the left to its confl uence with its right- 
sided counterpart to form the superior vena cava. This vein 
can be mobilized by dividing its numerous tributaries, and 
exposure of the arch can thus be achieved without dividing it. 
In the emergency situation with active bleeding, you can 
divide it and ligate it without any morbidity. The aortic arch 
with the origin of the innominate artery and the left common 
carotid is now visible.

   On the right, the origin of the innominate artery at the 
aortic arch is identifi ed and then carefully followed cranially 
for about 3–5 cm, where it will divide into subclavian and 
common carotid arteries. At this bifurcation, the right vagus 
nerve crosses the anterior to the fi rst part of the subclavian 
artery and then descends into the mediastinum posterior to 
the right innominate vein. The recurrent laryngeal branch of 
the right vagus nerve loops around the inferior border of the 
subclavian artery and ascends medially in the neck between 
the trachea and the esophagus. When exposing and control-
ling the short fi rst part of the right subclavian artery, take 
care to avoid injury to these nerves. In the event of over-
whelming bleeding from the right subclavian artery, the ori-
gin of the innominate artery can be temporarily clamped to 
facilitate dissection with immediate transfer of the clamp 
upon exposure of the proximal subclavian artery. Take care 
in the case of the “bovine arch” where both the carotid arter-
ies and the right subclavian artery originate from the innomi-
nate artery. This congenital anomaly is present in about 10 % 
of cases and can result in major brain damage if the innomi-
nate artery is clamped for any extended duration. 

 Depending on the rotation of the aortic arch, the origin of 
the left subclavian artery can vary from anterior to far 
 posterior in the left half of the sternotomy wound (Fig.  34.6 ). 
In the latter situation, it can be diffi cult to get good exposure 
of this vessel and you should take care to avoid inadvertent 
clamping the left common carotid artery, thereby impeding 
cerebral blood fl ow. In the acute bleeding situation, the left 
pleural space can be entered before mediastinal dissection to 
facilitate compression of a subclavian artery, that is, bleeding 
into the pleural space. To locate the origin of the left subcla-
vian artery, you should follow the aortic arch posterolaterally 
to the left past the origin of the left common carotid artery, 

Balloon compressing
subclavian artery

  Fig. 34.3    Balloon tamponade controlling bleeding from an injured 
subclavian artery       
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taking care to prevent injury to the left vagus nerve as it 
descends between the carotid and left subclavian arteries to 
cross anteriorly over the left side of the aortic arch. The left 
recurrent laryngeal branch passes under the aortic arch and 
then courses medially to the tracheoesophageal groove.

   In an unstable patient, the relevant subclavian artery 
should be clamped at its origin and then dissected further to 
achieve distal control. On the right side, this usually entails 
a supraclavicular extension of the incision for exposure of 
the second and third parts of the right subclavian artery. The 
right-sided strap muscles and the sternal and clavicular 
heads of the right sternocleidomastoid muscle should be 
divided to facilitate full exposure of the fi rst part of the right 
subclavian artery and its branches up to the medial border of 
the scalenus anterior muscle. The internal jugular vein 

passes anterior to the subclavian artery, and it can be mobi-
lized or divided if needed. The left subclavian artery has a 
much longer intrathoracic course which sometimes allows 
distal control in the chest without supraclavicular extension. 
Complete control and a bloodless fi eld can be diffi cult to 
achieve because branches of the fi rst part of the subclavian 
artery can cause problematic backbleeding. The vertebral 
and internal mammary arteries should be preserved if pos-
sible. Actual repair of a subclavian artery is described later.  

34.3.2     The Midline Sternotomy in the Stable 
Patient with Imaging 

 This approach is exactly the same as described for the unsta-
ble patient and can be combined with the supraclavicular 
approach as described above. 

34.3.2.1     The Limited Upper or Partial 
Sternotomy (Fig.  34.4 ) 

 This incision should be reserved for stable patients with pre-
operative imaging diagnosing a subclavian artery injury. The 
patient is prepped and draped as for a full sternotomy. The 
upper part of the dissection in the sternal notch is similar as 
for a full sternotomy, and the vertical midline incision is 
extended to the level of the third or fourth intercostal space. 
At this level, dissect the soft tissue overlying the sternum on 
both sides toward the intercostal spaces with electrocautery. 
A potential extrapleural space is carefully developed bilater-
ally dissecting the internal mammary artery away from the 
transaction plane of the sternum. Then divide the sternum in 
the midline to the level of this intercostal space using a pneu-
matic saw. Then divide horizontally the lower end of the ster-
num forming an inverted T by inserting the saw in the 

Partial sternotomy

Extend to
full sternotomy

  Fig. 34.4     Upper  mediastinal 
access via a partial or full 
midline sternotomy       

  Fig. 34.5    The mediastinal structures exposed at sternotomy. Note  blue  
vascular loops around both common carotid arteries. The trachea can be 
seen at the back between both vessels       
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juxtasternal spaces that were created. The remainder of the 
dissection is exactly as described for the full sternotomy, and 
access to the aortic arch and its branches can be easily 
achieved. This approach should not be used for unstable 
patients as it takes more time and it limits access to the rest 
of the mediastinal structures.  

34.3.2.2     The Supraclavicular Exposure 
of the Subclavian Artery (Figs.  34.7  
and  34.8 ) 

     This incision should be used for proximal control in part 2 
and 3 injuries or for distal control and repair in part 1 inju-
ries. Position the patient as for sternotomy with a small sand-
bag between the scapulae, the head rotated to the opposite 
side, and if infraclavicular exposure is expected, prep and 
drape the ipsilateral arm free on a narrow lateral arm board to 
facilitate this exposure. The neck, anterior chest, and ipsilat-
eral arm should be included in the surgical fi eld. Make a 
transverse incision 1–2 cm above and parallel to the clavicle, 
beginning at the sternal notch and extending laterally for 
about 7 cm. Deepen the incision through the platysma  muscle 
to the scalene fat pad, and the external jugular vein divided. 
The scalene fat pad is divided transversely, and it usually 
contains branches of the thyrocervical trunk and the omohy-
oid muscle. Take care to divide and control the lymphatic 
ducts in this area, as on the left; this includes the thoracic 
duct. In the same horizontal plane, divide the clavicular and 

sternal heads of the sternocleidomastoid muscle, exposing 
the carotid sheath with the internal jugular vein enclosed in 
its lateral edge. 

 The scalenus anterior muscle will now come into view 
and care should be taken to preserve the phrenic nerve that 
courses from lateral to medial over the anterior aspect of 
this muscle. It should be carefully mobilized and retracted 
with a thin elastic sling. The scalenus muscle should be 
mobilized down to its origin from the fi rst rib and carefully 
divided taking care not to damage the subclavian vein (ante-
rior) or the subclavian artery (posterior). The subclavian 
artery will now be visible from the lateral border of the 
internal jugular vein to where it disappears beneath the clav-
icle. The internal mammary, vertebral, and thyrocervical 
branches of the fi rst part are usually now visible. You can 
extend the medial access by retracting the internal jugular 
vein (or even dividing it) and dividing the lateral part of the 
strap muscles. The fi rst part of the subclavian artery can be 
followed into the mediastinum on the left and to its origin 
from the innominate artery on the right. Care should be 
taken to prevent injury to the carotid arteries and the vagus 
and phrenic nerves. Control and/or repair should be achieved 
and then the wound must be closed in layers over a suction 
drain if needed. There is no need to repair the scalenus mus-
cle, but the sternocleidomastoid can be repaired using a 2/0 
absorbable suture and turning the head to the neutral posi-
tion. You can use this incision in continuity with the midline 
sternotomy from its medial end. An infraclavicular incision 
should always be separated; do not connect these two inci-
sions when used in the same patient. Division of the clavicle 
for arterial injuries is not advised.  
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  Fig. 34.6    Sternotomy combined with supraclavicular extension and 
medial resection of the clavicle demonstrating exposure of the proximal 
left subclavian artery, left subclavian, and innominate vein       
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  Fig. 34.7    The supraclavicular exposure of the right subclavian 
artery with division of the scalenus anterior and the clavicular head 
of the sternocleidomastoid muscles       

  

D.F. Du Toit



273

34.3.2.3     The Left Third-Interspace 
Anterolateral Thoracotomy (Fig.  34.9 ) 

    The rationale for this exposure is the fact that the left subcla-
vian artery originates from the posterolateral aspect of the aor-
tic arch and is therefore diffi cult to access via a midline 
sternotomy. In a mediastinal bleeding of unknown origin, it is 
better to do a midline sternotomy because it does not limit your 
options as this incision does. It is not an easy approach and only 
allows for limited dissection and clamping of the left subcla-
vian artery. Repair of the injury still needs supraclavicular or 
more extensive mediastinal dissection. The only scenario 
where this incision can be used with potential benefi t is in a 
stable patient with a diagnosed left subclavian artery injury. 

 The patient is placed supine. A sandbag is placed behind 
the left shoulder. We prefer the third-interspace incision 
above the nipple line, but some prefer a fourth-interspace 
incision below the nipple. Place the incision horizontally 
over the superior margin of the fourth rib from the lateral 
sternal border to the anterior axillary line. Divide the inter-
costal muscles, staying clear of the neurovascular bundle, 
by entering the parietal pleura along the top of the fourth 
rib. The lung will collapse away from the chest wall, and 
the wound is fully opened. Lung collapse can be aided by 
double- lumen tracheal intubation. Care should be taken to 
prevent injury to the internal mammary artery and vein in 
the medial aspect of the wound when slowly opening the 
wound with a rib spreader. Retract the upper lobe of the left 
lung downward, and then, the aortic arch with the origin 
and intrathoracic part of the left subclavian artery will be 

visible and still covered by the parietal pleura. This should 
be carefully opened, avoiding injury to the left vagus nerve 
which courses down the medial aspect of the subclavian 
artery and crosses the anterolateral aspect of the aortic 
arch. You can now mobilize and encircle with a vessel loop 
the left subclavian artery ready for clamping. Repair of the 
injury can then be completed via the supraclavicular inci-
sion. Close the wound in layers after insertion of an inter-
costal drain. 

 This approach is becoming redundant in the era of endo-
vascular repair and the preference for a midline sternotomy 
in unstable patients.  

34.3.2.4     The Left Fifth-Interspace 
Posterolateral Thoracotomy 

 This approach has limited application in the management 
of left subclavian artery injuries. It is time-consuming 
and it limits options because the patient must be placed in 
the true lateral position that does not allow access to the 
neck for supraclavicular exposure. The only possible 
place for this exposure might be in a stable patient with 
injury to the first part of the left subclavian artery where 
proximal and distal control as well as repair can be com-
pleted in the chest.  
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  Fig. 34.8    Interposition graft repair of an injury to the second part of 
the left subclavian artery via a supraclavicular exposure       
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  Fig. 34.9    Control of the left proximal subclavian artery via a third- 
interspace anterolateral thoracotomy. Repair is usually completed via a 
supraclavicular incision ( dotted line )       
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34.3.2.5     The Infraclavicular Exposure 
of the Distal Subclavian and Proximal 
Axillary Artery (Fig.  34.10 ) 

    This incision is usually used for distal control of a second or 
more commonly a third part of subclavian artery injury. The 
classic injury is the one posterior to the clavicle at the junc-
tion between the distal subclavian and proximal axillary 
arteries. Proximal control can be achieved by the supracla-
vicular incision as described, but distal control and repair 
require control of the fi rst part of the axillary artery via an 
infraclavicular exposure. 

 Position the patient as for the supraclavicular incision 
with the arm, chest, neck, and supraclavicular area prepped 
and draped. The ipsilateral arm should be free, draped 90° 
abducted on a narrow arm board allowing the surgeon and 
the assistant to stand comfortably close to the operative fi eld. 
The degree of abduction of the arm can be manipulated dur-
ing the procedure, thereby facilitating peri-clavicular move-
ment and control of the vessel. 

 Make a horizontal subclavicular skin incision parallel 
and 2 cm below the clavicle with its outer third slightly 
curved in the delto-pectoral groove and the medial part 
originating at midclavicular level. Deepen the incision 
through the subcutaneous tissue to the level of the pectora-
lis major muscle. Pull this muscle downward or split its 

fi bers by blunt dissection, allowing exposure of the clavi-
pectoral fascia. This fascia should be entered by sharp dis-
section, and the axillary sheath will become visible below 
the clavicle. Exposure can be enlarged by encircling the 
pectoralis minor muscle in the lateral aspect of the wound 
and either retracting or dividing it. The fi rst part of the axil-
lary artery usually lies superior and deep to the vein and 
anterior to the cords of the brachial plexus. It should be 
carefully explored by the division of venous branches and 
encircled with a vessel loop. Attain control by careful 
placement of a vascular clamp, avoiding inadvertent clamp-
ing of the brachial plexus. 

 A “behind the clavicle” injury is usually not amenable to 
primary repair, and the vessel should be controlled and 
transected above and below the clavicle. Repair of the 
defect will then need an interposition graft with the proxi-
mal anastomoses being performed end-to-end above the 
clavicle. The graft must then be tunneled posterior to the 
clavicle, and the distal anastomosis is performed below 
the clavicle in an end-to- end fashion to the axillary artery. 
The arm should be in 90° abduction when deciding on the 
length of the graft. 

 The clavicle should not be divided as all injuries can 
be managed by working around the clavicle as described. 
Division of the clavicle takes time and can result in major 
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  Fig. 34.10    Infraclavicular 
incision with control of the distal 
subclavian/proximal axillary artery 
by splitting the pectoralis major 
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venous bleeding from the subclavian vein lying posterior 
to it. 

 This wound should be closed in layers with or without a 
suction drain in place.  

34.3.2.6     The Trapdoor Thoracotomy 
and Partial Resection of the Clavicle 
(Figs.  34.6  and  34.11 ) 

    This incision combines the supraclavicular exposure, the 
partial midline sternotomy, and a fourth-intercostal space 
anterolateral thoracotomy. This approach is rarely used as 
it has limited advantages, if any, over the standard full mid-
line sternotomy combined with a supraclavicular approach. 
It is a complex exposure, takes a lot of time, the pleural 
space is entered, and it has a propensity for excess bleed-
ing. It is not a routine option in the unstable patient with an 
undiagnosed injury, but might be of limited benefi t in sub-
clavian vein injuries where more lateral exposure needs to 
be achieved to access the vein behind the clavicle. Resection 
of the medial half of the clavicle in combination with a 
midline sternotomy is preferred for better exposure and 
control of venous injuries. A partial medial claviculectomy 
is time-consuming but increases exposure of this area 
signifi cantly.  

34.3.2.7     The Surgical Repair of the Subclavian 
Vessels 

 The subclavian artery is a friable elastic artery, and the 
principles of repair for all arterial injuries should be adhered 
to. This includes proximal and distal control via the surgi-
cal approaches as described, control of branches, and 
debridement of the injured area. You should do a proximal 
and distal embolectomy with a number 3 Fogarty catheter, 
and in case of an isolated injury with no coagulopathy, you 

should administer systemic heparin (70 U/kg). Prophylactic 
antibiotic, such as 1 g of cefazolin, should be given intrave-
nously. Attain control as close as possible to the injured 
area as major branches especially on the fi rst part can cause 
substantial backbleeding if not isolated. These branches 
can be temporarily controlled or it can be ligated if neces-
sary. The vertebral artery is an exception and you should 
preserve, if at all possible. If it was demonstrated to be a 
dominant vessel on preoperative imaging, it should be 
revascularized during the repair. In the rare case of the 
internal mammary artery being a bypass conduit of a previ-
ous coronary bypass, it should also be protected or repaired 
at all cost. 

 The local pathology can also infl uence the type of repair 
needed. Large false aneurysms and arteriovenous fi stulas 
mandate more extensive dissection for wider proximal and 
distal control, as well as arterial and venous control in the 
latter. The extent of the arterial defect will dictate the type of 
repair needed. The basic principles are debridement of all 
damaged arterial wall and to then establish a tension-free 
repair. This can include mobilization of the artery with pri-
mary repair by lateral suture using 60 polypropylene suture 
materials in continuous or interrupted fashion. If the defect is 
too extensive, an interposition graft is required. The options 
are autologous saphenous vein or synthetic material such as 
PTFE or Dacron. Vein grafts tend to be favored, but, in this 
location, no clear long-term benefi t has been demonstrated. 
Disadvantages include the availability and time delay espe-
cially in the unstable patient, the risk of kinking, impinge-
ment between the clavicle and the fi rst rib, and potential size 
discrepancy. It is, therefore, reasonable to use externally 
reinforced PTFE or Dacron grafts of appropriate size. No 
clear inferior long-term patency or signifi cantly higher sep-
sis rate has been reported in the literature when compared to 
vein grafts. 

 In case of proximal subclavian artery injuries close to the 
origin, interposition grafting from subclavian to subclavian 
artery might not be possible. Proximal takeoff of the graft 
might then be from the ascending aorta, innominate artery, 
or the adjacent carotid arteries. Transpositions of the 
debrided subclavian artery to the ipsilateral carotid arteries 
are also a possibility. In extreme cases where the procedure 
is seen as a damage control situation, the subclavian artery 
should simply be ligated proximal and distal to the injury. 
This is usually well tolerated and repair can be deferred to 
when the patient is stable or if he/she develops upper limb 
claudication.  

34.3.2.8     Endovascular Management (Fig.  34.12 ) 
    This is our treatment option of choice for all stable patients 
with subclavian artery injuries. This treatment modality is 
now well established as a safe alternative to open surgery 
with less morbidity, shorter hospitalization, less blood loss, 
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  Fig. 34.11    Medial resection of the right clavicle exposing the right 
subclavian vein and its confl uence with the internal jugular vein       
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and acceptable short- and long-term follow-up results. 
Absence of local expertise and angiography facilities as well 
as surgeon preference might infl uence the choice of manage-
ment options. Patient selection is based on clinical presenta-
tion and diagnostic angiography. Clinical and radiological 
factors precluding stent graft treatment were already 
mentioned. 

 The procedure is performed in an arteriography suite or a 
hybrid operating room equipped for general anesthesia and 
conventional surgery. Intravenous heparin (50 units/kg) and 
prophylactic cefazolin were routinely administered before 
stent graft deployment and empirically continued for 24 h, at 
a dosage of 5,000 units subcutaneously and 1 g intravenously 
respectively every 8 h. Transfemoral arterial access is 
attained under local anesthesia. Anatomical location of 
lesions and proximal and distal vessel diameters are deter-
mined with routine angiography, and a fi nal decision regard-
ing stent graft treatment is then taken. If a preoperative 
CT-angiogram was done, a more directed approach is 
possible. 

 The stent graft is placed via a percutaneous transfemoral 
approach. Bilateral transfemoral access (5F and 9F Cordis® 
[Johnson & Johnson, Waterloo, Belgium] introducer 
sheaths) is obtained. Engage the subclavian artery to be 
stented with a diagnostic catheter (5F Headhunter). Do a 
diagnostic run and measure the diameter of the subclavian 
artery. Choose a stent graft 1–2 mm larger than the subcla-
vian artery and cover at least 1 cm proximal and distal to 
the lesion. If the vertebral artery has to be covered, the 
presence of a good quality contralateral vertebral artery has 
to be confi rmed. It is usually unnecessary to coil-embolize 
subclavian artery branches in the area to be stented unless 
they clearly contribute to an AV fi stula. Using a road map, 
pass the subclavian artery lesion with a steerable hydro-
philic guide wire and steer the wire to the midbrachial 
artery. Advance the diagnostic catheter over the guide wire 
into the brachial artery and exchange for a stiff wire 
(Amplatz®). The appropriate stent graft is introduced via 
the 9F sheath (11 cm in length) over a stiff guide wire, 
crossing the lesion, and angiographic control for precise 
deployment was provided by a diagnostic catheter (via the 
11 cm 5F sheath) positioned in the proximal subclavian 
artery or aortic arch. Alternatively, a single long introducer 
sheath (9F, 100 cm in length) can be used. It has the advan-
tage of only one femoral puncture providing stent graft 
access and angiographic control of deployment, but in very 
proximal injuries, achieving a stable position may be diffi -
cult. Furthermore, contrast injection may be problematic 
necessitating an even larger sheath and a cutdown might be 
needed. The stent grafts that are commercially available 
include the Hemobahn® endovascular prosthesis 
(W.L. Gore), the Wallgraft® (Boston Scientifi c, Target 
Therapeutics, Fremont, CA 94538 USA), and the Fluency® 
(Bard, Murray Hill, NJ, USA). Sheaths are removed 
60–90 min after intravenous heparin and hemostasis are 
obtained with digital compression. The patient is observed 
overnight and can be discharged the next day, barring other 
injuries requiring continued hospitalization. No long-term 
anticoagulation or antiplatelet drugs are prescribed. 
Figure  34.13  depicts the successful endovascular manage-
ment of a left subclavian artery false aneurysm.

34.4          Venous Injuries 

 Clinically signifi cant subclavian vein injuries are an uncom-
mon occurrence. Many penetrating neck and chest wounds 
might involve the subclavian veins, but few will need treat-
ment. The venous system has low pressure and these injuries 
are usually self-limiting, as hypotension and soft tissue tam-
ponade cause local thrombosis with healing over time. 
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  Fig. 34.12    Stent graft repair of a false aneurysm of the left subclavian 
artery by using a double femoral puncture technique       
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 Clinically, signifi cant subclavian vein injuries are the 
result of a large open laceration of the skin and soft tissue 
surrounding the vein with an equally large injury to the 
vein. Under these circumstances, local tamponade is com-
promised and massive external bleeding can occur. You can 
control this by manual compression and/or the Foley cath-
eter tamponade. Diagnostic imaging can then exclude arte-
rial injuries and the catheter should be left in place for 
24–48 h before careful removal. If no bleeding recurs, you 
can suture the wound and observe the patient for another 
48 h in hospital before discharge. If bleeding recurs, the 
catheter should be re-infl ated and exploration should be 
done. Fortunately, this happens very seldom. 

 The other scenario is the patient bleeding actively from 
a supraclavicular wound with an unknown vessel injury 
that cannot be stabilized by Foley catheter tamponade. You 
should take this unstable patient to the operating room 
with manual compression of the wound and careful local 
exploration with a low threshold to do a midline sternot-
omy. The color of the blood is usually not a good indica-
tion of the source of the bleeding as in these patients, 
venous oxygen saturation is high on 100 % oxygen ventila-
tion. If a venous injury is diagnosed, careful handling of 
this injury is the key to success. Proper exposure can at 
times be a nightmare especially if the subclavian vein is 
damaged posterior to the clavicle and if its confl uence with 

the internal jugular vein to form the innominate vein is 
involved. A midline sternotomy with supraclavicular 
extension is usually the exposure to start with, but although 
time-consuming, resection of the medial part of the clavi-
cle with or without the corresponding half of the manu-
brium can provide excellent exposure of the subclavian 
vein. When handling the vein, manual compression with 
proximal and distal control is essential. The vein should 
always be handled with great care as it tears easily and a 
small injury can quickly become a massive problem if 
grabbed with traumatic clamps. Soft straight vascular 
clamps should be used to gently clamp the injured area. 
This will achieve partial control and the vessel can be gen-
tly pulled up by these clamps. A curved vascular clamp 
should now be passed behind these clamps and the vessel 
is secured in a horizontal fashion controlling the injury. 
The vein can now be mobilized and repaired as needed. 
Extensive efforts to properly repair the vein are not encour-
aged as ligation is a safe alternative. 

 The subclavian vein injury can also present as a stable 
arteriovenous fi stula where it communicates with an adjacent 
arterial injury. This can pose a great challenge as arterial and 
venous bleeding and collaterals complicate surgery. This is 
the ideal lesion to treat by endovascular techniques. A stent 
graft should be used to treat the arterial injury while venous 
patency is maintained.      

a b

  Fig. 34.13    Endovascular treatment of a left subclavian artery false 
aneurysm. ( a ) Initial angiogram demonstrating the false aneurysm. ( b ) 
Completion angiogram showing exclusion of the false aneurysm after 

preoperative coil embolization of the participating vertebral artery to 
prevent an endoleak       
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 Important Points 

•     In unstable, actively bleeding patients, try to control 
bleeding by Foley catheter tamponade and stabilize 
patients for preoperative imaging and evaluations for 
endovascular treatment or planning of open surgery.  

•   Clinically signifi cant venous injuries usually pres-
ent with active bleeding and can be managed con-
servatively with Foley catheter tamponade followed 
by angiography and balloon defl ation after 48 h if 
no arterial injury is detected.  

•   Unstable patients with uncontrollable hemorrhage 
should always undergo open surgery. A controlled 
“peep” in the neck wound might reveal a superfi cial 
bleeder or allow vascular clamping of the injured 
vessel. A low threshold for a midline sternotomy 
with extensions as needed should be maintained  

•   If at sternotomy, the subclavian vein is revealed to 
be the source of bleeding and control is not possible 
via this exposure, adding a medial claviculectomy 
might be of great assistance.  

•   Stable subclavian artery injuries should all be con-
sidered for endovascular management if no contra-
indications are present.  

•   We do not advise division of the clavicle or the trap-
door thoracotomy for arterial injuries.  

•   The friable elastic subclavian artery should be care-
fully repaired with fi ne 60 polypropylene sutures. 
Primary repair is preferable, but interposition vein 
grafting is often needed. You should not hesitate to 
use reinforced PTFE if the vein is too small or if the 
patient’s condition dictates expedient conclusion of 
the procedure.  

•   Connecting the supraclavicular exposure and the 
median sternotomy entails the division of the both 
heads of the sternocleidomastoid muscle and the 
strap muscles, taking care not to damage the con-
tents of the carotid sheath and the phrenic nerve.    
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      Penetrating Trauma to the Thoracic 
Oesophagus                     

     Elias     Degiannis     ,     Tugba     H.     Yilmaz     , and     Martin     Mauser    

      Penetrating trauma to the thoracic oesophagus is a rare injury. 
There are two reasons for that. The thoracic oesophagus is too 
deep for most stab wounds, and penetrating trauma that infl icts 
injury to the mid-thoracic oesophagus is also likely to involve 
the heart and the mediastinal vessels and therefore fatal. 

 Start with a plain x-ray. Remember that the patient’s sur-
vival with this type of injury is directly related to the time 
interval between injury and repair; therefore, have a high 
index of suspicion so that you can come to an early diagno-
sis. Pleural effusions are present in a signifi cant number of 
patients with oesophageal injury, and in their presence you 
should insert intercostal drains. Apart from pleural effu-
sions, a plain chest radiograph will quite frequently demon-
strate subcutaneous emphysema, pneumomediastinum, 
pneumothorax and mediastinal air fl uid levels. Investigate 
transmediastinal gunshot wounds with a CT scan if the 
patient is physiologically stable. It is worth mentioning that 
CT scan can also demonstrate mediastinal complications 
secondary to oesophageal perforation as para-oesophageal 
air and mediastinal collections. See the bullet tract and pro-
ceed to further investigations if it is in close proximity to the 
oesophagus. Contrast studies are very helpful. Start with a 
barium swallow since barium is relatively inert and is better 
than Gastrografi n in showing hollow viscus leaks. Remember 

that water-soluble contrast agents like Gastrografi n can 
cause severe pneumonitis if aspirated and can miss small 
leaks. If the level of consciousness of patient is low but has 
still got a good gag refl ex, administer the contrast carefully 
through a Foley catheter that you insert high in the oesopha-
gus and infl ate its balloon to prevent aspiration of the mate-
rial. If your patient is intubated, you can administer the 
contrast via a nasogastric tube positioned near the suspected 
area. If you still suspect oesophageal injury in the presence 
of a normal swallow, proceed to fl exible oesophagoscopy. 
Remember that oesophageal injuries are likely to be missed 
if you do not properly infl ate the oesophagus so that you can 
have a good look at the lumen of the oesophagus with com-
pletely fl attened mucosal folds. You can also confi rm 
oesophageal leak by asking the patient to swallow methy-
lene blue and see it leaking from a previously inserted inter-
costal drain (for pleural effusion on chest x-ray). Although 
pathognomonic of the presence of oesophageal defect, it 
cannot localise its exact site. 

 Impressive bubbling in an intercostal drain bottle every 
time you infl ate the oesophagus during the oesophagoscopy 
is pathognomonic of an oesophageal leak, but again does not 
localise accurately its site. 

 As mentioned the prognosis of penetrating oesophageal 
injuries has been shown to be directly related to the time 
interval between injury and repair as the morbidity and mor-
tality dramatically increases if it is more than 24 h. It is 
advised in many trauma books to approach the upper two 
thirds of the thoracic oesophagus by a right and the distal 
third by a left thoracotomy. We always proceed with a right 
thoracotomy, choosing the level of the incision according to 
the site of the injury. Approaching the oesophagus from the 
right gives you the ability to mobilise the oesophagus for as 
far as it is necessary without having the descending aorta in 
the way. If during the operation we have to access the 
abdominal oesophagus, we proceed to laparotomy with an 
upper midline incision. Try to convince the anaesthetist to 
use a double lumen tube. It is worth tackle his resistance as 
a defl ated lung is of paramount importance to make the 
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 surgeon’s life easier and the repair more sound. In any case, 
operating to the oesophagus is not the same as operating for 
bleeding, so he can take as long as he needs to intubate the 
patient with a double lumen tube. Use a small sand bag to 
elevate the patient’s right side to 30° with the right arm 
abducted and suspended by the anaesthetic screen cephalad 
to the surgical fi eld. Prepare the neck, chest and abdomen in 
case you fi nd yourself in a situation that you must extend 
your surgery to these anatomical areas. If you fi nd yourself 
to extend your operation in the neck or the abdomen, you 
simply have to rotate the operating table until the abdomen 
or the neck is parallel with the fl oor. Make an incision along 
the intercostal space that is appropriate for the expected 
level of the site of the injury, from the sternum to the poste-
rior axillary line in men. Needless to say that in women, 
your incision should be at the inframammary fold, and you 
should choose the space after elevation of the breast. Incise 
the pectoral and the anterior serratus muscle at the selected 
level. Use high coagulation current and go very slowly, 
‘charcoaling’ the muscles. It is worth being patient and 
going slowly than having bleeding later on. Divide the inter-
costal muscles along the upper border of the lower rib of the 
selected space. (Remember that for counting the ribs, you 
should put your hand under the elevated scapula. The high-
est palpable rib is usually the second rib.) Look for the inter-
nal mammary artery and ligate it (although you can keep 
your incision laterally to it). Enter the pleura carefully, mak-
ing sure that you do not damage the underlying lung (or if 
you damage it, you do not overdo it!), and divide the carti-
lage of the rib at the cephalad of the incision after ligating 
its neuromuscular bundle. This cartilage severance will 
make the wound incision bigger and the operating fi eld 
more accessible. If this is not done, you should be very 
patient while screwing open the rib spreader in steps so that 
you avoid fracture of the ribs. As mentioned above intraop-
erative access to an oesophageal leak does not have the same 
urgency as that of operating for thoracic bleeding, so break-
ing ribs is not acceptable as it can negatively infl uence the 
patient’s postoperative course. Look for the area of injury; if 
this is not obvious, you can some times see a yellow discol-
oration under the posterior mediastinal pleura. If neither of 
the above two is present, divide transversely the mediastinal 
pleura where the oesophagus is expected to be and expose it. 
Then divide the pleura longitudinally, proximally and dis-
tally to expose at the surface of the oesophagus until the site 
of the injury is detected. Completely mobilise the oesopha-
gus for about 3 cm proximally and distally to the area of the 
injury. If you have not mobilised the oesophagus before in 
your life, use a pledget to create a groove at the lateral and 
medial aspects of the oesophagus. Then take a large Babcock 
and gently grab transversely as much of the muscular tube 
as possible, and again gently elevate it from its bed. You will 
see that there is tissue posteriorly that holds the oesophagus 

in its bed. Take a large right-angled Lahey and penetrate this 
tissue and encircle the oesophagus with a ribbon. Do the 
above 3 cm proximally as well as 3 cm distally to the site of 
the injury. Mobilise the oesophagus in between (the part that 
includes the defect) by meticulously dividing the tissue that 
holds it in its bed – remember that in this tissue, run the 
small arterial branches that supply blood to the oesophagus. 
It is usually easier to divide these branches between 
haemoclips. 

 If the azygos vein is in your way, divide the pleura super-
fi cially to the vein and then divide and transfi x it. As with 
every septic wound, proceed with drainage of any collection, 
washout of the area and debridement of the wound. 
Remember that the majority of the gunshot wounds are due 
to low-energy bullets. Therefore, your debridement should 
be limited. It is common in the oesophagus, the wound in the 
muscle layers to be smaller than that of the mucosa that also 
tends to retract. It is of paramount importance to increase the 
size of the muscle wound so that you identify fully the mar-
gin of the mucosa. Remember that the oesophageal mucosa 
looks white and it is most important to include it in your 
repair as it is the toughest layer of the oesophageal wall. 

 Have a good look around the circumference of the 
oesophagus at the site of the injury to make sure that there is 
no second one. The management of injuries that present 
themselves within 24 h is different than the ones that present 
later, as the chances of wound dehiscence following primary 
repair are unlikely in the fi rst case and signifi cant in the sec-
ond. If the injury has been present for less than 24 h, wash-
out, debridement, primary repair and drainage suffi ce. There 
are many methods of repairing the oesophagus, meaning that 
none of them have any advantage to the rest and is free of 
‘mishaps’. We repair the oesophagus in one layer of intermit-
ted horizontal mattress sutures. We choose a stitch with high-
tensile strength, not because we expect our sutures to break, 
but because usually they are quite thick and, therefore, less 
likely to cut through the oesophageal tissue while approxi-
mating the tissue edges and making the knots and later on 
when some tissue swelling develops. We use Nr 1 Vicryl that 
the scrub sister makes sure is wet so that it slips through the 
tissue (Fig.  35.1a ). Include 4 mm of the oesophageal mucosa 
in each bite. This method of suturing results in everted 
oesophageal repair edges. This does not make any differ-
ence – remember that when using staplers, all margins are 
everted without that resulting in more complications than in 
inverted suture lines. We tie the mattress sutures at the end 
after all of them have been inserted in place, and we do not 
cut the edges. Then we reinforce our suture line by putting a 
2.0 interrupted Vicryl stitch in the space between two con-
secutive horizontal mattress sutures and then cut all the stitch 
ends (Fig.  35.1b ).

   Do a barium swallow at the seventh day after the repair. 
If there is a small leak that presents itself as a small sinus, 
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we ignore it and start the patient on liquid diet after another 
7 days. 

 If the gap is too large to approximate the edges of the 
damaged oesophagus and/or the patient is physiologically 
unstable, proceed to a bailout solution by proximal drainage 
of the oesophagus via a NG tube and insertion of an intercos-
tal drain or T-tube (22–24 French) to convert the free perfo-
ration into a controlled fi stula. This can also apply in 
situations when the injury is older than 24 h and the repair 
precarious or the surgeon not experienced with tackling an 
injury in this anatomical area. After the bailout, a different 
procedure can be considered if appropriate. Very large 
defects may require the use of tracheal T-tube with a chest 
tube intussuscepted over the end of the T-tube. If possible, 
approximate the edges of the hole around the drain. Drain the 
pleural cavities with separate tubes. Obtain an oesophago-
gram after 10 days if there is no clinical leakage; if not, start 
the patient on liquid diet and then full diet and remove the 
T-tube after 5–6 weeks by oesophagoscopy to avoid widen-
ing of the tract. 

 When the injury is present for more than 24 h, there is 
signifi cant infection present that together with the swelling 

of the oesophageal tissue makes primary repair precarious. 
There is a variety of methods described for tackling this dif-
fi cult problem; none of them are complication-free. If it is 
possible to repair the defect, attempt doing it. As far as we 
are concerned, this should be the one case where your repair 
should always be done with interrupted sutures and not con-
tinuous, as failure of the suture line is a real threat with 
stitches cutting through the tissues. The chances of complete 
opening of the repair in the presence of continuous stitch is 
higher than if you use interrupted, as hopefully some of them 
will stay intact and, therefore, keep the defect smaller than 
the original one. It is wise to buttress the repair. We prefer to 
mobilise the pleura, which due to infl ammation is thickened, 
and wrap it ‘tightly’ around the repair in immediate contact 
with the oesophagus but not very ‘tight’ so that it becomes 
obstructed (Fig.  35.2a, b ). This should be about 5 cm long. 
Books describe wrapping (buttressing) with pericardium, but 
in our experience, it does contribute to acceptable outcomes. 
We avoid it as in case of failure of the oesophageal repair, the 
infection can spread into the pericardial sac. If the oesopha-
geal injury is just above the hiatus, create a diaphragmatic 
fl ap and oversew it on the oesophagus, covering the suture 
line. The base of this fl ap should start 2 cm from the periph-
ery of the hiatus and extend radially to about 6 cm or even 
longer if more length is needed to reach the defect site. 
Rotate the fl ap upwards from its base, towards the oesopha-
gus, cover the repair or gap, and close the diaphragmatic 
defect by interrupted sutures (Fig.  35.3a, b ). There are cases 
that none of the repair methods nor are the attempts of form-
ing a controlled fi stula likely to be successful. In these cases, 
it is worth considering isolating the injured area. Distal 
exclusion of the oesophagus has been practised on the basis 
that it controls the gastric secretions from being refl uxed to 
the area of the injury. We avoid stapling the distal oesopha-
gus in the chest. We prefer to staple the oesophagus intra- 
abdominally close to the gastro-oesophageal junction. 
Mobilise the abdominal oesophagus via an upper abdominal 
incision exactly the same way as you mobilise for truncal 
vagotomy. Apply and fi re the TA stapler at the gastro- 
oesophageal junction making sure that you do not include 
the vagi. Fashion a gastrostomy or probably a jejunostomy. 
In most cases, this staple line will open by itself as is the case 
with pyloric exclusion. If this is not the case and the oesoph-
agus has healed, the staple line can be resected, and the 
oesophagus can be reimplanted at the anterior aspect of the 
fundus of the stomach.

    The issue of proximal isolation is more complex. It has 
been suggested by certain authors that proximal exclusion 
should be done by stapling intrathoracically above the site 
of the injury. Try to avoid it, as the proximal part of the 
oesophagus will act as a dead-end oesophageal pouch, an 
undrained ‘sack’ that will be the source of ongoing sepsis 
and aspiration and can kill the patient. The alternative of 

a

b

  Fig. 35.1    ( a ) We repair the oesophagus in one layer of Vicryl 1 
intermitted horizontal mattress sutures. ( b ) Then we reinforce our 
suture line by putting a 2.0 interrupted Vicryl stitch in the space 
between two consecutive horizontal mattress sutures and then cut all 
the stitch ends       

 

35 Penetrating Trauma to the Thoracic Oesophagus



282

a b

  Fig. 35.2    ( a ,  b ) We prefer to mobilise the pleura, which due to infl ammation is thickened, and wrap it ‘tightly’ around the repair in immediate 
contact with the oesophagus but not very ‘tight’ so that it becomes obstructed       

a b

  Fig. 35.3    ( a ,  b ) Rotate the fl ap upwards from its base, towards the oesophagus, cover the repair or gap, and close the diaphragmatic defect by 
interrupted sutures       
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fashioning of a loop cervical oesophagostomy has been dis-
appointing in our hands. We fi nd it diffi cult to mobilise the 
cervical oesophagus to obtain enough length to construct a 
tension- free loop oesophagostomy. Usually in the next few 
days, the stoma retracts to the extent that it almost closes. It 
is also very diffi cult to apply a drainage bag around the 
retracted stoma. If it is combined with a blind oesophageal 
loop after intrathoracic stapling of the oesophagus above the 
injury, it does not really overt the blind oesophageal loop 
complications. Overall its presence does not make the pres-
ence of a blind oesophageal loop inside the oesophagus less 
deleterious. 

 If you consider a proximal diversion, the best solution is 
to proceed to fashioning of an end-oesophagostomy. This 
should also be done if at the initial operation, the damage of 
the oesophagus is beyond repair, or if you get yourself into 
the vicious circle of doing relook thoracotomies for sepsis. 
In that case (if the patient is physiologically stable), proceed 
to removal of the thoracic oesophagus at an early stage and 
bringing out the proximal part as a stoma (if not physiologi-
cally stable, perform the damage control – bailout procedure 
that was mentioned previously). To perform an end-cervical 
oesophagostomy, do a left cervical incision at the anterior 
margin of the sternocleidomastoid muscle. Incise the invest-
ing fascia along the anterior border of the sternomastoid 
muscle while retracting it laterally. Identify and divide the 
omohyoid muscle as it passes laterally deep to the sterno-
mastoid muscle. Divide the rest of the strap muscles, close to 
the clavicle, and identify the carotid sheath, and retract it lat-
erally while simultaneously retracting the larynx medially. 
Create a plane between the two with your fi ngers and you 
will feel as you dissect posteriorly the bodies of the verte-
brae. The musculotubular structure anterior to this is the cer-
vical oesophagus. You create a plane between the oesophagus 
and the body of the vertebra with a right-angled Lahey – dis-
tally to the level of the cricoid cartilage. Then insert your 
hooked right index fi nger in this plane and push downwards. 
In this way, you strip off the posterior aspect of the oesopha-
gus from the cervical vertebral column. Now you must 
mobilise the anterior aspect of the oesophagus from the pos-
terior aspect of the trachea. Remember that the oesophagus 
at that level deviates slightly to the left. It will be useful if 
you fi rst divide the inferior thyroid artery and middle thyroid 
vein. Identify the recurrent laryngeal nerve near the groove 
of the oesophagus and the trachea and preserve it during the 
following manoeuvres. Retract the trachea slightly to the 
right and superiorly and the oesophagus slightly inferiorly. 
Then keeping the tension to the two structures, use your scis-
sors and, by cutting with its tip, open a plane between the 
oesophagus and the posterior wall of the trachea. After this 
plane has been ‘deepened’, you can use a right-angled Lahey 
to complete the separation of the two viscera. Further distal 
separation can now take place, by blunt dissection with your 

hooked right index fi nger swiped distally between the two, 
always taking care of the recurrent laryngeal nerve 
(Fig.  35.4 ). Pull then the remnant of the thoracic oesophagus 
through the thoracic inlet. Usually, if adequate dissection has 
been done from the chest, the proximal oesophageal stump 
can be easily brought into the fi eld with minimal, if any, dis-
section. Tend to save as much thoracic oesophagus as possi-
ble as you will see that a lot of its length is consumed in your 
effort to externalise it, and many times you fi nd its length 
rather short to do that. Having a decent length of cervical 
oesophagus for the construction of a cervical oesophagos-
tomy will also later on make reconstruction of the continuity 
of the GI tract easier by being able to anastomose a decent 
length of oesophagus to the stomach or to the large bowel. If 
the oesophageal stump is short, although a later stage anasto-
mosis is still feasible, it will be problematic from the func-
tional point of view. If the cervical oesophageal stump is 
very short, you can even fi nd yourself anastomosing to the 
pharynx with the patient possibly becoming physiologically 
crippled. It is preferable to make the stoma over the anterior 
chest wall by creating a subcutaneous tunnel, rather than 
through or near the cervical incision in the neck, as applica-
tion of stomal appliances is much easier over the relatively 
fl at surface area of the chest than the uneven surface of the 
neck. Usually the blood fl ow to the proximal cervical 
oesophagus is not a problem due to the rich blood supply of 
the submucosal plexus supplied by the inferior thyroid arter-
ies; therefore, creating a stoma over the anterior chest wall 
does not usually result in ischaemia of the stump. However, 
if proximal oesophageal length is compromised through the 
necessity of the resection, do not hesitate to bring out the 
stoma through the cervical incision.

  Fig. 35.4    The cervical trachea has been encircled with red and the cer-
vical oesophagus with blue vessel loop. The recurrent laryngeal nerve 
is seen running in the groove between the viscera       
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 Important Points 

     1.    Have a high index of suspicion in oesophageal 
injury.   

   2.    Liberal use of CT scan of the chest and proceed to 
swallow, or oesophagoscopy if the CT scan shows 
track proximity to the oesophagus.   

   3.    Buttress repair in late presentation.   
   4.    Liberal drainage in all explorations and repairs.     
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      Pulmonary and Tracheobronchial 
Trauma                     

     Elias     Zigiriadis     ,     Vicky     Jennings     , and     Nicholas     Nicolaou    

      The majority of penetrating thoracic trauma can be man-
aged non-operatively. Only 15 % of cases require surgical 
interventions. 

 The thoracic cavity can hold up to 3 L of blood. A haemo-
thorax results from lacerations or rupture of any thoracic 
structure following blunt or penetrating trauma. Remember 
that intra-abdominal injuries can sometimes result in a hae-
mothorax, when blood traverses a diaphragmatic injury. The 
same is true with penetrating injuries to the base of the neck 
that may also bleed into the chest. A haemothorax is called 
massive when there is more than 1500-mL blood in the pleu-
ral space. Usually massive haemothorax is caused by a lac-
eration of the intercostal arteries, internal mammary vessels, 
central lung injuries and heart or great vessel injuries. 
Bleeding from the lung parenchyma is rarely massive due to 
the low systolic pulmonary artery pressure and the high 
thromboplastin levels in the lungs. A large haemothorax may 
restrict ventilation and impair the venous return. 

 Drain any haemothorax that is bigger than the amount 
required to obscure the costophrenic angle or is associated 
with a pneumothorax. 

 If there is still a haemothorax despite a functioning 
intercostal chest drain (preferably a curved one), insert an 
additional drain. Always do a post-insertion chest x-ray. Be 
alert of malfunctioning drains (i.e. drain occluded or drain 

holes outside chest cavity in subcutaneous tissue) when an 
initially high-volume loss suddenly ceases. In cases of inad-
equate drainage of the haemothorax by chest tubes thoracos-
copy is performed within 4 days. A minimal haemothorax 
such as blunting of the costophrenic angle can be managed 
conservatively. 

36.1     Thoracotomy 

 Most haemothoraces are managed with insertion of intercos-
tal drains. However, if the initial drainage after placement of 
a chest drain is >1500 mL blood or the blood loss continues 
at a rate of 300 mL/h for 3–4 h post-insertion, this is an indi-
cation for thoracotomy. Furthermore, a patient that is unsta-
ble despite aggressive volume resuscitation may also need a 
thoracotomy. Always repeat the chest x-ray to make sure that 
there is no retained clot in the pleural cavity giving you the 
false impression that bleeding has stopped. There is no data 
supporting decreased haemorrhage or mortality by clamping 
the chest tube while preparing the patient for surgery. 
Consider autotransfusion of blood from the chest cavity to 
reduce the need for donor blood.  

36.2     Access to the Thoracic Cavity 

36.2.1     Choice of Incision 

 Without doubt, the best access to the pleural cavity viscera is 
achieved by a posterolateral incision followed by an antero-
lateral thoracotomy that is faster, usually via the fi fth or sixth 
intercostal space. A right posterolateral incision permits 
access to the trachea, right bronchus, carina, proximal 3 cm 
of left bronchus, right lung, right chest wall and the whole 
of the oesophagus. On the other hand, a left posterolateral 
incision provides access to the aorta, the proximal left sub-
clavian artery (only for initial control in exceptional circum-
stances), the distal left bronchus, the left lung and the distal 
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oesophagus. However in case of haemodynamic instability, 
the need to access the heart or the other side of thoracic cav-
ity, an anterolateral incision is more appropriate.   

36.3     Posterolateral Thoracotomy 

 The patient should be in a full lateral position. The lower leg 
is fl exed, and the upper leg is straight. A pillow separates 
the legs. For better stability and spreading of the ribs, place 
a pillow beneath the chest perpendicular to the patient; this 
splays the thoracic cavity open. The upper part of the chest 
is then strapped at the shoulders with either an Elastoplast 
or strapping belts. The same is done at the hips to hold the 
lower body in position. The upper limbs are fl exed and ele-
vated in such a way that the endotracheal tube sits in between 
the arms and the lateral chest wall is fully exposed, and there 
is ample space for your assistant to stand. Stand behind the 
patient and make a curvilinear incision extending from ante-
rior to the tip of scapula – one fi nger’s breadth below it – 
and curving proximally between the vertebral column and 
posterior margin of the scapula. Start dividing the muscles 
individually. 

 Elevate the scapula with a scapular retractor. The plane 
between the scapula and the chest wall is avascular. Now 
slide your hand under the scapula to the apex of the chest and 
begin to count the ribs. The fi rst rib could be diffi cult to feel 
and usually the highest palpable rib is the second one. (On 
identifying the fi rst or the second rib, keep in mind that usu-
ally there is a step between these two ribs that is not present 
between the second and the third.) Count the ribs this way 
and fi nd the fi fth or sixth rib that is normally the level that 
you should to enter the chest. Then continue division of the 
muscles onto the rib surface followed by division of the 
intercostal muscle onto the superior border of the rib. At this 
point, if the patient has been intubated with a double-lumen 
endotracheal tube, you notify your anaesthetist to isolate the 
respective lung. Divide the intercostal muscles by diathermy 
at the upper border of the corresponding rib, gently followed 
by penetrating the pleura into the thoracic cavity. 

 Watch out for a lung that is not isolated or a lung that is 
adherent to the pleura due to a previous infl ammatory 
 process. Being alert of these two circumstances will prevent 
any unnecessary injury to the lung. 

 Spread the ribs by a Finochietto retractor. Do that gradu-
ally so that you avoid iatrogenic rib fractures. In the case that 
the patient is bleeding torrentially, fracturing of the ribs is 
unavoidable. Make sure that you or your assistants avoid 
injury from the spikes. 

 Insert two intercostal drains at the end of the operation: 
one in the anterior position at the apex and the other, a curved 
one, in the posterior position at the base of the thorax. Insert 
the drains through low stab incisions and connect them to 

underwater seal bottles or autotransfusion drainage systems. 
Place them on the Gomco suction once in the intensive care 
or high care unit. 

 Close the thoracotomy by using a few fi gure-of-eight 
sutures, passing above the superior border of the upper rib 
followed by the superior border of the lower rib. Use No. 1 
Vicryl suture on a round body needle. The muscles are 
approximated by continuous suturing in layers.  

36.4     Anterolateral Thoracotomy 

 Place the patient in supine position with a sandbag support-
ing behind the posterior chest. The upper arm is supported to 
the anaesthetic screen with the elbow fl exed in 90° angle. 

 Incise the skin where you expect the fi fth intercostal space 
to be, down to the mid axillary line. In females the incision 
follows the crease of the breast that is elevated and is deep-
ened at the level of the fi fth intercostal space. 

 Incision is deepened by division of muscles till the inter-
costals muscles which are also divided and the chest cavity is 
entered. Entering the pleural cavity, inserting the intercostal 
drains and closing are the same as for posterolateral thora-
cotomy (Fig.  36.1 ).

   If you decide to also access the opposite thoracic cavity, 
you can proceed by transecting the sternum. Remember 
always to ligate the internal mammary arteries. Sometimes 
due to severe hypovolemia, they are not actively bleeding 
during the operation just to start to bleed in the postoperative 
care unit.  

36.5     Injuries to the Lung Parenchyma 

 On performing surgery on the chest, it is advisable to isolate 
the respective lung by inserting a double-lumen endotra-
cheal tube. 

 When treating bleeding from the lung parenchyma, 
always try to use the technique with the least possible physi-
ological insult. The infl ated lung can easily be injured if you 
handle it forcefully. Always use a big gauze and your palms 
when handling the lungs. If needed, divide the inferior pul-
monary ligament by concurrently palpating and freeing the 
ligament between your thumb and index fi nger by a gentle 
rolling action. Avoid excessive pulling and jerking. 

 Superfi cial parenchymal lacerations are preferably man-
aged but not obligatory with the lung isolated and defl ated by 
clamping the hilum. This avoids any unnecessary tears of the 
friable parenchyma during suturing. The laceration depend-
ing on the extent can be repaired with either pledgetted 4/0/
Prolene SH (larger needle) or a running suture in two layers, 
fi rstly a horizontal mattress followed by an ‘over-and-over’ 
suture. Open superfi cial missile tracts with electrocautery and 
ligate individual  vessels individually with ties or Ligaclips 
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depending on their size. Open bronchioles are ligated for con-
trol. Do not close and liberally irrigate. You can also manage 
peripheral injuries with a stapled wedge resection either with 
GIA (newer products available are also reinforced with peri-
cardium – this adds to the integrity of the stapled surface and 
reduces the incidence of air leaks postoperatively especially if 
your patients will be ventilated receiving the additional insult 
of positive pressure ventilation) or TA stapler [ 1 ]. Avoid the 
use of staplers with a fully infl ated lung. Ask the anaesthetist 
to stop ventilating the lung; apply pressure to partially defl ate 
it, and then staple. Then check the staple line for bleeding and 
air leaks, and if necessary reinforce it with a fi gure-of-eight 
suture of Prolene (less friction in the easily lacerated lung 
parenchyma). An alternative to this technique is to use two 
soft bowel clamps wedged on either side of the part of the 
lung to be resected. A mattress suture is used under the clamp 
and the repair is then completed by a continuous locking 
stitch at the resected end (Fig.  36.2 ).

36.6        Tractotomy 

 Deep parenchymal laceration can be controlled by a non- 
anatomic exposure of the laceration tract by tractotomy. 
Insert clamps or the limb of a linear stapling device (GIA) 
along the tract and divide it (Fig.  36.3 ). Before using the 
staplers, ask the anaesthetist to stop ventilating the lung and 

apply pressure to partially defl ate it. If the vessels or small 
bronchi are not effectively included in the suture line, over-
sew them by fi gure-of-eight monofi lament sutures such as 
polypropylene. Always be aware that when the lung 

a

b

  Fig. 36.1    ( a ,  b ) Repair of 
pulmonary laceration. Main 
sketch: wedge excision with 
stapler       

  Fig. 36.2    Wedge excision using soft bowel clamps       
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 reinfl ates, the staples may give way. In those cases, overrun 
the suture line with a continuous locking suture. Beware of 
placing superfi cial sutures in deep lacerations that are bleed-
ing, as this can lead to an intrapulmonary haematoma, infec-
tion and air embolism.

36.7        Gunshot Injuries 

 Low energy missile injuries are treated as above, usually 
necessitating a tractotomy. High-energy missile injuries of 
the thorax are increasing in frequency with worldwide con-
fl icts. The characteristics of these injuries are different to 
normal low-velocity handgun injuries and thus should be 
managed by aggressive intervention. Conservative therapy in 
these cases has reported high mortality rates. As these inju-
ries result in the release of high kinetic energy, the destructive 
force produces massive pulmonary disruption with cavitation, 
haemorrhage and V/Q shunting (Fig.  36.4 ). Non anatomical 
lobectomy of the affected lung parenchyma in the presence of 
physiological instability or anatomical resection if the patient 
is physiologically stable is the treatment of choice.

36.8        Pulmonary Resections 

 Central injuries may need anatomical lobectomy. Very rarely 
a pneumonectomy might be needed. The mortality rate in the 
latter is high.  

36.9     Lobectomy 

 Intubate with double lumen endotracheal tube if time per-
mits. It is imperative to gain access of the pulmonary vas-
culature. Remember that both the arteries and veins are 
fragile and tear easily. Use large gauze on the palms when 
manipulating the lungs to facilitate traction. Open the adven-
titial plane anterosuperiorly to isolate either the right or the 
left pulmonary artery. This is achieved with blunt dissec-
tion using an angled Lahey and is encircled with No. 1 tie. 
This is a  life- saving manoeuvre should there be any further 
injury to the vasculature while mobilising. Isolating the left 

  Fig. 36.4    Chest x-ray showing a high energy bullet tract causing lung 
contusion. There is also subcutaneous emphysema present       

a b
  Fig. 36.3    ( a ,  b ) Insert: bullet 
track in pulmonary tissue. Main 
sketch: tractotomy using staplers       
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 pulmonary artery is different as one has to dissect inferior to 
the aortic arch. Look for the left recurrent laryngeal nerve 
that is in close proximity. Identify the segmental branches, 
and ligate depending on which lobe is to be resected with 
a vascular clamp and oversewn with 3-0 monofi lament as 
a running over-and-over stitch, together with two proximal 
suture ligatures that overlap. The assistant must relax the 
traction of the lung when these ligatures are being tied. You 
can alternatively use vascular staples. 

 Division of the bronchus must be close to the trachea or 
adjacent lobar bronchus to avoid future formation of a bron-
chopleural fi stula. This can be closed either with staples or 
sutures. If with sutures, use simple interrupted absorbable 
sutures of your choice. Try and cover the bronchial stump 
with a pleural fl ap or other tissues if possible.  

36.10     Pneumonectomy 

 In desperate cases, pneumonectomy may be required for 
massive hilar injuries. The same principles as for a lobec-
tomy are applied.  

36.11     Control of Hilum of the Lung 

 Massive bleeding from pulmonary injuries can temporarily 
be controlled by clamping of the hilum with a large vascu-
lar clamp (Fig.  36.5 ). For applying the vascular clamp, i.e. 
the Satinsky, hold the hilum between the index and the third 
fi nger and apply the Satinsky in a cephalo-caudal direction 
so as to avoid dividing the inferior pulmonary ligament by 

doing this manoeuvre. In certain cases very proximal hilar 
injuries necessitate for their proximal control opening of the 
 pericardium and clamping of the corresponding hilar  vessels 
from inside the pericardial sac as they originate from the 
heart.

36.12        Tips 

•     Before opening the chest, ensure you have all your 
various vascular and bronchial clamps ready and 
inspected.  

•   Try to have a cell saver apparatus available for rapid rein-
fusion of patient’s own blood.  

•   Be aware of the three major life-threatening surgical com-
plications: (1) injury to the major vessel with massive 
haemorrhage, (2) cardiac arrhythmias and (3) contralat-
eral pneumothorax.  

•   Pulmonary arteries are thin, and careful initial dissection 
from their fi brous sheaths with a pair of blunt tipped scis-
sors in the long axis is best done before attempting mobil-
isation, as they tear quite easily and control may become 
a nightmare.  

•   Remember that a right upper lobectomy is more complex 
than any other lobectomy, and arterial anomalies are more 
common. (In approximately 80 % of individuals, right 
upper lobe is partially or completely fused to the middle 
lobe.) If so, the use of staplers to separate the lobes is a 
quick and safe way.  

•   On the right side, at the azygocaval junction, a lymph 
node is present and can be used as a landmark to identify 
the upper border of the pulmonary artery.  

•   Be careful when dissecting medially the right inferior pul-
monary ligament, a lymph node will be noted anteriorly 
and will alert you to the inferior pulmonary vein.     

36.13     Tracheobronchial Injuries 

 These injuries are rare and may involve the trachea or 
bronchi from the level of the cricoid cartilage to the divi-
sion of the lobar bronchi. They are associated with a 30 % 
mortality rate and are often associated with injuries to 
other vital structures as well. Oesophageal and vascular 
injuries are common with penetrating tracheal injuries. In 
up to 80 %, the penetrating injuries involve the cervical 
trachea. In contrast, blunt trauma causes in more than 80 % 
of cases a tracheobronchial rupture within 3 cm from 
carina. 

 The clinical presentation is variable and spreads from 
asymptomatic to those patients with stridor, dyspnoea, hae-
moptysis, hypoxia and subcutaneous emphysema. Often the 
patient has a massive air leak via the chest tube and a second 

Hilum
of PA

  Fig. 36.5    Clamping of the hilum       
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chest tube could be required to overcome it. Always suspect 
a tracheobronchial injury when the lung does not expand 
with the chest tube drainage with concomitant subcutaneous 
emphysema and pneumomediastinum. 

 Chest x-ray may show pneumomediastinum, pneumo-
thoraces and pleural effusions. Occasionally air surround-
ing the bronchus and the ‘fallen lung sign’ can be seen. 
This latter sign is pathognomonic of a complete disruption 
of a mainstem bronchus. The bronchus is transected and 
the affected lung may drop down onto the diaphragm with 
the apex of the lung sitting at the level of the pulmonary 
hilum. Computed tomography (CT) scanning may assist 
with the diagnosis of tracheal and bronchial injuries. 
Recently a 3D CT reconstruction of the trachea (surface as 
well as lumen) is useful in the diagnosis of tracheal injuries 
in absence of physiological instability. Still most recom-
mend a bronchoscopy for defi nitive diagnosis. A fl exible 
bronchoscope may miss the injury if passed through an 
endotracheal tube that itself traverses the injury. A rigid 
bronchoscopy has the benefi ts in that it allows ventilation 
through the instrument and it is easier to evacuate blood 
and debris through it. Partial tears of the trachea may pres-
ent with an expanded lung – the key here is the excessive 
leak into the mediastinum and massive surgical 
emphysema. 

 Approaches to the trachea include:

•    Suprasternal collar incision  
•   Partial/upper sternotomy  
•   Left or right thoracotomy for the carina or bronchi.     

36.14     Tracheal Resection 
and Reconstruction 

 The tracheal resection and reconstruction procedure is as 
follows: 

 For reconstructing the upper trachea position the patient in 
supine position with a soft pillow behind the chest and the 
neck extended; if there are no cervical spine injuries, patient 
is intubated via the oropharyngeal route with the tip of tube 
distal to the tracheal injury. 

 Do a transverse collar incision one  to two fi ngers’ breadth 
above sternal notch and separate the underlying  fascial and 
muscle planes. Stay in the midline by following the whitish 
plane running longitudinally. 

 Remember the trachea is about 10–12 cm long and 
almost 50 % can be resected with the various releases that 
can be done. 

 Avoid extensive dissection of trachea up or down as blood 
supply is segmental, and in addition preserve the recurrent 
laryngeal nerve. 

 Encircle the tracheal segment involved, and warn the 
anaesthetist to ensure the endotracheal tube bulb is not pen-
etrated accidently. 

 Resect the involved segment having placed stay sutures at 
the 3 o’clock and 9 o’clock positions distal to the resection 
margin (Fig.  36.6 ).

   Now, the endotracheal tube is pulled back gently after 
defl ating the cuff and reintubating the lower distal trachea 
with a sterile cuffed tube of a slightly smaller size if 
 possible, as this makes it easier to work with when placing 
sutures posteriorly (Fig.  36.7a, b ). At this point one should 

  Fig. 36.6    Injury of trachea to be 
resected       

a b

  Fig. 36.7    ( a ) Pulling of oropharyngeal endotracheal tube proximally 
and reintubating of the proximal trachea. ( b ) Interrupted sutures placed 
at posterior wall of trachea, removal of distal endotracheal tube and 
advancement of the oropharyngeal endotracheal tube       
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suction the trachea and bronchi to remove any blood or 
secretions.

   Sutures are placed starting at the 6 o’clock position using 
4/0 PDS interrupted sutures posteriorly and ensuring the knot 
is outside. Take 2–3-mm bites at the membranous portion of 
the trachea. For the anterior half of the trachea 3/0 PDS 
sutures are used in the same fashion (single interrupted around 
the tracheal rings and not through) (Fig.  36.8 ). All sutures are 
then gently pulled together with constant tension after fl exing 
the neck and removing the distally placed cuffed tube. At this 
point, the anaesthetist has prepared a new cuffed endotracheal 
tube and advances it beyond your suture line. Start by tying 
the posterior sutures in alternate fashion from each end.

   At the completion, place a silk suture from the chin to the 
manubrium for 7–10 days. 

 If possible it is always better to extubate the patient on the 
table and avoid any excessive coughing. 

 Reconstruction of the lower trachea is via a partial ster-
notomy (sometimes combined with a transverse collar inci-
sion) and or a right thoracotomy. The technique of repair is 
the same. 

 Certain manoeuvres that help to avoid excessive tension 
on the trachea include  fl exing the neck by placing a silk 
suture from the chin to manubrium for 7–10 days or release 
the inferior pulmonary ligament. In the great majority of 
cases there is no need  to perform these manoeuvres. 

 The technique for repair of the main bronchi follow the 
same principles as those for repair of the trachea.      
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  Fig. 36.8    Placement of the anterior wall of trachea sutures       

 Important Points: 

•     Most haemothoraces/haemopneumothoraces can be 
managed by chest drains with the Gomco or gentle 
wall suction.  

•   Never remove chest drains if the lung is incom-
pletely expanded or drain bottle still bubbling.  

•   The decision for operative treatment of a haemotho-
rax is determined by the physiological status of the 
patient.  

•   Manage pulmonary lung lacerations with the tech-
nique that causes the least physiological insult to 
the patient.  

•   Always try to defl ate the lung before you use the 
stapler device.  

•   Do a bronchoscopy in patients with suspected air-
way injuries.  

•   A bronchial injury must be repaired by end-to-end 
anastomosis with mucosa-to-mucosa apposition.  

•   Use absorbable sutures when repairing bronchial 
defects to reduce the risk of stitch granulomas 
inside the airway.    
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      Penetrating Injuries to the Mediastinal 
Vessels                     

     Agneta     Geldenhuys    

37.1          Introduction 

 Injury to the great vessels of the mediastinum accounts for 
approximately 10 % of cardiovascular injuries. On the other 
hand, more than 90 % of injuries to the great mediastinal ves-
sels are a result of penetrating trauma. These are challenging 
injuries to manage, and most are fatal prior to arrival at hos-
pital. Those who do reach the medical system in time are 
mostly haemodynamically unstable and must be dealt with 
immediately and defi nitively. A small percentage are physi-
ologically stable enough to allow a limited window of oppor-
tunity for workup or investigations and often need emergency 
room surgery.  

37.2     Management Strategy 

 Survivors of penetrating injuries to the great vessels of the 
mediastinum are self-selected potentially salvageable cohort 
with a 60 % incidence of haemodynamic instability and 50 % 
associated mortality. Haemodynamic management and 
resuscitation by Advanced Trauma Life Support (ATLS) 
guidelines should happen simultaneously with assessment. 
Physiologically stable patients can be appropriately investi-
gated but constantly monitored for the development of insta-
bility, which might need prompt surgical treatment 
(Fig.  37.1 ). Computed tomography (CT) angiogram is the 
most appropriate form of imaging for accurate injury local-
ization if physiological status allows (Figs.  37.2  and  37.3 ). 
The haemodynamically unstable group will require immedi-
ate surgical treatment with the aim of correcting appropriate 
physiological fl ow through the damaged vessel rather than 
damage control as in the usual trauma setting in view of the 

critical supply by these large mediastinal vessels to the cere-
bral, pulmonary and systemic circulation.

     A few practical guidelines in dealing with these patients 
follow:

•    Always ensure universal protective gear when treating 
these injuries as a stable situation could at any time 
change into a spurting arterial bleed once successful fl uid 
resuscitation becomes effective.  

•   If at all possible, install cell-saving measurements with 
autotransfusion in view of the massive possible blood loss 
encountered, thereby preventing massive bank blood 
transfusions.  

•   Keep these patients warm with adequate fl uid resuscita-
tion and constant effective communication with the 
anaesthetic team in order to avoid the deadly triad of 
hypothermia, lactic acidosis and coagulopathy.  

•   Many of these injuries need to be managed via a postero-
lateral thoracotomy with the patient in lateral decubitus 
position, bearing in mind that a hypovolemic patient can 
rapidly decompensate when changed from the supine to 
decubitus position requiring adequate and ongoing fl uid 
resuscitation prior to and during turning as well as rapid 
surgical entry into the thorax. It is often benefi cial to have 
the theatre sister prepared with all surgical instruments 
and scrubbed prior to turning the patient.  

•   The smaller undiagnosed and undrained pneumothoraces 
of penetrating injuries can be converted into tension pneu-
mothoraces by adhesive sterile surgical drapes. These 
may require urgent chest tube drainage or needle decom-
pression if clinical monitoring shows haemodynamics to 
worsen soon after these drapes were applied. Have a low 
index of suspicion for these sudden changes, and monitor 
the patients constantly and very carefully.  

•   Always have internal defi brillator pads available for 
internal cardiac defi brillation in these unstable patients. 
Whenever previous sternotomy or thoracotomy scars are 
present in trauma patients, add external adhesive defi -
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brillator pads prior to sterile draping as entry into the 
thorax can be more cumbersome due to adhesions of 
previous surgery, and access to the heart for internal 
defi brillator pad usage may therefore be limited or 
delayed.  

•   Once the mediastinal vessel injury is defi nitively man-
aged, always consider injuries to adjacent mediastinal 
structures like the trachea, bronchia or oesophagus.  

•   Endovascular management of some of these large vessel 
injuries (e.g. the descending thoracic aorta) is an evolving 
science in unstable trauma patients but should defi nitely 
be considered should such expertise be available in the 
treating hospital.     

37.3     Incisions and Exposure 

 These injuries are mainly managed via median sternotomy, 
anterolateral thoracotomy or posterolateral thoracotomy. 
The details of these techniques are described in “Penetrating 
Cardiac Trauma (Anterolateral Thoracotomy)” and 
“Pulmonary and Bronchotracheal Trauma (Posterolateral 
Thoracotomy)” chapters.  

37.4     Management of Specifi c Injuries 

37.4.1     Injuries to the Ascending Aorta 

 Bleeding from penetrating trauma to the ascending aorta 
results in pericardial tamponade due to the fact that it is ana-
tomically situated inside the pericardial sac. Emergency 
median sternotomy should be performed and the sternal 

  Fig. 37.1    Chest X-ray demonstrating a large mediastinal haematoma 
as typically seen in a penetrating injury of the large mediastinal 
vessels       

  Fig. 37.2    CT angiogram confi rming a large mediastinal haematoma       

  Fig. 37.3    CT angiogram (with reconstruction) demonstrating a pene-
trating injury to the innominate artery       
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retractor opened. A tense pericardium due to tamponade can 
be diffi cult to grab for pericardiotomy. Use a scalpel blade to 
make a small incision, and then quickly open the pericardium 
vertically in the midline with scissors, and create lateral per-
pendicular extensions at the inferior, diaphragmatic part of 
the pericardial incision. This should give the pericardiotomy 
the shape of an inverted “T” which usually provides best 
exposure. Manually evacuate the pericardial content causing 
the tamponade, and assess cardiac contraction and rhythm 
status. If asystole or ventricular fi brillation is present, internal 
cardiac massage should be maintained until a perfusing 
rhythm and adequate cardiac fi lling volume can be estab-
lished. Communicate closely with the anaesthetic team with 
appropriate administration of resuscitation drugs like 
Adrenalin throughout. Internal defi brillation paddles can be 
used to defi brillate a non-perfusing ventricular rhythm but 
should be avoided in asystole. Find the bleeding laceration on 
the ascending aorta, and control it with digital compression or 
a side-biting clamp (Satinsky or large Wiley “J” clamp). Once 
temporary haemostasis is achieved in this manner, use limited 
(but well-spent) time with attention to exposure and planning 
the repair. Pericardial retraction sutures improve access to the 
ascending aorta. Negotiate mentally whether repair under-
neath a digitally compressing fi nger or a carefully applied 
side-biting clamp will be most effectively performed. If a 
side-biting clamp is used, ensure adequate residual patency of 
the underlying aorta for proper ejection of the heart to perfuse 
the head and neck vessels. Consider the type of injury or 
defect and appropriate repairing strategy using 3.0 or 4.0 
monofi lament nonabsorbable sutures. If a small pinpoint pen-
etrating hole is encountered, a pledgeted “U” suture (autolo-
gous pericardial or Tefl on felt pledget) is most effective for 
repair. In a larger defect (but where the edges can be approxi-
mated), a lateral aortorrhaphy will suffi ce using direct sutur-
ing with a double layer of fi rst a horizontal mattress suture 
technique, ensuring that the endothelium is caught with every 
suture in order to traverse the full-thickness aortic wall and 
especially the strong adventitial layer with the suturing nee-
dle. This technique should evert full thickness of 2–3 mm of 
the aortic wall in the fi rst layer, which is then followed with a 
second layer of over- and- over suturing while ensuring that 
the bites of the second layer are just fractionally more super-
fi cial than the fi rst layer in order to avoid creating new suture 
holes. A larger defect where edges cannot be approximated 
should be repaired with the use of an autologous pericardial 
patch or prosthetic material (e.g. Dacron or Gore-Tex). The 
pericardium can easily be harvested from the pericardiotomy 
site and should be used untreated (kept moist in a saline-
soaked Ratex swab after harvesting) with the smooth aspect 
of the pericardium applied to the internal aspect of the aorta. 
While sutures are tied on the aorta, it is ideal that the systolic 
blood pressure should be carefully lowered. A skilled anaes-
thetist may be able to perform this formidable task in an 

unstable trauma patient, but the easiest way is usually to 
manipulate the head-up bed position for a few seconds prior 
to tying a suture in order to achieve temporary but very revers-
ible mild hypotension. Complete cross clamping of the 
ascending aorta should be avoided if at all possible in view of 
the disastrous complication of cardiac distension with irre-
versible distension injury to the left ventricle. Should aortic 
cross clamping be necessary, it should be accompanied by 
infl ow occlusion of the superior vena cava (SVC) and inferior 
vena cava (IVC) prior to the aortic cross clamp in order to 
empty the heart and prevent over-distension injury. These are 
formidable manoeuvres that could have very serious side 
effects and should not be performed without careful consider-
ation and should only be performed in inexperienced hands. It 
serves no purpose to have a repaired ascending aorta but an 
irreversibly injured myocardium. 

 Whenever an anterior injury to the ascending aorta was 
encountered, the posterior surface should always be checked 
in view of a possible through-and-through injury. A posterior 
injury is far more challenging to repair but could be managed 
with careful mobilization of the distal ascending aorta. 
Carefully divide the tissue between the aorta and pulmonary 
artery with a diathermy on low settings (staying on the aortic 
aspect of this tissue and avoiding injury to the thin-walled 
pulmonary artery). Pass a Curly-Semb vascular clamp behind 
the aorta in the transverse sinus, and pull a wet umbilical tape 
through the transverse sinus looped around the distal aorta 
(Figs.  37.4  and  37.5 ). Give this to the assistant to use as a 
handle to pull the aorta away from the superior vena cava. 
The same could be performed more proximally on the aorta, 
and in this manner, reasonable retraction with exposure of the 
posterior surface can be achieved. Be careful to narrow the 
aortic lumen too aggressively as cardiac output will be com-
promised, and constant communication with the anaesthetic 
team is imperative. The same principles for repair apply. In 
cases where adequate exposure of the posterior aortic surface 
cannot be achieved, cardiopulmonary bypass will be required 
in order to maintain circulating volume and create a bloodless 
fi eld. The posterior surface of the aorta can be packed well 
with Ratex swabs and tamponade bleeding in this manner 
until cardiopulmonary bypass equipment can be organized.

37.4.2         Injuries to the Aortic Arch 

 Stable patients with contained injuries of the aortic arch are 
far safer repaired using cardiopulmonary bypass with the 
introduction of deep hypothermic cardiac arrest, a bloodless 
fi eld and physiological cerebral protection. Unfortunately in 
the acute trauma setting, these adjuncts are rarely available. 
The same principles apply in the methods of repair as for the 
ascending aorta, but most importantly, the chances of a 
 successful repair are greatly enhanced by optimal exposure. 
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Extend the median sternotomy cervically. The thymus tissue 
can be wiped aside from the midline with an abdominal 

swab, but the venous drainage of the thymus needs to be 
carefully ligated from the innominate vein with preferably a 
Ligaclip. These unimpressive thymic veins are small and 
shut down in hypovolemic trauma patients but open up with 
reperfusion and adequate resuscitation and have been the 
reason for many relook sternotomies due to bleeding after an 
initial successful operation. The innominate vein can be 
looped with a vascular tape and pulled in a cephalic direction 
in order to expose the aortic arch better (Fig.  37.6 ), or if 
exposure is still inadequate, it can be double ligated, divided 
and retracted. Most importantly, the aortic arch is anatomi-
cally situated outside the pericardium, and in the presence of 
an anterior mediastinal haematoma, tissue dissection can 
lead to a false dissection plane within the aortic wall (between 
adventitia and media) resulting in an iatrogenic dissection 
injury. Approach to the aortic arch should be initiated from 
within the pericardial sac with accurate differentiation 
between haematoma and adventitia. Be prepared to manage 
infl ow occlusion of the superior and inferior vena cava and 
ascending aorta with a short-term cross clamping. It is far 
safer to loop the ascending aorta and both cavae in anticipa-
tion of infl ow occlusion than to be managing it amidst exsan-
guinating circumstances. Looping of the ascending aorta 

  Fig. 37.4    Curly-Semb vascular clamp passed behind the ascending 
aorta in the transverse sinus       

  Fig. 37.5    Umbilical tape looped around the ascending aorta in order to 
aid retraction       

  Fig. 37.6    A looped innominate (or brachiocephalic) vein being pointed 
at by a surgical diathermy       
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with an umbilical tape can be performed as described above. 
For looping of the superior vena cava (SVC), the soft tissue 
medial to the SVC (between the SVC and the aorta) must be 
lifted with a forceps and incised with scissors. An 
O’Shaughnessy or Lahey forceps is passed behind the SVC 
from lateral to medial (taking careful consideration of the 
fact that the right pulmonary artery branch is just deep to that 
and the azygos vein enters the SVC from posterior) and used 
to pull a wet umbilical tape through to loop it. (Fig.  37.7 ). 
For looping of the inferior vena cava (IVC), a long pair of 
scissors is used to develop the area between the right inferior 
pulmonary vein and the IVC. A Curly-Semb vascular clamp 
is passed from medial to lateral and used to circumnavigate 
the IVC by pulling a loop of umbilical tape through. 
Principles of repair are the same for the ascending aorta.

37.4.3         Injuries to the Branches 
of the Aortic Arch 

 It is imperative that the surgeon treating injuries to the 
branches of the aortic arch know and understand the possible 
anatomic anomalies to be encountered. A bovine arch (where 
both the innominate and left common carotid arteries have a 
common origin from the aortic arch) can be encountered in 
5–30 % of cases depending on the treated population. This 
may complicate repair, but a clear anatomic understanding 
should result in accurate correction of the injury. 

 Approach to the branches of the aortic arch is enabled via 
longitudinal cervical extension of the median sternotomy or 
supraclavicular extension to the right for the innominate 
artery injury or to the left for left common carotid injury. 
Division of the strap muscles of the neck from its insertion 
point into the sternum gives improved exposure of the carotid 
sheath. Carefully dissect the arch vessels free, and avoid the 
area of injury until proximal and distal control is achieved. 
The proximal right subclavian artery (SCA) should be 
approached with extra care as the vagus nerve with recurrent 
laryngeal branch hooks around the proximal 1.5–3 cm of the 
right SCA after the bifurcation of the innominate artery.  
Digital pressure control of active bleeding is essential until 
proximal and distal control is achieved. Contained injuries at 
the base of the innominate or left common carotid arteries 
(where it originates from the arch) are managed by far supe-
riorly with cardiopulmonary bypass and deep hypothermic 
cardiac arrest or contralateral axillary artery cannulation for 
cerebral perfusion above a primary end-to-end anastomosis. 
If these adjuncts are not readily available and a life-threaten-
ing bleeding is at hand, primary repair should be performed 
with Satinsky or Wiley “J” vascular clamps of the arch and 
distal control. No temporary shunts are needed in these ves-
sels as adequate cerebral crossover fl ow usually exists in 
younger trauma patients and can be more time-consuming to 
achieve in the acute situation and unnecessary in the con-
trolled situation where cardiopulmonary bypass could be 
obtained. 

 Small partial tears can be directly oversewn, but larger 
injuries require the bypass exclusion technique as described 
by Johnston et al.: a technique that does not require cardio-
pulmonary bypass, systemic anticoagulation or hypother-
mia. A Dacron tube graft is used to perform a bypass graft 
from the ascending aorta to the distal portion of the injured 
vessel while avoiding the injured area at fi rst until adequate 
bypass grafting is completed. Using a partially occluding 
side-biting vascular clamp on an area of the ascending aorta 
away from the origin of the innominate artery and thereafter, 
isolate a distal portion of the innominate artery with both 
proximal and distal clamps (ensuring the distal clamp is 
proximal to the bifurcation of the innominate artery – this 
ensures perfusion of the right carotid artery from the collat-
eral fl ow to the right subclavian artery). Divide the artery and 
perform an end-to- end anastomosis of the distal segment of 
the divided artery to the distal portion of the Dacron graft. 
Before tying the fi nal knots on the suture line, this graft 
should be de-aired by releasing the proximal clamp and dis-
tal clamps one after the other. If possible, the right SCA and 
right carotid arteries should be separately clamped. First, 
release the proximal clamp on the innominate artery to de-air 
this section of the graft and reclamp. Then release the right 
SCA clamp as backfl ow from the RCA completes the de-
airing process, while cerebral air emboli are avoided by the 

  Fig. 37.7    A looped SVC (with wet umbilical tape) prepared to be 
clamper for infl ow occlusion       

 

37 Penetrating Injuries to the Mediastinal Vessels



298

clamp on the right carotid artery. Antegrade fl ow to the RCA 
is fi rst established by removing the clamp on the innominate 
artery. Flow into the right carotid artery is established 10 sec-
onds later by removing the clamp on this vessel. The proxi-
mal end of the innominate artery is oversewn. Flow from the 
ascending aorta is hereby established to the distal innomi-
nate artery. 

 For injuries in the shaft of the arch vessels, proximal and 
distal control should be achieved with vascular clamps, and a 
short segment injury can be resected with primary end-to- 
end anastomosis. Larger injuries should entail replacing that 
segment with 8–10 mm Dacron or Polytetrafl uoroethylene 
(PTFE) interposition graft (Fig.  37.8 ). Take care not to place 
the proximal suture line of an interposition graft to the 
innominate artery directly onto the trachea as tracheo-
innominate fi stulas can ensue. Rather interpose thymic or 
other soft tissues between these layers.

   In view of anatomic proximity, whenever penetrating 
injuries of the innominate artery are encountered, concomi-
tant tracheal injuries should be excluded.  

37.4.4     Injuries to the Descending Aorta 

 It is rare for trauma patients who have penetrating injuries to 
the descending thoracic aorta to reach the hospital alive. 
Treating and managing the small percentage of initial survi-
vors is a formidable task especially due to diffi culty in local-
izing the exact point of injury while aiming to reduce the 
area of cross clamp isolation of the aorta to minimize com-
promise to sensitive spinal cord arterial supply. Paraplegia 
due to prolonged or extensive cross clamping is the major 
catastrophic complication of repair. If haemodynamic stabil-
ity allows, a preoperative CT angiogram should be performed 
for specifi c anatomic location of injury and diagnosis within 
the usually large area of mediastinal haematoma visible on 
routine imaging. The risk of paraplegia is reduced by:

    (a)    Considering left heart assisted distal perfusion techniques 
in the small group of patients who are stable enough to 
await the setup of such adjuncts (where the cardiopulmo-
nary bypass circuit is used by cannulating and draining 
from the left atrial appendage and perfusing the distal fem-
oral artery and thereby supplying the sensitive spinal cord)   

   (b)    Determining the exact anatomic location of the area of 
injury by preoperative CT angiogram and limiting the 
area of cross clamping of the descending thoracic aorta 
to the immediate upper and bottom portions of the injury 
to minimise the segment of spinal cord exposed to 
ischaemia   

   (c)    Minimizing cross clamp time to less than 30 min in 
those unstable patients who require emergency surgery   

   (d)    Close communication with the anaesthetic team to main-
tain perfusion pressure to adequate levels for spinal cord 
protection and institute other measures like local cooling 
techniques in the paraspinal gutter   

   (e)    Keeping the ligation of intercostal arteries to the mini-
mum in order to retain the most possible spinal cord per-
fusion by collateral circulation     

 In the unstable trauma patient with a penetrating injury to 
the descending thoracic aorta but without imaging that delin-
eates exact location of injury, current standard of care is to 
cross clamp the descending thoracic aorta proximal and dis-
tal to the injury and perform a direct reconstruction. This 
may require initial vasodilatation to counteract the increased 
afterload of the cross clamp on the ejecting left ventricle but 
often proves to be a demanding (and potentially hazardous) 
task for the anaesthetic team in the hypovolemic trauma 
patient. In the delicate balance between left ventricular after-
load reduction and maintaining adequate perfusion pressure 
to avoid spinal cord ischaemia, postural position changes of 
the theatre table with manipulating blood pressure without 
long-term pharmacological agents is by far the safest. This 
injury is approached via a wide left posterolateral thoracot-
omy and thoracic entry via the fourth or fi fth intercostal 
space. Avoid attempts at managing the large mediastinal hae-
matoma within the possible site of aortic injury until proxi-
mal and distal vascular control is achieved at all costs. Open 
the mediastinal pleural overlying the proximal and distal tho-
racic aorta. In this case of unknown exact site of injury, the 
safest proximal arterial control is achieved by ensuring ade-
quate entry for a vascular clamp between the area of the left 
common carotid artery and the left subclavian artery (while 
the surgeon constantly reminds oneself of the anatomic 
course of the left recurrent laryngeal nerve and thoracic duct, 
therefore avoiding iatrogenic injury). Safe distal vascular 
control is achieved by a vascular clamp on the descending 
thoracic aorta above the diaphragm by carefully developing 
the plane around the aorta and dissecting it free from the 
adjacent oesophagus. It is important to avoid injury to the 

  Fig. 37.8    Ringed PTFE graft used for reconstruction of the innominate 
artery. The arch of the aorta, the left common carotid and the left sub-
clavian artery (tip of forceps) can be seen       
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posterior situated intercostal arteries during all these dissec-
tions to achieve vascular clamping, as haemostasis of these 
posterior structures can be a formidable task and has been 
the cause for relook thoracotomies for bleeding in many 
instances. Small lacerations can be repaired by a simple aor-
torrhaphy with monofi lament nonabsorbable 4.0 double- 
layer suturing (fi rst layer of horizontal mattress and covered 
by a second layer of over-and-over suturing). Larger injuries 
require excision of the damaged segment of the aorta with 
either primary end-to-end anastomosis or Dacron graft inter-
position repair.  

37.4.5     Injuries to Pulmonary Arteries 

 Injuries to any part of the main pulmonary artery or left or 
right main branches result in massive blood loss with signifi -
cant associated mortality. The pulmonary artery is thin 
walled and needs to be handled with extreme care during 
suturing or cross clamping to avoid iatrogenic extension of 
injuries. Simple injuries can be repaired with arteriorrhaphy 
with monofi lament nonabsorbable 4.0 or 5.0 suture after 
proximal and distal vascular control, but more extensive 
injuries of especially the proximal vessels are best managed 
with haemostatic control and further repair on cardiopulmo-
nary bypass in view of the high fl ow and massive blood loss 
through these vessels. 

 The site of injury determines the clinical presentation and 
surgical approach: Intra-pericardial (proximal) injury to the 
main pulmonary artery or the main left or right branches 
presents with cardiac tamponade and is best approached via 
median sternotomy. The right pulmonary artery passes trans-
versely behind the heart and is best exposed in the area 
between the ascending aorta and the SVC (by pulling the 
SVC to the right and the ascending aorta to the left). The left 
pulmonary artery passes transversely under the transverse 
aortic arch and proximal descending thoracic aorta and is 
clamped or controlled in this space. 

 Extra-pericardial (distal) pulmonary artery injury bleeds 
into the pleural space, presents with massive haemothorax 
and is best approached via an ipsilateral posterolateral thora-
cotomy. Immediate attention to haemostasis is imperative 
and can be achieved through a variety of manoeuvres in 
experienced hands:

    (a)    Open the pericardium and get proximal control of the 
appropriate intra-pericardial pulmonary artery branch 
before attempting to manage the distal injury further.   

   (b)    Cross clamp the hilum of the lung: Van Natta et al. have 
described an innovative technique where the surgeon 
grips the hilum of the lung manually (using a left hand 
for right thoracotomy and right hand for left thoracot-
omy) and apply pressure for haemostasis while an 

assistant empties the pleural cavity from blood clots, 
retracts the lower lobe laterally as exposure improves 
with haemostasis and divides the inferior pulmonary 
ligament. The surgeon then applies a DeBakey aortic 
clamp transversely over the hilum in such a direction as 
to allow exposure to the injuries.   

   (c)    Application of a Rummel tourniquet as a hilar snare: 
Pass a long cloth tape around the pulmonary hilum, and 
then pass this cloth tape through a 36 Fr 12 cm long 
chest drain and apply as a snare.   

   (d)    Perform the hilar twist as described by the group at Ben 
Taub General Hospital in Houston, where the inferior 
pulmonary ligament is divided and the lung is rotated 
around the hilum through 180° to occlude the main hilar 
vessels and bronchus.     

 When considering the manoeuvres above, it is important 
to remember that injured main pulmonary vessels and paren-
chyma are frail tissues and the emphasis should be on quick 
haemostasis rather than impressive manoeuvres which could 
take time in inexperienced hands. If the abovementioned 
injuries to the main pulmonary artery and its branches are 
suspected after emergency room anterolateral thoracotomy 
for bleeding, extend the thoracotomy incision medially over 
the sternum and open the pericardium for proximal control. 
Communicate closely with the anaesthetic team, and once 
control is established, continue the fl uid and blood resuscita-
tion until further management of the exact injury can be 
performed.  

37.4.6     Injuries to Venous Structures 

 Penetrating injuries to the venous mediastinal structures 
often provide far more challenging haemostasis when com-
pared to arterial injuries. The venous structures are thin 
walled and should be handled with care to avoid extending 
the damage. The same principles of proximal and distal 
control prior to repair should be applied, but in the case of 
the superior or inferior vena cavae, such clamping could 
result in cardiac arrest in the hypovolemic trauma patient, 
and close communication with the anaesthetic team is 
imperative. The hypotensive effect of infl ow occlusion in 
the trauma patient can be counteracted by cross clamping 
of the descending aorta for a short period. This is however 
no simple procedure to perform via a median sternotomy 
and should only be attempted in a desperate situation. The 
principles of repair remain that of ligation (in haemody-
namically less important veins), excision of damaged ves-
sel wall with direct end-to- end anastomosis where mobility 
allows, lateral venorrhaphy in punctuate or localized inju-
ries by direct suturing with 4.0 or 5.0 monofi lament nonab-
sorbable material, patch venoplasty with bovine or 
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autologous pericardium in case of larger defects and inter-
position grafts (Dacron or ringed PTFE) where required. 

37.4.6.1     Innominate Vein 
 This injury is best approached via a median sternotomy with 
some cervical extension. If required, ligation of either the 
right or left innominate vein is usually reasonably well toler-
ated, but bilateral ligation should be avoided in view of 
venous congestion of the head and upper limbs with possible 
superior vena cava syndrome.  

37.4.6.2     Subclavian Veins 
 Repair of these structures are elsewhere discussed in this 
textbook, but it should be remembered that ligation of these 
structures (in view of adequate collateral venous drainage) 
may be safer than a diffi cult repair, even with the best possi-
ble exposure.  

37.4.6.3     Major Pulmonary Vein 
 These structures are rarely affected by penetrating trauma in 
view of its posterior anatomic location. Repair is diffi cult 
without cardiopulmonary bypass, and it should be remem-
bered that the pulmonary veins drain into the left side of the 
heart with possible systemic embolization of air or clot as a 
possible catastrophic complication of repair, especially when 
the injury is adjacent to a major bronchus. If cardiopulmo-
nary bypass is available, a median sternotomy can be per-
formed, but in the absence thereof, these injuries are better 
managed through a posterolateral thoracotomy. Proximal 
injuries to the pulmonary veins can be controlled by opening 
the pericardial sac (while avoiding injury to the phrenic 
nerve) and applying a vascular clamp across the appropriate 
vein intra-pericardially. The corresponding pulmonary artery 
can also be temporarily occluded to control infl ow. Distal 
pulmonary vein injuries may need hilar occlusion (as previ-
ously discussed) to facilitate repair. Repair of a pulmonary 
venous injury is a demanding procedure, especially in the 
hypovolemic trauma patient, and often ligation is the only 
safe option, bearing in mind that a pulmonary venous liga-
tion of a lobe should be followed by a lobectomy of that 
corresponding lobe.  

37.4.6.4     Superior Vena Cava (SVC) 
 Presentation is determined by the site of injury. Intra- 
pericardial injury results in tamponade and should be 
approached via median sternotomy, and extra-pericardial 
injury leads to massive haemothorax and should be managed 
via posterolateral or anterolateral thoracotomy. Once the site 
of injury is exposed, use a DeBakey forceps to control the 
bleeding (avoiding the sinoatrial node which lies in a horse-
shoe fashion over the SVC-to-right atrium junction), and 
then apply a side-biting Satinsky vascular clamp under the 
perforation. Anterior injuries are managed by direct repair as 

described above. Posterior injuries or through-and-through 
injuries are far more challenging to manage and could require 
cardiopulmonary bypass. An acceptable manoeuvre to man-
age posterior injuries in the absence of cardiopulmonary 
bypass is to apply the side-biting vascular clamp under the 
perforation, then extend the anterior injury, repair the poste-
rior injury fi rst through the anterior injury and follow this 
with repair of the anterior injury.  

37.4.6.5     Inferior Vena Cava (IVC) 
 Penetrating injuries to the intrathoracic portion of the infe-
rior vena cava present with cardiac tamponade, should be 
approached via median sternotomy and require an excep-
tional skill to manage without cardiopulmonary bypass. 
Haemostasis is the fi rst priority and often needs packing with 
swabs to fi rst control the bleeding and attempt to identify the 
site of injury especially as the decompression that is associ-
ated with opening the chest will initially worsen the bleed-
ing. Pack and control the bleeding and then serially remove 
the swabs to identify the site of injury for repair by principles 
as mentioned above.  

37.4.6.6     Azygos Vein 
 Injury to the azygos vein is usually associated with consider-
able blood loss and high mortality usually related to a missed 
site of injury. Persistent venous-type bleeding from the right 
posterior mediastinum should alert the surgeon to the possi-
bility of an azygos vein injury. The following rules apply: 
Think of it, locate it, and ligate it. Azygos vein injury is best 
approached via a right posterolateral thoracotomy if a preop-
erative diagnosis is known and is very diffi cult to manage 
from an anterior approach via median sternotomy if undiag-
nosed preoperatively. Always bear in mind the anatomic 
course of this formidable venous structure as it ascends para-
vertebrally on the right posterior chest wall and curls anteri-
orly over the hilum of the right lung where after it drains into 
the SVC.    

    Conclusion 

 The formidable management of penetrating injuries to the 
major mediastinal vessel is enabled by fi rstly a high index 
of suspicion, then a focused assessment while continuous 
haemodynamic resuscitation is employed, a correct surgi-
cal approach, initial haemostasis by compression manoeu-
vres or side-bite clamping and proximal and distal 
vascular control. In the emergency room, left anterior tho-
racotomy is the approach of choice in all patients with 
cardiac arrest and penetrating trauma to the left chest. 
Injuries to the ascending aorta, aortic arch, proximal pul-
monary artery and its main branches and proximal SVC 
and IVC are best managed via a median sternotomy. 
Injuries to the branches of the aortic arch (innominate 
artery or left common carotid artery) are best managed 
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via median sternotomy with cervical or supraclavicular 
extension of the affected side. Injuries to the descending 
aorta and distal left pulmonary artery and vein are best 
managed via left posterolateral thoracotomy and right-
sided similar approach for the contralateral distal pulmo-
nary artery and vein injuries. In any situation where 
exposure is limited by incision, do not hesitate to extend 
entry sites or cross the sternum in anterolateral thoracot-
omy as adequate surgical control can only be achieved in 
adequate fi eld exposure with proximal and distal vascular 
control.      
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 Important Points 

     1.    Constant haemodynamic monitoring and resuscita-
tion of patients with penetrating injuries to the large 
mediastinal vessels are imperative.   

   2.    Let the presentation determine the surgical access: 
Tamponade means median sternotomy; massive 
haemothorax means anterolateral or posterolateral 
thoracotomy.   

   3.    Do not hesitate to extend incisions: Access is every-
thing in the expeditious and effective management 
of these unstable patients with challenging injuries 
to repair.   

   4.    For haemostasis: Initial digital compression or a 
side-biting vascular clamp allows time for dissec-
tion for proximal and distal vascular control.   

   5.    Close communication with the anaesthetic team 
can allow gentle manipulation of haemodynamics 
for physiological preservation of the supplied 
organs (brain, spinal cord, lung, etc.) while vascular 
repair is being performed.   

   6.    Defi nitive management with restoration of physio-
logical blood fl ow through these large vessels is of 
utmost importance.     
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      Penetrating Cardiac Trauma                     

     Elias     Degiannis     ,     Denzel     P.     Mogabe     , and     Dietrich     Doll    

      In the last three decades, there have been numerous publi-
cations on the subject of penetrating cardiac injuries includ-
ing a number of large series. Controversial issues remain; 
they relate to the diagnostic procedures that may be indi-
cated and the therapeutic strategy best suited to each 
patient. These controversies are partly a refl ection of differ-
ences in personal surgical preferences and logistical orga-
nization of trauma care. To a large extent, however, they 
stem from a lack of consistent stratifi cation of patients. An 
elaborate scoring system for the purpose of predicting out-
come has been devised, but attempts as classifying patients 
to involve rational management decisions have been rare 
and incomplete. In our clinical practice, we classify our 
patients in fi ve categories. Although this classifi cation 
facilitates diagnosis and therefore management of the 
patient, the recent advent of extended Focused Assessment 
with Sonography for Trauma (e-FAST) availability at the 
emergency department, performed immediately on admis-
sion by the emergency physician or trauma surgeon, results 
in a reliable diagnosis of cardiac tamponade irrespective of 
the intensity of the clinical fi ndings. 

38.1     Category 1: Lifeless 

 In this category, we include patients presenting with a tho-
racic wound who are becoming unconscious with no sign of 
life (no respiratory effort, palpable pulse, or recordable blood 
pressure) and who has not been intubated and started on CPR 
after a witnessed cardiac arrest 5 min before arrival to our 
emergency department or intubated and started CPR within 
10 min before arrival.  

38.2     Category 2: Critically Unstable 

 We include patients who have a penetrating thoracic injury 
and present with profound hypotension and in pending car-
diac arrest. The clinical picture is accounted for by either 
massive hemorrhage from the heart or severe tamponade.  

38.3     Category 3: Cardiac Tamponade 

 These patients present with a thoracic wound and a clinical 
picture typical of cardiac tamponade (slight to severe hypo-
tension and raised central venous pressure in the absence of 
tension pneumothorax).  

38.4     Category 4: Thoracoabdominal Injury 

 Patients have a high epigastric wound or multiple lacerations 
of the trunk, often from gunshot or shotgun injury. The diag-
nosis of cardiac tamponade is clouded by the presence of an 
obvious abdominal injury.  

38.5     Category 5: Benign Presentation 

 Patients present with penetrating thoracic wound but are 
hemodynamically stable and without symptoms or signs of 
either hemorrhage or cardiac tamponade.  
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38.6     Management 

38.6.1     The Lifeless Patient 

 Treatment consists of immediate intubation followed by tho-
racotomy and cardiorrhaphy in the resuscitation area. No pro-
cedure short of this heroic intervention would be adequate. 
However, reserve the emergency department  thoracotomy for 
the lifeless patient whose vital signs have been preserved, at 
least for some time in the prehospital period.  

38.6.2     The Critically Unstable Patient 

 This patient presents with signs of life, but the clinical pic-
ture is dominated by profound hypotension and impending 
cardiac arrest. An e-FAST performed immediately in the 
resuscitation area would be helpful diagnosing cardiac tam-
ponade, massive hemothorax, or even a tension pneumotho-
rax that has been missed in the heat of the moment. Immediate 
endotracheal intubation (not in a case of tension pneumotho-
rax) and fl uid replenishment are required. Some of these 
patients may regain suffi cient hemodynamic stability and 
allow urgent thoracotomy in the operating room, while oth-
ers may remain unresponsive to resuscitation and require 
thoracotomy in the resuscitation area. It is clear from the lit-
erature that emergency room thoracotomy is more successful 
in this category of patients than in those who are “lifeless.” It 
is less clear however if even better results might not be 
achieved by expeditious transfer to the operating room. 
There is some evidence that thoracotomy in critically unsta-
ble patients is attended by a signifi cantly greater mortality 
rate in the emergency room than in the operating room, but 
this conclusion is based on small numbers of non-random-
ized patients. A decision on this matter must take into 
account the logistics of trauma care in the particular institu-
tion involved.  

38.6.3     The Patient with Cardiac Tamponade 

 A high degree of suspicion based on the location of the tho-
racic wound in relation with this syndrome is usually suffi -
cient to suggest the diagnosis of penetrating cardiac injury. 
The presence of both tracheal deviation and hyperresonance 
of the chest will rule out tension pneumothorax. The globu-
lar heart on the chest x-ray is present in less than 40 % of 
cases. Of course an immediately available e-FAST in the 
emergency department will lead to a solid, defi nitive diag-
nosis making the application of a chest x-ray detrimental. 
Even a young patient with mild cardiac tamponade may 
deteriorate rapidly and have a cardiac arrest. There is no 
place for needle pericardiocentesis as a therapeutic mea-
sure. In experienced hands, even in the absence of an 

e-FAST, clinical judgment combined with a low threshold 
for intervention results in an extremely low rate of negative 
thoracotomy/sternotomy in patients with a clinical picture 
of cardiac tamponade.  

38.6.4     The Patient with Thoracoabdominal 
Injury 

 The diagnosis of cardiac tamponade may be masked by the 
presence of obvious abdominal signs due to peritonitis or 
more often by hemorrhage. An accurate preoperative diag-
nosis is often diffi cult but is sometimes made, particularly if 
e-FAST is available in the emergency department. The clini-
cian must then exercise clinical judgment in deciding which 
lesion is addressed fi rst or whether a two team approach is 
indicated. In our experience, cardiac tamponade takes prece-
dence over abdominal hemorrhage. In some cases, the car-
diac tamponade is suspected only on completion of the 
laparotomy, either because the surgeon is worried about the 
presence of a precordial wound or because control of the 
intra-abdominal bleeding does not result in the expected 
improvement of the patient’s condition. In this situation, an 
intraoperative e-FAST or a diagnostic pericardial window 
before closure of the abdomen has been shown to be safe and 
reliable.  

38.6.5     The Patient with the Benign 
Presentation 

 A number of patients with a penetrating precordial injury 
present with no symptoms or clinical signs of either cardiac 
tamponade or intrathoracic hemorrhage: Nevertheless, the 
alert clinician should be concerned about the presence of a 
thoracic wound especially in the precordium. The chest x-ray 
may be normal. All these patients should be investigated by 
cardiac echo or even a CT angiography of the mediastinum. 
Two arguments may be adduced in favor of aggressive man-
agement for all patients with penetrating cardiac injury, how-
ever minor. The fi rst is the uncertainty about the long-term 
outcome of patients with an undrained hemopericardium. 
The entity of posttraumatic chronic constrictive pericarditis 
has been described in both the experimental and clinical set-
tings. The second is the danger of sudden and irremediable 
deterioration (even under hospital observation) which may 
occur several days after the initial injury. We do not share the 
view that clinical observation alone is suffi cient for this 
patient; therefore, we proceed to the abovementioned inves-
tigations. In cases of doubt, we support assessment via a sub-
xiphoid pericardial window. 

 Always be very alert with the patient who has sustained 
penetrating trauma to the cardiac box and he lies very quietly 
looking unwell or becomes aggressive trying to lift himself 

E. Degiannis et al.



305

off the bed. This is a clinical picture that in our experience 
could well be related to cardiac injury.   

38.7     Operative Management 

 There are several incisions that can be applied in patients 
with penetrating cardiac trauma and which one you are going 
to choose depends on the urgency of the situation. In the 
patient who has catastrophic physiological deterioration in 
the emergency department, proceed immediately to an emer-
gency room thoracotomy. In that case, remember that it is of 
paramount importance to ensure adequate precautions to 
safeguard yourself and the rest of the staff from blood-borne 
infections. The stress of the situation and the tendency to 
show heroism from your side are not an excuse to risk lives 
of the health personnel. Neglecting the use of protective gear 
particularly of the eyes when the patient has “bled out” and 
has “no blood pressure” is foolish. It is common on opening 
the chest for rapid decompression to have blood sprayed 
from traumatized lung tissue (due to the insult itself or due to 
iatrogenic injury on opening the chest), particularly if the 
patient is ventilated. 

 On performing an emergency department thoracotomy 
(the anterolateral incision), incise the skin at the fi fth inter-
costal space, always keeping in mind the female anatomy. 
Going through the female breast is not only aesthetically 
unacceptable but also makes access to the thoracic cavity 
more time consuming and bloody. Ask your assistant to pull 
the breast upward and proceed to a sub-mammary incision. 
Get another assistant or any member of your team to raise the 
arm to 90°. That will enable you to extend the incision later-
ally toward the axillary line. When you insert the rib retrac-
tor, make sure that you do not limit your access through your 
incision. Place the joint of the retractor away from the sternal 
side of the incision so that you do not limit your ability to 
extend your incision by transversely splitting the sternum or 
even entering the right thoracic cavity, if you decide to. The 
emergency department thoracotomy, always performed in 
patients who are in extremis, is always coupled with abrupt 
opening of the retractor and therefore always leads to rib 
fractures. As it is always related to the procedure, it cannot 
be considered as a pitfall. Instead of that, the pitfall lies if 
you omit to cover the edge of your incision with large 
abdominal swabs and you do not warn your assistant of the 
possibility of injury himself from rib spikes. With this thora-
cotomy, you have a satisfactory access (although not ideal to 
the heart). Most times it is enough to repair the heart in an 
absolute emergency, taking into consideration that most of 
the heart lies left of the chest. On the other hand, there will 
be situations that it is diffi cult to access the further right 
aspect of the heart and that necessitates for you to split the 
sternum transversely or proceed to a full clamshell thoracot-
omy. In the books, it is recommended that the transverse 

division of the sternum should be performed with a Gigli saw 
or bone cutter. We fi nd both of them time consuming as it is 
easy to do it with the use of a pneumatic or in its absence a 
Liebscher knife and hammer. When you decide to divide the 
sternum with this method, you should pay attention to two 
things. First accidental injury to the heart as the intact peri-
cardium holds its contents in close proximity with the poste-
rior aspect of the sternum. To avoid that, apply upward 
traction of the pneumatic saw or the Libscher knife, coupled 
with a forward and upward rotation of the distal saw/blade 
tip. Do not forget that with this incision, you cannot avoid 
severing the mammary arteries (Fig.  38.1 ). In the patient 
who is in his extremis – always related to non-palpable pulse 
and a blood pressure in his boots – there is a good chance 
that these arteries will not bleed to the extent that they draw 
your attention. There are even cases that they will contract 
and clot and you will only remember that you forgot to look 
for them when you have to take the patient back to theater for 
bleeding after you have performed a successful thoracotomy 
and repair of the heart. It is important to fi nd and ligate the 
four edges of the severed internal mammary arteries in the 
loose tissue lateral to the sternum even if they appear not to 
be actively bleeding.

   In situations that the patient is not in extremis (and you 
have time to transfer him from the resuscitation area to the-
ater), it is preferable to get access to the heart by performing 
a median sternotomy – never forgetting to place a sandbag 
between the scapulae. This is the ideal incision not only for 
repairing the heart but also the ascending aorta (one of the 
rare causes of cardiac tamponade) and the arch of the aorta 
with its proximal branches. The most common pitfall of this 
incision is to miss the midline on splitting the sternum. 
Make the skin incision fi rst and use the diathermy to extend 
the incision deep to the anterior aspect of the sternum from 

  Fig. 38.1    Cardiac repair via a 
clamshell thoracotomy inci-
sion. The proximal part of the 
severed left mammary artery 
is identifi ed and ligated       
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sternal notch to xiphoid, marking the midline of the sternum 
with the diathermy. Then divide the intraclavicular ligament 
so that you create a small retrosternal space at the proximal 
part of the manubrium either using a diathermy or a right- 
angled Lahey. When you do this procedure or the lower 
down description of splitting the sternum, you should place 
yourself at the left of the patient if you are right-handed and 
on the right if you are left-handed. You will fi nd that the 
intraclavicular ligament is very tough, and for most of us, it 
is quite diffi cult to perforate with the tip of a closed right- 
angled Lahey when we are using one hand. Grab the right- 
angled Lahey with your two hands: the right hand (if you are 
right-handed) on the vertical part quite close to the tip and 
the left hand grabbing the handle. Position the tip of the 
right-angled Lahey just posteriorly to the sternal notch and 
push the tip at the retromanubrial space with a rotational 
movement, the force of the movement applied by your right 
hand. There is a characteristic giving way and noise as the 
tip of your clamp goes through the tough ligament. As it is 
diffi cult to perforate the ligament, it is also diffi cult then to 
open the limbs of your right-angled Lahey so that you create 
the space for the introduction of the pneumatic saw or the 
tip of the Libscher knife. Hold the two arms of your clamp 
separately (one arm in each hand) and then open the clamp. 
This maneuver can sometimes lead to alarming bleeding 
from the area that is diffi cult to control due to its limited 
access. Do not panic! There is always a worry that you have 
injured a large vessel; remember that the only large vessel in 
this area is the innominate vein which in any case lies too 
deep to be injured with this maneuver. 

 If rapid opening of the sternum is of paramount impor-
tance and the bleeding from this area is too much, pack the 
area, apply some pressure, and perform a medial sternotomy 
by starting from the xiphisternum upward. If this option is 
chosen, be very careful as the caudal part of the sternum is 
thinner, and therefore as you put force on splitting it, it is 
quite easy to miss the midline and start dividing the intercos-
tals cartilages. In any case, irrespective of from which direc-
tion you open the sternum, make sure that you do not miss 
the midline. 

 Open the sternum along the diathermy line using a pneu-
matic saw or a Libscher knife and hammer following reli-
giously the diathermy line, making sure that you apply only 
the necessary force to split the sternum. If you apply more 
force than necessary, you may feel a sudden giving way of 
the resistance of the sternum resulting in the loss of the mid-
line. If you use the Libscher knife and hammer on opening 
the sternum from a manubrium to xiphoid direction that is 
the recommended route, make sure that you have placed a 
sandbag between the shoulder blades of the patient and have 
his neck extended and his face turned away from you. The 
hammer should initially hit the Libscher knife at an angle of 
30° with the horizontal plane so as to avoid hitting the 

patient’s jaw (we have seen it happen). After splitting the 
manubrium, there is enough distance from the jaw so that the 
sternum is split by hitting the hammer on the knife horizon-
tally. This problem of course does not arise if you use a pneu-
matic saw, but it is always advisable to have a Libscher knife 
on standby as it happens sometimes to be let down by “tech-
nology” when you most need urgent access to the mediasti-
num. Your sternal retractor should be placed into the 
sternotomy including the distal portion of the manubrium, 
therefore minimizing the risk of fracturing the sternum on 
rapidly opening the retractor. 

 On opening with a preoperative diagnosis of penetrating 
trauma to the heart (which many times is a clinical diagno-
sis), inspect the pericardium to confi rm tamponade, unless 
there is an obvious source of active bleeding not related to 
the heart and you misdiagnosed it as cardiac injury. If this is 
the case, of course you divert your attention to the site of tor-
rential bleeding and you control it. Hemopericardium may 
be recognized by the presence of a bulging, tense pericar-
dium or sometimes only by the white-bluish color of the 
underlying clot. A classic mistake is to leave the pericardium 
unopened due to its normal appearance from the outside. It is 
amazing how often you can have a pericardial sack contain-
ing a signifi cant amount of blood from injury to the heart or 
intrapericardial mediastinal vessel, which is not visible 
through the intact pericardium. Take a scalpel and make a 
small nick in the pericardium if there is a clot underneath or 
use two mosquitoes to lift the pericardium and then make a 
nick with the scalpel if you cannot see any blood between the 
pericardium and the heart. Insert the tip of your scissors 
inside the hole and open the pericardium in a vertical direc-
tion avoiding injury of the phrenic nerve, which should run 
parallel and to the left of your pericardial incision. The 
phrenic nerve is signifi cant in size, and it is most unlikely to 
damage it. On the other hand, if you transect it in the heat of 
the moment, proceed with your life-saving procedure with-
out too much grief about the nerve. Patients (particularly the 
young ones as it is in most cases of penetrating cardiac 
trauma) can have perfectly normal lives with one paralyzed 
diaphragm. If further access to the heart is required, add a 
transverse pericardial incision at the caudal end of your ver-
tical incision (an inverted “T”). Start internal cardiac mas-
sage if you fi nd the heart in asystole or ventricular fi brillation 
while inserting some “fast” stitches to close the defect. The 
pericardial incision should be extensive enough for you to be 
able to insert not one but both of your hands. Never do intra-
pericardial massage by using the palm of one hand and com-
pressing the heart against the spine. This traumatizes the 
heart, and it becomes apparent from the extensive bruising 
from the heart seen thereafter. The correct way of massaging 
the heart is to put one palm posterior to it, palm facing 
upward and fi ngertips toward the base of the heart, and the 
other hand palm facing downward on the anterior aspect of 
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the heart. Then start doing cardiac massage by compressing 
the heart between your two palms maintaining good fi rm 
contact between the heart and the palms at all times, mini-
mizing the chance of potential injury from the application of 
the cardiac massage. In the presence of non-perfusing ven-
tricular arrhythmia, shock the heart with 20 J with one inter-
nal paddle behind the heart and the other in the front. If 
required, repeat the defi brillation by shocking the heart with 
a maximum of 50 J. Never defi brillate the heart that is at a 
complete standstill as this will only further damage the 
myocardium. 

 When a penetrating injury to the anterior aspect of the 
heart occurs, the operation is not complete if you do not 
check for a posterior wall injury – the patient may leave the-
ater only to return because of rebleeding. For checking the 
posterior aspect of the heart, you must lift the heart out of the 
pericardial sack, a maneuver for which the anesthetists must 
be warned of. Insert your whole palm posteriorly to the heart 
with the tips of your fi ngers reaching proximally – to the 
base of the heart. The heart is lifted outside the pericardial 
sac, with the rotational movement pivoting at the axis of its 
fi brous base – this way you avoid to kink the cardiac cham-
bers, as the heart is lifted unblock (Fig.  38.2 ). The heart is 
always unhappy with this maneuver, so you should repair the 
posterior injury as quickly as possible as the heart rapidly 
develops bradycardia that can lead to asystole. As soon as 
you see bradycardia developing, drop the heart back into the 
pericardial sac even if you have not yet succeeded to com-
pletely repair the posterior injury. The heart is very irritable 
and may develop a nonresponsive bradycardia even though 
you replace it to its bed. In this case, it is very useful to pour 
roughly 40 °C saline on the heart which results in the heart 
starting to beat normally again, sometimes even developing 
tachycardia. There are instances that as soon as the surgeon 
lifts the heart, it responds repeatedly with such an arrhythmia 
that it does not give him the opportunity to inspect its poste-
rior aspect. In this case partial elevation of the heart by 

inserting one or gradually two folded abdominal swabs 
between its posterior aspect and the pericardium gives time 
to the heart to adapt to elevation.

   Lift up the heart again to proceed with the inspection and 
repair when the rhythm returns to normal. Always remember 
to make sure that other intrapericardial organs, i.e., inferior 
vena cava, are intact (Fig.  38.3 ).

   Hold a needle holder in each of your hands, one for insert-
ing the needle in the heart and other for retrieving it. Use a 
2.0 silk (when available) and the biggest atraumatic needle 
you can fi nd when it comes to stitching up the heart. We 
prefer silk because it is easier for the fi rst knot to hold in the 
pumping heart, and the last thing you want when you repair 
hearts is to have loose knots – if silk is not available, use a 
similar size PDS. While your assistant is controlling the 
bleeding by applying pressure with a swab on the side of the 
injury, you position your needle at the needle holder in such 
a way that the needle holder is very close to the posterior end 
of the needle. The reason is that in your fi rst through-and- 
through bite of the heart, you want to insert as much length 
of needle as possible inside the heart cavity so that you can 
grab the tip of the needle through the opening of the heart 
with your needle holder as easily as possible. While inserting 
your fi rst bite on one side of the defect, there will be a lot of 
blood spurting out from the heart; keep your cool and insert 
the tip of your needle holder at the base of the column of the 
spurting blood and pull your needle out of the defect making 
sure that your move coincides with the curve of the needle so 
that you do not slash the myocardium. Reapply your needle 
on your needle holder while your assistant again controls the 
bleeding by pressure and insert your needle at the opposite 
side of the defect. After this bite, things become easier. Hold 
with your left hand both ends of the stitch and lift them 
upward. You will see that the two edges of the defect are in 
this way approximated and you have a spectacular reduction 
in the amount of blood that is leaking through it. So by 
 holding the initial stitch up, you reapply another stitch so you 

  Fig. 38.2    Lift the heart en bloc to minimize arrhythmias       

  Fig. 38.3    Injury of the heart related with simultaneous injury at the 
base of the intrapericardial part of the inferior vena cava. Both injuries 
have been repaired       
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complete a fi gure-of-eight stitch (Fig.  38.4 ). Continue clos-
ing the defect by putting more fi gure-of-eight sutures. It is 
quite common if your patient is “young at heart” to have a 
very powerful myocardium that sometimes contracts so 
forcefully that it kicks away the tip of your needle as you go 
to insert it inside the myocardium. In this case, hold the han-
dle of your needle holder with both hands and make a fast 
curved move as you insert the needle inside the myocardium, 
trying to take advantage of the diastolic period of the heart. It 
is described in the books that if the defect is not too large, 
you can insert a Foley catheter and infl ate the balloon, there-
fore controlling the hemorrhage. It does work! Clamp the 
urine port of the Foley’s and grab the distal 1 cm of the cath-
eter with a clamp and insert it inside the cavity. It is much 
easier to do that than holding the tip of the catheter with your 
fi ngers as you will fi nd that the column of blood escaping 
from the defect is under a lot of pressure, and it is diffi cult to 
insert the tip of the catheter inside the cavity and infl ate the 
balloon with saline. As soon as you infl ate the balloon, apply 
slight upward traction so that you occlude the defect, make 
sure that you do not overdo it; otherwise, you can make it 
even bigger, particularly if the injury has to do with the softer 
right ventricle (Fig.  38.5 ). This is the part that the balloon 

catheter helps in stitching up a cardiac wound. What you will 
see in the books – stating that you can push the balloon 
inside, put your sutures, and then apply traction at the bal-
loon and occlude your defect again and then repeat the pro-
cess and complete the repair of the defect – is usually not the 
case. In most instances the initial obstruction of the defect by 
the balloon only gives you time to concentrate, probably sta-
bilize the patient, and get ready for the insertion of the fi rst 
bite. Be prepared: Quite frequently as soon as you insert your 
fi rst bite, you will hear a popping sound and the balloon will 
break; you will fi nd again yourself in the situation of having 
a spurt of blood coming out of the defect. Continue inserting 
your sutures in a fi gure of eight as already discussed.

    There are times that the length of the injury is such and the 
hemorrhage so brisk that it is diffi cult to control the bleeding 
promptly by inserting sutures with the above methods. As it is 
in such instances, you can gain digital control of the hemor-
rhage by occluding the long defect by applying pressure on it 
with the length of your assistant’s index fi nger. You can then 
put multiple sutures beneath the occluding fi nger. Then you 
can tie your knots as he slowly withdraws his fi nger (Fig.  38.6 ). 
This is a method that is full of risks for the surgeon to hurt his 
assistant with the needle. We also apply it in injuries with 

  Fig. 38.4    Stitch closure technique of myocardial defect       
  Fig. 38.5    Just gently lift up the Foley catheter with infl ated balloon; 
otherwise, the small tear may convert into a large tear       
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inaccessible occasions as the posterior aspect of the left ven-
tricle. If you have a similar situation of a very long and widely 
open defect in the anterior aspect of the heart, use a 2.0 stitch 
on a colt needle and rapidly apply fi gure- of-eight sutures clos-
ing en masse from one side to the other. The size of the needle 
is a great advantage for stitching rapidly. On the other hand, 
you must keep in mind that the half centimeter of the tip of the 
needle is “cutting.” Therefore, when you insert the needle 
inside the myocardium, make sure that it is in phase with the 
diastole; otherwise if the tip is caught inside the myocardium 
at the time of contraction, the myocardium will be slashed.

   If the injury is near the coronary arteries, make sure that 
you repair the defect by inserting horizontal mattress sutures 
that pass beneath the coronaries and around the injury, thereby 
controlling the hemorrhage but not occluding the artery. It is 
convenient, but not necessary, to use a double- arm suture 
(Fig.  38.7 ). There are cases in practice that the bleeding is so 
extensive that there is no time for these “fancy” sutures. In 
this case, insert the standard fi gure-of-eight sutures, making 
rather “loose” knots just to approximate the wound edges and 
control most of the bleeding. Next to that, you insert the rec-
ommended mattress sutures under the coronaries and remove 
the fi gure-of-eight sutures with a size 11 blade and tie up the 
mattress sutures. We have done this maneuver many times 
without having any problems with the coronaries. We are 
wondering if this happens because our knots are loose and 
also most of our penetrating cardiac trauma patients are 
young and the coronaries are quiet “soft” and can take a short 
interval of compression without being damaged.

   Do not use skin staples for defi nite repair of the myocar-
dium. First of all, it is impossible to use them even in small 
lacerations if the gap created by the escaping blood is signifi -
cant so that the skin staples cannot get the wound edges and 
approximate them. Use skin staplers as a temporary measure 
to control the bleeding from tiny defects and then insert 
appropriate sutures at your leisure. 

 Repair small needle puncture wounds of the coronary 
arteries with a 6.0 or 7.0 polypropylene suture. Ligate distal 
injuries. Proximal injuries to the coronary arteries may 
devascularize signifi cantly large areas of myocardium, and 
you should contact the cardiothoracic surgeons for emer-
gency aortocoronary bypass as soon as you control the hem-
orrhage. This bypass should ideally be performed not longer 
than 2–3 h after time of injury. 

 If you encounter injury to the atria, apply a small Satinsky 
to control the bleeding and repair the defect with a continu-
ous 5.0 Prolene suture (Fig.  38.8 ). If needed, buttress your 
sutures with small pieces of pericardium. During the repair, 
your assistant should religiously control a Satinsky. You 
should make sure that he does not apply any traction on the 
wall of the atrium in his effort to facilitate your suturing and 
also make sure that at no time, he lets the clamp fall free. 
Both of the above can rip off the atrium and convert a repair-
able injury into a non-repairable one.

   We feel that it is important to close the pericardium as non-
closure or partial closure can lead to herniation of the heart or 
technical problems to future sternotomy e.g. in case of need 
for coronary bypass. Close the pericardium with a running 
stitch making sure that you leave a 2-cm gap at the distal part 
of your closure and insert a tube drain with its tip right at the 
front of the gap. This will hopefully act as a safety valve and 
will prevent the formation of a tension hemopericardium in 
case of postoperative bleeding from the heart. Insert a tube 
drain via a midline incision just distally to the distal end of the 
sternotomy incision and connect it with underwater drain. Be 
particularly meticulous when you close the proximal part of 
the pericardium as small gaps left behind by inserting your 
stitches in big steps can lead to herniation of the auricles 
through them. Sometimes it is not possible to close the peri-
cardium because of overdistension of the heart. This is usu-
ally related to overtransfusion of fl uids by an anesthetist not 
experienced to deal with cardiac trauma. Ask your anesthetist 
to administer furosemide to your patient and attempt to close 
the pericardium after 20 min. In very rare cases, the pericar-
dium cannot be closed because of primary swelling of the 
cardiac muscle, a situation that cannot really be dealt with 
acutely, and in this case, you have to leave it open. Remember 
that patients who were operated for penetrating trauma to the 
heart can return to theater in the future for a new injury of the 
mediastinum or they can undergo cardiac surgery not related 
to trauma. If you as a trauma surgeon fi nd yourself in such a 
situation, be extremely careful on opening the sternum as the 

  Fig. 38.6    It is easier to insert the suture than to tie the knot in cardiac 
injuries. Digital pressure exposes just the edge of the wound that you 
work on       
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anterior aspect of the heart can be “stuck” on the posterior 
aspect of the sternum and can be inadvertently damaged, 
resulting even in the death of the patient. Probably in a situa-
tion like that, an anterolateral thoracotomy will give you safer 
access to the heart, in the case of new trauma. 

 On closing the sternotomy, if you are not experienced 
with the procedure, you will see that getting the needle and 

the wire through the sternum may be quite taxing. Insertion 
of the needle can be facilitated by applying the needle holder 
not in the recommended junction of the middle and distal 
third of the needle, but rather at the junction of the proximal 
and middle third of the needle and advancing in a vertical 
direction rather than the usual rotational movement. As 
 pressure is applied with the needle on the sternum, it is not 

  Fig. 38.7    Horizontal mattress 
sutures are inserted to avoid 
inclusion of the coronaries       

  Fig. 38.8    Suture of the cardiac 
atrium with Lahey in place       
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uncommon for the sternum to give way and the needle to go 
through suddenly, damaging underlying structures. Use a 
soup spoon with the concavity facing upward, applied under 
the sternum at the expected point of penetration. This will 
safeguard against inadvertent injury of mediastinal struc-
tures. Control the bleeding from the edges of the divided 
sternum by applying bone wax or electrocautery. Make sure 
that you apply only as much wax as necessary, as excess 
application is related to increased risk of infection of the 
sternum. Approximate the edges of the divided sternum well, 
as good approximation is also of paramount importance to 
avoid sternal infection. This is sometimes diffi cult to achieve 
particularly when inserting the wires through areas of the 
sternum that are technically diffi cult or when the two halves 
of the sternum do not approximate easily on tying the wires. 
In this case, after you insert an initial wire through the manu-
brium, apply wires to the body, not through the sternum, but 
around it. If you still fi nd diffi culty in approximating the two 
halves of the sternum, ask an assistant or even the anesthetist 
to place both his/her hands on the scapulae facing upward. 
By fl exing his/her fi ngers, the scapulae are lifted forward, 
transmitting force upward and medially, approximating the 
two sternal edges and giving you the opportunity to twist the 
wires under less tension. Remember to make sure that you 
have not damaged the internal mammary arteries as your 
needle goes around the body of the sternum. If by any chance 
you cannot close the sternum irrespective of all your efforts, 
take a large abdominal swab and cover it with an adhesive 
sterile surgical drape (e.g., Steri-Drape®, Opsite®, etc.) and 
insert it in the area of the gaping sternum. Apply another 
adhesive sterile surgical drape on the anterior chest wall and 
refer the patient for closure of the sternum to another more 
experienced colleague or another hospital where the patient 
is physiologically stable. 

 Use a subxiphoid pericardial window in cases that you 
cannot exclude pericardial blood collection clinically or via 
investigations. On performing your pericardial window, start 
with a 5-cm incision from the xiphisternum distally and open 
the linea alba. You should restrain yourself from opening the 
peritoneum. The plane to work is that of the preperitoneal 
fat. Insert your scissors proximally, tip facing, in the preperi-
toneal fat space under the xiphisternum in a horizontal plane 
and open the limbs of your scissors. You will then see the 
pericardium right in front of you. Raise the pericardium with 
two Burkett’s and divide it in between. If there is any blood, 
aspirate it and proceed to sternotomy. Recently, there are a 
few publications suggesting that in the case of delayed pre-
sentation, simple insertion of a pencil drain is suffi cient if 
there is no bleeding after the aspiration. The pencil drain is 
removed in 48 h. If bleeding recurs during this period, they 
recommend proceeding to sternotomy. We are cautious with 

this practice as we cannot exclude secondary hemorrhage 
after the 48 h period, as well as the development of constric-
tive pericarditis. We do not recommend a transdiaphragmatic 
pericardial window. It is surprising how easy it is to fail to 
locate the pericardium on opening the diaphragm through 
the abdomen. Therefore, the whole process becomes frus-
trating and time consuming. 

 Before discharging your patient home, you must make 
sure that there is no injury of the cardiac septa or the valves. 
Auscultate daily your patient’s pericardium for murmurs, 
and even if they are absent, do a routine cardiac echo as soon 
as convenient before discharge.      
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 Important Points 

•     Avoid volumes of fl uid preoperatively into the 
patient presenting with cardiac and tamponade.  

•   In the physiologically grossly unstable patient, pro-
ceed with left anterolateral thoracotomy.  

•   Always consider the possibility of a second poste-
rior wound.  

•   On inspecting the posterior aspect, replace the heart 
in pericardial sac as soon as it develops 
bradycardia.  

•   Check if the coronaries are included in your stitches.    
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      Penetrating Injuries to the Diaphragm                     

     Elmin     Steyn    

      Penetrating injuries of the torso often involve multiple body 
cavities, depending on the energy and trajectory of the caus-
ative agent. Injuries traversing both the chest and abdominal 
cavities are common. Injuries of the diaphragm are not 
immediately apparent, as concomitant injuries usually 
receive diagnostic and therapeutic priority. Early identifi ca-
tion and treatment of even the smallest diaphragmatic lacera-
tions eliminate the risk of late complications. In the patient 
who presents late, prompt diagnosis may reduce morbidity 
and mortality due to life-threatening complications such as 
ischemic necrosis of incarcerated bowel. 

39.1     Pathophysiology 

 Diaphragmatic injuries are commonly associated with penetrat-
ing injuries of the trunk, especially left-sided thoracoabdominal 
injuries, but are notoriously diffi cult to diagnose in patients who 
appear to have no immediate indication for laparotomy. Missed 
injuries, however small, have a risk of intestinal herniation, 
often presenting after many years with bowel loops incarcerated 
in the chest, potentially leading to life-threatening sepsis. This 
tendency of bowel to herniate through a small defect into the 
chest is due to the constant movement of the diaphragm and the 
negative pressure gradient between the chest and abdominal 
cavities. The overall incidence of diaphragmatic perforations 
due to penetrating thoracoabdominal injuries (as reported by 
Murray et. al.) is 42 % (59 % for gunshot wounds, 32 % for stab 
wounds). Associated intra-abdominal injuries are common and 
are often the reason for surgical exploration and intraoperative 
diagnosis of the diaphragmatic wound. 

 After recovery from the acute injury, the patient may be 
asymptomatic for many years, while gradual herniation of 
abdominal contents into the chest cavity takes place. Late pre-

sentation is usually with obstruction of the incarcerated intes-
tine, complicated by strangulation, gangrene, and possibly 
perforation of the stomach, small bowel, or colon. Herniation 
may be massive, causing lung compression, cardiac tampon-
ade, or diaphragmatic splinting. Smaller hernias are also capa-
ble of signifi cant complications, as they present with minimal 
abdominal signs, leading to late diagnosis. The reported mor-
bidity and mortality rates of late- presenting diaphragmatic 
hernias are 30 % and 10 %, respectively.  

39.2     Clinical Assessment 

 All penetrating torso injuries, generally caused by stabs or 
gunshots, potentially may involve the diaphragm together 
with its adjacent structures in the chest or abdominal cavi-
ties. Few signs and symptoms are specifi c to diaphragmatic 
injury, and no noninvasive investigation can reliably exclude 
a small penetrating diaphragmatic injury. 

 Clinical assessment should fi rstly be directed at abnor-
malities of airway, breathing, and circulation. Attention 
should be paid to possible signs of injury on the other side of 
the diaphragm, i.e., penetrating chest injuries require appro-
priate assessment of the abdomen and penetrating upper 
abdominal injuries mandate a clinical and radiological 
assessment of the chest. The incidence of associated injuries 
is high, typically presenting with peritonism or a hemopneu-
mothorax. However, in a review of patients with proven pen-
etrating diaphragmatic injuries, 31 % had no abdominal 
tenderness, 40 % had a normal chest roentgenogram, and 
only 49 % had an associated hemopneumothorax [ 7 ]. 

 Diaphragmatic injury may be suspected based on the 
location of the external wound(s), on the basis of a predicted 
trajectory of the injury, or on abnormal fi ndings involving 
both cavities. All stab wounds below the tip of the scapula at 
the back or below the nipple line in front should be consid-
ered as possibly involving the diaphragm and could be asso-
ciated with intra-abdominal injuries. Stab wounds of the 
chest accompanied by local subcostal tenderness 
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(not necessarily including peritonism or generalized tender-
ness) warrant laparotomy or laparoscopy. In patients with 
lower chest injuries, in the absence of subcostal tenderness 
or peritonism, repeated clinical assessment may not be suf-
fi cient to identify all cases of diaphragmatic penetration. It is 
estimated that 30 % of such injuries are missed on routine 
evaluation, and therefore, laparoscopic, thoracoscopic, or 
MRI assessment of these cases is recommended. 

 Right-sided penetrating injuries of the diaphragm are 
inevitably associated with liver injury, and the clinical fi nd-
ings may vary from massive hemorrhage into the chest or 
abdomen to benign injury amenable to conservative manage-
ment. As most small penetrating right-sided diaphragmatic 
injuries are effectively sealed off by the liver, the risk of late 
bowel herniation is small.  

39.3     Radiological Assessment 

 Chest radiographs are notoriously unreliable for the early diag-
nosis of small penetrating diaphragmatic injuries. The sensitiv-
ity of preoperative chest x-ray and computed tomography (CT) 
was 86 and 100 % in the presence of visceral herniation and 14 
and 0 % in the absence of visceral hernia (Tiberio et al.) 
According to Murray et al., normal chest radiographs were 
found in 40 % of patients with diaphragmatic injuries. In the 
presence of any gunshot wounds of the trunk or pelvis, a dia-
phragmatic injury should be considered based on the estimated 
trajectory of the bullet. This requires radiological assessment of 
the chest, abdomen, and pelvis as indicated, with metal mark-
ers (such as paper clips) identifying the entrance and exit (if 
present) wounds. Gunshot injuries should always be assessed 
to fi nd wounds in pairs (or to pair an entrance wound and a 
retained bullet), although it should be kept in mind that bullets 
do not always travel in straight lines. Lodox scanning is useful 
for rapidly identifying the position of retained bullets and for-
eign bodies in all types of penetrating injuries.  

39.4     Contrast Studies 

 Contrast studies outlining the stomach or colon may be use-
ful to diagnose diaphragmatic rupture due to blunt trauma in 
the acute setting, or penetrating injuries with gut herniation 
at a later stage, but are of no value in demonstrating the typi-
cal acute penetrating injury.  

39.5     Ultrasound 

 Ultrasonography is commonly utilized in trauma cases and 
may visualize large diaphragmatic disruptions or herniation; 
small penetrating injuries however, may be missed. FAST 

(Focused Abdominal Sonography for Trauma) may be useful 
to demonstrate the presence of pleural fl uid associated with a 
penetrating abdominal injury or intraperitoneal fl uid if pres-
ent, in the presence of a penetrating chest injury.  

39.6     Diagnostic Peritoneal Lavage (DPL) 

 A positive DPL in a patient with isolated penetrating chest 
injury is conclusive evidence that the diaphragm has been 
traversed. Contrary to the applications of DPL in blunt 
abdominal trauma, in the presence of a supradiaphragmatic 
wound, very small amounts of blood in the peritoneal cavity 
should be considered signifi cant. Therefore, a more sensitive 
criterion such as 10,000 RBC/mm 3  should be used. DPL may 
be false negative if the penetrating chest wound extends 
directly into the lesser sack. Drainage of lavage fl uid from 
the chest tube indicates a positive result.  

39.7     Computed Tomography (CT) 

 CT is a poor diagnostic tool to demonstrate diaphragmatic 
injury as such, but may provide indirect evidence of injuries 
above and below the diaphragm. Multidetector CT (MDCT 
with 64-slice technology or more) has a sensitivity of 87.2 % to 
demonstrate diaphragmatic injury and accurately rules out dia-
phragmatic injury with a specifi city of 72.4 %. The overall accu-
racy is reported as 77 % (Stein et al.). When MDCT is equivocal, 
further investigation is required to evaluate the diaphragm.  

39.8     Magnetic Resonance Imaging (MRI) 

 MRI is able to demonstrate the diaphragm and may be used 
in a stable patient with equivocal fi ndings and no indication 
for laparotomy, or for late diagnosis.  

39.9     Laparoscopy 

 Diagnostic laparoscopy provides a vital tool for detecting 
occult diaphragmatic injuries among patients who have no 
other indications for formal laparotomy. Patients with left 
lower chest penetrating wounds and no clinical or radiologi-
cal evidence of diaphragmatic perforation should have a lapa-
roscopic assessment of the left diaphragm. Diagnostic 
laparoscopy and video-assisted thoracoscopy signifi cantly 
improve the rate of diagnosis of occult injuries. Laparoscopic 
examination of the diaphragm in high-risk cases reduces the 
risk of negative or nontherapeutic laparotomies. Friese et al. 
report the specifi city, sensitivity, and negative predictive value 
of laparoscopy as 100 %, 87.5 %, and 96.8 %, respectively, 
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and conclude that in asymptomatic hemodynamically normal 
patients with penetrating thoracoabdominal injury, laparos-
copy alone is suffi cient to exclude diaphragmatic injury. 
Diaphragmatic penetrating injury, once diagnosed laparo-
scopically, may be amenable to laparoscopic repair. 
Laparoscopic assessment for other intra-abdominal injuries is 
not universally reliable. In all but expert hands, laparoscopic 
identifi cation of a diaphragmatic injury should be followed 
by laparotomy, to safely rule out occult visceral injury.  

39.10     Thoracoscopy and Video-Assisted 
Thoracoscopic Surgery (VATS) 

 VATS has been used for patients with penetrating chest 
trauma to visualize the diaphragm when an injury is sus-
pected and laparotomy is not clinically indicated. Out of 171 
patients undergoing VATS assessment of a hemidiaphragm, 
60 patients (35 %) were found to have a diaphragmatic injury 
(Freeman et al.). The true value of thoracoscopy or laparos-
copy for the assessment of left-sided diaphragmatic injury 
lies in its high negative predictive value. 

 Fiber-optic thoracoscopy has been demonstrated to be 
useful for the diagnosis of diaphragmatic injury in children.  

39.11     Treatment 

39.11.1     Surgery 

 All diaphragmatic injuries benefi t from early detection and 
repair. The route of access will be determined by the cavity 
requiring exploration, which invasive diagnostic procedure has 
been performed, and whether the diagnosis is made late or early. 

 Penetrating thoracoabdominal injuries, especially gun-
shot injuries, usually require laparotomy due to bleeding or 
peritonism. Those with no overt abdominal fi ndings may 
require thoracoscopic or laparoscopic assessment of the dia-
phragm. When clinical fi ndings such as peritonism or ongo-
ing bleeding mandate laparotomy, the diaphragmatic wound 
should be sought and repaired. 

 It must be emphasized that any penetrating diaphragmatic 
injury diagnosed thoracoscopically or laparoscopically usu-
ally mandates laparotomy to exclude subdiaphragmatic vis-
ceral injuries. 

 The left diaphragm is visualised by pressing down the 
stomach and transverse colon, while the assistant robustly 
retracts the left upper abdominal wall and/or sternum. Once 
the diaphragmatic perforation has been identifi ed, it is brought 
into vision using Babcock or Allis forceps and repaired in a 
single full-thickness layer with a nonabsorbable suture. 

 If there is contamination or bleeding in the chest, the 
pleural cavity should be washed out or suctioned via 

the opening in the diaphragm, which may be enlarged if 
required. A chest drain should be placed, if not already pres-
ent. If the lung is collapsed or signifi cantly atelectatic, it may 
be manually expanded by the anesthesiologist as the fi nal 
diaphragmatic suture is closed. 

 Late-presenting diaphragmatic herniation with incarcer-
ated intra-abdominal structures may be approached from the 
chest or the abdomen. An abdominal approach is recom-
mended, as resection and reanastomosis of bowel may be 
required. A thoracic approach could facilitate the release of 
pleural and lung adhesions to the herniated viscera. A thor-
ough pleural washout and adequate drainage should be pro-
vided, together with broad-spectrum antimicrobial therapy 
if visceral ischemia was present (Figs.  39.1 ,  39.2 ,  39.3 , 
and  39.4 ).           

  Fig. 39.1    A left lower penetrating chest wound: the high likelihood of 
diaphragm penetration requires further investigation       

  Fig. 39.2    Air-fi lled stomach incarcerated in the chest       
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  Fig. 39.3    The left diaphragm wound was further opened to allow the 
reduction of intrathoracic content       

  Fig. 39.4    A stomach with a gangrenous area due to strangulation       

 Important Points 

•     Penetrating diaphragmatic injuries are diagnosti-
cally challenging and need to be actively sought and 
excluded.  

•   Invasive diagnostic procedures such as laparoscopy 
or thoracoscopy are the most sensitive modalities to 
defi nitively exclude small penetrating injuries.  

•   Multislice CT scanning, FAST, and DPL may con-
tribute to identifying high-risk cases.  

•   Early diagnosis and surgical repair of all left-sided 
diaphragmatic hernias are essential to reduce the 
morbidity and mortality of late complications.    
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      Thoracoabdominal Injury                     

     Elias     Degiannis     ,     Thorsten     Hauer     , and     Dietrich     Doll    

      Thoracoabdominal injuries in penetrating trauma are very 
important for two reasons. Firstly, they are characterized by 
a high morbidity and mortality due to the signifi cant physi-
ological impact on the patient. Secondly, it is often diffi cult 
to come to a conclusive decision on which cavity needs to be 
operated on, or, if both cavities have to be opened, which one 
takes priority. Therefore, it is diffi cult to give clear-cut guide-
lines, but certain aspects can render the decision-making 
process more error proof. Having said that, the surgeon 
should still have the fl exibility to move from one cavity to 
the other if his initial decision was wrong or if life- threatening 
developments present intraoperatively from the other cavity. 

 The following course of action maybe followed for 
patients presenting with thoracoabdominal injury:

•    Once the patient has arrived at the resuscitation room, 
place the bullet wound markers on the wounds and pro-
ceed with AP and lateral X-rays of the chest and abdo-
men. This will give you an idea of the trajectory and apart 
from confi rming the thoracoabdominal nature of the 
injury, this information will also help you to see if the 

bullet crossed the midline (if there is no obvious entry and 
exit wound).  

•   Insert an intercostal drain (ICD) at the side of the injured 
chest cavity, if you have not already done so on admission 
to resuscitation area.  

•   Do an e-FAST to make sure that the ICD is serving its 
purpose and the pleural cavity has been properly evacu-
ated, also assessing the pericardiac cavity for cardiac tam-
ponade and the peritoneal cavity for free fl uid.    

 CT scan and laparoscopy in the physiologically stable 
patient can help with the diagnosis of the above as well as the 
diagnosis of diaphragmatic injury. Patients with clinical 
signs of peritonitis will have to be operated without any fur-
ther investigations of the abdomen. 

 On deciding if only one cavity or both should be opened, 
it is important to remember that 85 % of patients with pene-
trating chest trauma only require an insertion of an ICD. 

 Assuming that we have a functioning ICD, the chance 
of blood migrating from the thoracic cavity via the dia-
phragmatic defect to the abdomen and resulting in a large 
hemoperitoneum is small. On the other hand, it is quite 
feasible for intraperitoneal fl uid to be sucked into the chest 
through the diaphragmatic defect and present itself as an 
ICD output. 

 Considering the point made above, it is clear how useful 
it would have been to be able to close the communication 
between these two cavities and assess them separately. 
Unfortunately this is usually not possible preoperatively. 
Therefore, we have to rely on our “good clinical judgment” 
and be fl exible and convert from one cavity to the other if the 
intraoperative fi ndings do not fi t the physiological status of 
the patient, or if developments at the other cavity become 
clinically evident in case of operation. so it is important to 
close the diaphragmatic defect during the operation as soon 
as possible, so that we can monitor the true amount of blood 
originating from each of the two cavities – chest via the ICD 
and abdomen. Remember that there will be times when we 
will have to perform a pericardial window to a patient who is 
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undergoing a laparotomy; in the presence of gross contami-
nation of the peritoneal cavity, try, if possible, intraoperative 
e-FAST so that you avoid infection spreading in the pericar-
dial sac. Importantly, the anesthesiologist is “the surgeon’s 
best friend.” He does not only contribute in keeping the 
patient alive, but he can also draw your attention to any sig-
nifi cant increase in the ICD output, diffi culties with ventilat-
ing the patient, and unexplained physiological instability. 

 From experience, it is evident that in the majority of cases, 
the best bet is to start by opening the abdominal cavity. Even 
though there is no “silver bullet,” we recommend the follow-
ing in an attempt to standardize the operative approach:

•    Small amounts of ICD output combined with a large 
amount of intraperitoneal fl uid on e-FAST (or other inves-
tigations): Operate on the abdomen.  

•   Large amount of ICD output combined with large amount 
of intraperitoneal fl uid on e-FAST (or other investiga-
tions): Operate on the abdomen with an open mind to shift 
to chest.  

•   Small amount of ICD output combined with small amount 
of intraperitoneal fl uid on e-FAST (or other investiga-
tions): Operate on the abdomen.  

•   Large amount of ICD output combined with small amount 
of intraperitoneal fl uid on e-FAST (or other investiga-
tions): Operate on the chest.    

 Quite often you may fi nd that you were wrong and, unfor-
tunately, even with extensive experience in trauma and gut 
feeling, you could be let down. On the other hand, intraop-
erative alertness and fl exibility can save the day and your 
patients’ life.   

E. Degiannis et al.
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      Loss of the Chest Wall                     

     John     C.     Mayberry    

41.1          Field Management of Chest Wall Loss 
and Open Pneumothorax 

 Signifi cant loss of the chest wall occurs in a variety of trauma 
scenarios including high-velocity rifl e bullet penetrations, 
close-range shotgun blasts, explosions with secondary pro-
jectiles, industrial mishaps, and impalements during a fall or 
vehicular crash. Many patients with chest wall loss do not 
survive more than a few minutes because of exsanguination 
from within the thorax and/or associated injuries. This chap-
ter outlines the recommended fi eld, emergency department, 
and operating room procedures that will be effective in those 
patients who are discovered alive. A damage control opera-
tive strategy with the goal of ultimate closure of the defect 
with minimal risk of infection and with preservation of as 
much of the chest wall’s mechanical integrity as possible 
will be described. These injuries in their severest form are 
rare, and therefore, no single surgeon has a vast experience. 
Surgeons are thus encouraged to tailor these recommenda-
tions to fi t the particular scenario. 

 Most patients with traumatic chest wall loss will be in 
acute respiratory distress from the incompetent pulmonary 
mechanics associated with the open pneumothorax. As the 
patient attempts to breathe, air preferentially fl ows through 
the defect into the pleural space, and the patient’s ability to 
inspire air into their airway and expand their lungs is greatly 
compromised. Lesser degrees of chest wall loss, e.g., an 
open pneumothorax with a chest wall defect 5–10 cm in 
diameter (Fig.  41.1 ) may be tolerated for a short transport by 
an otherwise healthy patient, but for most patients, qualifi ed 
providers in the fi eld should provide an airway and respira-
tory support. Chin lift, jaw thrust, oropharyngeal or nasopha-
ryngeal airways, and bag-valve-mask ventilation are effective 
temporizing measures until you can place an endotracheal 

tube. If the defect is on the left chest wall and there appears 
to be a pulmonary laceration with air loss, attempt a blind 
right mainstem bronchus intubation (deep intubation) in 
order to exclude the severely injured lung from ventilation. 
This maneuver will not only prevent unnecessary air loss 
from the injured parenchyma and tracheobronchial tree but 
may also prevent venous air embolism. If endotracheal intu-
bation is not successful, a multilumen esophageal airway and 
laryngeal mask airway are less desirable alternatives.

   After airway management, examine the edges of the 
chest wall defect for signifi cant bleeding. Many experienced 
fi rst responders are capable of clamping an arterial or venous 
bleeder in the chest wall, assuming they have an appropri-
ately sized clamp. It does not make sense to embark on a 
signifi cant transport to a higher level of care while an easily 
accessible vessel continues to hemorrhage. The chest wall 
contains numerous named arteries and veins, e.g., the inter-
costal arteries and veins as well as the muscular branches of 
the subclavian and axillary vessels, any of which can exsan-
guinate the patient. Any continuous bleeding during trans-
port can lead to a coagulopathy that will be diffi cult to 
reverse even once the patient arrives at a hospital. Only the 
most obvious sites of hemorrhage should be clamped and 
not more than 3 min should be spent under austere condi-
tions. First responders would not be expected, however, to 
try to clamp a pulmonary laceration within the thorax or 
attempt to control a source of mediastinal hemorrhage. In 
the case of severe pulmonary or mediastinal bleeding, how-
ever, following airway control, the hemithorax should be 
tightly packed with gauze in the hope of at least slowing the 
hemorrhage. 

 You should cover the defect itself with a sterile or clean 
dressing, e.g., a dry gauze, petrolatum gauze or plastic wrap, 
and secure on three sides only so that the accumulating pleu-
ral air, e.g., from a pulmonary or tracheobronchial laceration, 
can escape from the pleural space. This measure will prevent 
the development of a tension pneumothorax and will also 
prevent further contamination of the wound from the 
outside. 
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 Because these patients have a high risk of deterioration 
and will likely require immediate surgery, transport to a 
 designated trauma center should not be further delayed. 
During transport, a hypotensive strategy of resuscitation 
should be employed to minimize blood loss, dilutional coag-
ulopathy, and pulmonary edema.  

41.2     Emergency Department Management 

 For a patient with a larger and more destructive chest wall 
injury, the emergency department (ED) should be bypassed 
for direct transport to the operating room (OR). If an OR 
is not ready, ED management should be limited to life-
saving procedures that cannot wait until an OR is avail-
able. For example, you can address exsanguinating 
hemorrhage from the edges of the defect, within the pul-
monary parenchyma or in the mediastinum. Hilar clamp-
ing and the pulmonary hilar twist are effective means of 
temporarily controlling pulmonary hemorrhage. Time 
spent in the ED can also be used to obtain a blood speci-
men for type and cross, to ensure adequate venous access, 
to obtain a chest radiograph, and to begin blood product 
transfusion. 

 If the chest wall defect is smaller and hemorrhage is con-
trolled, you can start a search for associated injuries in the 
ED prior to operative repair. In cases where the chest wall 
defect resulted from an explosion or a severe blunt mecha-
nism, extrathoracic injuries may take precedence in the treat-
ment plan. Head, neck, and torso CT scans may be 
indicated.  

41.3     Operative Management 

 You can safely and effectively manage the smaller defect 
of 5–10 cm in diameter (Fig.  41.1 ) with minimal contami-
nation of dirt and debris in one to three serial operations: 
Administer to the patient prophylactic intravenous antibi-
otic coverage for gram-positive organisms. The fi rst oper-
ation consists of wound cleansing and debridement of 
devascularized skin, subcutaneous fat, muscle, and bone. 
If the defect involves only the intercostal muscle between 
two ribs and wound contamination is nil or very minimal, 
debride the defect and close it in a single operation. The 
intercostal muscle defect is closed by approximating the 
two ribs together with absorbable suture, taking care not 
to entrap the intercostal nerve. The best way to approxi-
mate the ribs without nerve entrapment is to drill four 
holes in each rib and cerclage the two ribs together with 
fi gure-of-eight ties. Then close the skin over a bulb suc-
tion drain. 

 If the defect involves comminuted rib fractures, tissue 
loss, and contamination, then at least two operations are 
necessary. Excise the portions of the rib that are partially 
devoid of muscular attachments because the devascular-
ized bone will not survive and will later become a nidus 
for osteomyelitis. If contamination is nil or minimal, a 
biologic tissue patch derived from the human or porcine 
dermis can be sutured circumferentially to the defect in 
the fi rst operation (Fig.  41.2 ). Such tissue patches provide 
protection to the underlying lung, effectively bridge the 
defect with a fi rm yet fl exible platform, and are less prone 
to infection than a nonbiologic prostheses. If along one of 
the edges of the defect, a rib fracture or even a commi-
nuted rib fracture with a small tissue gap is present, affi x 
an absorbable, polylactide fracture repair plate to the rib 
to provide a stronger edge to which to anchor the patch 
(Fig.  41.2  inset).

   Place an anterior 32 or 36 French chest tube, either 
straight or right-angled, to underwater seal/wall suction to 
drain air and fl uid that will accumulate. Dress the wound 
with a vacuum suction dressing over the biologic patch 
(Fig.  41.3 ) for at least 2 and as long as 3 days. The patient 
can be extubated postoperatively depending on the extent of 
the pulmonary injury and any associated injuries. The vac-
uum dressing can be expected to provide an adequate degree 
of chest wall stability for this smaller-sized defect.

   At the second operation, examine the wound for persis-
tent contamination or dead tissue that must be debrided. The 
surgeon decides whether an additional 2–3 days of vacuum 
dressing are necessary or whether the wound can be closed 
by undermining skin and subcutaneous tissues and closing 
over a bulb suction drain. 

 The larger chest wall defect, >10–15 cm in diameter, is 
considerably more challenging to repair (Fig.  41.4 ). 

Intercostal
muscle tearing

Comminuted
rib fracture

Left lung
blast injury

  Fig. 41.1    Chest wall defect 5–10 cm in diameter with open pneumo-
thorax, comminuted rib fractures, intercostal muscle tearing, and under-
lying pulmonary injury       
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Depending on the mechanism of injury, it is much more 
likely that a signifi cant pulmonary injury will be present, 

such as a large laceration, contusion, or intraparenchymal 
hematoma. You will have to manage this pulmonary injury 
simultaneously. Nonanatomic surgical resection may be 
necessary to control bleeding and air leak (Fig.  41.5 ). As 
in the smaller defect, you should commence immediately 
with wound cleansing and debridement of devascularized 
skin, subcutaneous fat, muscle, and bone. The defect 
resulting will seem formidable, but you can set up a good 
outcome by following the basic principles of debridement 
and damage control. In cases of a thoracoabdominal 
defect, transposition of the diaphragm to convert the tho-
racic defect to an abdominal defect should be considered.

Biologic
tissue patch

  Fig. 41.2    A biologic tissue patch derived from human or porcine der-
mis is sutured circumferentially to the defect. If a comminuted rib frac-
ture is present, an absorbable plate is affi xed to the rib to provide a 
stronger edge to which to anchor the patch ( inset ). Partially devascular-
ized bone should be excised       

Pleural
drainage tube

Pleural
drainage

tube

Closed suction drain

  Fig. 41.3    A vacuum suction dressing is placed over the biologic patch       

  Fig. 41.4    Large chest wall defect, >10–15 cm in diameter, with under-
lying pulmonary laceration       

  Fig. 41.5    Nonanatomic pulmonary resection with stapling device       
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    At the conclusion of the fi rst operation, place a 32–36 
French chest tube through an anterior stab incision into the 
pleural space and tuck a plastic sheet under the chest wall 
defect in the same fashion as described for an open abdomi-
nal defect (Fig.  41.6 ). Pack the wound with moist gauze 
(Fig.  41.6  inset) and apply a vacuum suction dressing. In this 
case, do not extubate the patient postoperatively since the 
extent of chest wall loss will preclude effective, non-assisted 
pulmonary mechanics.

   Depending on associated injuries, you should take back 
the patient to the OR at 2–3 day intervals for debridements 
and surgical management of the underlying pulmonary 
injury as necessary. When the wound is clean and the pul-
monary injury stable, a large biologic tissue patch is sutured 
to the chest wall with absorbable suture in a similar fashion 
to the smaller defect shown in Fig.  41.2 . The wound is 
again dressed with a vacuum dressing and attempts are 
made to wean the patient from the ventilator. A tracheos-
tomy may be indicated for ventilator weaning if after 5–7 
days, the weaning progress has stalled. When the patient’s 
pulmonary status is substantially improved and the wound 
is stable (7–14 days), a latissimus dorsi vascularized mus-
cle fl ap is used to fi ll the defect and cover the biologic patch 
(Fig.  41.7 ). A bulb suction drain should be placed between 
the biologic patch and the muscle fl ap to prevent seroma 
formation and allow the muscle to adhere to the patch. A 
split-thickness skin graft will be necessary to cover the 
external surface of the muscle fl ap since the patient’s own 
chest wall skin will have been debrided very signifi cantly 
(Fig.  41.7  inset).

   Removal of drains should follow standard surgical prin-
ciples of ≤200 cc fl uid per day and no air leak for tube tho-
racostomies and ≤30 cc fl uid per day for bulb suction drains. 
You should tailor the antibiotic management to the amount 
and type of contamination, but in general, 48 h of gram- 
positive coverage should be suffi cient.  

41.4     Recovery and Rehabilitation 

 Patients with smaller defects repaired may have little func-
tional loss of their pulmonary mechanics and should 
recover completely. They will always, however, be at risk 
for pulmonary hernia development over months to years 
that may need elective repair. Larger defects will require 
longer intensive care unit and hospital stays and more days 
on the ventilator. These patients will be at higher risk for 
pulmonary hernia development. Chest wall replacement 
with more rigid prostheses should wait, however, for sev-

eral months until the risk of prosthetic infection returns to 
that expected for a clean, noncontaminated, nontraumatic 
operation. If a tracheostomy was required, it can be down-
sized and eventually removed when the patient can tolerate 

Tucking plastic
sheet into
pleural space

  Fig. 41.6    A plastic sheet is tucked under the chest wall defect. The 
wound is then packed with moist gauze ( inset ) and a vacuum suction 
dressing is applied       

Latissimus
dorsi muscle

  Fig. 41.7    A latissimus dorsi vascularized muscle fl ap is used to fi ll the 
defect and cover the biologic patch. A split-thickness skin graft is used 
to cover the external surface of the muscle fl ap ( inset )       
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tracheostomy plugging for 1–2 days without respiratory 
decompensation.      

   Recommended Reading 
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 Important Points 

     1.    Most chest wall loss patients will need immediate 
airway andventilator control. If the defect is on the 
left chest wall and there is a pulmonary laceration, 
blind right mainstem bronchus (deep) endotracheal 
intubation should be attempted.   

   2.    Patients with lesser-sized chest wall defects, e.g., 
<5 or 10 cm diameter, who are otherwise stable and 
cooperative, can be supported with intermittent 
bag-valve-mask ventilation during transport.   

   3.    If able, the fi rst responder is advised to briefl y try to 
clamp intercostal arterial or venous bleeding or other 
chest wall muscular vessel bleeding from which the 
patient may exsanguinate during transport.   

   4.    Signifi cant pulmonary or mediastinal bleeding can be 
tightly packed with gauze and an occlusive dressing in 
the hope of slowing the hemorrhage during transport.   

   5.    In the fi eld, the defect is covered with a dressing and 
secured on three sides only so that the accumulating 
pleural air can escape. This will prevent the develop-
ment of a tension pneumothorax and will also prevent 
further contamination of the wound from the outside.   

   6.    For a patient with a large, destructive chest wall injury, 
the emergency department (ED) should be bypassed 
for direct transport to the operating room (OR).   

   7.    A destructive chest wall defect will seem formida-
ble, but the surgeon can set up a good outcome by 
following the basic principles of debridement, dam-
age control, and staged operations.   

   8.    Portions of the rib that are partially devoid of mus-
cular attachments should be excised because the 
devascularized bone will not survive and will later 
become a nidus for osteomyelitis.   

   9.    Biologic mesh should be used to bridge the defect 
because of the lesser risk of prosthetic infection 
compared to standard prosthetic mesh. For a larger 
defect, a vascularized muscle fl ap will be necessary 
to fi ll the defect.     
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      Access to the Abdomen: Emergency 
Laparotomy                     

     George     C.     Velmahos    

      The emergency laparotomy includes tasks and strategies that 
are drastically different than the elective laparotomy. The 
surgeon is constantly fi ghting an unforgiving foe: time. A 
moderately longer operation has little effect in outcome on a 
patient who is physiologically stable and not losing blood. 
On the other hand, every intraoperative minute counts on 
patients in metabolic disarray and hemodynamic collapse. 
Therefore, the entire philosophy of emergency abdominal 
access is dominated by the focus on minimizing time, while 
not compromising adequate exposure and technique. A stan-
dardization of tasks will prevent missed injuries, wrong pro-
cedures, or retained sponges, all of which are associated with 
emergency operations. 

42.1     Position and Preparation 

 Always place the patient supine on the operating table. There 
is really no other choice. Left and right lateral positions may 
offer better access to specifi c retroperitoneal structures under 
elective circumstances, but do not allow adequate explora-
tion of the entire abdomen and are time consuming for open-
ing and closing. If there is a suspicion that a thoracotomy 
may be used (as it may happen with a thoracoabdominal pen-
etrating injury), then a pillow under the patient’s relevant 
hemithorax will offer enough area for an adequate anterolat-
eral thoracotomy. Under emergency conditions, a posterolat-
eral thoracotomy is not advisable. 

 Prep the patient from neck to mid-thighs. One never 
knows what cavity should eventually require access. A vari-
ety of injuries, for example, require access on multiple areas: 
a thoracoabdominal injury producing signifi cant injuries 

across the diaphragm; a retrohepatic inferior vena cava 
injury, requiring total liver isolation and clamping of the 
intrapericardial cava through a sternotomy; a thoracic or 
abdominal vascular injury, requiring a saphenous vein graft 
for the groin; etc. 

 Similarly, the drapes should be placed in such a way that 
will allow access to multiple areas. A narrow surgical fi eld is 
the wrong principle for an emergency operation.  

42.2     Incision 

 It is commonly suggested that the only proper way to explore 
the abdomen is a long midline incision from the xiphoid to 
the pubic symphysis. This certainly stands true for many 
cases. Nothing can be more frustrating for the surgeon and 
unsafe for the patient than trying to fi nd and repair injuries 
through an inadequate exposure. On the other hand, the 
length of incision correlates with postoperative pain and 
complications. Therefore, not every incision needs to stretch 
from top to bottom. I see little reason to extend an upper 
midline incision far beyond the umbilicus in a thoracoab-
dominal wound with a clear high upper abdominal trajectory. 
Similarly, there is little justifi cation for doubling the length 
of a lower midline incision made for a bladder rupture by 
extending it over the umbilicus. Having said that, you should 
have a very low threshold of extending an incision; if the 
exposure is inadequate, a satisfactory exploration cannot be 
achieved or the repair is compromised. 

 There is hardly any other incision for entering the abdo-
men than a midline laparotomy for a traumatic emergency. 
Infrequently, there are reports of using subcostal incisions to 
access the liver or spleen for a subacute traumatic condition, 
as it would be with a splenic necrosis and abscess following 
embolization for trauma. This is acceptable although the 
benefi ts of the midline laparotomy are hard to match. In true 
emergency situations, enter the abdominal cavity in the fol-
lowing steps:
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    1.    Incise the skin and subcutaneous tissue with the scalpel. 
Ignore the bleeding. Typically, if you place a gauze at the 
edges of the incision to retract the skin laterally, most of 
the bleeding will have stopped by the end of the incision. 
There is no reason to create a large thermal wound by 
electrocoagulating every possible small vessel (Fig.  42.1 ).

       2.    Incise the linea alba with the scalpel. Remember that the 
linea alba is narrow close to the xiphoid and wide close to 
the umbilicus. Incise it fi rst in the immediate supraumbili-
cal area. With incremental cuts of your knife, extend the 
linea alba incision upward. Do not yet cut through the 
preperitoneal fat and peritoneum that lies under the linea 
alba (Fig.  42.2 ).

       3.    Grasp the left side of the fascia with a Kocher clamp mid- 
way between the xiphoid process and the umbilicus, and 
with a gauze bluntly dissect the preperitoneal fat away 
from the overlying fascia moving laterally. You will real-
ize that the thick fatty tissue lying under the midline tran-
sitions to a thin and almost transparent peritoneal layer 
lying under the fascia laterally to the midline. You can 
usually enter into the peritoneal cavity bluntly by push-
ing your digit through this thin peritoneal layer 
(Fig.  42.3 ).

       4.    Under direct vision, incise the peritoneum up and down.   
   5.    Insert your hand to protect the bowel, and with electroco-

agulation, extend the incision below the umbilicus. As 
opposed to the supraumbilical midline, on which the fas-
cia fuses in the relatively avascular linea alba below the 
midline, there is no linea alba and electrocoagulation will 
help in minimizing the bleeding from the muscle 
(Fig.  42.4 ).

       6.    It is now time to check for any major bleeding from the 
walls of the incision. Usually there is none, but if any, use 
electrocoagulation to control it.     

 If the operation is not a true emergency, more time can be 
spent to open the abdomen along elective operation princi-
ples. In general, I dislike the attempts to control every small 
and temporarily bleeding subcutaneous vessel with electro-
coagulation, as this causes an extensive thermal burn. If you 
place a gauze while retracting the edges of the wound later-
ally, the bleeding stops. At the end of the incision, you can 
electrocoagulate only the few remaining sites which con-
tinue to bleed.  

  Fig. 42.1    Skin and subcutaneous tissue incision with the scalpel, while countertraction is applied on the two edges of the wound       
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42.3     Bleeding and Contamination Control 

 The standard teaching is to pack the four quadrants as soon 
as you enter in the peritoneal cavity. I believe that blind 
packing is ineffective and unnecessary. Suction the blood 
that is in the abdomen and localize its source. Then, pack this 
area meaningfully to achieve temporary control. It makes 
little sense to pack the entire abdomen if the bleeding comes 
from the spleen! 

 Once you have packed, and with the bleeding controlled, 
make sure there is no other bleeding site. Often, there is more 
than one. You do not want to pack only the spleen, when an 
insidious mesenteric tear continues to shed blood in the pel-
vis and fail to discover it before a substantial amount of 
blood is lost. 

 Your focus now should shift to the control of contamina-
tion. Have a  quick  look to check for perforations of any hol-
low viscus. If there is any, control it by placing a Babcock 
clamp or a quick occluding suture. 

 With the bleeding and contamination temporarily con-
trolled, it is time to return to the bleeding site. Unpack care-
fully and check the extent of the injury. If there is something 
that can easily be repaired or ligated, then do so. Otherwise, 
repack, as your next step is to explore the entire abdomen.  

  Fig. 42.2    Incising the linea alba with incremental cuts upward       

  Fig. 42.3    Peritoneum laterally 
to the midline becomes thin and 
can easily be violated by pushing 
a digit through it       

 

 

42 Access to the Abdomen: Emergency Laparotomy



330

42.4     Systematic Exploration 

 The exploration of the abdominal cavity should be performed 
systematically, following a routine that avoids missing inju-
ries. I always start from the left upper quadrant and visualize 
the stomach, spleen, left diaphragm, and left lobe of the liver. 
Then, I move to the right upper quadrant, retracting the liver 
and visualizing its superior and inferior surfaces, the right 
diaphragm, the duodenum, and the hepatic hilum. 

 At this point, the assistant holds up the transverse meso-
colon and the surgeon pulls all the small bowel toward the 
right side. This exposes the ligament of Treitz, and the explo-
ration of the small bowel begins by “running” it segment by 
segment while fl ipping it over every time to inspect the ante-
rior and posterior surfaces of it up to the ileocolic area. Then, 
the colon is inspected in detail all the way to the rectum and 
the peritoneal refl ection. The pelvis is checked for retroperi-
toneal hematomas. 

 I do not routinely open the mesocolic ligament to inspect 
the pancreas and posterior surface of the stomach unless if 
there is a specifi c indication. 

 Missed injuries occur if the above routine changes or if 
the described maneuvers are not performed diligently. I list 
below areas which I have frequently seen to be inadequately 
explored, resulting in missed injuries:

    (a)    The diaphragms: The stomach, colon, and spleen on the 
left side and the liver on the right side must be manually 
pushed downward in order to reveal the diaphragms. 
Injuries can easily be missed, particularly in the poste-
rior portions of the diaphragms, if this is not done.   

   (b)    The colon (particularly, the transverse colon): A small 
perforation can be missed in an obese person with large 
amount of fat tissue around the colon. In particular, 
omental attachments or the gastrocolic ligament may 
conceal a hole. Small hematomas close to the colon wall 
should be carefully explored. The gastrocolic ligament 
should be divided if necessary to look in the posterior 
site of the transverse colon. Upon appropriate indica-
tions, the peritoneal attachments should be incised to 
check the retroperitoneal colon. In penetrating injuries, 
the rule is that there should be an even number of holes 
in the lumen of a hollow viscus. If the number is odd, 
search hard for the missing through-and-through 
perforation.   

   (c)    The posterior side of the stomach: The rule of even holes 
applies here too. If there is a perforation of the anterior 
wall of the stomach, open the gastrocolic ligament to 
inspect the posterior wall.   

   (d)    The retroperitoneum: Although the retroperitoneal struc-
tures do not routinely require direct inspection, you 
should inspect the retroperitoneal areas and explore as 
needed. As a general rule, retroperitoneal hematomas 
after blunt trauma should be explored if they lie centrally 
and left alone if in the pelvis or the lateral aspects. 
Retroperitoneal hematomas after penetrating trauma 
should be explored, unless there is a very high degree of 
confi dence that no signifi cant injury is present. There are 
exceptions on both rules. A blunt pelvic retroperitoneal 
hematoma could be explored for a known transaction of 
a major vessel. On the other hand, a blunt retrohepatic 
hematoma that is stable may be best left undisturbed. 
Similarly, a penetrating injury to the lateral edge of the 
kidney that causes a lateral hematoma may be safely 
observed without exploration.      

42.5     Closure 

 Close the midline laparotomy in a single layer. I routinely 
use a single, long, running monofi lament suture, starting 
from the lower end and fi nishing at the upper end. Having the 
left lobe of the liver under the incision when I am placing my 
last few sutures with limited visualization is much safer than 
having loops of bowel. For this, I always end my fascial 
suturing at the upper side. I never use subcutaneous sutures 
and close the skin routinely with staples.    

  Fig. 42.4    With one hand in the abdomen, protecting the viscera, incise 
the muscle under the umbilicus with electrocoagulation       
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      Damage Control Surgery                     

     Riaan     Pretorius     ,     Frank     Plani     , and     Kenneth     D.     Boffard    

      Damage control surgery (DCS) implies a standard of care for 
the severely injured patient which has been in place for more 
than two decades. With DCS, the emphasis shifts towards 
minimising the physiological insult by performing only 
essential surgery, which is limited to the control of haemor-
rhage and contamination and the avoidance of prolonged 
reconstructive surgery. Prolonged surgery has been associ-
ated with an increased release of cytokines and multi-organ 
failure and together with that the lethal triad described in 
1982 by Kashuk, consisting of:

•    Hypothermia  
•   Acidosis  
•   Coagulopathy    

43.1     Hypothermia 

 A temperature <35°C is defi ned as hypothermia. Hypothermia 
is very hard to avoid in the polytrauma patient due to expo-
sure of the patient to ambient environment temperatures, pre-
hospital, in the emergency room, and in the operating 
theatre. 

 The adverse effects of hypothermia can be on multiple 
different systems:

    1.    Decreased oxygen delivery and increased consumption 
with associated acidosis:
•    Hypoventilation  
•   Peripheral vasoconstriction  
•   Oxygen dissociation curve shift to the left (alkalosis, 

hypothermia)  
•   Increased oxygen consumption due to shivering      

   2.    Coagulopathy:
•    Decreased platelet count and function (<35° C)  
•   Decreased synthesis of clotting factors (<33° C)         

43.2     Acidosis 

 Due to inadequate organ perfusion and anaerobic metabo-
lism which produced lactic acid, most polytrauma patients 
are acidotic. All enzymes including those that are needed for 
coagulation are pH dependant for normal function, and their 
function decreases as the pH decreases. The heart’s response 
to sympathetic or inotropic stimulation is also dependant on 
the patient’s pH.  

43.3     Coagulopathy 

 Coagulopathy has multifactorial causes and can be divided 
into:

    1.    Intrinsic factors:
•    The activation of the clotting cascade via exposed sub-

endothelium and tissue factor and/or of the infl amma-
tory cascade causes a consumption coagulopathy with 
depletion of clotting factors.  

•   Hypothermia and acidosis (as discussed above) affect 
clot formation.  
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•   Hypocalcaemia.      
   2.    Extrinsic factors:

•    Also known as dilutional coagulopathy and is caused 
by excessive clear fl uids or the replacement of blood 
with packed red blood cells with known component 
replacement         

43.4     Damage Control Resuscitation 

 Damage control is intended to minimise physiological 
instability and therefore should be instituted as early as 
possible – at the commencement of resuscitation of the 
patient by avoiding further haemorrhage – minimising 
clear fl uid administration and coagulopathy. This resusci-
tation process is known as damage control resuscitation 
(DCR). 

 Two major concepts have become standard practice for all 
trauma patients irrespective of the severity:

•    Hypotensive resuscitation  
•   Haemostatic resuscitation    

43.4.1     Hypotensive Resuscitation 

 Evidence shows that maintenance of a lower systolic BP 
(<90 mmHg) in truncal penetrating wounds has improved 
outcomes. The role of permissive hypotension in patients 
with blunt trauma is less clear due to the need to maintain 
adequate cerebral perfusion pressures for the brain. Adequate 
renal perfusion, windowed as adequate urine output 
(>0.5 mL/Kg/h), may provide guidance as to the adequacy of 
perfusion. 

 Accepting lower (though still adequate) blood pressures 
(BP) will reduce the need for intravenous fl uid and avoid 
excessive clear fl uid administration and the complications of 
dilutional coagulopathy. Additionally, with a lower blood 
pressure, there will be less likely clot dislodgement and 
decreased haemorrhage until surgical control can be 
obtained.

43.4.2        Haemostatic Resuscitation (Fig.  43.1 ) 

 Early identifi cation of patients with ongoing haemorrhage 
and the need for blood transfusion is essential so that the 

massive transfusion protocol can be activated. A ratio of 
1:1:1 packed red blood cells (PRBCs)/fresh frozen plasma 
(FFP)/platelets has been adopted by most institutions as 
(though not perfect) the most ideal protocol for avoiding 
coagulopathy. 

 This ratio in combination with viscoelastic clotting stud-
ies such as thromboelastography (TEG) can guide therapy by 
identifying specifi c component defi ciencies that need to be 
added to the current therapy. TEG has become standard of 
care in most major trauma institutions.   

43.5     Stages of Damage Control 

 Damage control surgery (DCS) is regarded as having fi ve stages:

•    Stage 1: Patient selection  
•   Stage 2: Operative control of haemorrhage and 

contamination  
•   Stage 3: Resuscitation in the intensive care unit (ICU)  
•   Stage 4: Defi nitive surgery  
•   Stage 5: Closure of the abdomen    

43.5.1     Stage 1: Indications for Damage 
Control (Patient Selection) 

 Although the evidence is clear that damage control decreases 
mortality, it can be associated with an increase in morbidity, 
length of ICU stay, number of surgical procedures and cost; 
hence overzealous use should be avoided. 

 The decision to initiate damage control surgery should be 
taken early. The decision to do or not to do damage control 
is a dynamic process and can be changed as the patient’s 
physiological parameters change or if the magnitude of 
organ injury found during surgery forces damage control 
with packing to control haemorrhage. Care should be taken 
not to prolong ‘damage control surgery’ by trying to do too 
much in a patient that will benefi t with minimal surgery 
(Fig.  43.2 ).

   Possible damage control surgery can be initiated by the 
following factors:

    1.    Physiological parameters:
•    Nonresponder to resuscitation with systolic BP 

<70 mmHg  
•   Temp <34 °C  
•   pH <7.2  
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•   Lactate > 5 mmol/L  
•   Worsening of intraoperative acidosis, hypothermia and 

coagulopathy  
•   Increased inotropic requirements during surgery      

   2.    Anatomical parameters:
•    Injury Severity Score (ISS) > 25  
•   Multiple cavity or multiple injuries that will need pro-

longed surgery to correct  
•   Massive transfusion or fl uid resuscitation with risk of 

abdominal compartment syndrome  
•   Packing to control haemorrhage  
•   Severe contamination        

 During disasters, damage control is standard to allow 
maximum use of available resources.  

43.5.2     Stage 2: Operative Control 
of Haemorrhage and Contamination 

43.5.2.1     General Principles 
 For damage control to be successful, it needs a team effort. 
The anaesthetic team should adopt the haemorrhagic resusci-
tation principles, cutting down on their clear fl uids, the nurs-
ing staff should have a trauma cupboard ready with all 
possible equipment available for damage control (i.e. naso-
gastric tubes for shunting, GI staplers, packs for packing and 
the most likely sutures that are usually used during damage 
control). 

 The set temperature in the trauma theatre should be as 
high as possible (36 °C), the patient should be cleaned from 
the chin to the knees but cavities that are not being operated 

  Fig. 43.1    Resuscitation using blood products and fl uid warmer       

 

43 Damage Control Surgery



334

upon should be covered and warm fl uids should be used all 
to combat hypothermia. 

 The cell saver should be available to return the patient’s 
blood cell loss. Some studies have shown that the usage of 
cell-saved blood is safe even in the setting of bowel 
perforation. 

 For damage control to be successful, there should be con-
tinuous communication between all the parties involved. The 
surgeon should inform all about the injuries sustained and 
ongoing blood loss and planned surgery; the anaesthetist 
should keep the surgeon and ICU informed about the physi-

ological status, inotropic requirements, number of units of 
blood transfused and the duration of the surgery.   

43.5.3     Chest 

 Damage control in the chest often ends up as defi nitive sur-
gery as the chest will only present with haemorrhage, tam-
ponade or a large air leak from the lung (Fig.  43.3 ).

   The most diffi cult decision is which incision to use to get 
the best possible access. 

 Median sternotomy is preferred for injuries to the anterior 
mediastinum, anterior cardiac surface and proximal control 
of the neck vessels. Sternotomy is usually indicated for any 
injuries to the chest medial to the midclavicular line and zone 
1 neck wounds with active bleeding or large haematomas. 
The performance of a sternotomy does, however, require the 
use of a sternal saw, a Lebsche knife or a Gigli saw – equip-
ment which is not always available in an emergency depart-
ment (Fig.  43.4 ).

   The anterolateral thoracotomy is often used in the emer-
gency department due to the speed in getting access into the 
chest. It is used for lung injuries, for cardiac injuries and for 
cross clamping the aorta. It can also be extended across the 
sternum to get access to both the chest cavities and right side 
of the heart – the so-called ‘clamshell’ incision. 

 The posterolateral thoracotomy is seldom used in patients 
in extremis due to the time it takes to position the patient and 
the time to get into the chest cavity due to the muscle bulk. 
The posterolateral thoracotomy is the incision of choice for 
injuries to the posterior mediastinum, to the oesophagus and 
to the descending aorta and also for bleeding posterior inter-
costal arteries. 

  Fig. 43.2    Massive bleeding possibly mandating damage control 
surgery       

  Fig. 43.3    Massive bleeding (>1500 mL from the chest, mandating sur-
gical intervention)         Fig. 43.4    Median sternotomy. Finochietto retractor insertion       
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 Packing of the chest is not frequently performed, due to 
the large spaces and the effects on the haemodynamics and 
ventilation, but can be used as a desperate measure to control 
haemorrhage from penetrating trauma if direct control is not 
accessible.   

43.6     Lung Injuries 

 The two indications to operate in an emergency on the lung 
are a large air leak and massive haemorrhage. 

 In both cases it is best to get initial control at the hilum to 
help assess the injury under controlled situation, avoid air 
embolism and allow adequate ventilation of the healthy lung 
and to slow haemorrhage down. To get access to the hilum, 
the inferior pulmonary ligament must be divided. It is best 
obtained with the ligament in your hand between your 
fi ngers and the lung being pulled towards you. Care should 
be taken so that the pulmonary vein is not damaged when 
approaching the hilum. A Foley catheter can be put around 
the hilum with a clamp, or the hilum can be clamped with a 
Satinsky vascular clamp applied from the superior aspect. 
Sometimes with hilar injuries, the proximal control should 
be obtained from within the pericardial sac. 

 With peripheral penetrating lung injuries, the tract should 
be opened with a tractotomy, performed with GI staplers or 
using bowel clamps. Once the tract is open, look for bleeding 
points or air leaks, and these should be suture ligated, or the 
tract resected with the linear GI stapler. If the injury is at the 
edge of the lung, a nonanatomical resection can be done with 
the stapler. 

 Large bronchial tears can be repaired, and very seldom is 
a lobectomy or pneumonectomy indicated (Fig.  43.5 ).

43.7        Cardiac Injuries 

 Releasing any tamponade and control of haemorrhage are 
the main priority in the management of cardiac injury. 
Whenever cardiac surgery is anticipated, always have warm 
wash and internal defi brillators ready to manage any arrhyth-
mia as they occur. 

 Releasing the tamponade is often challenging, as the peri-
cardium is usually very tense and a blade is needed to punc-
ture the pericardium. Scissors should be used to extend the 
incision superiorly and inferiorly, thus avoiding the phrenic 
nerve. Care should be taken superiorly, as the pericardium 
refl ects onto the ascending aorta. 

 Temporary control of the bleeding catheter in a penetrat-
ing cardiac injury can be obtained by inserting a Foley 
catheter into the hole, infl ating the bulb using fl uid and 
applying gentle traction with the bulb being infl ated and the 
catheter clamped against the myocardium, using light for-
ceps, e.g. a mosquito, to obtain haemostasis. Skin clips can 
be used to close the wound temporarily. Bleeding from the 
atrium can be controlled with a Satinsky clamp, and care 
must be taken to avoid obstructing venous return. Satinsky 
clamps should  not  be used on the ventricles as they may tear 
the cardiac muscle. 

 Permanent closure is then achieved with Prolene sutures 
with or without pledgets, depending on the status of the 
heart.  

a b

  Fig. 43.5    ( a ) Patient with a stab wound anteriorly to the left of the sternum. ( b ) Ultrasound scan of the same patient showing cardiac tamponade       

 

43 Damage Control Surgery



336

43.8     Tracheobronchial Injuries 

 These injuries are usually associated with a large leak on the 
ventilator or bubbling intercostal drain with a lung that 
doesn’t expand. Respiratory compromise determines how 
urgently surgical intervention is needed (Fig.  43.6 ).

   The best access to tracheobronchial injuries is with a pos-
terolateral thoracotomy, and the transected bronchus is 
debrided and can be stapled or repaired with absorbable 
monofi lament sutures.  

43.9     Oesophageal Injuries 

 Ideally, Early oesophageal injuries should be primarily 
repaired as it is the best circumstances with possible the best 
outcome. As the mucosa of the esophagus is the strongest 
layer decent bites should be taken during repair. If there is an 
associated tracheal injury, a muscle fl ap (sternocleidomastoid 
or intercostal muscle depending on level) is usually secured 
between the oesophagus and the trachea to decrease the risk 
of a fi stula. 

 Oesophageal repairs should have prophylactic drains 
placed close to the repair. 

43.9.1     Abdomen 

43.9.1.1     Solid Organs 
 When addressing solid organ injury, haemorrhage is the 
most pressing problem in the abdomen and is usually dealt 
with by a combination of suturing, packing or removal of 
the organ.  

43.9.1.2     Liver 
 The liver is often a major source of haemorrhage resulting in 
haemodynamic instability, and four ‘P’ principles are used to 
control haemorrhage:

•    ‘Push’ 
•  When a liver laceration is actively bleeding, restore the 

anatomy by approximating the two edges of the lacera-
tion. If the bleeding slows down, it will most likely stop 
by suture ligating the bleeding ends of parenchyma and 
suturing the liver thereafter.  

•   ‘Pringle’ 
•  Controlling the infl ow into the liver by applying a soft 

bowel clamp on the hepatic artery and the portal vein at 
the edge of the lesser omentum, at the foramen of 
Winslow, may help to slow the haemorrhage down, espe-
cially in arterial bleeding, so that control can be obtained 
by suturing the bleeding points. The Pringle manoeuvre 
may not control venous bleeding, due to ‘back bleeding’ 
from the inferior vena cava (IVC) via the hepatic veins.  

•   ‘Plug’ 
•  When the bleeding is from a penetrating tract through the 

liver, we use either a Kaltostat plug or Sengstaken tube.  
•   ‘Packing’ 
•  With packing the aim is to stop the bleeding with pressure 

and restore anatomy. Folded dry swabs should be used to 
push the liver laterally (to avoid closing off the inferior 
vena cava) and posteriorly. Care should be taken to pre-
vent respiratory compromise by packing the liver crani-
ally towards the diaphragm or haemodynamic compromise 
due to IVC (Inferior vena cava) compression with 
overpacking.    

 If an active blush is identifi ed in the liver in a stable 
patient undergoing CT scan or after packing, angio- embolism 
can be used to control the haemorrhage.  

43.9.1.3     Spleen 
 Splenectomy is the treatment of choice for the unstable 
patient to avoid possible areas that can bleed if the patient 
becomes coagulopathic. Sometimes packs need to be left in 
the splenic bed to control oozing (especially in the coagulo-
pathic patient) post-splenectomy. In a situation requiring 
damage control, splenorrhaphy, the use of fi brin glue, In 
damage control surgery splenic preserving surgery is contra-
indicated as it could be as source of hemorrhage in the 
coagulopathic patient.  

43.9.1.4     Kidneys 
 In penetrating trauma all zone II (lateral) expanding or pulsatile 
retroperitoneal haematomas should be explored unless imaging 
excluded any pelvic or ureteric injury. The patient’s physiology 

  Fig. 43.6    Chest drain bottle showing massive air leak       
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and the severity of the injury to the kidney would determine 
whether repair or nephrectomy would be performed.  

43.9.1.5     Pancreas 
 Injuries to the pancreas that include a ductal injury to the left 
of the superior mesenteric (AAST–The American Association 
for the Surgery of Trauma grade III injury) are usually treated 
by distal pancreatectomy (with splenectomy to save time in 
critically injured patients, due to the intimate relationship 
between the splenic vessels and the distal pancreas) or with 
simple drainage if the stability of the patient does not allow 
this. Injuries to the right of the vessels are usually treated with 
large drains and packing, as part of a damage control proce-
dure. Closed suction drains should always be used.   

43.9.2     Hollow Viscus Injuries 

 Addressing any hollow viscus injury usually implies control 
of any contamination and can be done by primarily repair, 
stapler ligation or diversion, shunt or drainage. 

43.9.2.1     Stomach and Duodenum 
 Due to its good blood supply and healing capability, the 
stomach and especially proximal injuries to the stomach are 
best addressed by primarily repair. Always remember to 
exclude the presence of holes on the posterior surface of the 
stomach. 

 Duodenal injuries are associated with a very high compli-
cation rate as a result of leakage, and primary repair at the 
fi rst operation is the best damage control option. Due to the 
fi xed nature of the duodenum and a more limited blood sup-
ply, mobilisation and repair with interrupted sutures may be 
necessary. Closed suction drainage close to the repair (not 
into the defect itself) should generally be used. Pyloric exclu-
sion is less commonly performed, and pancreaticoduodenec-
tomy is associated with a very high mortality in the trauma 
setting and should only be performed as a staged procedure 
in the stable patient.  

43.9.2.2     Small Bowel and Colon 
 Mesenteric tears should be suture ligated or overrun with a 
continuous locking suture, to prevent delayed bleeds from 
retracted vessels, once the blood pressure has been restored. 

 If possible the continuity of the lumen of the bowel should 
be preserved to avoid translocation, but if this is not possible, 
the bowel can be temporarily ligated with staples or ties – 
‘clip and drop’.  

43.9.2.3     Rectal Injuries 
 Intraperitoneal rectal injuries are usually treated with a sim-
ple primary repair. In extra-peritoneal injuries, in the stable 

patient, a loop defunctioning colostomy usually suffi ces. 
However, in the damage control situation, a ‘clip and drop’ 
should be considered initially. The patient should be moni-
tored for perineal sepsis, presacral abscess or osteomyelitis.  

43.9.2.4     Biliary Tract Injuries 
 Biliary tract injuries can be ligated or externally diverted 
with a T-tube or with a small feeding tube (e.g. an umbilical 
catheter). Gallbladder injuries are treated with a 
cholecystectomy.  

43.9.2.5     Ureter and Bladder Injuries 
 In critically ill patients during damage control, the ureter can 
be ligated, and a repair or nephrostomy can be done at a later 
stage, or a feeding tube can be inserted into the ureter, and 
the urine can be diverted externally. 

 Minimal mobilisation of the ureter should be done to 
avoid devascularisation. The proximal two-thirds of the ure-
ter is usually repaired over a double J stent, and the distal 
third of the ureter is usually reimplanted into the bladder. 
These procedures should not be considered in the damage 
control situation. 

 All intraperitoneal rupture of the bladder should be 
repaired. Extra-peritoneal bladder rupture can be treated 
with simple drainage for 10 days, using a transurethral 
catheter.   

43.9.3     Pelvis 

 In haemodynamically unstable patients, haemorrhage could 
be controlled with the use of a pelvic binder over the greater 
trochanters. Recently the use of resuscitative endovascular 
balloon occlusion of the aorta (REBOA) using a balloon cath-
eter placed in the aorta to decrease haemorrhage has been 
described as making a difference in outcome followed by 
angio-embolisation. However, this only applies to the 15 % or 
so of patients in whom the bleeding is arterial. In the remain-
ing 85 % of patients, the bleeding is of pelvic venous origin. 
This is best controlled by extra-peritoneal pelvic packing. 

 If the patient remains unstable, the next step would be 
determined by the resources available at your facility. Angio- 
embolisation of both internal iliac arteries with gelatin 
sponge can slow down the haemorrhage and still allow distal 
perfusion. However, in penetrating injury involving vessels, 
these will need to be ligated intraoperatively. 

 If angio-embolisation is not available, the patient should 
be taken to theatre where the pelvis can be packed in the 
extra-peritoneum. Usually the space in the extra-peritoneum 
is already created by the haematoma, and the peritoneum is 
mobilised medially. All possible bleeding vessels are ligated, 
and the space is packed. 
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 In a polytrauma patient, hybrid theatres can be used where 
one can do surgical procedures combined with interventional 
radiology.  

43.9.4     Extremities 

 Damage control of extremities entails the following 
objectives:

•    Maintaining adequate blood supply to the limb with con-
trol of haemorrhage  

•   Stabilisation of fractures  
•   Debridement of the wounds    

 Above all, a policy of ‘life over limb’ must be paramount, 
avoiding attempts to salvage the unsalvageable limb. 

 In the polytrauma patient, especially with associated head 
injury, initial stabilisation of fractures should include either 
skin traction, skeletal traction or external fi xation. In these 
selected patients, immediate intramedullary nailing is asso-
ciated with raised intracranial pressure and worsening of pul-
monary function. 

 Debridement of the wounds includes removal of dead tis-
sue and debris to avoid wound sepsis. 

 Adequate blood supply can be achieved shunting with a 
nasogastric tube in the severely injured patient. A reverse 
saphenous vein or synthetic graft should only be considered 
in the stable patients. 

 Most polytrauma patients develop leaky capillaries, and 
this together with overaggressive fl uid resuscitation makes 
the polytrauma patient prone to develop extremity or abdom-
inal compartment syndrome, so special care should be taken 
in this group.  

43.9.5     Spine 

 Early spinal fi xation is associated with fewer ventilator 
days, earlier mobilisation and reduced neurological deteri-
oration. As part of spinal damage control, staged spinal 
fi xation could be done to lessen the physiological insult, 
and packing of the spine is sometimes indicated to control 
bleeding.  

43.9.6     Stage 3: Resuscitation in ICU 

 Following any damage control surgery, the patient should be 
transferred to the ICU as soon as possible. The goal is to 
reverse the lethal triad of acidosis, coagulopathy and hypo-
thermia with continuous resuscitation in a favourable 
environment. 

43.9.6.1     Correction of Hypothermia 
 The rewarming of the patient should start at the torso rather 
than the extremities to avoid worsening of the acidosis and 
hypotension from peripheral vasodilation. Rewarming can 
be achieved with:

•    Passive external warming by increasing the room tem-
perature and warming blankets  

•   Active external warming with warm air devices  
•   Active internal warming with warm fl uids administered 

intravenously or washing out of cavities (chest, bladder, 
etc.).     

43.9.6.2     Correction of Acidosis 
 Correcting the acidosis is achieved by reversing the initial 
pathology and improving oxygen delivery and consumption 
by tissues. This is achieved by maintaining adequate blood 
pressure, weaning of inotropes, maintaining adequate hae-
moglobin and optimising oxygen delivery. 

 Lactate and base excess are used to monitor the response 
to the resuscitation. As the peripheral tissues are reperfused, 
there is an initial increase in serum lactate, as the lactate col-
lected in the peripheral tissues which would have been func-
tioning on anaerobic metabolism enters the circulation. The 
rate of clearance of lactate correlates with mortality of the 
patient and might indicate ongoing bleeding, overwhelming 
trauma or dead tissue. 

 There is no evidence to support the use of bicarbonate to 
reverse the acidosis as it might worsen intracellular acidosis 
and increase the sodium load leading to increased tissue 
oedema and loss of a monitoring tool to judge your patients 
response to your resuscitation.  

43.9.6.3     Coagulopathy 
 Addressing the coagulopathy starts in the resuscitation area 
and in theatre by adhering to haemorrhagic resuscitation 
with early component resuscitation and avoiding clear fl uids. 
As with component resuscitation, a 1:1:1 ratio of packed red 
blood cells/fresh frozen plasma/platelets is recommended. 

 Part of the correction of the coagulopathy can be achieved 
by reversing the coagulopathy and acidosis as both affect the 
clotting cascades. By reversing both, the function of the 
platelets and clotting factors will improve. 

 Currently, the use of thromboelastography (TEG) or rotary 
thromboelastography (RoTEM) is recommended, to guide spe-
cifi c goal-directed therapy in the coagulopathic patient. 

 The toughest part of reversing the coagulopathy in ICU is 
to differentiate between coagulopathy and a mechanical 
bleed. If it is a mechanical bleed, the coagulopathy and phys-
iology would just deteriorate despite optimal attempts to 
resuscitate the patient, while unnecessary relook laparoto-
mies would worsen the physiological insult. 
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 Patients with damage control surgery are also prone to 
develop abdominal compartment syndrome even despite having 
an open abdomen, and the ICU staff should monitor the patient 
with physiological parameters and intravesical pressures.   

43.9.7     Stage 4: Defi nitive Surgery 

 Ideally the patient should be taken back to theatre as soon as 
the endpoints of resuscitation are achieved or within the fi rst 
24–48 h. By endpoints of resuscitation, we mean:

•    Reverse of acidosis, coagulopathy and hypothermia  
•   Mixed venous saturation >70 %  
•   On optimal dose of inotropes that would allow safe bowel 

anastomosis    

 Defi nitive surgery implies restoration of anatomy, removal 
of all packs and exclusion of possible missed injuries. If 
there is still bleeding after removal of packs, repacking might 
be indicated. 

 Restoring anatomy includes bowel anastomosis, stomas 
depending on physiology and the nature of the injury or 
defi nitive vascular repair.  

43.9.8     Stage 5: Defi nitive Closure 
of the Abdomen 

 The decision to close the abdomen and the nature of closure 
will depend on:

•    Timing since initial surgery 
•  The longer the delay since the initial surgery, the more the 

anterior abdominal wall retracts and at a stage the abdo-
men can’t be closed due to tension on the sheath. Ideally, 
the abdominal wall should be closed on completion of the 
initial relook procedure or at the latest after a second 
relook within 5 days.  

•   Intra-abdominal oedema 
•  As part of the resuscitation, overuse of fl uids in associa-

tion with the leaky capillaries causes the bowel to become 
oedematous, and closure which was too early may result 
in abdominal compartment syndrome.  

•   Intra-abdominal contamination 
•  In delayed presentation with severe contamination, early 

closure is not possible due to intra-abdominal collections, 
and multiple relooks might be indicated to wash out the 
abdomen.    

 Closure of the abdomen could be managed as:

•    Initial primary closure 

•  Initial closure can be achieved if the abdominal domain and 
patient’s physiology allow the abdomen to be closed with 
sheath closure (with or without skin closure due to high risk 
of wound sepsis). In volume control ventilation monitoring 
of the pressures during closure can indicate whether it should 
be abandoned. Patients should be monitored post-operatively 
for possible abdominal compartment syndrome.  

•   Closure with a mesh 
•  If the patient’s abdominal wall can’t be closed, a mesh can 

be used to close it. We prefer the use of an absorbable 
mesh due to risk of infection and fi stula formation. 
Granulation will developed over the mesh and a split 
skingraft will be used to cover the defect. A ventral hernia 
will developed that would be closed at a later stage. The 
skin graft can later be separated relatively easily from the 
granulation tissue overlying the bowel.  

•   Delayed closure with component separation 
•  Patient whose abdomen was closed by mesh and who devel-

oped a ventral hernia returns for defi nitive closure as soon as 
the skin graft separates from the bowel, and the defi nitive 
closure is then achieved, either using anterior or posterior 
component separation with or without a permanent mesh.    

 Drains should be left as necessary.   

    Conclusion 

 Damage control has been proven to improve mortality 
but can be associated with an increased morbidity, ICU 
stay, hospital stay, costs and number of surgical 
 procedures. Patient selection should be very carefully 
made, and care should be taken not to overuse damage 
control [ 4 ].      

 Important Points 

•     The lethal triad consists of hypothermia, acidosis 
and coagulopathy, and the purpose of damage con-
trol surgery is to break their vicious cycle.  

•   All trauma patients, irrespective of the severity, 
must undergo hypotensive and haemostatic 
resuscitation.  

•   Early identifi cation of patients with ongoing haem-
orrhage and the need for blood transfusion is essen-
tial so that the massive transfusion protocol can be 
activated.  

•   Patient selection for damage control surgery is 
based on physiological and anatomical parameters.  

•   At initial operation, the aim is operative control of 
haemorrhage and contamination, with the least neg-
ative physiological impact.    
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      Beyond Damage Control Surgery: 
Abdominal Wall Reconstruction 
and Complex Hernia Repair                     

     Rifat     Latifi     

      Reconstruction of complex abdominal wall defects and rec-
reating functional abdominal wall following damage control 
surgery (DCS) that may result in loss of domain or major 
abdominal wall defects represent a major challenge, often 
requiring surgical creativity and a strategy that involves dif-
ferent aspects of care along the various stages of treatment. 
Damage control concepts and techniques have been part of 
our clinical armamentarium in trauma for decades, but 
recently DCS has expanded to other surgical disciplines: 
emergency general surgery; neurosurgery (craniectomies); 
orthopedics surgery, particularly for trauma; thoracic sur-
gery; vascular surgery; liver transplant surgery; and other 
surgical fi elds. DCS is characterized by termination of the 
surgical intervention after control of bleeding and contami-
nation, followed by hemostatic resuscitation and defi nitive 
management. It is a staged approach that takes into consider-
ation the physiologic reserves of the patient, and it is designed 
to avoid or treat the lethal triad of hypothermia, acidosis, and 
coagulopathy. The decision to perform DCS is complex and 
requires solid knowledge of physiology of the patient as well 
as the associated injuries or comorbid disease. Moreover, it 
takes a complete situational awareness about the patient, his/
her physiology, all end-point resuscitation, and surgical team 
dynamics and skills. 

 Most of us agree that hemodynamic instability, hypother-
mia (<35  ° C), coagulopathy, severe metabolic acidosis (pH 
<7.2 or base defi cit >8), multiple injuries, massive transfu-
sion requirements (>10 units packed red blood cells), and 
long operative time (>90 min) for trauma or emergency are 
basic indication for abbreviating the procedure and some sort 
of temporal abdominal closure. However, often the decision 
for DCS is a personal decision of the operating surgeon and 
not necessary one has to have all the above criteria to decide 
on DCS. 

44.1     Temporary Closure Techniques 

 While there have been a number of descriptions of temporal 
abdominal closure (TAC), often suggesting expensive wound 
vacuum-assisted closures (VACs), for the initial TAC, I use the 
so-called the “poor man’s VAC” (Figs.  44.1 ,  44.2 ,  44.3 , and 
 44.4 ). If you expect to bring the patient back to the operating 
room within 12–24 h, do not use expensive VAC. Instead, you 
can cover the intestines and sterile intestinal bag. You need to 
make a number of cuts on the bag to allow fl uid egression 
through the bag. Use two Kerlix gauzes to cover the intestinal 
bag and put two or three drains (usually JP # 10) between the 
gauzes and exit them superiorly so that they are easily con-
nected to wall suction. Cover the gauze with sterile adhesive 
material and place the drains to active wall suctioning.

      Once the patient is resuscitated, he or she should be taken 
back to the operating room for defi nitive treatment and clo-
sure. Continue to attempt to perform a defi nitive closure at the 
fi rst take back, the second take back, or even on the third or 
fourth take back. Sequential closure of the fascia should be 
attempted as well when unable to close at once. Starting at the 
most inferior and superior portion of the midline will make the 
closing process less diffi cult. If nothing else, you will reduce 
the defect and make it easier to eventually close it completely. 
On occasion, the intestines are so swollen, or there is continu-
ation of intra-abdominal pathology that you are unable to 
close the fascia at all. In such cases you can use a temporary 
Vicryl mesh over the omentum or often directly over the intes-
tines. If you have an ability to close the skin and subcutaneous 
tissue over the fascial defect, without major tension, this will 
be the preferred method, knowing that there will be a major 
hernia that you will deal with at a later time. Once you have 
committed to open abdomen management, it is very reason-
able to use the wound VAC. Depending on the infectious status 
of the wound, the VAC can be changed every 2–3 days. In 
these situations, I prefer to use an irrigation. In many patients 
you may need to eventually cover the defect with skin graft. 

 On occasions you may be able to close fascia primarily by 
performing adjunct procedures such as lateral compartment 
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release. This is a potentially risky procedure at this stage, as 
it may be complicated with skin and subcutaneous necrosis 
and you “burn the bridge” for future reconstructions. For this 
reason, I rarely perform lateral compartment release in the 
early stages of the management of the open abdomen. While 
there is always an option of using biologic mesh at this stage 
as a bridge, this should be your last resort of action.  

  Fig. 44.1    Intestines are covered with a sterile plastic bag       

  Fig. 44.2    Cuts are made on the plastic bag to allow better drainage of 
fl uid       

  Fig. 44.3    A moist Kerlix gauze is placed over the plastic bag, and two 
drains are placed between gauzes       

  Fig. 44.4    Finally the gauze and the drains are covered with sticky 
plastic       

 

 

 

 

R. Latifi 



343

44.2     General Principles of Management 
of Post-DCS Consequences 

 Post-DCS consequences can be challenging but should be 
understood by each surgeon who embarks on it. As described 
in the previous section, the process of closing the abdomen 
should start when the DCS is performed. There are a number 
of questions that need to be answered in this process, but the 
main ones are as follows: how to redefi ne the anatomy and 
new “physiology,” when should we perform the defi nitive 
surgery, how to plan and execute the operation and the intra-
operative decisions, how to predict/prevent and how to deal 
with postoperative complications, how to ensure full recov-
ery of the patient to normal functional status, and fi nally how 
long we need to follow up the patients? 

 While it is clear that there are many ways to manage these 
patients, the basic principles are the same, but the specifi c 
approaches to these complex patients depend on the concurrent 
presence of enterocutaneous fi stulas (ECF) and/or enteroatmo-
spheric fi stulas (EAF), obesity, stomas, malnutrition, infection, 
and sepsis, as well as the overall physiology of the patient. 

 All these factors will dictate your surgical approach. 
However, whatever surgical approach you use and whenever 
you attempt to close the abdomen, the management of these 
patients should be done in a stepwise fashion. Each phase 
should be well planned and understood by the surgeon and 
surgical team, including nursing and anesthesia team. 
Oftentimes these patients are operated on in the same hospi-
tal, so nursing and other services know these patients well; 
thus it is important to keep them in the loop. 

 While there is always room for fl exibility on surgical 
approach for individual surgeon, disciplined protocols and a 
well-planned surgical strategy, particularly in patients with 
large abdominal wall defects complicated by fi stulas or sto-
mas, make the operative management process easier and 
may improve postoperative outcomes. Such a strategy has 
been described in a six-step strategy for management of 
enterocutaneous fi stulas, known as “SOWATS” (S = sepsis 
control, O = nutrition optimization, W = wound care, T = tim-
ing, A = anatomy, and S = surgery) 2,3. We have expanded 
this approach to a nine-step strategy and call it “ISOWATS 
PL” where I = identifi cation and diagnosis of the postopera-
tive fi stula, S = sepsis and source control, O = optimization of 
nutrition, W = providing and ensuring wound care, A = rede-
fi ning the anatomy and understanding the pathology at hand, 
T = timing of defi nitive surgery and/or takedown of fi stulas, 
S = defi nitive surgery and surgical creativity, P = postopera-
tive care, and L = long-term follow-up. Adhering to all nine 
steps of the “ISOWATS PL” maybe diffi cult at times as cer-
tain patients often require emergency surgery and you do not 
have the luxury to plan the entire process, but all attempts 
should be made as the process of re-operations is planned, 
structured, and executed carefully.  

44.3     Redefi ning the Anatomy and New 
Physiology 

 Most patients undergo some form of radiologic study, CT 
scan being most predominant. In our recent study of 176 
patients, the most common preoperative investigation per-
formed was a computed tomography (CT) scan, followed by 
an MRI (Unpublished study performed at the university of 
Arizona by the author). Although nearly 15 % of patient 
population in our above mentioned study, presented with 
coexisting fi stula, fi stulogram was rarely performed. Barium 
studies and/or upper GI with small bowel follow-through has 
been mostly substituted with CT scan, although barium study 
has its relevance particularly in colonic fi stulas, stomas, or 
when there is suspicion for other pathology of the colon.  

44.4     Timing to Defi nitive Repair 

 We have previously described that the decision if and when to 
re-operate on patients with complex abdominal wall defects 
should be individualized and represents one of the most impor-
tant steps in the surgical management of these patients. We base 
this decision on many factors but particularly on the comorbid 
diseases and on the anatomy of the surgical problem. In addition 
to considering the clinical status and physiology of the patient, 
one has to remember that these large defects can be functionally 
devastating and lead to further weight gain and more problems 
and potentially may lead to major morbidity. Patients with seri-
ous comorbid diseases such as extreme obesity, severe heart 
disease, high- grade liver cirrhosis, or lung disease (dependent 
upon oxygen therapy at home), unless they have symptoms of 
gastrointestinal obstructions, should be carefully evaluated 
before the decision of whether to operate is made. 

 I believe that at times, the strategy for these patients should 
be “more is better,” and often the defi nitive surgery is the only 
choice in the management. The defi nitive surgery should be 
performed earlier rather than later, assuming that the patient 
is not prohibitively at high risk for major complications. 

 While timing when to repair large abdominal wall hernias 
is less debatable, timing of taking down fi stulas is more con-
tentious. Delaying surgery anywhere from 12 to 36 months 
to improve the outcomes in patients with ECF has been sug-
gested, although prolonging surgery for longer than 1 year 
following ECF diagnosis doubles the risk of postoperative 
refi stulization. Waiting longer than 36 weeks increases the 
reported risk for fi stula recurrence to 36 %, compared to 
12 % if the operation is performed prior to 36 weeks. There 
are data or clinical predictive models to guide such decision, 
and thus the individual patient’s condition is the main factor 
that should be used as a guide. 

 In our experience, the optimal time for abdominal wall 
reconstruction is 6–12 months after the fi rst procedure (when 
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adhesions are less prominent), but this is at best an estima-
tion. The presence of the so-called pinch sign (i.e., easy 
retraction of the skin or skin graft over the defect) is a good 
indicator that the adhesions are subsiding and that it is appro-
priate to schedule the abdominal reconstruction.  

44.5     Operative Approach 

 Decision to operate is made jointly by the patient and the 
surgeon; defi nitive reconstruction technique is the next chal-
lenge to be faced. Most patients who have previously under-
gone large abdominal surgeries have a midline abdominal 
incision, so their lateral abdominal wall is usually free of 
scars and defects, thereby providing a well-vascularized soft 
tissue donor site, unless the patient has had lateral incision(s) 
or stoma(s). Unless the patient has a giant hernia with loss of 
abdominal domain, the abdominal wall can be anatomically 
restored with minimal tension and without compromising 
the integrity of the abdominal muscles, vessels, and nerves. 
The goals of the operation are to establish gastrointestinal 
(GI) tract continuity; obtain full closure of the abdominal 
wall; avoid the postoperative abdominal compartment syn-
drome; minimize recurrence of fi stulas, hernias, and wound 
infections; and strive to restore the patient’s functionality. In 
patients with frozen abdomen or when a split-thickness skin 
graft (STSG) exists, dealing with adhesions, resecting fi stu-
las, and performing the anastomosis require experience, and 
even entering the abdomen may prove challenging.  

44.6     Defi nitive Abdominal Wall 
Reconstruction 

 Creating a new abdominal wall may represent a serious sur-
gical challenge, and both the surgeon and the patient should 
be prepared for a lengthy procedure (i.e., entering the abdo-
men, taking down the adhesions, resecting the fi stulas, and 
performing the anastomosis). Some authors have suggested 
that reconstruction should be performed by another team, 
such as plastic surgeons. On occasion, I have used the prin-
ciple of  “damage control on demand” by abbreviating the 
operation and  returning the next day or so to completely 
inspect the previous work such as anastomosis again and 
ensuring that there are no missed enterotomies before per-
forming the fi nal closure. 

44.6.1     Use of Native Tissue 

 You should strive to use native tissue to repair major defects 
if this does not create undue tension. If that is not possible, 
you should use a synthetic or biologic prosthesis. In most 

patients, some sort of combination of reconstruction tech-
niques will be needed, that is, reducing the defect by trans-
posing native tissue toward midline and the reinforcing with 
prosthesis. If the midline tissue cannot be easily approxi-
mated or if mesh reinforcement is needed (as it is in almost 
all abdominal wall defects larger than 6 cm), then other tech-
niques must be considered. For example, if midline tissue 
cannot be easily approximated, then bilateral lateral compo-
nent release should be done and a neo-abdominal wall rees-
tablished. Tissue transposition of myocutaneous fl aps 
through lateral component separation is the procedure of 
choice in my practice.  

44.6.2     Other Adjunct Procedures 

 Other methods can be used to reconstruct the complex 
abdominal wall defects such as local advancement or regional 
fl aps, distant fl aps, or combined fl ap and mesh; however, 
which technique is used will depend on the pathology at 
hand and your expertise. In Type I defects with stable skin 
coverage, bridging the fascial gap with prosthetic material or 
autologous tissue is suffi cient, whereas in Type II defects 
with absent or unstable skin coverage, fascial repair alone is 
inadequate, and the repair must be done with tissue utilizing 
more complex reconstruction techniques (e.g., regional or 
distant fl aps, either alone or in combination with mesh). 
Vascularized fl aps provide healthy autologous tissue cover-
age and usually do not require any implantation of foreign 
material at the closure site. Small and midsize defects can be 
repaired with pedicle fl aps within the arch of the rotation of 
the fl ap. In extensive upper midline abdominal wall and tho-
racoabdominal defects, a free fl ap that offers a completely 
autologous, single-stage reconstructive solution is the best 
option available.  

44.6.3     The Component Separation Technique 

 Component separation results in medial advancement of 
intact rectus myofascial units bilaterally, enabling the clo-
sure of defects of up to 10 cm in the upper abdomen, 20 cm 
in the mid-abdomen, and 6–8 cm in the lower abdomen. The 
component separation technique is based on an enlargement 
of the abdominal wall surface by separating and advancing 
the muscular layers. Some form of component separation, 
alone or in combination with other adjunct procedures, has 
become common practice. During the component separation 
technique (CST) for abdominal wall reconstruction, you 
should dissect out and develop anterior abdominal skin fl aps 
laterally from the chest wall to the anterior superior spine. 
After that you need to divide the aponeurosis of the external 
oblique muscle longitudinally 2 cm laterally to the lateral 
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edge of the rectus sheath, which will allow the mobilized 
rectus myofascial component to be mobilized medially and 
facilitate the approximation of the midline with sutures 
(Figs.  44.5 ,  44.6 ,  44.7 , and  44.8 ). Every effort should be 
made to preserve the skin perforators as you dissect and cre-
ate the mucocutaneous fl aps. This will greatly reduce skin 
and subcutaneous necrosis.

      There are various modifi cations of the component separa-
tion procedures. Some authors perform this procedure using 
minimally invasive surgical technique, but the rates of recur-
rence of hernia are similar.   

44.7     Posterior Component Separation 
with Transversus Abdominis Release 
(TAR) 

 The retrorectus repair for large midline hernias has become a 
technique of choice for many of us for many reasons, but 
reduction of complication is the main one. Although many 
surgeons are familiar with anterior component separation 
(ACS), in recent years posterior component separation (PCS) 
with transversus abdominis release (TAR) has become popu-

lar. Detailed technical aspects of this procedure paying par-
ticular attention to the surgical anatomy have been recently 
outlined. 

 The main principle of PCS is that the perforating vessels 
are spared and the mesh is placed between the rectus muscle 
anteriorly and posterior rectus fascia/peritoneum/preperito-
neum posteriorly. Once you have dealt with all adhesions 
and other concomitant procedures, such as reconstitution of 
GI tract or other procedures, the posterior approach to the 
retrorectus space is performed by incising the medial edge of 
the posterior rectus sheath at the medial edge of the rectus 
abdominis muscle. The edge of the transected posterior rec-
tus sheath is grasped with clamps and retracted medially and 
posteriorly, allowing easy lateral dissection of the retrorectus 
space. During this stage of the operation, one has to be cog-
nizant not to injure intercostal nerves that perforate rectus 
muscle. The posterior lamina of the internal oblique aponeu-
rosis is incised just medial to the entry of the intercostal 
nerves as they enter the rectus muscle posteriorly 

 You should start this segment of the dissection as crani-
ally as you can. At the point of transition of posterior lamina 
of the internal oblique fascia, you will be able to see the 
medial aspect of the transversus abdominis muscle (TAM). 

  Fig. 44.5    Following anterior component separation, try to approxi-
mate the edges of the fascia       

  Fig. 44.6    Secured underlay mesh needs to be tight when all sutures are 
placed under some tension and pulled laterally       
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The muscle fi bers and fascia of TAM can be separated from 
the underlying thin posterior transversus abdominis fascia 
and peritoneum with a right angle clamp. But this separation 
requires a careful dissection under the muscle fi bers of 
TAM. One has to be careful not to enter the peritoneum, but 
if you do, make sure to identify and close with absorbable 
suture. Transection of TAM can be done in a number of 
ways, but I agree with these authors that the transection of 
the TAM should start as far cranially as possible where these 
muscle fi bers are prominent and progressing caudally aids 
markedly this part of the component separation. This extra-
peritoneal space now can be extended laterally and caudally 
in order to make space for the prosthesis. This dissection is 
facilitated greatly with sweeping move of your hand. I prefer 
that this space extend to the costal margin and join the cen-
tral tendon of the diaphragm in the midline. Once the space 
is created to your satisfaction, the posterior rectus sheaths 
are approximated with running absorbable suture. Fixation 
of the mesh superiorly, inferiorly, and laterally with sutures 
will help you position the mesh appropriately. Number of 
techniques can be used to place the rest of the sutures. I pre-
fer to use a Carter-Thomason suture passer, but other suture 

passers are just as good to fi x the mesh to the anterior 
abdominal wall. 

 The benefi ts of PCS with TAR have been demonstrated 
with the superiority when compared with ACS by 50 % 
decrease in wound morbidity with the posterior approach. 
Most large series report signifi cant lower morbidity with 
PCS approach. Moreover, this technique has been sug-
gested for patient who previously has ACS but has recur-
rence of hernia. 

44.7.1     Mesh Placement 

 Most authors recommend reinforcement of repair of the 
defect with synthetic or biologic mesh, even with lateral 
component release. The question of whether the mesh should 
be biologic or synthetic mesh depends mostly on its avail-
ability and patient’s infectious status and should be given 
special consideration. I use one of the three mesh placement 
techniques: onlay, underlay, and interposition or bridge 
placement, depending on the anatomy at hand (Figs.  44.6 , 
 44.9 ,  44.10 , and  44.11 ). However, for the most part, I have 
switched entirely to underlay. In all patients who have had 
major abdominal wound contamination in the past or have 

  Fig. 44.8    Drains are placed under the skin and subcutaneous tissue to 
reduce seromas       

  Fig. 44.7    Completed closure of the abdominal defect after underlay 
mesh placement and bilateral component release       
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concurrent infection at the time of reconstruction, I prefer 
using the biologic mesh. Each of these techniques has their 
own pros and cons and should be used based on one’s surgi-
cal expertise and patient selection.

44.7.1.1         Onlay Mesh Placement 
 From a surgical technique standpoint, onlay mesh placement 
is the easiest (Fig.  44.9 ). When the abdominal wall edges are 
already approximated and there is no contamination, I would 
use synthetic mesh, although there is concern for higher risk 
of seroma formation with onlay mesh placement. There is 
always a risk of wound infection as well, and one needs to 
remove the mesh if it gets infected. Most surgeons would use 
synthetic mesh if possible due to higher cost of biologic 
mesh. You need to make sure that there is complete hemosta-
sis before you place the mesh. Fix the mesh both laterally 
and over the edge of midline on both sides of the ridge. You 
can fi x the mesh to the fascia using absorbable sutures 

(Vicryl 2.0 or 3.0) in a continuous “tacking” style. Sutures 
do not need to be placed deep into the abdominal wall, but 
simply to fi x the mesh in place and reduce the space between 
the mesh and tissue. Use three or four large, closed suction 
drains (19 French) under the subcutaneous tissue and keep 
the drains in until the individual drain output is less than 
25 ml over 24 h. Fix the drain using 4.0 or 5.0 chromic 
sutures so they stay in place and do not move around the 
subcutaneous tissue.  

44.7.1.2     Underlay Placement 
 Underlay graft placement (Fig.  44.10 ) has now become the 
main technique in all high-risk and complex ventral hernia 
defect reconstructions in my practice. It is more involved, but 
once it is mastered and perfected, it does not add signifi cant 
operative time. Although it is believed that that underlay graft 
placement is associated with lower incidence of seroma, in 
our practice the determining factor is the thickness of the pan-
nus over the fascia. You need to free the abdominal wall 
entirely from any adhesions, as far laterally as possible poste-
riorly, and of course you need to free the anterior wall from the 
subcutaneous tissue (see creation of mucocutaneous fl aps). 

 Placement of the interrupted sutures should ensure com-
plete stretching of the mesh once sutures are tight. During 
this stage of the operation, cover the intestines with moist 
pad and place the mesh on the moist pad with clear orienta-
tion superior-inferior left-right marking. Sutures are placed 
using the “parachuting” technique under direct vision at all 
times, starting one at each corner, superior, followed by infe-
rior, and then lateral sutures. The suture is fi rst placed anteri-
orly through and through the abdominal wall, then on the 

  Fig. 44.9    Overlay mesh placement illustration. (Reproduced with per-
mission by LifeCell corporation)       

  Fig. 44.10    Underlay placement during complex abdominal wall 
reconstruction       

  Fig. 44.11    On rare occasion, a bridge technique needs to be used to 
create a new abdominal wall. An Illustration of patient with major 
abdominal wall domain loss       
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posterior to anterior surface of the mesh, and returned back 
posterior to anterior abdominal wall direction. You should 
have approximately one- to two-cm space between sutures. 
If sutures are placed close to each other, you will cause isch-
emia of large amount in the muscle, and if there is bigger 
distance between sutures, you run the risk of loosing the ten-
sion of the sutures. The direct-vision parachuting technique 
minimizes the potential for bowel injury during fi xing of 
graft on the abdominal wall. When lateral component release 
is used, sutures in the anterior abdominal wall are placed as 
far laterally as possible and must include the medial edge of 
the external oblique fascia that has been previously released. 
Doing so prevents bulging laterally at the release component 
site, which the patient might take the bulging as a new her-
nia. It is important to ensure that sutures are close enough to 
each other to prevent intestinal herniation between the 
sutures. A number of techniques of “underlay” placement 
have been described, including retrorectus and sublay, as 
well as release of posterior aspect of the rectus. If the perito-
neum is intact and not violated from stoma placement or any 
other reason, retrorectus and preperitoneum mesh placement 
may have the advantages described above. 

 While retromuscular mesh repair has gained popularity, a 
number of associated complications have been reported, 
including surgical site infections (SSI) in 19.6 % of cases, 
and the overall recurrence rate was 16.9 %. In one study, the 
highest rate of recurrence (25 %) occurred when hernia was 
repaired with biologic mesh, followed by synthetic mesh 
(16.2 %), and bio-absorbable mesh (17.1 %). The lightweight 
mesh use was associated with 22.9 % vs mid-weight mesh 
(10.6 %) ( p  = 0.045). The only predictor of recurrence was 
the presence of an SSI ( p  < 0.01). Similarly, after multivariate 
analysis, diabetes, hernia width >20 cm, and the use of bio-
logic mesh were statistically associated with the develop-
ment of a surgical site occurrence (SSO) ( p  < 0.05). Notably, 
the mere presence of contamination was not independently 
associated with wound morbidity ( p  = 0.11). SSO and SSI 
rates anticipated by a recent risk prediction model were 
50–80 % and 17–83 %, respectively, compared with our 
actual rates of 20–46 % and 7–32 %.  

44.7.1.3     Bridge Mesh Placement 
 When there is a major loss of abdominal wall domain, 
approximating the medial edges of the abdominal wall may 
be impossible, despite performing bilateral anterior or poste-
rior compartment release. In this situation, the only remain-
ing option is to use mesh as a bridge (Fig.  44.11 ). The 
technique is similar to placing a mesh underlay. Cover the 
intestines with moist pad and make sure the mesh orientation 
is optimal. You need to have a 3–5-cm mesh under and lat-
eral to midline fascia. One should avoid tacking the mesh on 
the edge of the fascia, given the risk of herniation or suture 
failure. If at all possible, the “bridge” should be covered with 

native skin and subcutaneous tissue. However, when mesh is 
used as a bridge and there is no skin or subcutaneous tissue 
to cover the mesh, then the use of a wound vacuum-assisted 
closure (VAC) with continuous irrigation is very useful to 
keep the mesh moist and to speed up the process of granula-
tion for later skin grafting.   

44.7.2     Postoperative Complications 

 Based on the extent of the operation and dissection, the post-
operative course can be quite complicated. Wound infection, 
necrosis of mucocutaneous fl aps, seroma, and long-term 
open wounds are common, and the patient should be pre-
pared for these possibilities in advance.       
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      Abdominal Esophagus and Stomach                     

     Clay     C.     Burlew      and     Ernest     E.     Moore    

45.1          Initial Evaluation in the Trauma Bay 

 The initial management of seriously injured patients consists 
of the primary survey, concurrent resuscitation, secondary 
survey, diagnostic evaluation, and prioritized defi nitive care. 
Although trauma to the abdominal esophagus and stomach 
may not be a direct threat to life within the “golden hour,” 
associated thoracic or vascular injuries may result in hemo-
dynamic compromise. Appropriate evaluation of the trauma 
patient, therefore, begins with the standard “ABCs” ( a irway 
with cervical spine protection,  b reathing, and  c irculation). 
Remember that due to its location high in the abdomen, any 
patient sustaining trauma to the esophagus or stomach is at 
risk for thoracic injury as well as aortic trauma. Therefore, 
after ensuring a patent and secure airway, you should search 
for evidence of a thoracic injury and ensure adequate oxy-
genation and ventilation. A combination of physical exam, 
focused abdominal sonography for trauma (FAST), and chest 
radiography should determine if the patient has an associated 
pneumothorax (tension, open, or simple), hemothorax, or 
cardiac tamponade. Furthermore, the abdominal aorta lies 
directly behind the esophagus and stomach, and the injury is 
often temporarily tamponaded by the dense nerve tissue sur-
rounding the supraceliac aorta. Finally, pancreatic injuries 
are associated with penetrating stomach wounds. 

 Indications for laparotomy vary slightly for different pen-
etrating and blunt mechanisms. As a rule, minimal evalua-
tion is required prior to laparotomy for gunshot or shotgun 
wounds that penetrate the peritoneal cavity, because over 
90 % of patients have signifi cant internal injuries. In contrast 
to gunshot wounds (GSWs), stab wounds (SWs) that pene-
trate the peritoneal cavity are less likely to injure intra-
abdominal organs. You can explore under local anesthesia in 

the emergency department (ED) anterior abdominal SWs 
(from costal margin to inguinal ligament and bilateral mid-
axillary lines) in patients without evidence of shock or peri-
tonitis to determine if the fascia has been violated. Injuries 
that do not penetrate the peritoneal cavity do not require fur-
ther evaluation, and the patient is discharged from the 
ED. You need to further evaluate for intra-abdominal injury 
in patients with fascial penetration, as there is up to a 50 % 
chance of requiring laparotomy. Although the optimal diag-
nostic approach has been debated between serial examina-
tion, diagnostic peritoneal lavage (DPL), and computed 
tomographic (CT) scanning, serial examination appears to be 
the current management strategy of choice. 

 Abdominal SWs of three body regions require a different 
diagnostic approach: thoracoabdominal SWs, right upper 
quadrant SWs, and back/fl ank SWs. You should try and rule 
out occult injury to the diaphragm in patients with SWs to the 
lower chest, particularly the left side. Remember that patients 
undergoing DPL evaluation have different laboratory value 
cutoffs than standard anterior abdominal stab wounds. You 
should consider an red blood cell (RBC) count of more than 
10,000/μL as positive, and an indication for laparotomy while 
patients with a DPL RBC count between 1000 and 10,000/μL 
should undergo laparoscopy or thoracoscopy. SWs to the right 
upper quadrant (RUQ) in stable patients without peritonitis can 
undergo CT scanning to determine trajectory and confi nement 
to the liver for potential nonoperative care. SWs to the fl ank 
and back should undergo contrast CT to detect occult retroperi-
toneal injuries of the colon, duodenum, and urinary tract.  

45.2     Abdominal Exploration 
and Identifi cation of Injuries 

 Abdominal exploration in adults is performed using a midline 
incision. The length of the initial incision should be based on 
hemodynamic status and presumed missile or knife trajec-
tory. The incision can always be extended for further expo-
sure. For children under the age of 6 years, a transverse 
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incision may be advantageous. The incision is faster with a 
scalpel compared to an electrosurgical unit; ignore incisional 
abdominal wall bleeding until you control the intra- abdominal 
sources of hemorrhage. Evacuate liquid and clotted blood 
promptly with multiple laparotomy pads and suction so that 
you identify the major source(s) of active bleeding. After 
localizing the source of hemorrhage, direct digital or vascular 
clamp occlusion (vascular injury) or laparotomy pad packing 
(solid organ injury) is used to control bleeding. 

 Once you control overt hemorrhage, you turn your 
attention to identifying sources of enteric contamination. 
The anterior and posterior aspects of the stomach should 
be inspected, which requires opening the lesser sac and 
lifting the stomach cephalad for complete visualization. 
Full decompression of the stomach with a nasogastric tube 
facilitates mobilization. You should unroof associated 
hematomas to rule out adjacent bowel injury. If the trajec-
tory of the injury is in the region of the gastroesophageal 
(GE) junction, one should mobilize the esophagus circum-
ferentially away from the diaphragmatic cruce with care to 
avoid injury to the vagus nerves. Mobilization of the lat-
eral segment of the left lobe of the liver facilitates expo-
sure of the GE junction. Dividing the short gastric vessels 
will aid in the mobilization of the gastric fundus and pre-
vent iatrogenic injury to the spleen. The serosa of the 
stomach can be tightly adherent to the splenic capsule of 
the upper pole; therefore, take care with dissection. The 
most common missed gastric injury is the posterior 
wound of a through-and-through penetrating wound. 
Retroperitoneal exploration should be done promptly with 
any posterior defect of the esophagus or stomach. Injuries 
can also be overlooked if the wound is located within the 
mesentery of the lesser curvature or high in the posterior 
fundus. To delineate a questionable injury, you can digi-
tally occlude the stomach at the pylorus while you instill 
methylene blue-colored saline via the nasogastric tube. 
Alternatively, you can insuffl ate the stomach via the naso-
gastric tube while submerging the stomach in saline; any 
leakage of air bubbles will identify a missed injury. If the 
“leaking or bubbling” injury cannot be found, intraopera-
tive endoscopy may be required. Following the identifi ca-
tion of injuries, the use of damage control techniques 
versus primary repair of injuries is based upon the patient’s 
intraoperative physiologic status. 

 Administer antibiotics to all injured patients undergoing a 
laparotomy. You should determine the type of antibiotic by 
the anticipated source of contamination in the abdomen; 
additional doses should be administered during the proce-
dure based on blood loss and the half-life of the antibiotic. 
You may consider extended postoperative antibiotics for 
patients with signifi cant intra-abdominal contamination with 
delayed recognition.  

45.3     Treatment of Specifi c Injuries 

 Gastric injuries can be oversewn with a running single-layer 
suture line or closed with a stapler. Prior to closure, you must 
debride the devitalized tissue. If you chose a single-layer clo-
sure, take full thickness bites with a 2–0 PDS suture to ensure 
hemostasis from the well-vascularized gastric wall 
(Fig.  45.1 ). If the injury is in proximity to the pylorus, be 
careful not to narrow the channel with your repair. Performing 
an associated pyloroplasty with transverse repair may be 
warranted. A tangential injury to the anterior wall of the 
stomach can be both excised and closed simultaneously with 
a stapler. Using Babcock clamps to approximate the edges of 
the gastrotomy, place the stapler beneath the opening in the 
gastric wall (Fig.  45.2 ). You may be able to perform a wedge 
resection using a GIA stapler for small defects in the body of 
the stomach (Fig.  45.3a, b ). Alternatively, you may need to 
perform a partial gastrectomy for complex or destructive 
injuries to the central body or antrum of the stomach 
(Fig.  45.4a ); resections of the body, distal antrum, or pylorus 
may be reconstructed using a Billroth I or II procedure, based 
upon local anatomy and a tension-free anastomosis tech-
nique (Fig.  45.4b ). You should add a drainage procedure 
such as a pyloroplasty in patients with injuries that damage 
both nerves of Latarjet or vagi.

      Gastroesophageal junction injuries are usually more 
challenging to repair. For simple anterior stab wound to 
the abdominal esophagus, you should repair these with a 
transverse single layer of interrupted PDS sutures. You 

  Fig. 45.1    Gastric injuries may be repaired with a running single-layer 
closure; full thickness bites of the stomach will ensure hemostasis from 
the well-vascularized gastric wall       
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can then perform either a partial or full fundoplication to 
buttress your repair (Fig.  45.5 ). If the injury is a through-
and-through injury, primary repair may result in a stenotic 
segment. Consider resecting the injured segment and pull-
ing up the stomach for a primary end-to-end anastomosis; 
a wide Kocher maneuver will ensure your anastomosis is 
tension- free, and performing a pyloroplasty is necessary 
due to transection of the vagi (Fig.  45.6 ). Nasogastric 
tubes should be placed intraoperatively following repair, 
and correct positioning confi rmed by the operating 
surgeon.

    Over the past decade, esophageal perforations have been 
increasingly managed with esophageal stents. Compared to 
open repair, esophageal stents are associated with a decrease 
in time to oral intake, morbidity, length of stay, and cost. 
Although potentially advantageous, if the injury is located in 
the intrathoracic esophagus, stenting has not been advocated 
for gastroesophageal junction perforations. Hence, applica-
tion of this technology for intra-abdominal esophageal inju-
ries has not been reported. 

 In the multisystem trauma patient, you should consider 
enteral access via a needle-catheter jejunostomy. Following 
gastric repair, avoid insertion of a gastrostomy tube as it will 
likely put tension on the suture/staple line. If abdominal clo-
sure is indicated after addressing the patient’s injuries, irri-
gate the abdomen with warm saline and close the midline 
fascia with a running heavy monofi lament suture. Close the 
skin selectively based upon the amount of intra-abdominal 
contamination. 

45.3.1     Damage Control Surgery Techniques 

 Damage control surgery techniques should be considered in 
any patient with a temperature <35 °C, arterial pH <7.2, base 
defi cit <15 mmol/L (or <6 mmol/L in patients over 55 years 
of age), international normalized ratio (INR) or partial throm-
boplastin time (PTT) > 50 % of normal, or abnormal physiol-
ogy including vasopressor requirements. The goal of damage 
control surgery is to control surgical bleeding and limit gas-
trointestinal spillage. The operative techniques employed are 
temporary measures, with defi nitive repair of injuries delayed 
until the patient is physiologically replete. Gastric lacerations 
can be controlled with a rapid whipstitch of 2–0 Prolene. 
Segmental damage to the stomach can be controlled using a 
GIA stapler, with resection of the injured segment, leaving 
the proximal and distal ends of the stomach in discontinuity. 

 Before returning to the surgical intensive care unit 
(SICU), close the abdomen temporarily. Currently, Ioban 
closure of the abdomen is performed for temporary closure 

  Fig. 45.2    Tangential injuries to the anterior wall of the stomach can be 
both excised and closed simultaneously with a TA stapler. Babcock 
clamps are used to approximate the edges of the gastrotomy, placing the 
TA stapler beneath the opening in the gastric wall       

a

b

  Fig. 45.3    Small defects in the body of the stomach may be repaired by 
performing a wedge resection using GIA staplers **add new ( b )       
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(Fig.  45.7a–c ). In this technique, the bowel is covered with 
a fenestrated subfascial 1010 Steri-Drape (3 M Health Care, 
St. Paul, MN) and two Jackson-Pratt drains are placed along 
the fascial edges; this is then covered using an Ioban, allow-
ing closed suction to control reperfusion-related ascitic fl uid 
egress while providing adequate space for bowel expansion 
to prevent abdominal compartment syndrome (ACS). Return 
to the operating room (OR) in 12–24 h for defi nitive repair 
of injuries is planned, once the patient’s physiology is 

restored, including normothermia, normalization of coagu-
lation studies, and correction of metabolic acidosis.

45.4         Postoperative Care 

 Following repair of gastrointestinal injuries, there is often an 
obligatory postoperative ileus. Nasogastric tubes are used to 
decompress the stomach, preventing tension on the gastric 
repair, for the fi rst 24–48 postoperative hours. Return of 
bowel function is noted by a decrease in nasogastric tube 
output. Although early enteral nutrition (EN) is the goal, due 
to its impact in reducing septic complications, you should be 
wary if the patient has ongoing hemodynamic instability. 
Evidence of bowel function should be established prior to 
advancing to goal tube feeds. Overzealous jejunal feeding 
can lead to small bowel necrosis in the patient recovering 
from profound shock. While there is some reluctance to initi-
ate EN in patients with an open abdomen, a recent multi-
center study by the Western Trauma Association demonstrates 
that EN is feasible and is associated with a marked increase 
in fascial closure and a decrease in complications and mor-
tality. Prior to starting an oral diet in extubated patients, con-
trast esophagography for gastroesophageal junction repairs 
is often performed. 

 In general, wounds sustained from trauma should be 
examined daily for progression of healing and signs of infec-
tion. Midline laparotomy wounds are inspected 48 hours 
postoperatively by removing the sterile surgical dressing. If 
your patient develops high-grade fevers, inspect wounds 
sooner to exclude an early necrotizing infection (Fig.  45.8 ). 
If you identify a wound infection – evidenced by erythema, 
pain along the wound, or purulent drainage – open the wound 
widely by removing skin staples. After ensuring the midline 
fascia is intact with digital palpation, the wound is initially 
managed with twice daily wet-to-dry dressing changes.

   The most common intra-abdominal complications fol-
lowing gastric injury repair are anastomotic failure and 
abscess. Sepsis with abdominal tenderness is the most com-
mon clinical presentation. CT scanning will identify the 
integrity of the repair (free air and contrast extravasation 
indicate breakdown of the suture or staple line) and identify 
infl ammatory fl uid collections or abscesses (Fig.  45.9 ). 

a

b

  Fig. 45.4    Complex injuries to the central body or antrum of the stom-
ach may require a partial gastrectomy ( a ) with reconstruction using 
either a Billroth I or II anastomosis ( b )       

Wrap to
reinforce

  Fig. 45.5    Anterior traumatic 
gastrotomies may be repaired 
using a single-layer closure 
followed by a buttressing partial 
fundoplication       
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Pyloroplasty

Exit
wound

  Fig. 45.6    Complex injuries at 
the gastroesophageal junction 
often require excision of the 
injured segment with a primary 
end-to-end esophagogastrostomy; 
if the vagus nerves are transected, 
a pyloroplasty is performed       

a b c

  Fig. 45.7    Temporary closure of the abdomen is attained by covering 
the viscera with a fenestrated, subfascial 1010 Steri-Drape ( a ). Two 
Jackson-Pratt drains are placed along the fascial edges ( b ). The Steri- 

Drape and drains are covered using an Ioban, allowing closed suction to 
control reperfusion-related ascitic fl uid egress while providing adequate 
space for bowel expansion ( c )       
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  Fig. 45.8    Necrotizing infection of the abdominal wall evident at oper-
ative debridement       

  Fig. 45.9    Contrast extravasation and free air on CT scanning herald an 
anastomotic leak       

 Important Points 

•     Evaluation of the trauma patient begins with the 
standard “ABCs” ( a irway with cervical spine pro-
tection,  b reathing, and  c irculation).  

•   Operative evaluation should include exploration of 
the retroperitoneum for all through-and-through 
penetrating injuries.  

•   Bowel wall associated hematomas should be 
unroofed to rule out adjacent enteric injury.  

•   The most common missed gastric injury is the pos-
terior wound of a through-and-through penetrating 
wound. To fully evaluate the stomach for injuries, 
the lesser sac should be opened and the stomach 
lifted cephalad for complete visualization.  

•   To delineate a questionable injury, the stomach can 
be digitally occluded at the pylorus while methy-
lene blue-colored saline is instilled via the nasogas-
tric tube. Alternatively, you can insuffl ate the 
stomach via the nasogastric tube while submerging 
the stomach in saline; any leakage of air bubbles 
will identify a missed injury.  

•   If a gastric injury is suspected but cannot be found, 
intraoperative endoscopy should be employed.  

•   Prior to repair of a gastric injury, devitalized tissue 
must be debrided.  

•   Gastric repair should not narrow the pyloric chan-
nel; performing a pyloroplasty with transverse 
repair may be indicated.  

•   If a penetrating injury damages both nerves of 
Latarjet or vagi, a drainage procedure such as a 
pyloroplasty should be added to your primary 
procedure.    

Percutaneous versus operative therapy will be based on the 
location, timing, and extent of the collection.       
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      Duodenum                     

     George     C.     Velmahos    

      The management of duodenal trauma remains challenging 
not only because of the organ’s close anatomic relationship 
with vascular structures and other organs but also because of 
its retroperitoneal location which may mask the initial symp-
toms and cause delays in diagnosis with dire consequences. 
The grading of the duodenal injuries has been developed by 
the American Association for the Surgery of Trauma and 
provides a straightforward way to communicate the severity 
of injury and plan the operation. A simplifi ed version is 
shown in Table  46.1 .

46.1       General Rules of Operative Strategy 

 You should always use a midline laparotomy to approach 
duodenal injuries. Other incisions usually compromise the 
ability to explore the rest of the abdominal cavity adequately 
and are more time-consuming to open and close. There are 
two extremely important issues to which you should pay 
attention at the beginning of the operation:

    (a)     Mobilize the duodenum fully by a Kocher maneuver  
(Fig.  46.1 ). The duodenum must be brought at the surface 
of the abdominal wound. Avoid working in the depths of 
the abdominal cavity. For non-trauma operations, the 
Kocher maneuver is typically limited to the C-loop of the 
duodenum. I strongly discourage this. Because it is rare 
that only the duodenum is injured and because adjacent 
structures are involved and need exploration, you should 
mobilize the right colon and the duodenum widely toward 
the midline. Incise the peritoneum at the ileocecal junc-
tion and carry the incision with scissors lateral to the 

cecum and descending colon along the white line of 
Toldt. Use your fi ngers to create tissue planes as you 
incise the soft tissues layer by layer and gently retract the 
colon medially. Stay away from the mesocolic vessels to 
avoid inadvertent bleeding and interruption of blood sup-
ply to the colon. Navigate laterally around the hepatic 
fl exure and mobilize it similarly toward the midline. At 
this point you have the entire colon elevated from the 
duodenum, which is lying attached to the retroperitoneal 
space. Incise the peritoneum around the lateral surface of 
the duodenal C-loop and gently mobilize the duodenum 
(with the attached pancreatic head) toward the midline 
too. Your Kocher maneuver should be wide and include 
the entire duodenum from its fi rst to its fourth portion. 
The duodenum and pancreatic head should be easily 
inspected anteriorly (Fig.  46.2a ) and posteriorly 
(Fig.  46.2b ). The inferior vena cava lying posteriorly and 
slightly laterally to the second portion of the duodenum 
should also be inspected for hematomas. There is no need 
to skeletonize it, if no hematoma exists. Similarly, the 
portal triad can be inspected for hematomas – although 
again not necessarily requiring full dissection in the 
absence of suspicion for injury. Only if the duodenum is 
mobilized in this extensive fashion, you will be sure to 
never miss an injury and have the ability to fi x it comfort-
ably if one is present.

        (b)     Control temporarily the Duodenal Injury (DI)   but 
explore the entire abdominal cavity before performing a 
permanent repair . Although an atraumatic clamp or 
quick suture can be temporarily placed to control con-
tamination from the duodenal perforation, the defi nitive 
operation should not be planned before the abdomen is 
fully explored. It is in this way that the decision is made 
to proceed to a long operation versus abbreviating the 
procedure along damage control principles. The extent 
of the duodenal injuries, the presence and severity of 
other injuries, and the physiologic condition of the 
patient will dictate the ultimate intraoperative plan.      
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46.2     Grade-Specifi c Operative 
Management 

46.2.1     Grade I 

 The majority of these injuries are managed nonopera-
tively with success. Duodenal hematomas have been 
reported with a higher frequency among pediatric than 
adult patients. They are usually discovered on CT scan 
and on occasions are totally obstructing the lumen. The 
majority of them are absorbed with time and the lumen 
reopens. Two issues need to be clarifi ed when a grade I 
injury is detected: (a) Is it indeed only a hematoma or is 
the hematoma covering a full- thickness laceration? A 

careful inspection of the CT scan for extraluminal air or 
oral contrast resolves the dilemma in most patients evalu-
ated by new-generation scanners (16- or 64- slice). If not, 
a formal contrast swallow will show whether the contrast 
remains within the duodenal contour or leaks extralumi-
nally. (b) How long should one wait before decompress-
ing a totally occluding hematoma? There is no clear 
answer to this question. Most hematomas will be 
absorbed – at least partially – within 7–10 days and the 
patency of the bowel lumen will be restored. I certainly 
consider it acceptable to wait up to 15 days with a naso-
gastric tube in place before surgical decompression is 
considered and have personally waited for 23 days before 
a massive hematoma was reabsorbed and the lumen 
became patent again (Fig.  46.3 ).

   Table 46.1    Duodenal injury grading   

 Grade  Description 

 I  Hematoma of one portion or partial thickness laceration 
 II  Hematoma of more than one portion or laceration <50 % of circumference 
 III  Laceration 50–75 % of circumference 
 IV  Laceration >75 % of circumference or involving ampulla 
 V  Massive destruction of pancreatoduodenal complex 

  Modifi ed from the original version and simplifi ed  

a b

  Fig. 46.1    ( a ) Extended Kocher maneuver. Note that the peritoneal incision starts at the distal ileum, and the entire right colon is refl ected medially. 
( b ) The duodenum is fully mobilized, making it possible to inspect the pancreas, Inferior vena cava  IVC , and retroperitoneal space       
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46.2.2        Grade II 

 Such injuries are produced either by very large hematomas or – 
more frequently – by simple lacerations of the duodenum that 
occupy less than 50 % of the circumference. The management 
of hematomas is not different than what was described previ-
ously. Duodenal lacerations are sutured primarily. Debridement 
of the rugged edges is important to make sure that well-vascu-
larized tissue is present. Then, close the perforation in one layer 
with interrupted invaginating Gambee stitches (Fig.  46.4 ) using 
a 3-0 non-absorbable or slowly absorbable suture. A two-layer 
closure – typically with a running absorbable suture and a sec-
ond layer of interrupted non-absorbable sutures – is also accept-
able, although I typically use only one layer in repairing any part 
of the intestine. It is important that the line of closure is perpen-
dicular to the axis of the lumen in order to avoid stenosis. Drain 
the area per routine. No other procedures are necessary.

46.2.3        Grades III and IV 

 There is a debate about the correct management of grade III 
injuries which lie in between grades I and II, managed either 
nonoperatively or with simple repair, and grades IV and V, 
managed usually with more complex techniques. These 

a

b

  Fig. 46.2    ( a ) Full mobilization of the duodenum revealing the anterior 
surface of the head of the pancreas. Note the clamp that closes the lac-
eration temporarily to control contamination. ( b ) The posterior surface 
of the duodenum and head of the pancreas are also easily inspected after 
the Kocher mobilization       

a

b

  Fig. 46.3    ( a ,  b ) Axial and coronal cut of a massive duodenal hema-
toma. Despite its size the patient had no complaints except mild epigas-
tric pain and gastric outlet obstruction. He was managed nonoperatively 
with nasogastric tube drainage and the obstruction eventually resolved 
on post-trauma day 23       
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techniques include pyloric exclusion, serosal patch, duode-
nojejunal anastomosis, and resection with anastomosis. 

 Pyloric exclusion aims to divert all supraduodenal secretions 
from the repair, not only to prevent distention by the volume of 
fl uids, but also to avoid activation of pancreatic enzymes by gas-
tric contents. Before pyloric exclusion, the duodenal laceration 
must be sutured, per the techniques described above. Then, 
exclude the pylorus by either fi ring a TA stapler at this level 
(Fig.  46.5 ) or opening the stomach at the antrum and suturing 
the pylorus from the inside (Fig.  46.6 ). The gastrotomy should 
be placed at the most dependent position of the stomach in order 
to serve as the site of the gastrojejunostomy. Through the gas-
trotomy, grasp the pylorus with an atraumatic clamp to bring it 

close to the gastrotomy. Then, place either a purse-string or an 
interlocking running suture using non-absorbable or slowly 
absorbable material. It has been suggested that non-absorbable 
sutures are allowed because the pyloric exclusion almost always 
opens with time under the continuous peristaltic force of the 
stomach. In any case, leave a long tail on your suture, so that it 
can be identifi ed, grasped, and cut via gastroscopy, if this is 
deemed appropriate in the future. Following the pyloric exclu-
sion, a jejunal loop is brought at the gastrotomy site to function 
as the new gastric outlet (Fig.  46.7 ). A retrocolic gastrojejunos-
tomy is performed per routine (Fig.  46.8 ).

      In large injuries of the duodenum, primary closure of the 
defect may be undesirable because it produces stenosis or 
places the suture line under great tension. In this situation, 
the defect can be sealed by bringing a loop of jejunum and 
suturing its serosal surface on the debrided duodenal wound 
(Fig.  46.9 ). This is commonly referred to as a Thal patch. A 
second circumferential line of interrupted seromuscular 
sutures is placed between the jejunum and duodenum all 
around the fi rst line of repair in order to diminish the tension 
at the fi rst suture line and prevent leaks.

   On occasions, even a Thal patch may produce stenosis at 
the injury level. Under these circumstances, a loop of jeju-
num may be brought and opened to create a side-to-side 
Roux-en-Y duodenojejunal anastomosis (Fig.  46.10 ). 
Finally, for extensive injuries of the fourth or even the third 
portion of the duodenum, resection and primary end-to-end 

  Fig. 46.4    Closure of simple duodenal laceration (after debridement of 
the edges) with a Gambee suture       

  Fig. 46.5    Exclusion of the pylorus by fi ring a TA stapler at the pyloric 
ring       

  Fig. 46.6    Exclusion of the pylorus by making a gastrotomy in the near 
vicinity and placing a suture at the pyloric ring level       
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anastomosis are possible (Fig.  46.11 ). This is easier done at 
the fourth portion which is more mobile after dissection of 
the ligament of Treitz. It becomes more challenging in the 
third portion, as adequate mobilization of the medial por-
tion of the duodenum to provide a tissue margin for anasto-
mosis can be hard. The duodenum is attached to the 
pancreas, and dissection of its medial side requires ligation 
of small vessels, which may compromise the blood supply 
to the anastomotic line. The feasibility of resection and a 
safe anastomosis clearly relies on careful intraoperative 
assessment of the anatomical conditions and the proximal 
extent of the injury.

    When a complex repair is necessary, strongly consider 
adding a pyloric exclusion to offer extra protection at the 
injury repair suture line. Also, consider a feeding jejunos-
tomy, as the complication rate is substantial and enteral 
feeding may not be possible, if not directed distally to the 
repair. 

 In desperate situations, the duodenal injury is so large that 
it simply cannot be repaired. Then, a pancreatoduodenec-
tomy (Whipple procedure) may be appropriate and will be 
discussed below. If the patient is not stable for such an exten-
sive procedure, the insertion of a large-bore mushroom- 
tipped tube in the duodenal lumen and closure around the 
tube with a purse-string suture may be the only remaining 
choice, even if far from optimal (Fig.  46.12 ). The tube is 

brought out through the skin to create a directed lateral duo-
denal fi stula. Drains should be placed around the area, as the 
leak rate after this procedure is high.

   As mentioned, there are no clear guidelines about using 
simple repair or complex techniques. It has been shown that 
as the grade of injury increases, complex techniques should 
be used more liberally to prevent complications. I tend to 
manage the majority of grade III injuries with a simple 
repair, whereas grade IV injuries usually require complex 
techniques.  

46.2.4     Grade V 

 These are the worst possible injuries as they involve the pan-
creas and quite frequently other peripancreatic vessels and 
structures. The surgical strategy for this type of injuries 
obeys in the rule of “all or nothing.” If the patient’s intraop-
erative hemodynamic condition allows and in the presence 
of violation of the ampulla or the major pancreatic duct, a 
formal pancreatoduodenectomy may be necessary. This is 

  Fig. 46.7    Standard gastro-jejunal anastomosis (preferably retrocolic) 
by using the gastrotomy site of the pyloric exclusion       

  Fig. 46.8    Completed pyloric exclusion with gastro-jejunal 
anastomosis       
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a b
  Fig. 46.9    Serosal patch on large 
duodenal perforation by suturing 
a loop of uninvolved bowel to the 
edges of the laceration       

the “all” approach. Start, as always, with the wide Kocher 
maneuver. Identify the injury of the major pancreatic duct 
and/or ampulla of Vater. This is not always easy. A variety of 
techniques have been described, including cannulating the 
ampulla or cannulating the cystic duct (after cholecystec-
tomy) and injecting contrast. The sensitivity and specifi city 
of these techniques are completely unknown. I believe that 
they are not much better than a careful dissection and 
inspection of the structures. If in doubt, err toward doing 

  Fig. 46.10    Duodenojejunal anastomosis to treat a large perforation of 
the duodenum, which would produce stenosis of the lumen if closed 
primarily       

a b

Jejunum

  Fig. 46.11    Resection and primary anastomosis of the third/fourth part 
of the duodenum. This technique is not performed for proximal duode-
nal injuries       
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less. If not in doubt about injury to one of the abovemen-
tioned structures, proceed! Divide the antrum and proximal 
jejunum with a stapler and the distal common bile duct 
sharply. Elevate the specimen off the retroperitoneum and 
divide the pancreas distal to the injury, saving as much pan-
creatic mass as possible (Fig.  46.13 ). Three anastomoses 
follow, including the pancreatojejunal, biliary-jejunal, and 

gastro-jejunal suture lines (Fig.  46.14 ). Numerous tech-
niques have been described for each one of these anastomo-
ses, and the detailed description of these techniques goes 
beyond the scope of the chapter. I prefer a telescoping two-
layered pancreatojejunal anastomosis, a one-layered bili-
ary-jejunal anastomosis after “fi sh mouthing” the usually 
narrow common bile duct (no stents are placed in the anas-
tomosis), and a standard gastro- jejunal anastomosis.

    On the other hand, a hemodynamically unstable patient 
should never have a Whipple procedure. Instead, one 
should have an abbreviated damage-control operation. This 
I call the “nothing” approach only to contrast it with the 
time- consuming pancreatoduodenectomy but with no intent 
to minimize its life-saving potential. Such a patient should 
have only temporary closure of all the perforations and 
ligation or shunting of the major bleeding sites. Then, the 
patient should be packed and returned with an open abdo-
men to the intensive care unit for resuscitation. The defi ni-
tive repairs can be done in follow-up procedures, as 
described above.   

    Conclusions 

 DIs are rather infrequent injuries which may prove to be 
particularly challenging in terms of intraoperative selec-
tion of the correct procedure according to the extent of the 
injury and the patient’s hemodynamic status. The existing 
evidence does not elevate above Level III, and therefore, 
universally accepted guidelines are hard to fi nd. In gen-
eral, the following recommendations can be considered, 
even if not applicable, to all patients:

    1.    Grade I injuries are almost always managed nonopera-
tively. Be patient if there is obstruction from a hematoma. 
Most will open up with time and nasogastric tube 
decompression.   

  Fig. 46.12    Directed duodenocutaneous fi stula by insertion of large 
tube into duodenal perforation       

  Fig. 46.13    Gunshot wound injury through the head of the pancreas 
and pancreatoduodenectomy specimen       

a b

  Fig. 46.14    Pancreatoduodenectomy       
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   2.    Grade II injuries are almost always managed by simple 
repair. Debride the edges of the wound and close it 
primarily.   

   3.    Grades III and IV injuries require careful intraoperative 
evaluation. Most grade III injuries are amenable to simple 
repair. Most grade IV injuries require a more complex 
procedure, which usually is a pyloric exclusion.   

   4.    Grade V injuries fall under the “all or nothing” rule. You 
will either need to do a Whipple procedure after suspect-
ing major pancreatic duct injury on a hemodynamically 
stable patient or a damage-control procedure on an unsta-
ble patient. If in doubt, prefer to do the minimal required. 
You can then re-evaluate the patient under more con-
trolled conditions and offer the defi nitive operation at a 
later stage.          
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 Important Points 

•     The majority of duodenal injuries can be suffi -
ciently managed by primary repair only.  

•   Always put drains at the area of repair.  
•   Concommitant injury to the head of the pancreas 

increases morbidity and mortality.  
•   Pyloric exclusion can be considered in high-grade 

injuries.  
•   Grade V duodenal injuries usually require damage 

control or pancreatoduodenectomy or both.    
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      Penetrating Trauma to the Pancreas                     

     Martin     D.     Smith     ,     Dietrich     Doll     , and     Elias     Degiannis    

      The pancreas is likened to the base player in a band; no one 
ever knows the name of the base player, but when he is not 
there, the band falls terribly fl at. This rather innocuous gland 
situated posteriorly in the retroperitoneum is only really 
taken seriously when it gives trouble, and when it gives trou-
ble, it requires experience and a good knowledge of anatomy 
and surgical techniques to solve the problems. Penetrating 
trauma to the pancreas is not very common. Due to its ana-
tomical location and relationship to major vessels, isolated 
injury to the pancreas is even more rare, and it is usually the 
associated injuries, often aggravated by the consequences of 
the pancreatic injury, that result in the fairly high morbidity 
and mortality associated with pancreatic trauma. 

 Blunt pancreatic trauma is more often isolated and due to 
the often insidious nature of the clinical picture is diffi cult to 
diagnose. Much has been written about the role of biochemi-
cal markers and imaging studies to diagnose pancreatic 
trauma in the absence of an acute abdomen or in the hemo-
dynamically unstable patient. In penetrating trauma, the 
diagnosis is often only made intraoperatively, and it is there-

fore very important to recognize the subtle intraoperative 
fi ndings. 

 Identifi cation often requires extensive mobilization of the 
pancreas, but in general, the management requires less 
aggressive surgery. There are two guiding principles: identify 
the extent of the parenchymal injury, and, secondly, the injury 
to the main pancreatic duct (MPD) needs to be identifi ed and 
quantifi ed. 

 The general rules that apply to the management of pene-
trating trauma to the abdomen apply. Full resuscitation 
including the primary and secondary survey is followed, and 
the decision to proceed to surgery is based on the accepted 
criteria and protocols. In essence, there are those patients 
who remain unstable who require urgent transport to the 
OR. In the stable patient with an acute abdomen, they require 
surgery and should be fully resuscitated and taken to the 
OR. The patient who has limited abdominal signs should be 
investigated further and observed as per accepted protocols. 

 Once in theater, a midline laparotomy is performed, and 
again the usual guidelines as to how to manage penetrating 
trauma to the abdomen is followed. Often following the tract 
of the bullet or knife may indicate an injury to the pancreas. 
This is not always the case, and as such, certain features may 
suggest the presence of a pancreatic injury like the follow-
ing: fl uid collection in the lesser sac, bile staining of retro-
peritoneal tissues, presence of fat necrosis of the omentum or 
the retroperitoneum, or a hematoma overlying the pancreas. 

 The surgeon must remember that the most important fac-
tor in the outcome for his patient is the presence or absence 
of a main pancreatic duct (MPD) injury. In the acute situa-
tion of pancreatic (especially penetrating) trauma, there is no 
place for the evaluation of the injury by radiology or 
ERCP. Intraoperative observation is the only method used to 
detect ductal damage, based on the intraoperative criteria of 
the main pancreatic duct injury described by Heitsch et al. 
These include direct visualization of ductal violation, com-
plete transection of the pancreas, laceration of more than half 
the diameter of the pancreas, central perforation, and severe 
maceration of the gland. To identify these criteria, the injured 
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area must be fully mobilized, which is the next step that we 
are going to describe. 

 Exposure of the head of the pancreas requires kocheriza-
tion of the head of the pancreas. Retract the inferior surface of 
the liver superiorly; retract the transverse colon including the 
hepatic fl exure inferiorly. Your assistant should place his/her 
hand over the head of the pancreas and the second part of the 
duodenum and retract the head toward the left. The role of the 
assistance retracting the duodenum to the left cannot be under-
estimated, because it is this maneuver that exposes the correct 
dissection plane. This maneuver exposes the lateral aspect of 
the retroperitoneal portion of the duodenum. Incise the perito-
neal refl ection being careful not to damage the serosa of the 
duodenum. The IVC is identifi ed posterior to this plane. Using 
a combination of blunt and sharp dissection, I use the dia-
thermy knife to achieve this dissection, and the duodenum is 
freed to the left until the aorta is identifi ed. There is a vein that 
runs inferiorly to the right of the IVC that is easily torn in this 
maneuver. The duodenum is freed from the retroperitoneum as 
far superiorly as the foramen of Winslow that identifi es the 
tunnel that passes behind the portal triad. Inferiorly the duode-
num is mobilized distally by carefully identifying the tissue 
that holds the transverse mesocolon and the lateral aspect of 
the junction between the second and third parts of the duode-
num. This plane is identifi ed by the surgeon holding the head 
of the pancreas and duodenum in his left hand, while the assis-
tant holds the transverse colon and mesentery upward and into 
the incision. Dividing this tissue opens up the head of the pan-
creas and mobilizes the uncinate process up to the right lateral 
edge of the superior mesenteric vein. Be prepared to mobilize 
the head of the pancreas as far medially as the aorta. At this 
point, the head of the pancreas is easily examined both anteri-
orly and posteriorly. 

 If there is suspicion that the distal pancreas has been 
injured, this should be visualized by opening the lesser sac. 
The surgeon performs this from the patient’s right side, and 
opens the lesser sac. This is achieved by detaching the 
greater omentum from the transverse colon along the blood-
less line or by serially applying artery forceps just outside 
the vascular arcade along the greater curvature of the stom-
ach and dividing the greater omentum. There are times that 
the greater omentum and the transverse mesocolon are 
“stuck” together, and it is diffi cult to separate them with 
this approach without risking damage to the transverse 
mesocolon and its corresponding vasculature. If the sur-
geon fi nds himself or herself in this situation, they should 
proceed with the following maneuver: The surgeon lifts up 
the stomach by grasping the anterior surface with his/her 
right hand and breaks the lesser omentum with the fi ngers 
of the left hand making sure that one does not damage the 
vasculature of the lesser curvature of the stomach. Then, 
the surgeon’s whole left hand is inserted along the back of 
the stomach, fi ngers pointing caudally, and by moving the 
whole palm in a transverse and caudal plane, one will eas-

ily open the potential lesser sac space by separating the 
greater omentum from the transverse mesocolon. The sur-
geon should make sure that the opening of the lesser sac is 
generous and so should proceed with the division of the 
greater omentum up to the spleen. 

 If there is suspicion that the injury may involve the distal 
tail of the pancreas near the hilum of the spleen, the lieno-
splenic, splenocolic, and splenorenal ligaments are incised 
and the spleen mobilized, by rotating it medially and lifting 
it upward toward the incision but being careful not to dam-
age the short gastric arteries. This will allow inspection of 
the anterior as well as the posterior aspects of the tail of the 
pancreas. The same maneuver can be used in visualizing the 
body and the tail, but because it requires signifi cant mobili-
zation of the spleen and the pancreas from the retroperitoneal 
space, it can lead to signifi cant oozing especially in the coag-
ulopathic patient. An alternative approach to visualizing the 
body of the pancreas is by incising the avascular peritoneal 
attachment of the transverse mesocolon to the pancreas and 
exposing the inferior border of the pancreas. This is done by 
sharp dissection with Metzenbaum scissors. As the perito-
neum is divided, 2 mm or 3 mm of retroperitoneal fat is seen 
bulging at the line of division between the lower border of 
the pancreas and incised mesocolon. There are very few ves-
sels in this space, and if they are cut, they can be ignored as 
they will soon stop bleeding. This incision is extended as far 
laterally as possible toward the spleen. Then, the surgeon 
should start mobilizing the pancreas anteriorly up by insert-
ing the right index and middle fi nger of the his right hand, 
facing upward, in the retroperitoneal space behind the pan-
creas. The surgeon bluntly dissects the posterior surface of 
the pancreas from the retroperitoneum using his/her fi ngers 
till they reach the superior border of the pancreas. The peri-
toneum exposed along the superior border of the pancreas is 
then incised. One must not worry about the veins along the 
posterior surface of the pancreas in this anatomical area as it 
is largely avascular and the tissues easily separated. On the 
other hand, the surgeon must always keep in mind that the 
splenic artery is running at the upper border of the pancreas, 
so when he/she divides the peritoneum along the upper bor-
der of the pancreas, the artery is not damaged. This will now 
allow cephalad rotation of the pancreas and inspection of the 
posterior surface and bimanual palpation (Figs.  47.1 ,  47.2 , 
 47.3 , and  47.4 ).

   Once the pancreas is mobilized and the site of the injury 
fully defi ned, it is important to classify the extent of the 
injury. There are numerous classifi cation systems, and they 
all have in common a measure of the extent of the parenchy-
mal and main ductal injury. We prefer the American 
Association for the Surgery of Trauma (AAST) Committee 
on Organ Injury Scaling classifi cation. See Table  47.1 .

   For minor parenchymal injuries without ductal disrup-
tion, we do not suture the gland but would leave a drain onto 
the site of the injury. We use soft silicone suction drains. 
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 If the parenchyma is signifi cantly divided or the main 
pancreatic duct (MPD) disrupted, for injuries to the left of 
the PV/SMV, we advocate a distal pancreatectomy. 

 The fi rst step to perform resection of the mobilized dis-
tal pancreas should be to ligate the splenic artery and vein 
to decrease the possibility of extensive bleeding during the 
resection. Ligation of both vessels about 2 cm to the right 
of the injury site is performed so that they are not inadver-
tently damaged during the transection of the parenchyma. 
In the same way, the surgeon should continue the mobiliza-
tion of the pancreas also for 2 cm to the right to the site of 
the proposed resection line. The surgeon then takes a soft 
bowel clamp and applies it on the pancreas as proximally as 
possible and divides the parenchyma with a scalpel. By 
intermittently releasing the soft bowel clamp, one will 
identify the superior and inferior pancreatic arteries and 

overrun them with a 5-0 Prolene fi gure-of-eight stitch. The 
bites of the needle are as close as possible to the bleeding 
vessel, including minimal pancreatic tissue. If it is applied 
further away from the vessel, there is a good possibility that 
the thin stitch will cut through the parenchyma while apply-
ing tension on throwing the knot causing small irritating 
bleeding. 

 Then, the surgeon tries to identify the very small main 
pancreatic duct. This identifi cation, although diffi cult, is 
possible in most cases. For that reason, one should transect 
the pancreas with a blade; transecting it by electrocautery 
will make it very diffi cult to identify the opening of the duct 
through the cauterized, coagulated pancreatic tissue. 
However, with the modern electrocautery devises, this is 
much less likely and division of the pancreas is possible 
using electrocautery. The pancreatic duct when identifi ed is 

  Figs. 47.1, 47.2, 47.3, and 47.4    Rotation of the body and the tail of the pancreas for the inspection of its posterior aspect       

   Table 47.1    The Organ Injury Scaling (OIS) Committee of the American Association for the Surgery of Trauma (AAST) for pancreatic trauma [ 3 ]   

 Grade  Criteria 

 I  Simple contusion of the pancreas 
 II  Major contusion or laceration without tissue loss or involvement of the main pancreatic duct 
 III  Complete transection of the pancreas or a parenchymal injury with involvement of the major duct to the left of the SMV 
 IV  Ductal transection or a major parenchymal injury to the right of the SMV 
 V  Massive disruption of the head of the pancreas 
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closed using a nonabsorbable 5/0 suture using a fi gure-of- 
eight stitch. Although the different techniques of closure of 
the pancreatic stump aim at controlling the bleeding as well 
as a leak from the pancreatic duct by compressing them 
within the pancreatic tissue, applying the fi gure-of-eight 
stitch at the pancreatic duct separately can diminish the risk 
of fi stula formation. 

 The pancreatic stump should be closed by inserting 
overlapping interrupted mattress sutures of polypropylene 
or silk. Which is the best way in inserting these mattress 
sutures? There is a tendency for the surgeon to move the 
needle holder, while he/she is inserting sutures, from away 
toward his/her body (in the right-handed surgeon, from the 
right to the left). So in the case of the pancreas, the mat-
tress stitch will be inserted from the posterior pancreatic 
surface to the anterior and then from the anterior to the 
posterior. Consequently, the stitch will be knotted on the 
posterior surface of the pancreas. As the normal pancreatic 
tissue is very soft, it is important, when the surgeon puts 
tension on the knot, to do it in such a way that it com-
presses the occluded pancreatic tissue but does not cut 
through it. This can be better achieved when the knot is in 
front, so that more controlled tension is applied with the 
two index fi ngers. Therefore, the mattress stitch is inserted 
“backhanded” (remember the surgeon is standing on the 
patient’s right side) starting from the anterior surface to 
the posterior and back from the posterior to the anterior. 
The fi rst knot – the one that counts – should be straight and 
double, so that appropriate tension can be applied and it 
does not give way while “relaxing” it on throwing the sec-
ond knot. 

 Resection of the body of the pancreas can also be 
achieved with the linear stapler, but a 4.5–4.8 mm TA or 
GIA stapler (green) must be used. In our hands, handsew-
ing of the pancreatic stump has achieved better results, but 
this is not refl ected in the literature. If the pancreas is very 
swollen, as happens frequently in patients with blunt tran-
section of the body of the pancreas especially when there 
is a delayed presentation – a stapler should not be used. 
The clips are too small to include the whole width of the 
transected pancreas. In this case, a thick stitch is used 
(usually stitches with high tensile strength like 0, 1, 2 
which are also thicker). This helps the surgeon in two 
ways: fi rstly, the needle is longer, so that the surgeon 
includes in his/her bite the whole cut surface of the pan-
creas, and, secondly, as the stitch is thicker, there is less 
chance of cutting through the parenchyma – “like a hot 
wire through Swiss cheese.” 

 The distal pancreas should be removed together with the 
spleen. If the patient is physiologically stable (usually in iso-
lated pancreatic injuries), an attempt can be made to preserve 
the spleen. This means additional time to dissect small perfo-
rating vessels originating from splenic vasculature on the 

posterior pancreas surface. As a rule, we do not attempt 
splenic preservation when we are performing distal pancre-
atectomy for trauma in adults. 

 If a splenectomy is performed, remember to give the 
patient pneumococcal vaccine 2–3 weeks after the procedure 
to help reduce the incidence of overwhelming postsplenec-
tomy sepsis from encapsulated bacteria. 

 A parenchymal injury to the head without major duct 
disruption requires good suction drainage alone. If one is 
unable to classify the ductal injury in the head, then our 
recommendation is to err on the conservative side and only 
drain the head. Should an MPD injury be missed and a 
pancreatic fi stula develop, endoscopic intervention with 
ERCP and MPD stenting works well in our experience to 
stop the leak. We do not advocate major resections of the 
head unless there is a defi ned major injury to the duodenal-
ampullary complex or the missile has essentially divided 
the pancreas for you. When the head of the pancreas is 
shattered and there is a signifi cant duodenal injury and 
minimal dissection is required to remove the head, a pan-
creaticoduodenectomy is performed. When dividing the 
pancreas as it runs posterior to the portal vein/superior 
mesenteric vein (PV/SMV), it is important to identify by 
palpation where the superior mesenteric artery runs to the 
left of the veins. Traction on the pancreas head during the 
process of dividing the uncinate process can tent up the 
artery, and injury to the SMA is possible at this point. As a 
matter of fact the uncinate process can be left on the portal 
vein making the resection of the head of the pancreas less 
tedious. 

 The remaining issue is the timing of the reconstruction. In 
experienced hands and with a stable patient without the need 
for damage control, an immediate reconstruction can be per-
formed. However, this is the exception. We advocate that the 
reconstruction is performed at a second procedure, delayed 
for 48–72 h to address the patient’s general condition as per 
damage control guidelines. Again, it is the pancreatic recon-
struction that is diffi cult due to the normal pancreas and 
small duct. We make no recommendation as to the type of 
pancreatic reconstruction that should be employed. Our own 
practice is to perform a posterior pancreaticogastrostomy. 
Then a proximal gastrojejunostomy is fashioned followed 
about 10 cm distally with a side-to-side hepaticojejunos-
tomy. There is some suggestion that the gallbladder can be 
used as a conduit for biliary reconstruction. We think this is 
unnecessary and unwise and recommend routine cholecys-
tectomy. In addition, the bile duct is also usually not dilated 
and care and experience should be employed to prevent post-
operative strictures of the bile duct anastomosis. Should the 
bile duct be small, mobilize the common bile duct proxi-
mally and identify the left hepatic duct. Open the anterior 
wall of the common hepatic duct onto the left hepatic duct 
for at least 2 cm. During this dissection, a small branch of the 
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hepatic artery crosses the left hepatic duct and is often 
divided at this point. This vessel is hard to identify before 
you cut it and can be controlled with a small suture or dia-
thermy. A note of caution at this point is important, and pres-
ervation of the blood supply to the biliary tree is very 
important. Excessive mobilization can devascularize the bile 
ducts resulting in late ischemic strictures. A side-to-side 
hepaticojejunostomy using a 4/0 or 5/0 monofi lament 
absorbable, as originally described by Hepp and Couninard, 
is then performed. The bowel loop is brought antecolic based 
on the recent evidence that this reduces the incidence of 
delayed gastric emptying it is worth mentioning that if a nar-
row common bile duct is ligated during the initial operation, 
it will be dilated at the time of the reconstruction, making the 
Hepp and Couninard anastomosis, technically easier. 

 The challenge in the patient without a shattered head of 
pancreas is to identify the major injury to the ampulla. If the 
ampulla is not accessible through the duodenal injury, some 
recommend an on-table cholangiogram to identify the injury. 
In our experience, this is usually not required and can be very 
diffi cult from a logistics point of view in the middle of the 
night. The damage control approach is very valuable in this 
setting and allows one to revisit the decision making in the 
cold light of day with all the resources available. This may 
include MRCP. 

 With the growing evidence that minimally invasive 
interventions such as ERCP and EUS can assist in manag-
ing post-trauma complications to the pancreas, especially 
in the blunt trauma setting, if at operation a borderline 
indication for a pancreaticoduodenectomy exists, we 
would recommend drainage and referral to a center where 
endoscopic and interventional radiological expertise exist. 
The role of duodenal exclusion procedures is again gain-
ing popularity. In the situation where there is a signifi cant 
injury to the duodenum with a borderline injury to the 
pancreas with an intact ampulla, we believe that a well-
placed purse-string suture, using an absorbable suture, 
occluding the pylorus and placing it from inside the stom-
ach in addition to a gastrojejunostomy using the same gas-
tric incision made to insert the above purse string should 
be performed. The duodenal injury should be closed with 
meticulous interrupted monofi lament sutures. If there is a 
concomitant biliary injury, a cholecystectomy and place-
ment of a T-tube into the common bile duct can be added 
to divert the bile from the duodenum or from the site of 
injury. 

 We believe, in general, that with the advent of endoscopic 
interventions and the progress made in interventional radiol-
ogy, the aggressive approach to pancreatic injuries should be 
reviewed. Clearly, when there is signifi cant parenchymal and 
MPD disruption to the left of the PV/SMV, resectional sur-
gery is required. However, in borderline cases, when the 
MPD integrity is uncertain or the status of the ampullary 

complex poorly defi ned, the value of intraoperative tech-
niques to identify and classify the injury is uncertain and is 
not reliable enough and is meddlesome and should be 
avoided. However, what has not been mentioned is the role 
of intraoperative ultrasound. No studies have been reported 
defi ning the role and benefi t, if any, from intraoperative 
ultrasound. This tool is common place in an HPB theater, 
and ultrasound of the pancreas is a very valuable way of 
looking for small lesions in the pancreas and their relation-
ship to the MPD, which is well seen. As such, this investiga-
tion needs to be investigated as it may be valuable in the 
trauma setting. 

 Postoperative complications are common and are often 
due to the associated injuries. The complications related to 
the pancreas are mainly related to surgical site infections, 
pancreatico-cutaneous fi stulae, and the development of pan-
creatic and peripancreatic fl uid collections. 

 Surgical site infections are usually treated using interven-
tional radiological techniques. However, if bowel fi stulae 
resulting in intra-abdominal collections occur and are associ-
ated with pancreatic duct leaks, in addition to the radiologi-
cal interventions, the duct leak must be addressed. 

 Pancreatic fi stulae are the most signifi cant of the pri-
mary pancreatic complications. They have a signifi cant 
associated morbidity if not treated adequately, and this 
may require a number of simultaneously employed tech-
niques. The initial problem is to defi ne a clinically signifi -
cant fi stula. In the literature, there are numerous 
classifi cations and consensus statements. However, a leak 
of amylase-rich fl uid persisting for a number of days and 
having clinical implications should be defi ned as a fi stula. 
The role of the volume of fl uid in the defi nition is unclear. 
We consider a daily output of between 50 and 100 mL to 
be signifi cant. In such a patient, the fi rst step is to exclude 
a peripancreatic collection that is not adequately addressed 
by the drain. CT scan is the investigation of choice. If 
there is a collection, percutaneously placed pigtail drains 
are inserted. Control of the fi stula is the main objective in 
this situation. Can we avoid the development of fi stulae? 
The role of octreotide in the postoperative period is not 
well defi ned. Some work from Heidelberg in Germany 
suggests a real benefi t in reducing the postoperative fi s-
tula rate. This has not been shown in the trauma situation. 
We do not use it routinely, but if there is real concern 
regarding the risk of a fi stula in an individual patient, we 
would use it. In well-established postoperative fi stulae, 
we would routinely use octreotide in addition to TPN or 
semi-elemental enteral feeds. In a low-output fi stula, we 
would start with enteral semi-elemental oral feeds. If the 
fi stula output does not increase, we continue with this 
regimen. However, if the output is very high or increases 
with enteral feeding, we convert to TPN as our primary 
nutritional support. ERCP and MPD stenting does have a 
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role in managing these ductal leaks. The main issue is 
however timing. If the leak is controlled, then there is no 
rush and the patient’s general condition will determine the 
timing. In addition, many low-output fi stulae will close 
spontaneously within a few days and do not require endo-
scopic interventions. It is diffi cult to move an unstable 
patient to the ERCP suite, and therefore when the patient 
is stable and the fi stula persists longer than 5–7 days, we 
perform ERCP, and if a duct disruption is defi ned, a small 
pancreatic duct sphincterotomy is performed and a 7fr 
plastic stent inserted. Removal of the stent should be as 
soon as possible to prevent damage to the duct. We recom-
mend removal within 4–6 weeks of the fi stulae clinically 
closing. 

 Pancreatic pseudocysts usually present as a delayed 
presentation. This can be when a minor pancreatic injury 
was missed or after the removal of the surgically placed 
drains when the extent of the ductal injury was underesti-
mated. The management of pancreatic pseudocysts is 
beyond the scope of this chapter. Our primary approach is 
always endoscopic, and today this is usually endoscopic 
ultrasound guided. However, other endoscopic approaches 
including ERCP and transpapillary stenting have been 
shown to work and can be employed. Surgical cystenteros-
tomy should be avoided as minimally invasive approaches 
are usually successful. 

 In conclusion, penetrating injuries to the pancreas are 
usually diagnosed at operation. The well-established proto-
cols determining damage control and the management of 
penetrating injuries to the abdomen should be followed. 
When pancreatic injuries are present, the aim of the surgery 
is primarily to identify the extent of the parenchymal injury 
and the degree of duct disruption. All minor injuries and 
indeterminate injuries should be treated with suction drains. 
Resection should be reserved for injuries to the left of the 
PV/SMV and should include a splenectomy. 
Pancreaticoduodenectomy should be only performed when 
the injury is of such a nature that the head of the pancreas 
is already divided or where the injury to the duodenal- 
ampullary complex prevents reconstruction. We recom-
mend a two-stage resection and reconstruction. Duodenal 
exclusion techniques are again becoming accepted, and we 
certainly believe in the right setting they should be used. A 
more conservative approach to pancreatic injuries can be 
justifi ed by the increasing reports of success in treating 
pancreatic sequelae with endoscopic and radiological inter-
ventions. The initial treatment is usually successful in most 
trauma units. More advanced injuries and complications 
should be referred to specialized pancreatic units where 
experience and access to advanced endoscopy usually exist.     
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 –   Assess possibility of injury to the main pancre-
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      Liver and Extrahepatic Bile Ducts                     

     Frederick     Millham    

      Penetrating injury to the liver can challenge surgeons across 
a broad spectrum ranging from deciding on a nonoperative 
plan to devising operative strategies for complex combined 
hepatic vascular and biliary injuries. The surgery of complex 
penetrating liver injury requires a broad range of skills, from 
the ability to expose and control bleeding rapidly, to the abil-
ity to coordinate care of a very ill patient over a long period 
of time. A theme pervading all management of complex liver 
injuries, though, is the simple notion that, ultimately, the 
liver is a forgiving organ, if one can keep a patient from 
bleeding to death on the day of injury or dying of sepsis from 
leaking bile later on, even the most complex injuries can be 
managed successfully. Damage control in the face of com-
plex or multisystem injury where bleeding is controllable by 
compression is the standard of care. For convenience, I will 
discuss the management of liver and extrahepatic biliary 
injuries separately. 

48.1     Immediate Considerations 

 Choosing a management strategy for penetrating liver injury 
is informed by several factors apparent on patient presenta-
tion. First, and most important, is hemodynamic stability. 
Patients who are in persistent shock due to penetrating 
injury always require immediate surgical intervention. More 
challenging from a decision-making standpoint are patients 
who may have shown some early signs of shock but who 
have responded well to either time or resuscitation. For 
these patients, there may be an opportunity to obtain imag-
ing that will support a nonoperative strategy. A good general 
principle is to avoid axial imaging in patients in shock. 
Critical review of vital signs and patient’s acid–base status 

are important when considering nonoperative management 
of any visceral injury. 

 The second consideration is the mechanism of injury. 
Penetrating injuries to the liver can be conveniently divided 
into three categories: (1) stab and other low-energy wounds, 
(2) low-energy gunshot wounds (handgun related), and (3) 
high-energy gunshot wounds (long arm related) or wounds 
due to military ordnance. Hemodynamically stable stab 
wound victims who have no evidence of ongoing bleeding 
can be safely managed by observation. Mortality in this set-
ting is a function of laceration of a named vessel such as the 
vena cava or hepatic vein. If there is low suspicion for vascu-
lar injury, observation is the best strategy. Low-velocity gun-
shot wound patients who are hemodynamically stable can 
also be observed provided there is convincing evidence on 
axial imaging that the liver injury is tangential and not asso-
ciated with extravasation of blood. High-velocity gunshot 
wounds, or other wounds caused by military ordnance, cre-
ate extensive wounds to the liver. The inelastic structure of 
the liver does tolerate the physics of high-velocity projec-
tiles, which tend to create complex, shattered, wounds, chal-
lenging to the most experienced surgeons.  

48.2     Nonoperative Management 

 Patients who arrive with normal vital signs and who do not 
appear to be in shock or to be actively bleeding are good 
candidates for nonoperative management. CT scanning done 
with dynamic contrast injection, and delayed imaging, can 
exclude active liver bleeding and support a strategy of obser-
vation alone in such patients. Should CT scanning show arte-
rial extravasation, angio-embolization is an excellent 
intervention. Simple tangential stab or low-velocity gunshot 
wounds rarely require aggressive operative intervention. In 
some cases, drainage of the perihepatic space may be neces-
sary to control bile leakage. When bile collections occur sub-
sequent to admission, these drains can be placed 
laparoscopically. 
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 Injuries to the retrohepatic vena cava, if not bleeding, may 
also be managed nonoperatively. Here a good rule of thumb 
is “don’t poke a skunk.” Stable non-expanding pericaval 
hematomas only become problems when surgeons expose 
them. The careful trauma surgeon is willing to observe these 
injuries carefully from afar. Some authorities have recently 
demonstrated excellent outcomes with endovascular stenting 
of vena caval injuries, though in the absence of active bleed-
ing, doing nothing may be best.  

48.3     Operative Management 

 As a rule, one should manage penetrating abdominal injury 
through a midline incision. There is always enough uncer-
tainty regarding projectile trajectory to make the midline the 
safest route of approach. As with any trauma laparotomy, 
prep and expose the patient from the neck to the mid thighs. 
Access to both the chest and groin vessels may be occasion-
ally useful should one need to isolate the liver from the sys-
temic circulation [ 4 ,  13 ]. 

 There are several keys to the operative management of 
penetrating liver injuries. First, one must fully mobilize the 
liver by taking down all of its ligamentous attachments to the 
diaphragm. Using a Metzenbaum scissor, divide completely 
the falciform and coronary ligaments (Fig.  48.1 ). This is nec-
essary to expose the liver entirely for inspection but, more 
importantly, to facilitate compression of the liver as a means 
of hemostasis. If the liver is fractured to any extent by the 
injury, attempting compression without full mobilization 
risks extending the existing injury. In the case where there is 
active bleeding from the liver substance, following mobiliza-
tion of the liver, the surgeon or assistant should manually 
compress the liver by placing your left hand over the right 
lateral portion of the liver and the right hand over the left 
lobe and pressing the liver together (Fig.  48.2 ). In most 
cases, this will slow or stop bleeding from the liver substance 

and allow a chance both for resuscitation and assessment of 
the extent of injury.

    The next key step is to distinguish between arterial and 
venous injury. An insightful surgical aphorism states: 
“Arterial bleeding scares the amateurs, venous bleeding 
scares the professionals.” The Pringle maneuver is useful to 
distinguish amateur from professional bleeding from a pen-
etrating liver injury. One can accomplish it in a matter of 
seconds by passing your left index fi nger through the fora-
men of Winslow and directing it anteriorly through the lesser 
omentum (gastrohepatic ligament). This is done bluntly. 
Once the fi ngertip appears, sweep a three-quarter-inch 
Penrose drain around the porta hepatis in the same manner 
one encircles the spermatic cord during a hernia repair. The 
Penrose can then be tightened with a Kelly clamp to occlude 
all infl ow to the liver (Fig.  48.3a, b ). The time infl ow occlu-
sion starts should be recorded. Ideally, hepatic ischemia 
should be limited to 30 min or less. If this arrests the bleed-
ing, then arterial hemorrhage is almost always the problem. 
If bleeding persists, then injury to a hepatic vein or adjacent 
vena cava should be suspected.

   In the case of brisk arterial bleeding, threatening immedi-
ate exsanguination, ligation of the common hepatic artery or 
the right or left hepatic artery is an alternative. With the 
Penrose drain–Pringle tourniquet on downward traction, you 
can fi nd the hepatic artery by fi rst identifying the common 
bile duct and looking medially. 

 Prior to closing the abdomen with towel clips, packs are 
applied anteriorly across the surface of the liver. If you have 
ligated or embolized the right hepatic artery, the gallbladder 
will be devascularized and should be removed. 

 If the Pringle maneuver does not arrest the bleeding, 
then assume venous injury. At this point, it is important to 

  Fig. 48.1    First step in controlling liver bleeding: completely mobilize 
the liver from the diaphragm       

  Fig. 48.2    Second step in controlling liver bleeding: manual compres-
sion with hands compressing both lobes toward the hepatic hilum       
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evaluate the vena cava for injury. Many times the real 
source from liver injuries is in fact the vena cava or the 
junction of the vena cava and hepatic veins. Vena caval 
injuries can be classifi ed into three types: suprahepatic, ret-
rohepatic, and infrahepatic. 

 If a suprahepatic injury is suspected, proceed directly to a 
thoracoabdominal approach. While a “hockey-stick” inci-
sion into the costal cartilages from the superior pole of the 
midline wound is possible, I prefer to perform median ster-
notomy in cases where injury to the cava appears to be in the 
“no man’s land” between the liver and heart. These wounds 
have a very high mortality. Successful management requires 
rapid control which is best gained by dividing the sternum 
and diaphragm. The sternum is best divided with a power- 
driven sternal saw. Finger dissection in the suprasternal 
notch to keep the innominate veins away from the saw blade 
is a good fi rst step. Next, with the saw guard introduced 
through the sternal notch and on upward traction, the ster-
num can be opened in a matter of seconds. A Finochietto 
retractor or similar rib spreader can provide access to the 
heart and mediastinum. Take down the pericardium and ante-
rior attachments of the mediastinum quickly with scissors. 
Divide the diaphragm with the cautery down onto the caval 
hiatus. This should expose the injured segment. A side biting 
vascular clamp is usually the simplest tool for controlling the 

injury. Once the clamp is on, blood return to the heart will be 
minimal. Mortality for these injuries is very high. It is essen-
tial that one work with alacrity in the setting. 

 Retrohepatic caval injuries are among the most challeng-
ing injuries the trauma surgeon faces. In the setting of pene-
trating trauma, where bleeding is not contained within a soft 
tissue space, the vena cava must be exposed rapidly. In 
patients where the liver is relatively large or this exposure is 
diffi cult, access to the chest as described above may be use-
ful. Generally, however, it is not necessary to open the chest 
to approach the retrohepatic vena cava. Having already mobi-
lized the ligamentous attachments, it is possible to rotate the 
liver medially exposing the retrohepatic cava. If the injury 
involves the intrahepatic portion of the cava, it may be neces-
sary to take down the small veins draining directly from the 
substance of the liver into the vena cava. These usually num-
ber between 7 and 14 and in an emergency can be well man-
aged with small clips. Failure to control these veins will result 
in the creation of an additional source of bleeding. Infl ow and 
outfl ow occlusion of the cava above and below the injury can 
be usually achieved with direct compression using sponge 
sticks. As in the suprahepatic vena cava injury, there is a high 
premium on effi ciency. Having 3-0 or 4-0 vascular nylon 
suture ready on a long needle driver prior to diving in to the 
retrohepatic space is a good idea. 

Penrose drain
Pringle maneuver

1
2

a b

  Fig. 48.3    ( a ) Pringle maneuver step A: insert left index fi nger into the 
foramen of Winslow, and then push the fi nger tip through the lesser 
omentum (aka gastrohepatic ligament). ( b ) Pringle maneuver step B: 

encircle the porta hepatis with a ¾″ Penrose drain hooked around the 
index fi nger, then tourniquet the porta by twisting the drain and secur-
ing with a Kelly clamp       
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 Injuries to the infrahepatic cava can be exposed by the so- 
called Braasch–Cattell maneuver, where one opens the white 
line of Toldt in the right paracolic gutter and sweep the right 
colon medially on its mesentery. Mobilize the duodenum 
medially in a similar way. Sponge sticks are useful here too 
for proximal and distal control in a hurry. Traditionally, it has 
been thought that it is necessary to preserve at least 25 % of 
the lumen of the vena cava above the kidneys. Recent experi-
ence indicates less lumen may be acceptable, it is certainly 
better to leave a conduit of diminished diameter than ligate 
the cava or, worse, have a patient expire while performing an 
interposition graft. Endovascular stenting is emerging as an 
option for the management of penetrating injuries of the 
infrahepatic vena cava. 

 Where patients are unstable and complex injury of the 
infrahepatic vena cava precludes a simple vascular repair, 
ligation is an acceptable option, though mortality in cases 
requiring IVC ligation exceeds 50 %. 

 Patient suffering from multiple gunshot wounds to the 
liver or injuries caused by high-velocity rounds or military 
ordinance may have complex, massive, liver fractures, diffi -
cult to control by packing. These wounds are fortunately rare 
in civilian practice. Bleeding uncontrollable by packing dis-
qualifi es the patient for a damage control procedure. It is in 
this setting that maneuvers such as hepatic exclusion may be 
the only option. With the Pringle tourniquet engaged, the 
hepatic infl ow and outfl ow controlled with sponge sticks, 
one looks for the dominant sources of hemorrhage and clips 
or ligates them. In limited cases, formal lobectomy may be 
preferable if the injury is limited to an anatomic lobe or 
segment. 

 More advanced techniques such as veno-venous bypass 
and hepatic exclusion have been used by some centers to 
manage complex liver injuries. These methods usually 
require existing experience and rapid access to extracorpo-
real circulation technology and expertise. These techniques 
are diffi cult to improvise or implement without planning 
ahead of time. 

 If bleeding is indeed uncontrollable with packing, and a 
transplant program is available, a last effort at salvage may 
include hepatectomy with hope for an emergency transplant. 
This option is obviously limited to a small number of centers 
and even then unlikely to succeed.  

48.4     Extrahepatic Biliary Injury 

 Penetrating injury of the extra patent bile ducts is relatively 
uncommon and usually occurs in conjunction with a more 
serious injury to a vascular or other visceral structure. 
Injuries to the extrahepatic biliary system are far more com-
mon in the setting of cholecystectomy. Experience managing 

misadventures in this setting is useful in informing our 
approach to penetrating injury of the common bile duct. 

 Isolated injury of the common bile duct can be repaired 
primarily if caused by an edged weapon. However, most pen-
etrating trauma victims are young people with no pre- existing 
biliary pathology. The common duct in such patients is a 
small, more delicate structure with a diameter of 5 mm or 
less. Therefore, a better plan is to repair injuries of the com-
mon bile duct over a T-tube or stent. Biliary stents can be 
placed operatively through the injury and passed down 
through the ampulla of Vater for later endoscopic recovery. 
My preference is to close simple wounds in small ducts over 
an appropriately sized T-tube. The T-tube can be removed 
4–6 weeks postoperatively following a normal 
cholangiogram. 

 Complex injuries of the extrahepatic biliary tree, involv-
ing loss of a segment of the common bile duct or signifi cant 
injury of the origin of the common bile duct from the right 
and left hepatic duct, require more complex management. 
Injuries of this type occurring in isolation can be managed in 
one step with a choledocho or hepato-jejunostomy, best con-
structed as a Roux-en-Y limb. Ureteral stents are a useful 
adjunct that one can place across the anastomosis and bring 
out through the anterior abdominal wall downstream. Tack 
the mid portion of the Roux limb to the anterior abdominal 
wall, and bring the stents out as one might a feeding jejunos-
tomy tube. 

 In the face of aggressive hemorrhage or injuries to other 
vital organs, it is not necessary to repair the common bile 
duct at the fi rst operative encounter. The management prin-
ciples are simple: control bile leakage and prevent or manage 
sepsis. Damage control in this setting may be as simple as 
tying the end of the hepatic or common duct around ureteral 
stents, brought out with ample additional closed suction 
drainage. If the ducts are not identifi able, provide adequate 
drainage by placing ample closed suction drains as adequate. 
If bile leakage and sepsis are controlled, biliary enteric con-
tinuity can be reestablished weeks or even months later when 
other problems have been settled.  

    Conclusion 

 Penetrating liver and extrahepatic biliary injury represents 
a wide spectrum of disease, from the mundane to the lethal. 
Patients with non-bleeding injuries do not require surgical 
intervention. Successful management of complex hepato-
biliary injury frequently requires a damage control philoso-
phy. The initial approach to such patients may involve 
“simply” stopping the bleeding and draining the bile, leav-
ing defi nitive restoration of biliary enteric drainage for 
another day. Endovascular techniques such as embolization 
and stenting represent important methods that are part of a 
multidisciplinary approach these injuries may demand.      
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 Important Points 

•     Don’t poke a skunk: Non-bleeding injuries can usu-
ally be watched.  

•   In a crisis: Damage Control is the path to success.  
•   Stop the bleeding today; fi x the biliary anatomy 

tomorrow.  
•   Mobilize the liver before attempting compression 

or packing.  
•   If the Pringle maneuver arrests life-threatening 

bleeding, ligate, or embolize.  
•   If the Pringle maneuver does not control life- 

threatening bleeding, look to the vena cava.    
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      When discussing penetrating hollow viscus injuries, it is best 
to think of their management as consisting of two distinct 
phases. The fi rst phase consists of the initial pass-through the 
patient’s abdomen and centers around the temporary control 
of spill from the perforated bowel. The second phase is the 
remainder of the operation and focuses on the specifi c man-
agement goal for the involved viscus at the time of that oper-
ation. In this chapter, we will focus on technical tricks for 
identifying these injuries, the options available to deal with 
them, and (most importantly in my view) the factors infl u-
encing the smart trauma surgeon’s choice of procedure to 
perform for injuries occurring between the ligament of Treitz 
and the sacral promontory. So let’s dive in… 

49.1     The First Pass-Through the Abdomen 

 While circumstances dictate the pace of the fi rst stage, the 
exploratory techniques should always be the same for the 
fi rst minutes of any trauma laparotomy after a gunshot or 
stab wound. While the techniques for rapidly getting into the 
peritoneal cavity are covered well in another chapter of this 
book, we want to emphasize that one should strive to do it 
the same way every time. If we close our eyes, we can rap-
idly run through our own personal sequence: rapid clot and 
hemoperitoneum evacuation; run a hand over the right lobe 
of the liver, palpate the right diaphragm, fast inspection of 
the portal triad, anterior stomach, left lobe, and gastroesoph-
ageal junction; over to the spleen and left diaphragm for a 
quick palpation and inspection; take the transverse colon 
cephalad and eviscerate the small bowel to the patient’s right 
to look at the retroperitoneum overlying the root of the mes-
entery, aorta, and left kidney; fl ip the viscera back to the 

patient’s left to look at the retroperitoneum overlying the 
cava, right kidney, and pancreaticoduodenal complex; evis-
cerate all of the small bowel cephalad to look at the contents 
of the pelvis; and fi nally take the stomach cephalad while 
distracting the transverse colon caudally to put the gastroco-
lonic ligament under tension where an avascular plane can be 
quickly identifi ed and opened to inspect the lesser sac. If 
exsanguinating hemorrhage is encountered during these 
maneuvers, it should be rapidly controlled at that time. If the 
bleeding is not audible or contained hematomas are found, 
they are best dealt with by packing the area until the entire 
abdomen has been assessed. 

 Once this sequence is complete, then and only then should 
one run the bowel. This is performed as a philosophical 
extension of the fi rst portion of the exploration in which the 
overall approach is fast, fast, fast. Remember, all that you are 
doing at this point in the operation is looking for sites of 
frank perforation or bleeding. Start at the ligament of Treitz, 
and run the entire small and large intestine by hand-over- 
handing it to your assistant, making sure to visualize the 
entire mesentery all the way down to its root. Non-bleeding 
partial thickness injuries to the bowel wall or mesentery 
should be noted, but not addressed on this initial pass- 
through the abdomen. The time will come soon enough to 
contend with those injuries on a slower, more thorough 
inspection later. If a site of frank perforation or bleeding is 
found, one should just place a quick fi gure-of-eight stitch at 
the serosal edges to control the spill of succus/stool or 
quickly clamp and tie a discrete “pumper” to get rapid hemo-
stasis. Cut the tails of your stitch long to make the site easier 
to fi nd in a little while. Do this to the bowel in its entirety. 

 At the completion of these maneuvers, one should sit 
back for a moment and take stock of the situation. You have 
completely inspected the abdomen, temporized the spill of 
bowel contents, and gotten an idea of the magnitude of inju-
ries with which you are contending. Is your patient dying? 
Do you expect them to rapidly start getting sicker or better? 
What are the number and complexity of their associated inju-
ries, both known and suspected? Are you dealing with an 
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isolated hollow viscus injury? How much peritoneal soilage 
and blood loss has occurred? The answers to these questions 
will dictate how you manage that fl uted segment of the small 
bowel and blown-out sigmoid that you just fi nished whip 
stitching. This is a good time to take a moment, catch your 
breath, and come up with a plan before you just start fi xing 
things. One should start by resisting the urge to overthink 
things and just ask, “How sick is the patient?”  

49.2     The Second Pass-Through 
the Abdomen: The Stable Patient 

 Few operations for trauma are as enjoyable as the isolated 
hollow viscus injury in the hemodynamically stable patient 
after penetrating trauma, as they are straightforward in nature 
and yield immensely satisfying results. The pace of the case 
is relaxed, and glances up at the telemetry monitors are reas-
suring. There are some traps that one should still be aware of, 
however, which can turn a nice case into a delayed horror 
show. 

 When dealing with mesentery bleeding that is adjacent to 
the bowel but not involving the viscus itself, a simple whip 
stitch will frequently be all that is needed. Once hemostasis 
is secured, however, you will need to watch the bowel down-
stream for ischemia. Typically, if this is going to be a prob-
lem, it will declare itself within several minutes. In my 
experience this is unusual for the peripheral mesenteric 
defects that result after penetrating injury, as they are typi-
cally smaller than the larger, ragged mesenteric injuries that 
are commonly seen after blunt trauma. Injuries close to the 
root of the mesentery are much more problematic. These fre-
quently present with an expanding hematoma within the 
sheets of the mesentery, and efforts to address them are 
fraught with the potential for iatrogenic injury to the superior 
mesenteric artery (SMA) or vein (SMV). Usually the injured 
vessel has retracted back into the mesentery making life dif-
fi cult for all involved. Begin by placing the root of the mes-
entery between the index and middle fi ngers of the 
nondominant hand (Fig.  49.1 ). Then place your index fi nger 
and thumb on opposite sides of the injury (Fig.  49.2 ). By 
tenting the injury across the middle fi nger in this fashion, one 
can quickly get a signifi cant degree of proximal and distal 
control of most injuries in this area. Once the fi eld is dry, 
open up the sheets of the mesentery to precisely defi ne the 
bleeding vessels and address them. It is wise to avoid blind 
clamping and fi gure-of-eight stitches in the high-priced real 
estate adjacent to the SMA and SMV.

    If the injury is to the bowel itself, at this point in the oper-
ation you should be looking at several rapidly closed holes 
with long silk tags, or areas of hematoma adjacent to the 
colon or at the bowel/mesentery junction without frank spill. 
The fi rst step is to avoid the temptation to start contending 

with the holes that you know you have and instead fully 
defi ne all of the injuries with which you are dealing. This 
may save you from wasting time on primary repairs that will 
later wind up in a resected piece of bowel after other injuries 
are discovered. While this is frequently straightforward, a 
few particulars are worth mentioning. First, any pericolonic 
hematoma needs to be completely inspected. This means 
rolling the colon and dissecting all other tissues away until 
only the colonic serosa remains. If a subserosal hematoma is 
found, unroof it. Similarly, any hematoma at the junction of 
the bowel wall and mesentery should be considered to be an 
injury until proven otherwise by direct visual inspection of 
the serosa of the involved area. Do not let the fear of an 
 iatrogenic injury stop you from completely inspecting the 

  Fig. 49.1    To control injuries at the base of the mesentery, begin by 
placing the root of the mesentery between the index and middle fi ngers 
of the nondominant hand       

  Fig. 49.2    Next, place the thumb and index fi nger on opposite sides of 
the injury. By squeezing the area of injury in this fashion, effective 
hemostasis is quickly achieved. The sheets of mesentery can then be 
incised and the points of bleeding accurately identifi ed and addressed       
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area of concern. Occasionally, for injuries close to the root of 
the mesentery, it will be necessary to actually take the liga-
ment down. The important thing to remember is to never 
look at a hematoma immediately adjacent to a viscus and 
leave it thinking that it is probably OK. In the words of the 
esteemed surgeon Benton DuPont, “That works about as 
well as ball bearing book ends.” Similarly, an odd number of 
holes in the bowel should trigger fears for a missed injury. 
While tangential wounds can occur, the fi nding of an odd 
number of holes should cause one to spend extra time look-
ing for a missed perforation. Keep in mind the mobility of 
the small bowel, that people get shot in all manner of bodily 
positions, and that bullets do not travel in straight lines. In 
short, when looking for bowel injuries, paranoia is a healthy 
attitude. 

 Once an injury to the bowel wall is located, debriding the 
edges to healthy tissue and a transversely oriented primary 
repair should be the default fi rst choice. Personally, we pre-
fer a single-layer running suture. If we have a relatively short 
segment of the small bowel that has been fl uted, we will 
resect it in order to minimize the number of suture lines. 
When making the decision about whether or not to resect an 
intervening piece of small bowel between two injured seg-
ments in order to save an anastomosis, we will check to see 
if we are leaving the patient with at least 250 cm of small 
bowel if a resection is performed as short bowel syndrome 
should not be a concern with that length. In adults, particu-
larly those lacking a functional colon, lifelong TPN depen-
dence is likely to occur in those who have 100 cm or less. 
While the presence of a functional ileocecal valve is thought 
to increase this length to an unknown degree, trauma patients 
are clearly at higher risk for subsequent bowel resections at 
their initial admission as well as over their lifetime (trauma 
recidivism rates are signifi cant, proving the old saying, 
“Trauma is a chronic disease with acute exacerbations”). 
Given that, it is smart to leave them with plenty of bowel to 
spare. When dealing with two enterotomies that are within a 
centimeter or so of each other, the bridging wall of bowel 
separating them can become devascularized and slowly 
necrose over the course of a few days. Avoid the temptation 
to perform two primary repairs in this setting, as it is prudent 
to debride this segment and convert them into one larger 
enterotomy which can then be closed easily. 

 If a resection is required, the decision to perform an anas-
tomosis versus diversion has vexed generations of surgeons. 
During World War II, failure to treat a penetrating colon 
injury with diversion was a court martial offense. With time, 
as it came to be realized that civilian injuries are not neces-
sarily equivalent to military injuries and that ostomy reversal 
carried its own morbidity, the pendulum began to swing 
toward a lower threshold for anastomosis at the time of the 
fi rst operation. In the stable, previously healthy penetrating 
trauma patient who is exhibiting no signs of shock and has 

received no blood products, we will always perform a pri-
mary anastomosis regardless of the location of the injury or 
the amount of peritoneal soilage from stool. This includes 
left colon injuries. The one exception to this general rule is 
the elderly patient with minimal physiologic reserve. In that 
setting, we will still perform enteroenterostomy and entero-
colostomy. When considering the higher risks of colocolos-
tomy in conjunction with the fact that an anastomotic leak in 
this specifi c population is often a death sentence, we will 
generally opt to perform resection and diversion in those 
patients. One should realize though that frequently means 
these will become permanent ostomies. 

 Typically the stable patient has relatively normal caliber 
bowel, and if this is the case, either hand-sewing or stapling 
the anastomosis should be fi ne.  

49.3     The Second Pass-Through 
the Abdomen: Damage Control 

 Now let us consider a different situation. You have just fi n-
ished a fast right nephrectomy and packing the liver; a quick 
glance up shows you multiple units of blood products hang-
ing on the IV pole and on the fl oor around anesthesia’s side 
of the drapes. At this point, anesthesia tells you that the 
patient’s core temperature is 33.9 °C. You need to be getting 
out of this patient’s abdomen ASAP. Having temporized the 
patient’s enterotomies on the fi rst pass with whip stitches, 
what do you do now? 

 For the patient who is in extremis, the answer is simple: 
nothing. Leaving the injuries alone with fi gure-of-eight clo-
sures is not something about which you should be cavalier, 
because this suboptimal technical closure is prone to break-
ing down (particularly in the setting of bowel edema and 
splanchnic vasoconstriction from shock and pressors). In the 
patient who is actively dying, however, the risk posed by this 
strategy may be balanced out by the benefi t of saving a few 
minutes in a setting where time is critical. If one elects to 
leave the whip stitches in place, it is important that you take 
the patient back at or around 24 h post-injury as longer delays 
begin to make the risks of breakdown with renewed spill of 
stool prohibitive. While we realize that the plural of anecdote 
is not data, the senior author has resorted to this strategy 
many times and has yet to have a whip-stitch closure break 
down in this time frame. 

 If a damage control approach is being utilized but the 
patient is not in extremis, a different approach is used for 
hollow viscus injuries temporized on the fi rst pass-through 
the abdomen. If it is a matter of dealing with three or fewer 
small, discrete perforations, we will take the time necessary 
to perform simple, running, single-layer closures. These 
defi nitive repairs are quick, and a time-consuming second 
layer is unnecessary. If many more injuries exist, or a 
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 destructive injury is present, one should resect the involved 
piece of bowel and leave the patient in discontinuity. 
Alternatively, one can fi re a linear cutting stapler adjacent to 
both sides of an injury, effectively excluding the injury from 
the fecal stream and preventing spill. With a functioning 
nasogastric tube, patients tolerate being left in discontinuity 
surprisingly well and can be left in this fashion for 48 h or 
longer if circumstances require it. Diversion in this setting is 
unnecessary and in fact can be problematic as the abdominal 
wall frequently becomes quite edematous in damage control 
patients. This can put an ostomy that initially looked good 
under signifi cant tension and predispose it to ischemia.  

49.4     The Planned Reoperation 
After Successful Resuscitation 

 The fi rst thing worth mentioning is that this operation does 
not necessarily need to take place in the operating room. 
When your patient has a pulmonary artery catheter in, is on 
very high levels of positive end expiratory pressure, and has 
a high pressor requirement, a “road trip” to the operating 
room can be a perilous undertaking. For the patient in whom 
ongoing bleeding is not a concern, a bedside re-exploration 
may be appropriate (Fig.  49.3 ). The only thing that should be 
different from the usual performance of the operation is its 
geographic location and the lack of an anesthesiologist. 
Laparotomy trays and electrocautery should be brought in, 
the abdomen should be prepped and draped in the usual fash-
ion, and a scrub nurse and circulator should be present. 
Bowel resections and ostomies can be performed in a rela-
tively straightforward manner. Typically, patients this ill are 
not candidates for a bowel anastomosis, but one can be per-
formed if necessary. We would strongly advise against tak-
ing packing out at the bedside in the intensive care unit, as 
renewed bleeding is diffi cult to deal with in this setting. The 
lighting is typically suboptimal, access to the head of the bed 
is usually diffi cult, and a strong ICU nurse is still not a match 
for an anesthesiologist if trouble is encountered. Having said 
that, the senior author has become more and more comfort-
able with doing larger caliber procedures at the bedside as 
his career has progressed and can recommend the technique 
without hesitation when dealing with the very, very sick 
patient.

   At the time of reoperation, the fi rst thing that one 
should do is to sit back and take a look at exactly what you 
are dealing with in terms of resected bowel and small per-
forations that have been either whip stitched or defi ni-
tively addressed. Then one should develop a plan based on 
the general principle of balancing the number of suture 

lines versus the length of bowel remaining. As previously 
mentioned, there is a signifi cant chance that this will not 
be the patient’s last resection over their lifetime: anasto-
motic leaks, fi stulae, bowel obstructions, and trauma 
recidivism all conspire to make this patient population 
high risk for future operations on their GI tract. In gen-
eral, we will not leave a patient with more than three anas-
tomoses total. 

 At the time of reoperation, injuries that were whip stitched 
at the time of a damage control procedure should have the 
suture cut out; the edges of the wound trimmed to get back to 
a healthy, bleeding bowel wall; and a primary repair per-
formed. This should be done in either the small bowel or the 
colon. If you are dealing with a segment of bowel that has 
been left in discontinuity, the situation gets more compli-
cated as you have to take other factors into account when 
making the decision as to whether to perform a high-risk 
anastomosis or commit the patient to an ostomy and all of its 
sequelae. In our practice, we follow the management strat-
egy promulgated by the Eastern Association for the Surgery 
of Trauma (EAST) for colon injuries. The evidence-based 
guidelines which they put forth essentially suggest that for a 
destructive colonic injury, diversion should be performed if 
the patient had sustained pre- or intraoperative hypotension 
or ongoing shock or has signifi cant underlying disease, asso-
ciated injuries, or peritonitis. While useful as a general phi-
losophy, one can see that there is still considerable room for 
interpretation and individual judgment. What about the 
19-year-old patient who initially got 4 units of blood at the 
time of fi rst operation, and now looks good with no pressor 
requirement and a plan for extubation after the OR? What 
about 6 units? Or 8? What constitutes signifi cant preexisting 
disease? These gray areas have been the cause of signifi cant 
dyspepsia for the authors throughout our careers. While cat-
egorical statements cannot be made about these situations, it 
is important to remember that generally speaking patients 
who are sick enough to require damage control procedures 
are ones in whom diversion should be the default plan (this is 
particularly true with colocolonic anastomoses). To contem-
plate an anastomosis of any kind in the setting of a pressor 
requirement is to be mentioned only to be condemned as the 
patient’s natural splanchnic vasoconstriction from a hypo-
tensive state is magnifi ed by the pressor effect. Together, 
these serve to doom any reconstruction. In the very proximal 
small bowel where the nutritional and physiologic conse-
quences of a high output ostomy are serious enough that the 
risk/benefi t ratio begins to tilt in favor of reestablishing gas-
trointestinal continuity, we will lower our threshold for 
reanastomosis (albeit at the expense of some sleepless 
nights). If the patient is off pressors and is completely 
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resuscitated, we will consider a proximal small bowel anas-
tomosis in a young patient regardless of transfusion require-
ment. In this setting, however, the anastomosis should be 
hand- sewn as staples frequently cannot accommodate the 
extra bowel wall thickness. For more distal small bowel 
resections, we will perform an anastomosis in a patient who 
received as many as 8–10 units of blood if the patient resus-
citated easily, is relatively young, and has a promising clini-
cal trajectory. If any of these caveats are violated, or if a 
higher blood volume was administered, we will perform an 
ileostomy. The morbidly obese patient with superimposed 
abdominal wall edema can make exteriorization of an 
ischemia- free ostomy diffi cult. When faced with a patient 
who mandates diversion but in whom an ostomy was not 
technically possible, a former colleague would place a large- 
caliber Malecot catheter into the afferent limb of the bowel 

and exteriorize the catheter. This would theoretically convert 
it into a controlled fi stula, and he reported good results with 
that technique. In the senior author’s hands, however, the 
Malincott has burrowed between adjacent bowel loops due to 
pressure necrosis causing multiple internal fi stulae and in 
turn causing him to abandon the technique.  

49.5     Laparoscopic Management of Small 
and Large Bowel Injuries 

 Diagnostic and therapeutic laparoscopies have been slow to be 
embraced by rank-and-fi le trauma surgeons. Critics typically 
will cite diffi culty with adequately examining the entire abdo-
men, and particularly with running the bowel with visualiza-
tion of the entire bowel wall and mesentery. While it is true that 

  Fig. 49.3    Bedside re-exploration. In the severely ill patient in whom intrahospital transport is problematic, re-exploration at the bedside in the 
intensive care unit is a legitimate option. Bowel can be resected, ostomies matured, and fascial closure can be safely performed       
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there were reports in the early days of the technology’s devel-
opment and promulgation of high rates of missed bowel inju-
ries, it stands to reason that as laparoscopic training becomes 
more and more central to general surgery residencies, the lapa-
roscopic skills of the average surgeon will improve. As time 
has passed, more and more surgeons are beginning to appreci-
ate a role for the laparoscope in managing the trauma patient, 
and bowel injuries are an area that hold potential for its use. 
This generational shift in attitudes among trauma surgeons for 
the role of laparoscopy for bowel injuries is even represented 
between the junior and senior authors of this chapter. 

 First and foremost, the principle of laparoscopic evaluation 
for a small or large bowel injury after trauma must remain the 
same as any other operation, and that is to do no harm. Clearly 
patient selection is key: there is no role for the laparoscope 
with a patient who has marked hemodynamic instability. 
Additionally, if the fi ndings during a laparoscopic evaluation 
exceed the surgeon’s laparoscopic skill set, thus precluding a 
safe evaluation and management of the traumatic injury, then 
the attempt should be abandoned and an open operation should 
ensue. This should not be considered a failure but a mature 
decision on the part of the trauma surgeon. 

 Currently, the best use of laparoscopy for traumatic 
injuries is in ruling out an injury and preventing a non-
therapeutic laparotomy. It has in large part replaced stud-
ies such as the diagnostic peritoneal lavage as it allows a 
direct visualization of the peritoneal cavity and can be 
done in rapid sequence in experienced hands. Low-energy 
penetrating injuries such as knife wounds to the anterior 
abdomen benefi t most, especially in situations where 
actual penetration of the peritoneal cavity is in question. 
A laparoscopic evaluation can help a surgeon determine 
whether or not a penetrating injury has actually had an 
opportunity to create a signifi cant injury. Port placement 
should be performed in whichever way the surgeon is 
most comfortable with the caveat that the fi rst port should 
be for placement of a camera. A 10 mm camera offers 
much better visualization than a 5 mm camera, and an 
angled laparoscope can facilitate examination of the entire 
abdomen. If available, high defi nition cameras should be 
used to maximize the surgeon’s ability to identify bowel 
and mesentery injury. If the goal of the operation is sim-
ply to look at the peritoneal lining or diaphragm for injury 
(as in the case of thoracoabdominal stab wounds), then 
the single camera port may suffi ce. If there is enough con-
cern to evaluate the bowel for injury, a minimum of two 
more ports must be placed in order to run the bowel. 

Ideally, these will be triangulated around the camera port, 
with the point of the triangle being the area of interest. 
With this approach, a third working port is often needed to 
evaluate the entire abdomen and viscera if an injury is 
suspected. The use of laparoscopy should not be an excuse 
to cut corners in this regard. The bowel should be run in 
toto, with visualization of the esophagogastric junction 
down to the rectum. Again, if a safe evaluation cannot be 
performed for any reason, and there is concern for a bowel 
injury, then the procedure must be converted to an open 
operation for evaluation. Also of note, laparoscopy is an 
evaluation best done in the operating room. There have 
been attempts to perform laparoscopy in the resuscitation 
bay; however it has been poorly tolerated by both patients 
and medical staff. 

 The next decision point which must be made after a lap-
aroscopic evaluation for trauma is what to do when (1) an 
injury is identifi ed and (2) when no injury is identifi ed. In 
the fi rst case, most surgeons will currently convert to an 
open operation and manage the injury in that fashion. For 
limited injuries to the bowel, it is possible to repair these 
laparoscopically if the injury appears amenable to repair 
laparoscopically and it is within the surgeon’s skill set to do 
so. Many surgeons will utilize the evaluation that occurred 
laparoscopically to minimize a laparotomy wound, where a 
limited laparotomy can be made and the area in question 
brought up through that wound. In the case where no injury 
is identifi ed, the surgeon must make a decision regarding 
the triage of his or her patient. In cases where the evalua-
tion was performed in order to determine whether or not 
peritoneal penetration occurred, it is safe to send the patient 
home after recovery from anesthesia. If any concern 
remains after a laparoscopic evaluation, but not so much to 
convert to an open operation, the patient may be admitted 
and observed for a minimum of 12–24 h, as the vast major-
ity of missed bowel injuries will declare themselves within 
that timeframe. 

 In the modern era, results after laparoscopic evaluation 
of the bowel after trauma have seen much improved results. 
A recent case-control study of 518 subjects with penetrat-
ing abdominal injuries found that a laparoscopic approach 
was associated with shorter lengths of stay, fewer wound 
complications, lower rates of postoperative ileus, and no 
missed injuries. When proper patient selection is employed 
and the surgeon makes mature decisions about his laparo-
scopic skill set, it appears that the technique is safe and 
benefi cial.      
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 Important Points 

•     On the fi rst pass-through the abdomen, just whip 
stitch enterotomies and colotomies.  

•   Beware of an odd number of holes in the bowel.  
•   Avoid blind whip stitching at the root of the 

mesentery.  
•   Paranoia is a healthy attitude when looking for 

bowel injuries.  
•   Leaving patients in discontinuity during a damage 

control procedure is safe and well-tolerated for up 
to 48 h.  

•   Planned re-explorations in which bleeding is not a 
concern can be safely done at the ICU bedside.  

•   Injuries less than 50 % of the circumference of the 
bowel wall need only a primary repair.  

•   Colocolostomy should be your fi rst choice after 
resection in young patients with no shock.  

•   For the patient who has had a damage control pro-
cedure, diversion should be the default choice.    

49 Large and Small Bowel

http://www.east.org/tpg/chap4.pdf
http://www.east.org/tpg/chap4.pdf


387© Springer-Verlag Berlin Heidelberg 2017
G.C. Velmahos et al. (eds.), Penetrating Trauma, DOI 10.1007/978-3-662-49859-0_50

      Injury of the Kidney, Ureter, and Bladder                     

     Charles     Acher     and     Suresh     Agarwal    

      Including both blunt and penetrating trauma, renal injuries 
occur in 1.2 % of all trauma patients, and 15–25 % of patients 
with pelvic fracture incur urologic injury. The American 
Association for the Surgery of Trauma (AAST) Injury 
Criteria are used to characterize severity of renal and uro-
logic injury (Tables  50.1 ,  50.2 ,  50.3 , and  50.4 ). Repair of 
injury to the kidney, ureter, urethra, or bladder whenever 
possible is essential to preserve long-term function.

      When a urologic injury is suspected in the context of pen-
etrating trauma to the fl ank, abdomen, or low chest, imaging 
of the upper urinary system is crucial for diagnosis. CT scan 
with IV contrast and delayed fi lms at 10 min is the imaging 
modality of choice for hemodynamically stable patients. CT 
imaging should permit accurate injury staging based on the 
AAST criteria, which are highly predictive for operative 
management. Medial hematoma, with or without extravasa-
tion, on early fi lms suggests renal vascular injury while that 
on delayed fi lms is usually indicative of renal pelvic injury or 
proximal ureteral injury. Any part of the renal parenchyma 
that fails to show contrast on early-phase images suggests 
arterial injury. 

 CT cystogram should be included in initial imaging when 
bladder injury is suspected as a result of penetrating trauma 
to the lower abdomen or pelvis. Indications include: gross 
hematuria in the setting of blunt trauma, blunt trauma with 
any degree of hematuria and a pelvic ring fracture, and pen-
etrating trauma to the pelvis with hematuria. The sensitivity 
and specifi city of CT cystogram for bladder rupture are 95 
and 100 %, but should CT cystogram not show evidence of 
bladder injury despite clinical suspicion, retrograde cystog-
raphy with full bladder distension should be performed and 
post-drainage images obtained. Retrograde cystography 
should be performed only in the absence of urethral injury. 

 When CT imaging is bypassed in the hemodynamically 
unstable patient who proceeds immediately to surgery, an 
on-table one-shot intravenous pyelogram (IVP) should be 
performed by giving a 2 mg/kg IV contrast bolus followed 
by fl at plate x-ray 10 min later. The main purpose of the IVP 
is to demonstrate two functioning kidneys and an intact 
drainage system. The presence of an injured solitary kidney 
should prompt aggressive measures to spare nephrectomy 
that would commit the patient to a lifetime of dialysis or 
future transplantation. 

 Angiography with selective embolization is a more 
recent modality to attempt nonoperative management. 
Indications for embolization include: active hemorrhage, 
pseudoaneurysm, and vascular fi stulas. Higher AAST grade 
renal injuries are associated with increased failure rates with 
attempts at embolization, and embolization is three times 
more likely to fail in penetrating trauma compared to blunt 
trauma. Additionally, failed embolization often ends in 
nephrectomy. 

50.1     Indications for Operative 
Management 

 Due to improvements in computed tomography imaging and 
resuscitation methods, operative intervention for renal inju-
ries has been signifi cantly reduced. Currently 36 % of pene-
trating and less than 5 % of blunt kidney injuries require 
operative intervention In addition, about 30 % of penetrating 
and 45 % of blunt grade IV and V injuries are managed non-
operatively. With the broadening criteria for nonoperative 
management of renal injury, even in penetrating trauma 
including some gunshots, the only  absolute  indications for 
operative management are hemodynamic instability, expand-
ing or pulsatile perirenal hematoma, incomplete renal injury 
staging, renal pelvic injury, or non-visualization of the 
injured kidney on IVP. AAST stage I–III renal injuries are 
usually hemodynamically stable and are managed nonopera-
tively. Isolated stage IV renal injuries  may  be managed 
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   Table 50.1    Kidney injury scale   

 Grade a   Type of injury  Description of injury  ICD-9  AIS-90 

 I  Contusion  Microscopic or gross hematuria, urologic studies normal  866.01  2 
 Hematoma  Subcapsular, nonexpanding without parenchymal laceration  866.11  2 

 II  Hematoma  Nonexpanding perirenal hematoma confi rmed to renal retroperitoneum  866.01  2 
 866.11 

 Laceration  <1.0 cm parenchymal depth of renal cortex without urinary extravasation  866.02  2 
 866.12 

 III  Laceration  <1.0 cm parenchymal depth of renal cortex without collecting system rupture or 
urinary extravasation 

 866.02  3 

 Laceration  Parenchymal laceration extending through renal cortex, medulla, and collecting 
system 

 866.12  4 

 IV 
 Vascular  Main renal artery or vein injury with contained hemorrhage  4 

 V  Laceration  Completely shattered kidney  866.03  5 
 Vascular  Avulsion of renal hilum which devascularizes kidney  866.13  5 

   a Advance one grade for bilateral injuries up to grade III 
 Moore et al.  

   Table 50.2    Ureter injury scale   

 Grade a   Type of injury  Description of injury  ICD-9  AIS-90 

 I  Hematoma  Contusion or hematoma without devascularization  867.2/867.3  2 
 II  Laceration  <50 % transection  867.2/867.3  2 
 III  Laceration  ≥ 50 % transection  867.2/867.3  3 
 IV  Laceration  Complete transection with < 2 cm devascularization  867.2/867.3  3 
 V  Laceration  Avulsion with > 2 cm of devascularization  867.2/867.3  3 

   a Advance one grade for bilateral up to grade III 
 Moore et al.  

   Table 50.3    Bladder injury scale   

 Grade a   Injury type  Description of injury  ICD-9  AIS-90 

 I  Hematoma  Contusion, intramural hematoma  867.0/867.1  2 
 Laceration  Partial thickness  3 

 II  Laceration  Extraperitoneal bladder wall laceration <2 cm  867.0/867.1  4 
 III  Laceration  Extraperitoneal (≥2 cm) or intraperitoneal (<2 cm) bladder wall laceration  867.0/867.1  4 
 IV  Laceration  Intraperitoneal bladder wall laceration ≥2 cm  867.0/867.1  4 
 V  Laceration  Intraperitoneal or extraperitoneal bladder wall laceration extending into the bladder 

neck or ureteral orifi ce (trigone) 
 867.0/867.1  4 

   a Advance one grade for multiple lesions up to grade III 
 Moore et al.  

   Table 50.4    Urethra injury scale   

 Grade a   Injury type  Description of injury  ICD-9  AIS-90 

 I  Contusion  Blood at urethral meatus; retrography normal  867.0/867.1  2 
 II  Stretch injury  Elongation of urethra without extravasation on urethrography  867.0/867.1  2 
 III  Partial disruption  Extravasation of urethrography contrast at injury site with visualization in the 

bladder 
 867.0/867.1  2 

 IV  Complete 
disruption 

 Extravasation of urethrography contrast at injury site without visualization in the 
bladder; <2 cm of urethra separation 

 867.0/867.1  3 

 V  Complete 
disruption 

 Complete transaction with ≥2 cm urethral separation or extension into the prostate 
or vagina 

 867.0/867.1  4 

   a Advance one grade for bilateral injuries up to grade III 

 Moore et al.  
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 nonoperatively when hemodynamically stable but must be 
continually reassessed and re-imaged by CT scan at 48 h or 
sooner if there is clinical decompensation. Superselective 
embolization may be attempted for certain patients with 
stage IV renal injuries who fail conservative management 
due to persistent bleeding from segmental arteries. Stage V 
renal injuries nearly always require operative intervention. 
With these guidelines in mind however, renal injuries suf-
fered from penetrating trauma are almost always associated 
with other injuries that dictate the decision to operate. 

 Almost all ureteral injuries require immediate operative 
repair. In the event a ureteral injury is initially unrecognized 
and consequently not repaired immediately, reconstruction 
should be deferred for 3–6 months to allow infl ammation to 
resolve. All bladder neck and intraperitoneal bladder injuries 
mandate repair, while most extraperitoneal bladder injuries 
can be observed unless the patient undergoes laparotomy for 
other injuries.  

50.2     Operative Technique 

 Once committed to operative management, a standard trans-
abdominal midline incision is best for assessing renal injury 
because both kidneys can be inspected through this approach 
and midline incision allows access to the remainder of the 
abdominal cavity. Abdominal packing, in typical trauma 
laparotomy fashion, will help control bleeding. Attention 
should fi rst be turned to the destabilizing injury, urologic or 
otherwise.  

50.3     Vascular Control 

 When the time comes to assess the bleeding kidney, vascular 
exposure is the fi rst priority. Lift the transverse colon to the 
chest with a moist laparotomy pad and move the small bowel 
to the right in order to expose the retroperitoneum. Carefully 
incise the retroperitoneum over the aorta at the inferior mes-
enteric artery and extend superiorly to the ligament of Treitz 
(Fig.  50.1 ). The left renal vein can be identifi ed where it 
crosses the aorta anteriorly, noting that the vein rarely crosses 
posteriorly and when it does it may be duplicated. Sometimes 
a large retroperitoneal hematoma distorts the anatomy. In 
this case, make the incision just medial to the inferior mesen-
teric vein and proceed to identify the left renal vein. Wrap a 
vessel loop around the vein without occluding it, unless 
bleeding from this vessel is heavy. The remaining renal ves-
sels should be identifi ed in order: left renal artery, right renal 
vein, and right renal artery. The left and right renal arteries 

are posterior and superior to the left renal vein on either side 
of the aorta. Apply vessel loops to the renal arteries and 
veins, but only occlude the vessels if severe bleeding must be 
controlled (Fig.  50.2 ).

    Renal occlusion time must be minimized to preserve func-
tion. Generally, arterial occlusion alone is enough to control 
hemorrhage. If occlusion is necessary for more than 60 min 
and patient stability permits, ice slush or cold renal perfusion 
solution may be used to cool the kidney to minimize warm 
ischemia time, thus prolonging ischemic tolerance. 

 Anatomic variation of the renal vasculature is not uncom-
mon with a high frequency of multiple renal arteries and 
veins making vascular control potentially diffi cult. Most 
notable is the prevalence of renal arteries originating below 
the IMA, multiple right renal veins, and less frequently ret-
roaortic or circumaortic left renal vein. When bleeding is not 
controlled with occlusion of standard renal vessels, anatomic 
variants must be considered. When more urgent hemostasis 
is required or if the source of bleeding is unclear, proximal 
control may be gained by transiently occluding the aorta at 
the gastroesophageal junction or in the chest.  

  Fig. 50.1    Carefully incise the retroperitoneum over the aorta at the 
inferior mesenteric artery and extend superiorly to the ligament of 
Treitz ( dotted line )       
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50.4     Vascular Repair 

 Vascular injuries to renal vessels are rare in the context of 
trauma and their repair is successful less than half of the 
time. Renal artery salvage should only be attempted in the 
case of a solitary kidney or bilateral injuries and if the injury 
is less than 6 h old. 

 Arterial and venous injuries should be repaired with run-
ning or interrupted vascular sutures such a 5-0 or 6-0 Prolene. 
Segmental veins can be ligated given the extensive collateral 
venous drainage in the kidney. On the other hand, ligation of 
segmental renal arteries is problematic because they are end- 
organ vessels. If their sacrifi ce is necessary, distal paren-
chyma will become ischemic and may infarct, and subsequent 
evaluation and debridement of infarcted parenchyma must 
follow. 

 Complete renal artery disruption requires debridement 
and excision of damaged vessel tissue followed by end-to- 
end, tension-free anastomosis. Use saphenous vein or inter-
nal iliac artery graft to augment repair of arterial defects 
greater than 2 cm that may result in severe narrowing with-
out interposition graft. Avoid synthetic graft material due to 
the contaminated nature of the trauma laparotomy and the 
increased risk of infection with synthetic material. 

 Renal autotransplantation may be considered if the renal 
artery pedicle is severely injured but the kidney itself is sal-
vageable, especially if the patient has multiple injuries and 

damage control is the priority. The removed kidney may be 
reimplanted up to 48 h later if it is appropriately preserved. 

 Complete renal vein disruption may result in  nephrectomy 
unless it is the left main renal vein at its origin with the vena 
cava, in which case the vein may be ligated because the left kid-
ney has collateral drainage of via the gonadal and adrenal veins.  

50.5     Renal Exposure 

 Attention may be turned to renal exposure once renal vascu-
lar identifi cation and control have been established. These 
techniques may also be applied to renal vascular exposure, 
especially in case of a large retroperitoneal hematoma. 

 Incise the retroperitoneum lateral to the colon at the white 
line of Toldt and refl ect medially. On the left side, division 
of the splenorenal ligament followed by medial refl ection of 
the spleen and colon will completely expose the left kidney 
and associated vasculature. When exploring the right side, 
incise the hepatic fl exure in addition to the retroperitoneum 
lateral to the colon. Once the duodenum and pancreatic head 
are mobilized medially, the right renal artery and vein can be 
identifi ed along with the origin of the left renal vein. Gerota’s 
fascia may be incised along its lateral aspect for complete 
renal exposure. Preserve as much of the renal capsule as pos-
sible as it will likely be used for closure of the reconstruction.  

50.6     Partial Nephrectomy 

 Partial nephrectomy is required when either pole of the kid-
ney is severely damaged. Generously debride nonviable 
renal tissue down to actively bleeding parenchyma noting 
that only 30 % of a single normal kidney is needed to avoid 
dialysis. Suture ligate individual bleeding vessels with 4-0 
chromic sutures. Do not use nonabsorbable suture material 
in the parenchyma or collecting system. Parenchymal hemo-
stasis may be achieved with direct pressure. Alternatively, a 
Keith needle with absorbable suture can be passed through 
the full thickness of the parenchyma, from capsule to capsule 
and back, with supporting pledgets to help achieve hemosta-
sis. This should not be attempted if the collecting system is 
involved. Diffuse oozing can be managed with direct com-
pression while electrocauterizing the denuded surface. 

 Close the collecting system with a watertight running 4-0 
chromic suture. Integrity of the closure may be tested by 
injecting methylene blue dye into the renal pelvis while com-
pressing the ureter and inspecting for extravasation. 
Thrombin-soaked gelfoam may be placed between cut 
parenchymal edges to improve hemostasis. Gently pull the 

  Fig. 50.2    Apply vessel loops to the renal arteries and veins but only 
occlude the vessels if severe bleeding must be controlled       
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capsule directly over the defect and secure. If suffi cient 
 capsule is unavailable, an omental pedicle fl ap may be used 
to cover the defect (Fig.  50.3 ).

50.7        Renorrhaphy 

 Renorrhaphy is necessary for middle kidney damage. As for 
partial nephrectomy, debride nonviable tissue to bleeding 
parenchyma. Ligate vessels and close the collecting system 
with 4-0 chromic suture as above. Approximate parenchy-
mal edges and secure with interrupted 3-0 absorbable sutures 
anchored to the capsule for support, tied over an absorbable 
gelatin bolster. As for partial nephrectomy, an omental ped-
icle fl ap can be used to close the defect if capsule quantity 
is inadequate. Similarly, absorbable mesh can help stabilize 

the extensively repaired kidney. The kidney, once repaired, 
should be placed back within Gerota’s fascia but the fascia 
should not be re-approximated. 

 Following partial nephrectomy or renorrhaphy, a retro-
peritoneal drain should be placed without suction, to decrease 
likelihood of a urine leak, and left in place for 2–3 days or lon-
ger if output is high or creatinine from the drainage is elevated.  

50.8     Nephrectomy 

 When the kidney is shattered or in the context of damage 
control laparotomy, nephrectomy may be inevitable. Perform 
ligation of the renal artery fi rst with long-lasting absorbable 
suture. Double suture ligation is necessary only in the pres-
ence of severe atherosclerosis. Follow with ligation of the 

b c

a

  Fig. 50.3    The injured kidney is debrided sparsely ( a ). Gently pull the capsule directly over the defect and secure ( b ) after closure of the collecting 
system ( c ). If suffi cient capsule is not available, an omental pedicle fl ap may be used to cover the defect       
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renal vein. Complete renal isolation by ligating the ureter in 
two places close to the bladder.  

50.9     Ureteral Repair 

 A high index of suspicion is required to diagnose ureteral 
injury. Although CT scan, IVP, or retrograde pyelography 
may diagnose this injury, intraoperative diagnosis via 
direct inspection with or without intravenous or intra-ure-
teral injection of indigo carmine or methylene blue to con-
fi rm the integrity of the collecting system may be required 
to diagnose ureteral disruption. Ureteral blast injury from 
nearby intra-abdominal gunshot is more diffi cult to diag-
nose because the delayed necrosis that occurs as a result of 
intimal disruption is often not apparent immediately, 
although sometimes this may appear as bruising on the 
ureteral wall. 

 Immediate repair is needed when ureteral injury or 
devascularization is identifi ed. Debride nonviable tissue to 
healthy bleeding tissue and perform a watertight tension-
free repair. During damage control laparotomy, tying off 
the injured ureteral segment with a long silk suture is pre-
ferred until the patient is stable enough for delayed ure-
teral reconstruction, usually several months later. Urinary 
diversion via percutaneous nephrostomy drain can be 
undertaken postoperatively. Alternatively, drainage of the 
proximal end of the disrupted ureter with a ureteral stent or 
pediatric feeding tube brought out through the skin with 
spatulated ureteral edges sewn to skin, forming a stoma, is 
another option. 

 Partial ureteral transection may be closed primarily 
with interrupted 4-0 or 5-0 absorbable monofi lament 
suture (PDS), unless the injury is caused by gunshot, in 
which case more extensive debridement plus ureteroure-
terostomy is recommended. Handling of the ureters dur-
ing mobilization should always be minimized as blood 
supply is easily disrupted. Approximate the lumen with 
absorbable 4-0 or 5-0 monofi lament suture and place a 
double-J stent when the defect is greater than 50 % of the 
lumen and complete the repair with interrupted sutures as 
above. Remove the stent after 6 weeks. A guidewire will 
facilitate stent placement when placed through a side hole 
of the double-J stent, directing one end of the stent upward 
to the renal pelvis and the other end to the bladder. Use an 
omental fl ap to isolate the segment if the repair is tenuous 
or if signifi cant contamination is present in the peritoneal 
cavity. A retroperitoneal gravity drain is strongly encour-
aged as it will permit early diagnosis of urinary leakage 
should it occur and will help small anastomotic gaps heal. 

 Regardless of type of ureteral repair, bladder decompres-
sion should be continued for 7 days after repair with a 

 contrast cystography prior to removal and the double-J stand 
should be removed 4–6 weeks after repair.  

50.10     Ureteroureterostomy 

 Middle and upper ureteral injuries are best repaired with ure-
teroureterostomy. Mobilization of proximal and distal seg-
ments should be performed gingerly to avoid disrupting 
vascular supply that runs along the ureter originating from 
the renal vessels or superior vesicular vessels. As above, 
debride nonviable tissue to healthy bleeding tissue and spat-
ulate the ends. Tack the apices of each spatulation through 
the opposite ureter with 4-0 or 5-0 absorbable suture, ensur-
ing that knots are exterior. Clamps applied to the tails of 
these sutures will help stabilize the fi eld to minimize han-
dling. Insert a double-J stent and complete the anastomosis 
with interrupted 4-0 or 5-0 absorbable suture, anterior side 
fi rst and posterior side second (Fig.  50.4 ). Consider an omen-
tal fl ap if contamination is high or infection likely. Drain ret-
roperitoneally without suction.

   If a tension-free anastomosis cannot be achieved through 
direct re-approximation of proximal and distal segments, 
then end-to-side transureteroureterostomy should be consid-
ered. The proximal segment of the injured ureter can be 
brought through the mesentery either above or below the 
IMA (depending on degree of loss), being mindful of the 
potential for ureteral devascularization. Spatulate the end of 
the mobilized ureter before incising the contralateral ureter 
with a 2 cm longitudinal medial ureterotomy. Tack the apices 
of the spatulated end to the inferior and superior poles of the 
ureterotomy with a 4-0 or 5-0 absorbable suture. Start the 
stitch from the ureterotomy, and then bring through the spat-
ulated end. Insert a double-J stent and close the anastomosis 
with 4-0 or 5-0 absorbable interrupted suture. Apply an 
omental fl ap as needed and always insert a retroperitoneal 
drain.  

50.11     Ureteroneocystostomy 

 Distal ureteral injuries in the stable patient are best repaired 
with ureteroneocystostomy. Debride the proximal ureteral 
end to healthy, bleeding tissue and spatulate the end. A tun-
nel should be created for its insertion superior and medial to 
the original distal ureteral opening at a length of three times 
the ureteral diameter. Anastomose the ureter to the interior 
aspect of the bladder using 5-0 absorbable sutures and place 
an internal stent (Fig.  50.5 ). Perform an antirefl ux procedure 
at ureterocystostomy with 4-0 nonabsorbable monofi lament. 
Ligation of the original distal ureteral stump is needed only 
if refl ux is suspected.
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a b

  Fig. 50.4    In ureteroureterostomy, insert a double-J stent ( a ,  b ) and complete the anastomosis with interrupted 4-0 or 5-0 absorbable suture, ante-
rior side fi rst and posterior side second ( a ). The renal artery is typically reimplanted end to end to the hypogastric artery or end to side to the 
external or common iliac artery. Depending on the available anatomy, the end-to-end operation is usually performed in the contralateral iliac fossa, 
whereas the ipsilateral iliac fossa is used for end-to-side operations. The iliac fossa should be exposed by refl ecting the peritoneum superiorly and 
medially so that the common iliac artery and bladder can be visualized. A self-retaining ring retractor will help maintain exposure; however, retrac-
tor blades must be placed with caution to the lateral femoral cutaneous nerve and inferior common iliac artery. Lymphatic tissue must be meticu-
lously ligated to avoid postoperative lymphocele, because this region is rich in lymphatic channels       

  Fig. 50.5    In 
ureterocystostomy, 
anastomose the tunneled 
ureter to the interior aspect of 
the bladder using 5-0 
absorbable sutures and place 
an internal stent ( a – c )       
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   Other alternatives to achieve a tension-free anastomosis 
include ureteral reimplantation with psoas hitch and the 
Boari fl ap, both of which can provide additional distal length 
when needed. Both are beyond the scope of this discussion 
and are well described in the texts referenced at the end of 
this chapter.  

50.12     Autotransplantation 

 Renal autotransplantation is rarely the best option for the 
renal trauma patient, but in instances of a damaged solitary 
kidney or renal artery or collecting system avulsion in the 
setting of damage control surgery, renal autotransplantation 
may potentially save the patient from a lifetime of dialysis or 
allograft. Once the choice has been made to proceed with 
autotransplantation, the kidney should be removed rapidly 
with minimal surgical manipulation. Maximize length of 
renal vessels and ureter. The removed kidney should be 
fl ushed immediately with cold intracellular electrolyte solu-
tion (500 mL of Collins or University of Wisconsin solution) 
intra-arterially and submerged in a basin of ice slush saline 
solution until transfer to an appropriate cooler if the trans-
plant will take place at another operation. 

 Dissect the external iliac vein carefully from its origin to 
the femoral junction. Place vascular clamps proximally and 
distally on the external iliac vein and complete a narrow ellip-
tical venotomy on the vein’s anterolateral aspect. If the hypo-
gastric artery is to receive the renal artery, it should be occluded 
proximally and ligated and divided distally. If the external iliac 
artery or common iliac artery is to be used, occlude the com-
mon iliac, external iliac, and hypogastric arteries with vascular 
clamps before making the arteriotomy. Inject heparin into the 
recipient vessels and bring the autotransplant into the fi eld. 

 The end-to-side venous anastomosis is performed fi rst 
using continuous 5-0 vascular suture. The arterial anastomo-
sis is performed second using interrupted 6-0 vascular suture. 
At this point, the vascular clamps should be removed to 
assess for leaks and repairs performed as needed. 

 Finally the ureteroneocystostomy should be per-
formed. Using the shortest possible length of ureter to 
avoid kinking and ischemia, spatulate the distal end of the 
donor ureter. Make a 3 cm incision at the posterolateral 
aspect of the bladder and incise down the expose the 
mucosa. Undermine the muscular layer of the bladder 
slightly and make a small opening into the bladder 
mucosa at the inferior pole of the incision. Complete a 
mucosa-to-mucosa anastomosis between the ureter and 
bladder using 4-0 chromic sutures (continuous or inter-
rupted). The distal-most end of the anastomosis should be 
anchored through the full thickness of the bladder wall. 

The 3-0 chromic sutures are then used to close the  bladder 
muscle over the ureter.  

50.13     Bladder Repair 

 While bladder injury is most commonly caused by blunt 
trauma, 14–35 % is due to penetrating trauma. Additionally 
3–9 % of pelvic fractures have associated bladder injury 
and around 65 % of bladder injuries are extraperitoneal. 
Extraperitoneal injuries can be managed with catheter 
drainage for 10 days with a cystogram prior to removing 
the catheter. Contraindications to nonoperative management 
include: urinary infection, pelvic fractures requiring internal 
fi xation, and bladder neck injury. Repair of intraperitoneal 
bladder injuries is usually achieved through primary closure of 
the defect and placement of a urethral catheter. A transperito-
neal cystotomy should be made to visualize the entire lumen, 
as unrecognized extraperitoneal ruptures are not uncommon 
and should be repaired at the time of intraperitoneal bladder 
repair. If bleeding from pelvic hematoma is encountered, as 
it frequently is in the context of pelvic fractures, be prepared 
with sponges and perform suture ligations as needed. 

 The ureteral orifi ces should be identifi ed, and after IV 
indigo carmine injection, blue urine should be observed 
effl uxing from each opening. If the injury is close to or involv-
ing the ureteral opening, a ureteral stent should be placed. 

 Debridement of damaged bladder tissue is usually mini-
mal in light of its extensive blood supply. The intraperitoneal 
bladder injury can be closed with running 3-0 absorbable 
suture in the mucosa and running 2-0 absorbable suture in 
the muscularis propria. The peritoneum should be closed 
with a separate 3-0 running absorbable suture.  

50.14     Bladder Neck Repair 

 Urethral injuries are uncommon in penetrating trauma and 
present with blood at the urethral meatus. Catheter place-
ment should be avoided because it can turn an incomplete 
injury into a more extensive disruption. Such lesions are 
diagnosed with retrograde urethrography, and posterior inju-
ries should be realigned using lower midline incision and 
passage of a catheter, whereas anterior injuries should 
undergo surgical repair. Bladder neck injuries are notori-
ously diffi cult to repair, but repair should be attempted to 
preserve continence. The injury should be exposed through a 
cystotomy at the dome and all tears closed with absorbable 
sutures. Placement of Foley catheter and suprapubic tube, as 
described above, is recommended. Vaginal and other genital 
lacerations, if present, should be repaired at the same time. 
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50.14.1     Postoperative Management 

 Patients with renal injuries who are managed nonoperatively 
and those with grade IV injuries with urinary extravasation 
may need follow-up imaging in 48–72 h to evaluate for 
ongoing extravasation, as this could require operative explo-
ration. If a peri-nephric fl uid collection is drained and tests 
are positive for creatinine, the drain should be left in place 
until the collection resolves and leak is not demonstrated. 
Retroperitoneal drains placed during surgery should not be 
placed to suction postoperatively and should be removed 
within 48 h unless a urine leak is demonstrated. 

 For urethral injuries Foley catheters should remain in 
place for 3 weeks with a voiding cystourethrogram prior to 
removal. 

 Abdominal and pelvic trauma can cause kidney, ureteral, 
urethral, and bladder injuries that, even if recognized and 
treated, may result in long-term urologic dysfunction or 
renal insuffi ciency. Grade of renal injury by AAST criteria is 
predictive of decrease in renal function. Grade III, IV, and V 
injuries have decreases in renal function of 1 %, 30 %, and 
65 %, respectively, in the injured kidney (Taison 2003).       
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 Important Points 

•     On-table one-shot IVP should be used to prove the 
presence of two functional kidneys and an intact 
collecting system when CT scan is not possible.  

•   Renal vascular exposure and control should be 
addressed fi rst, occluding vessels only as needed 
and only for less than 30 min.  

•   Partial nephrectomy is indicated for polar injuries, 
renorrhaphy for middle kidney injuries, and 
nephrectomy for shattered kidneys and unsalvage-
able vascular injuries.  

•   During damage control laparotomy, nephrectomy is 
appropriate with consideration for delayed auto-
transplantation if the kidney is salvageable.  

•   Directly inspect the ureters for injury with a low 
threshold for resection and debridement, especially 
in the context of intra-abdominal gunshot injury.  

•   Ureteral ligation with delayed percutaneous neph-
rostomy drainage and externalized ureteral stent are 
acceptable temporizing measures for ureteral injury 
during damage control laparotomy.  

•   Utilize ureteroureterostomy for proximal and mid-
dle ureteral injury and ureteroneocystostomy for 
distal injury.  

•   Always use a retroperitoneal drain following 
 reconstruction without suction.  

•   Always use absorbable sutures in the genitourinary 
tract.  

•   Operative repair is standard for intraperitoneal 
bladder injury, whereas nonoperative management 
with catheter drainage is standard for most extra-
peritoneal bladder injuries.    
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      Lower Genitourinary Injuries                     

     Donald     Hannoun      and     Charles     D.     Best    

51.1          Acute Scrotal and Testis Injuries 

 Trauma to the external genitalia can be separated into blunt 
versus penetrating injury. Differentiating between these two 
mechanisms will have the immediate benefi t of facilitating 
patient care in the trauma suite. Noting the mechanism of 
injury will also help you determine the likelihood of need for 
eventual surgery, the potential length of convalescence, and 
the possibility of injury to the contralateral testis. Particularly 
with penetrating injuries, you should have a high index of 
suspicion of injury to the contralateral testicle. It may also 
assist in the prediction of future fertility. 

 Several features of the scrotum and testis make these 
structures relatively resilient to trauma. The mobility of the 
scrotum allows displacement from an inciting injury, and the 
cremasteric refl ex helps move the testis superiorly upon 
scrotal contact. Additionally, the testis has a relatively tough 
tunica albuginea, which can help contain a developing hema-
toma and prevent seminiferous tubule extrusion. 

 The vast majority (between 75 and 85 %) of scrotal/tes-
ticular injuries result from blunt trauma and are typically 
unilateral. Penetrating injuries to the scrotum are typically 
gunshot or stab wounds and are more likely to result in bilat-
eral testicular injury (30 %), while only 1.5 % of blunt scrotal 
injuries are bilateral. A detailed history and physical exam 
will usually indicate the likely mechanism and underlying 
injury, often dictating further workup and management. We 
will often acquire a testicular ultrasound to determine 
whether the testicle itself is injured and assess the contralat-
eral testicle as well. Basic palpation is also a simple but very 
helpful aspect of the initial physical exam. Inability to pal-
pate the testis may suggest the presence of testicular rupture 
or testicular displacement (often back towards the superfi cial 

or external inguinal ring) by an expanding scrotal hematoma. 
As always, you should always maintain a high index of sus-
picion for urethral injury, especially with penetrating trauma. 
Inability to void and an expanding scrotum with or without 
scrotal ecchymosis may suggest urinary extravasation and 
should proceed to work-up with a retrograde urethrogram 
(RUG) or gentle passage of a urethral catheter. 

 During the initial evaluation and work-up of scrotal or 
testicular injury, you should also take into account the 
patient’s clinical status and hemodynamic stability. Lower 
genitourinary injuries are not often life-threatening. If the 
patient is clinically stable for transfer, a scrotal ultrasound 
can help identify the injury (i.e., hypoechoic testicular 
lesions suggest hematoceles, disruption of the tunica albu-
ginea suggests rupture, lack of blood fl ow suggests torsion, 
etc.). Facilitating these diagnostic studies early in a clinically 
stable patient allows for early diagnosis. 

 If the patient is physiologically unstable, then a portable 
study can be performed at the bedside in the intensive care 
setting. Unfortunately, scrotal ultrasounds can have a high 
false-negative rate even in the presence of an experienced 
examiner. For this reason, if the index of suspicion for tes-
ticular injury is high, which is often the case with penetrating 
injuries of the scrotum, explore the patient if noninvasive 
diagnostic testing is unavailable or unsafe. Realistically, if 
the patient is unstable, the scrotal or testicular injury is low 
on the list of priorities. 

 The management of scrotal/testicular injury will also 
often depend on the overall clinical status of the patient. In 
the face of multiple medical or surgical comorbidities, the 
patient may not be stable enough for transfer to the operative 
suite for intervention. Communication between the primary 
team and consulting services should dictate the appropriate 
plan of action best suited for the patient’s overall 
improvement. 

 In the case of multiple injuries requiring exploration, sur-
gical intervention for scrotal or testicular injury should be as 
rapid as clinically possible. Even when the involved testicle 
is an isolated injury, we recommend minimizing any delay in 
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repair. Several studies have shown that prompt surgical 
 intervention with testicular rupture, especially if performed 
within 72 h of the injury, will often prevent superinfection of 
the scrotal hematoma, lessen the length of convalescence, 
decrease the potential for chronic pain, and may even 
improve fertility. Gross et al. reported an improvement in 
testicular salvage rate from 32 to 80 % if surgical exploration 
was performed within 3 days of the inciting injury, and 
Jeffrey et al. and Lupetin et al. went on to show testicular 
salvage rates of 90 % when surgical intervention was per-
formed within 72 h. 

 Surgical intervention is usually performed transscrotally, 
with the incision made down the midline raphe of the scro-
tum to allow bilateral testicular assessment and manage-
ment. Carry down the dissection through the dartos layer to 
the tunica vaginalis, which may or may not be intact. Bring 
the testis, epididymis, and distal spermatic cord onto the fi eld 
and examine closely for any evidence of injury. If the testicu-
lar injury is severe and salvage is unlikely, then proceed to an 
orchiectomy. Tunica albuginea violation should be apparent 
once the testis is delivered from the tunica vaginalis. With 
tunica albuginea disruption, you should attempt to debride 
any unviable seminiferous tubule tissue. The presence of 
active bleeding is a sign that remaining tissue is viable. If 
there is any question about testicular viability, an intraopera-
tive Doppler study should be performed to guide further 
intervention. Repair the defect with a running 4-0 suture, 
prolene being the suture of choice at our institution 
(Fig.  51.1b ). Damage to the vas deferens should be addressed 
with ligation and delayed reconstruction. Vasovasostomy is 
not a trivial procedure and should not be done in an acute 
setting.

   You should always anticipate potential postsurgical com-
plications and should pay strict attention to hemostasis prior 
to scrotal closure. In the presence of persistent bleeding or an 
underlying coagulopathy, place a quarter inch Penrose drain 
in the inferior/dependent portion of the scrotum to prevent 
accumulation of a postoperative hematoma. The dartos clo-
sure is carried out with a running 4-0 Vicryl stitch and the 
scrotal skin closure with a running or interrupted 3-0 chro-
mic suture with locking of each suture. Leave the Penrose 
drain to gravity drainage into a Kerlix roll, which is held 
closely to the scrotum with a scrotal support for comfort and 
elevation. Remove the drain 24–48 h postoperatively. 
Antibiotics are routinely recommended for 7–10 days post-
operatively to prevent abscess formation or infections along 
the incision line. Apply antibiotic ointment to the suture line 
three times a day for 7–10 days. 

 Genital avulsion injuries can be considered another form 
of penetrating trauma to the scrotum. These injuries are sus-
tained during rapid deceleration of the body and concomitant 
shearing mechanism against the scrotum and perineum, lead-
ing to loss of the scrotal skin. In the majority of situations, 

you can close the scrotal skin primarily at the time of surgery 
with a running chromic suture as previously described after 
copious irrigation. Even with up to 60 % of the scrotal skin 
lost, the skin can still often be closed primarily. Larger 
amounts of genital skin loss will necessitate wet-to-dry 
dressings postoperatively with delayed grafting. As always, 
scrotal avulsion injuries should always be assessed for under-
lying testicular injury, and you should manage them 
appropriately.  

51.2     Penile Injury 

 Penetrating penile injuries are relatively rare and usually 
take the form of gunshot and stab wounds. However, one can 
also encounter penile avulsion injuries from motor-vehicle 
or bicycle accidents as well as the occasional self-mutilating 
injuries and animal or human bites. Despite the abovemen-
tioned multiple possible mechanisms of penile trauma, sig-
nifi cant penile injuries remain rare secondary to the tough 
tunica albuginea covering of the penis. Penetrating penile 
injuries may result in a tear of the tunica albuginea encasing 
the corpora cavernosa, which allows extravasation of blood 
from the corpora into the penile shaft. Because of the pene-
trating nature of the injury, blood will exit out of the wound 
site, typically not extending along fascial lines as with penile 
fracture. The penis may swell and have some ecchymosis, 
but you usually do not see the so-called “eggplant penis” 
appearance in penetrating injuries. 

 With penetrating injuries to the penis, you should always 
suspect compromise of the tunica albuginea. The mechanism 
alone will almost always mandate surgical exploration. 
However, if the diagnosis is in question, further imaging 
studies are available, although with highly variable results 
and inter-interpreter variations. Cavernosograms can be per-
formed with injection of contrast material into the corpus 
cavernosum, with serial radiographs taken to identify the site 
of extravasation. The false-negative rate is unfortunately 
very high with this modality, as the tear can be too small to 
see, and often the presence of a clot at the tear site will mask 
the extravasation. False-positive studies result when the 
physiologic egress of contrast through emissary veins is mis-
interpreted as extravasation. Similarly, penile ultrasound 
cannot consistently identify the site of tear unless in the 
hands of a very skilled examiner. MRI in the T1 phase, 
although more sensitive than cavernosography and ultra-
sound, has a limited role secondary to the time required, the 
diffi culty with transportation, and the frequent clinical insta-
bility of the patient. These studies have no role in signifi cant 
penetrating injuries. They have value in cases of penile frac-
ture, when there is an atypical presentation. You should 
always suspect underlying urethral injury with any penetrat-
ing penile trauma. If the patient has not spontaneously voided 
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clear urine or has hematuria, either gross or microscopic, an 
RUG should be performed prior to surgical exploration to 
assess for urethral injury. 

 Tunical violation injuries of the penis should ideally be 
surgically corrected within 36 h of sustaining the injury. 
Exploration is mandatory to prevent the sequelae of infected 
hematomas, impotence, and penile curvature that may result 
without prompt operative intervention. Again, other more 
life-threatening injuries should be identifi ed and addressed 
fi rst. 

 Once the patient has reached the operative suite, the 
appropriate area is prepped and draped in standard sterile 
fashion. Insert a urethral catheter at the beginning to ensure 

ease of passage into the bladder. You can then use this cath-
eter for the retrograde instillation of saline/dye during the 
procedure to evaluate for any urethral discontinuity. First 
make a circumferential (“degloving”) incision, which allows 
access to the length of the corpora cavernosa and spongio-
sum. Place a tourniquet at the base of the penis as it can aid 
with hemostasis and dissection (Fig.  51.2a ). Carry out evacu-
ation of the hematoma, and localize the site of tunical viola-
tion after you dissect free Buck’s fascia. Once you have 
identifi ed the defect, debride the wound edges and do copi-
ous irrigation, particularly important with gunshot injuries or 
bites. Carry on primary closure of the defect with 4-0 prolene 
suture in a fi gure-of-eight fashion. We prefer to do this with 

a

b

  Fig. 51.1    ( a ) Often with 
penetrating injuries, the testicular 
injury is obvious, as is seen here 
where the tunica albuginea has 
been disrupted ( arrow ). ( b ) 
Repair the defect with a running 
4-0 suture, prolene being the 
suture of choice at our institution       
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the knots buried to decrease the chance of the patient 
 potentially feeling the suture under the thin penile skin 
(Fig  51.2b ). Avoid any signifi cant length of running suture, 
as any cinching of the tissue may result in penile curvature. 
If there has been any rupture of the tunica albuginea close to 
1 cm or larger, perform an artifi cial erection after the repair. 
This is necessary to determine if any curvature has resulted 
from the repair. Do this by applying a tourniquet at the base 
of the penis and injecting one of the cavernosal bodies, via a 
butterfl y needle, with normal saline until appropriate turgor 
is achieved. If there is any notable curvature, a plication of 
the tunica on the opposite side of the defect may be neces-
sary. Repair any urethral injuries over a urethral catheter as 

mentioned in the chapter section to follow. After you have 
reapproximated the skin, place a compressive dressing and 
remove it the evening of surgery or the following morning. 
Leave the catheter in place until the following morning 
unless a urethroplasty is performed. Administer antibiotics 
for 7–10 days following the repair to prevent penile abscess 
development.

   Surgical exploration may be unnecessary if the penetrat-
ing penile injury fails to result in tunical violation. Relatively 
small penile tears can be locally irrigated, debrided, and 
repaired with simple, interrupted closure and an absorbable 
2-0 or 3-0 suture. With larger defects, initially perform local 
irrigation and debridement. Evaluate the wounds later for 

Dorsal
neuro-
vascular
bundle
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  Fig. 51.2    ( a ) Place a tourniquet 
at the base of the penis as it can 
aid with hemostasis and 
dissection. ( b ) Debride the 
wound edges and do copious 
irrigation, particularly important 
with gunshot injuries or bites. 
Carry on primary closure of the 
defect with 4-0 prolene suture in 
a fi gure-of-eight fashion, and 
avoid any signifi cant length of 
running suture, as any cinching 
of the tissue may result in penile 
curvature. In this fi gure, a 
corporal injury is present with the 
bullet visible ( arrow )       
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either primary closure with reapproximation or  reconstruction 
with delayed grafting. These wounds are frequently contami-
nated, and all patients should be placed on a 10-day antibi-
otic course with an antibiotic that provides adequate coverage 
of typical skin fl ora, such as cephalexin. For penicillin- 
allergic patients, you can use chloramphenicol. 

 Penile amputation injuries can be accidental or self- 
infl icted. The timing of the incident and the presence and 
handling of the severed penis are crucial to the initial man-
agement. The severed penis should be wrapped with saline- 
soaked gauze, placed into a sterile bag (if possible), and 
immediately placed in ice water. The ice should never be in 
direct contact with the penis to prevent necrosis. If possi-
ble, the amputated penis should be reimplanted within 24 h 
of the injury. Transfer to a tertiary medical center is usually 
required for the expertise of microvascular anastomoses 
that is often necessary. After appropriate medical and psy-
chosocial issues have been addressed and other more life-
threatening injuries have been ruled out, the patient is taken 
to the operating room immediately for reimplantation. It is 
extremely important to have an experienced team of urolo-
gists, plastic surgeons, and OR staff in order to have a good 
result. Of primary importance is the cavernosal and spon-
giosum/urethral reanastomoses. A urethral catheter is 
inserted prior to the urethral anastomosis. Microsurgical 
techniques can be used to reapproximate the dorsal arteries 
and nerve of the penis to improve the recovery of postop-
erative perfusion and sensation, respectively. Next, the 
tunica should be reconstructed. Finally, the debrided skin 
should be sewn together, much like any other superfi cial 
anastomosis. It is not unusual to have delayed sloughing of 
the penile skin. This does not necessarily imply that the 
reimplant as a whole has not survived. Delayed skin graft-
ing may be all that is necessary. If the severed penis is not 
available, then overclosure of the corpus cavernosum with 
advancement of the urethral stump can be performed to 
allow voiding while standing. An inadequate distal urethral 
remnant may obviate the need for perineal urethrostomy 
with delayed genital reconstruction pending complete psy-
chosocial evaluation.  

51.3     Urethral Injury 

 As with other traumatic genitourinary injuries, the mecha-
nism of urethral injury can be divided into blunt versus pen-
etrating. Urethral injuries can be further subdivided into 
posterior (prostatic/membranous urethra) and anterior (bul-
bar/pendulous urethra) in location. These subdivisions not 
only classify the location of the injury but also dictate further 
management. Penetrating anterior and posterior urethral 
injuries are usually secondary to gunshot and stab wounds. 
These injuries are much more prevalent in males than females 

owing to the shorter urethral length, greater urethral mobil-
ity, and lesser pubourethral attachments in females. 

 The diagnosis of urethral injury would ideally be elicited 
from a detailed history and physical examination. For obvi-
ous reasons, this is not always the case. Often, the urologic 
team becomes involved after prior failed attempts have 
already been made in the emergency department (ED) to 
place a urethral catheter. This often culminates in improper 
catheter placement with possible conversion of a partial ure-
thral tear to a full and circumferential urethral tear. We try to 
emphasize not attempting blind urethral catheterization if 
there is any suspicion of urethral injury. The mechanism of 
injury should prompt the initial suspicion for urethral injury. 
Failure to void since the incident or suprapubic fullness/dis-
tention should be assumed to represent urethral injury until 
proven otherwise. Gunshot wounds with either an entrance 
or exit from the perineum or penis should alert any diagnosti-
cian to a possible urethral injury. 

 The classical fi nding of a urethral injury on examination 
is the presence of blood at the meatus, though its presence is 
not defi nitive evidence and its absence is not exclusionary. 
Severe or expanding scrotal swelling, with or without ecchy-
mosis, may also suggest urinary extravasation. Perineal 
hematomas, which can take on the classic “butterfl y” hema-
toma pattern, should also alert the clinician for further ure-
thral workup. Hematoma along the entire penile shaft 
(so-called sleeve hematoma) can be secondary to penile, ure-
thral, or testicular injury. 

 With any of the aforementioned history or physical 
exam fi ndings (suspected mechanism of injury, penetrating 
injury, blood at the meatus, scrotal/perineal hematoma), 
one should proceed with a retrograde urethrogram (RUG) 
or attempt gentle catheter placement. The RUG can be per-
formed in several ways and can be done either in a formal 
radiology suite with the combination of fl uoroscopy, in the 
ED, operating room, or at the bedside. A 12–14 Fr catheter 
can be inserted just into the fossa navicularis, with only 
1–2 cm 3  instilled into the balloon to tamponade the urethra 
and prevent the antegrade leakage of contrast. Next, inject 
about 15–20 cm 3  of contrast, with the radiograph being per-
formed at the end of the injection to ensure adequate ure-
thral distention. Alternatively, the aforementioned 
procedure can be performed with a 60 cm 3  catheter tip 
syringe (fi lled with contrast) inserted very gently into the 
urethra until a snug fi t is obtained. At our institution, the 
RUG is performed by placing the patient in a slightly lat-
eral (about 30–45°) decubitus position. The penis is appro-
priately sterilized with a Betadine preparation and sterile 
draping placed underneath the penis. Next, about 20 cm of 
a small Kerlix roll is cut, soaked with water/saline, and then 
tied to the subcoronal position of the penis with a simple 
tie. This maneuver will allow penile traction during con-
trast instillation to help delineate the entire urethra, as well 
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as appropriately shield the examiner’s hands/body from the 
radiation fi eld. A separate catheter tip is then lubricated and 
placed on a 60 cm 3  Luer-Lok syringe prefi lled with con-
trast, and the injection is performed. The radiograph is 
taken after 20 cm 3  of contrast has been instilled. Urethral 
injuries on an RUG will appear as a disruption of the nor-
mally concentric urethra from the meatus to the bladder 
neck. A partial disruption represents extravasation along 
the course of the urethra with some contrast instillation into 
the bladder, whereas a complete disruption will fail to fi ll 
the bladder at all, with contrast accumulating in a periure-
thral or perivesical location. 

 The management of urethral injuries can be divided 
simply into immediate open surgical repair versus tempo-
rary urinary diversion with suprapubic or urethral catheter 
placement. With temporary urinary diversion, delayed 
repair and/or reconstruction would be performed, if nec-
essary, 6–12 weeks following the injury. In any situation, 
the initial management of urethral injury should proceed 
fi rst and foremost with prompt bladder decompression 
and broad-spectrum antibiotics. The controversial aspect 
of managing penetrating urethral injury, however, is 
whether immediate open repair versus diversion with 
delayed repair and reconstruction should be performed. In 
a recent study and review of posterior urethral injuries 
with pelvic fractures, immediate open repair was associ-
ated with a 49 % stricture rate, 21 % incontinence rate, 
and 56 % impotence rate. When primary realignment was 
performed, the stricture rate remained at 53 %, but the 
incontinence and impotence rate dropped to 5 % and 36 %, 
respectively. When suprapubic urinary diversion was the 
initial management option, the urethral stricture rate rose 
to 97 %, with a 4 % incontinence and 19 % impotence rate. 
In a recent retrospective series by Hadjizacharia et al., 14 
patients presenting with an acute urethral injury were 
managed with immediate endoscopic realignment (IER), 
compared to seven patients treated with delayed (open) 
therapy. The outcomes of the study showed the immediate 
realignment group to have a lower rate of stricture forma-
tion (14 %) compared to the delayed therapy group 
(100 %). In addition, the authors found a shorter time to 
spontaneous voiding in the immediate realignment group 
(35 ± 23 days) compared to the delayed therapy group 
(229 ± 79 days). A long-term review at the same institu-
tion had similar results. Thirty-fi ve patients with poste-
rior, acute urethral injury underwent immediate 
endoscopic realignment. Five of these patients had pene-
trating injury as the mechanism. After 18 months, the rate 
of stricture formation was stable at 17 %. Only three of the 
six patients who developed stricture required urethro-
plasty, and none of the patients with penetrating mecha-
nism went on to develop stricture. In general, no single 
treatment protocol will fi t each patient perfectly. 

Therefore, the overall clinical status of the patient as well 
as concomitant injuries should be taken into account 
before fi nal management decisions are made. These same 
complications do not apply to penetrating injuries, with 
the exception of stricture rates. The high impotence and 
incontinence rates are more specifi c to the nature of the 
pelvic fracture injury. Penetrating injuries are more com-
mon in the anterior urethra, with less disruption of the 
surrounding neurovascular bundles. 

 Immediate surgical repair of posterior urethral injuries 
is indicated in the presence of a concurrent bladder neck or 
rectal injury to prevent subsequent urinary incontinence, 
fi stula formation, or persistent leak. Urinary continence is 
a function of both the internal and external sphincter 
mechanisms. Posterior urethral injuries are usually associ-
ated with damage to the external sphincter mechanism for 
urinary continence. This would leave the internal sphinc-
ter, located at the bladder neck, as the only remaining 
source of urinary continence. For this reason, any bladder 
neck injuries should be explored and repaired immedi-
ately; without proper repair and reapproximation of the 
sphincter, eventual urinary incontinence is almost guaran-
teed. In the absence of a bladder neck or rectal injury, pos-
terior urethral injuries should be managed with temporary 
urinary diversion via suprapubic or urethral catheter place-
ment. The placement of a urethral catheter in the presence 
of a urethral injury is called immediate endoscopic (or pri-
mary) realignment (IER). Regardless of mechanism, pos-
terior urethral injuries are initially managed with an 
attempt at immediate endoscopic realignment. Traverse 
the normal urethral mucosa by using fl exible cystoscopy 
with low-fl ow irrigation. Once you reach the site of injury, 
the cystoscope is often successful in identifying some nor-
mal mucosa or the other side of the defect (Fig.  51.3 ). 
Once across the defect and into the bladder with the cysto-
scope, advance a guide wire into the bladder. Then remove 
the cystoscope and place a Council tip Foley catheter over 
the wire and into the bladder. This allows urethral drainage 
without necessitating surgery. The majority will heal with-
out signifi cant stricture. If attempts at IER are unsuccess-
ful, a suprapubic tube can be placed, followed by delayed 
defi nitive repair.

   Anterior urethral injuries can also be repaired early on 
with open surgery, especially in the setting of low-velocity 
penetrating injuries where major tissue destruction has not 
occurred. In the presence of major tissue destruction, 
excessive and often inadvertent tissue debridement may 
take place, which can further the risk of ischemic stricture 
development. In cases of anterior urethral repair for pen-
dulous urethral injuries, approach with a circumcision/
degloving penile incision and proceed to local debride-
ment of nonviable tissue, spatulation of the two urethral 
ends, and a tension-free anastomosis of the lacerated 
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corpus spongiosum and urethra with interrupted absorb-
able sutures over a 14–16 Fr urethral catheter. For bulbar 
urethral injuries, place the patient in the dorsal lithotomy 
position, and make a vertical perineal incision to gain 
access to the bulbar urethra. Carry a tension-free urethral 
anastomosis; perform it over a 16–18 Fr catheter in this 
relatively dilated portion of the urethra. Keep the catheter 
in place for a minimum of 10–14 days, and perform a peri-
catheter RUG prior to removal to ensure no further extrav-
asation. The presence of extravasation warrants continued 
catheter drainage. 

 Urinary diversion with delayed repair is another man-
agement option, especially when the patient is too unsta-
ble for surgery or if the injury is very posterior. If IER 
fails, urinary diversion can be performed with suprapubic 
cystostomy tube placement (percutaneous versus open). 
Open suprapubic cystostomy placement will guarantee 
placement into the bladder, allow concomitant bladder 
repair if present, and allow bladder neck reconstruction if 
an injury is found. Open tube placement will also allow 
antegrade urethral endoscopy and urethral catheter place-
ment if initial catheter placement or retrograde urethros-
copy failed to reach the bladder. The other option for 
suprapubic cystostomy tube placement is a percutaneous 
kit, which is less invasive than the open suprapubic tube 
placement and can be performed under mild sedation. 
Blind urethral catheter placement, on the other hand, can 
be attempted in the setting of small, partial lacerations 
and in general should be avoided because of the risk of 
transforming a partial laceration to a full circumferential 
transection. Again, we emphasize obtaining an RUG if 
any index of suspicion for urethral injury is present. 
However, the catheter can be safely placed under direct 
visualization with retrograde urethroscopy and catheter 

placement over a wire. As an alternative, antegrade 
urethroscopy can be performed at the time of open pelvic 
surgery or during repair of a concomitant bladder rupture 
with passage of the scope down the urethra and out of the 
meatus. This will allow tying of a catheter to the cysto-
scope with a silk suture or over a wire and retrograde pas-
sage of the catheter into the bladder as the cystoscope is 
withdrawn. 

 In summary, penetrating injuries to the urethra, testi-
cles, and external genitalia usually take the form of gun-
shot and stab wounds. The importance of the mechanism 
of injury cannot be overemphasized, and combined with a 
very thorough and detailed physical examination, it will 
lead the diagnostician to the correct diagnosis. If ever in 
doubt, or the mechanism does not seem correct, perform 
radiological studies to further delineate any underlying 
injuries, which may of course change the course of man-
agement. Other life- threatening injuries should always 
maintain a higher priority, but it is the responsibility of the 
trauma and urology team to work together and maintain 
effective communication to deliver the best possible care.      

Cystoscope

Injury

  Fig. 51.3    Once you reach the 
site of urethral injury, the 
cystoscope is often successful in 
identifying some normal mucosa 
or the other side of the defect       

 Important Points 

•     An Inferior Vena Cava (IVP) or CAT Scan (CT) 
alone is not always reliable to demonstrate bladder 
rupture. This requires a high- pressure cystogram.  

•   Undiagnosed bladder rupture in the presence of pel-
vic fracture can lead to serious complications.  

•   Urethral injury can be associated with rupture of the 
bladder.    
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      Major Abdominal Veins                     

     Peep     Talving       and     Kenji     Inaba    

      Abdominal vascular insults are among the most lethal inju-
ries caused by penetrating trauma. Not infrequently, multiple 
concomitant vascular injuries are encountered in addition to 
several associated visceral injuries for every injured vessel. 
The incidence of major abdominal veins injured in descend-
ing order includes the inferior vena cava (IVC), external iliac 
veins, renal veins, common iliac veins, superior mesenteric 
vein (SMV), internal iliac veins, portal vein, splenic vein, 
hepatic veins, inferior mesenteric vein (IMV), and retrohe-
patic vena cava. 

 Victims of penetrating vascular trauma may present with 
complete or relative hemodynamic stability if there is a con-
tainment of the retroperitoneal vascular injury. If, however, 
the vascular lesion is bleeding freely into the peritoneal cav-
ity, the patient will present unstable. Most often, a combina-
tion of free hemorrhage and partial containment is 
encountered. The presence of shock mandates immediate 
exploratory laparotomy after obtaining a baseline type and 
crossmatch, complete blood count (CBC), and coagulation 
profi le. Chest and abdominal plain radiographs with entry 
and exit markers (electrocardiogram (ECG) electrodes, paper 
clips) in the emergency department (ED) can be quickly 
obtained and sent to the operating room (OR) when pro-
cessed to help to delineate the trajectory of the offending 
missile and structures at risk. When a vascular injury is sus-

pected, time is of paramount importance and surgeon experi-
ence is refl ected in the speed at which the patient is rushed to 
the OR. Only amateurs walk to the OR with a hypotensive 
victim of penetrating trauma. Besides hypotension, peritoni-
tis also mandates an emergent trip to the operating room. A 
study from one of the largest Level 1 trauma centers in the 
USA noted that a hemodynamically stable cohort of patients 
sustaining a penetrating abdominal injury presenting with 
peritonitis as the sole indication for laparotomy had an intra-
abdominal vascular injury rate of 11 %, with subsequent 
intraoperative hypotension and a transfusion requirement 
seen in 25 % and 39 %, respectively. 

 Finally, patients presenting in extremis or in cardiac 
arrest will be subjected to resuscitative thoracotomy in the 
ED as described in Chap.   16    . The need for thoracotomy, 
however, refl ects a dire physiological state, and very few 
patients subjected to resuscitative thoracotomy for a subdia-
phragmatic vascular injury are expected to survive. In recent 
years, resuscitative endovascular balloon occlusion of the 
aorta (REBOA) has been introduced for selected patients as 
an alternative for aortic cross clamping. REBOA does not 
allow direct cardiac resuscitation; however, it provides min-
imally invasive aortic occlusion. In penetrating abdominal 
vascular injury, Zone I of the aorta is the target for aortic 
occlusion. 

 Do not spend excessive time inserting intravenous lines in 
the ED if not necessary. Do not induce anesthesia in the ED 
as this will result in a pharmacological sympathectomy, and 
your patient may arrest before entering the OR. Do notify the 
blood bank early about a possible massive transfusion proto-
col while rushing the patient to the OR. From the ED, alert the 
OR that an emergency laparotomy is on its way, allowing the 
preparation of both a vascular and a sternotomy/thoracotomy 
tray, fi xed retractor to optimize exposure, headlights, two suc-
tion devices, lots of laparotomy pads, and a primed autotrans-
fusion device. Large bore venous access above the diaphragm 
must be obtained in the OR. With the potential of iliac vein or 
IVC injury, obtaining venous access in the groin may result in 
your massive transfusion efforts ending up in the abdominal 
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cavity or in the retroperitoneal space. Infuse blood products 
early with blood loss because excessive administration of 
crystalloids will dilute clotting factors resulting in coagulopa-
thy and rebleeding, in addition to  predisposing your patient to 
a systemic infl ammatory response as well as subsequent 
abdominal compartment syndrome. Ensure that the fi rst blood 
draw for typing is sent to the lab as soon as possible in order 
to expedite the release of type-specifi c or ideally fully 
matched blood. This will allow the conservation of uncross-
matched blood. We maintain a ready supply of prethawed 
liquid plasma, which is dispensed as type specifi c. As soon as 
this is dispensed, more is thawed to replace the units removed 
from the blood bank. They are sent in a cooler to prevent the 
wastage of those units not used. One OR nurse is designated 
as the blood coordinator to ensure that accurate two-way 
communication occurs, facilitating delivery while decreasing 
wastage. When massive transfusion protocol is required, i.e., 
more than six units of red blood cells within 24 h of admis-
sion, the transfusion practice should aim for a 1:1:1 ratio of 
red blood cells, plasma, and platelets, respectively. A recent 
randomized controlled trial noted signifi cantly reduced deaths 
due to exsanguination within 24 h when 1:1:1 protocol was 
utilized in massively bleeding patients. 

 In the OR, the patient should be prepared with their arms 
abducted at 90° and the skin cleaned from the chin to the knees 
to allow maximal fl exibility in access. The skin and fascia are 
divided along its full length from the xiphoid process to the 
symphysis, also called “from Cape to Cairo.” Once anesthesia 
is prepared for hypotension, you can go ahead and decompress 
the hemoperitoneum, which may induce signifi cant bleeding 
and hypotension. You should at this point eviscerate the small 
bowel, scoop the blood and clots out of the peritoneal cavity, 
and apply direct pressure on the site of hemorrhage with lapa-
rotomy pads. If not localizable, four-quadrant packing may be 
used. In severe hypotension, consider aortic infl ow control by 
compressing the aorta with your thumb and index fi nger at the 
aortic hiatus below the left hepatic lobe. To apply a vascular 
clamp at the hiatus is quite ineffective due to the diffuse neu-
ronal tissue around the aorta causing the clamp to slide off the 
aorta. Dividing the left diaphragmatic crus with long 
Metzenbaum scissors at 2 o’clock exposes the very distal tho-
racic aorta that has no surrounding neurofi brous tissue and 
allows clamp placement. Try not to attempt aortic infl ow con-
trol by making an additional incision into the left chest as 
these patients are already cold and coagulopathic. If resuscita-
tive thoracotomy was performed in the ED, the aortic clamp 
should already be controlling infl ow. Autotransfusion of shed 
blood from the peritoneal cavity is controversial with a con-
comitant hollow viscus injury; however, for vascular injuries, 
if cell salvage is available, this should be utilized. 

 Your next step is to identify major injuries with vascular 
lesions taking precedence. The retroperitoneum is broken 
into functional zones (Fig.  52.1 ). With a few exceptions that 

will be discussed in this chapter, for penetrating injuries, all 
retroperitoneal hematomas are explored. Zone I is the central 
zone divided into supramesocolic and inframesocolic 
regions, which extends from the aortic hiatus to the sacral 
promontory containing the aorta and major branches, IVC 
with its major tributaries, portal vein, SMV, and central renal 
vessels. Zone II contains the renal hilum and parenchyma 
and Zone III the iliac vessels. A sophisticated trauma sur-
geon may also defi ne a Zone IV in the retrohepatic space 
behind the liver containing the retrohepatic IVC and hepatic 
veins. This is an area you should avoid exploring unless your 
patient is exsanguinating from a decompressed retrohepatic 
venous injury. Retrohepatic IVC injuries are associated with 
a very high mortality rate, and there are no series available to 
convincingly support any recommendation over avoiding the 
exposure of these structures if at all possible. If contained, it 
is best to do nothing. If uncontained, the goal should be to 
pack and institute damage control. If packing does not pre-
vent exsanguination, try repacking. If this does not work, 
desperate alternatives such as total hepatic exclusion with 
atrio-caval shunting may be considered. Although there are 
multiple case reports describing atrio-caval shunting, very 
few survivors attest to the devastating nature of this injury.

   Once an intra-abdominal venous injury is identifi ed, you 
should immediately be planning out your potential operative 
strategies: to ligate the injured vessel, to shunt it, or attempt 

Zone I Zone IIZone II

Zone III

  Fig. 52.1    Functional zones of the retroperitoneum       
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to repair it. All major abdominal veins are depicted in 
Fig.  52.2  and Table  52.1  and marked as amenable for ligation 
with relative impunity, ligate with consideration, and ligate 
in life-threatening scenarios only. All treatment decisions 
must be made in the context of the patient’s physiological 
condition at the time of laparotomy.

52.1        IVC Injury 

 Approximately 1 out of every 50 patients with a gunshot 
wound to the abdomen will have an IVC injury. Prehospital 
mortality is close to 50 % and the survival of those who reach 

the hospital alive is reported to range between 20 and 40 %. 
Commonly, injury to the IVC will be associated with multi-
ple visceral injuries. As a rule of thumb, the infrarenal IVC 
can be ligated, perirenal IVC ligation may result in nephrec-
tomy/nephrectomies, and suprarenal IVC should be repaired, 
shunted, and/or packed if at all possible. 

52.1.1     Exposure 

 Injury to the IVC presents at laparotomy with a hematoma 
or hemorrhage from Zone I, most commonly to the right 
of the midline. After evacuating the blood from the 

Left common iliac v.
Right common iliac v.

Left external iliac v.
Right external iliac v.

Left gonadal v.

proximal left
renal v.

Left renal v.

Right gonadal v.

Right and left
internal iliac v v.

Right renal v.

Splenic v.

Hepatic v.

Suprahepatic
IVC

Inferior mesenteric

(ligate prox.
renal v.

with impunity)

IVC

IVC

SMV

Portal v.

  Fig. 52.2    Ligatable ( white ), 
potentially ligatable ( gray ), and 
preferably non-ligatable 
abdominal veins ( black )       
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abdominal cavity and direct control of the hemorrhage 
with compression, consider aortic infl ow control at the 
aortic hiatus. The next step is a right medial visceral rota-
tion, which along with a Kocher maneuver will expose the 
entire infrahepatic IVC that may result in a major hemor-
rhage. For this very reason, before visceral rotation, 
ensure that you have multiple sponges on sticks, vessel 
loops, vascular clips, laparotomy pads, intravascular 
occlusion catheters, vascular instruments, and 4–0 vascu-
lar sutures on a large needle. Place a fi xed retractor to 
maximize exposure, and warn your anesthesia colleagues 
that, in short order, a major hemorrhage may occur. Start 
the exposure by dividing the avascular colonic peritoneal 
attachments at the line of Toldt from the ileocecal region 
up to the hepatic fl exure (Fig.  52.3 ). With an IVC injury, 
the blood will have tracked out laterally completing the 
majority of the dissection. The Kocher maneuver refl ects 
the duodenum and the head of pancreas to the left facili-
tating the exposure of injuries of the perirenal/suprarenal 
IVC. Multiple options exist for controlling the IVC hem-
orrhage. The immediate goal is directed digital control of 
the injury or proximal and distal pressure on the IVC 
using sponges on a stick. With local control, vessel loops 
or vascular clamps can be used for more defi nitive con-
trol. With vascular clamps, one must be careful not to 
cause iatrogenic injuries when dealing with veins. If the 
injury is small, a side-biting Satinsky clamp may cover 
the entire length of the injury. Rapid control will mini-
mize further blood loss and decrease the chance of air 
embolism. If tolerated, the Trendelenburg position prior 
to defi nitive repair may also obviate venous air embolism. 
If bleeding from the IVC continues after proximal and 
distal occlusion, the cause of bleeding is the lumbar veins. 
There are four to fi ve pairs of lumbar veins entering the 
infrarenal IVC from the posterior aspect of the vessel. To 
access them, you need to rotate the IVC slightly and apply 

vascular clips, vessel loops, or ligatures on the lumbar 
veins. Dividing the lumbar veins after ligation improves 
the exposure of the posterior aspect of the IVC if neces-
sary for repair. In repairing a wound of the perirenal IVC, 
you will also need to occlude the renal veins with vessel 
loops or vascular clamps.

52.1.2        Repair 

 There are numerous options for repairing the IVC 
(Fig.  52.4 ). Lateral repair is your fi rst-line therapy. When 
using the side- biting Satinsky clamp, you may run a suture 
line along the clamp. If control was obtained with a lapa-
rotomy sponge, roll your compressive pads along the IVC, 
and, as soon as you identify the vessel edges, apply a 
Babcock clamp to close the visualized segment. Continue 
rolling your pad followed by the application of additional 
Babcock clamps until the vein wound is entirely clamped. 
The suture line can then run under the Babcock clamps 
removing each as the suture line progresses. In some 
instances, a missile will blow a larger hole into the IVC, 
and lateral repair will cause signifi cant stenosis of the ves-
sel (Fig.  52.5 ). If this stenosis approaches 50 %, consider 
repairing with a polytetrafl uoroethylene (PTFE) patch. 
Always look for a through-and- through injury. Attempt to 
close this by rotating the vessel and ligating and dividing 
the lumbar veins if required. If this is not possible, another 
option is to extend the anterior wound and look for a pos-
terior wound from within the vessel lumen. You should 
make every attempt to repair the suprarenal and perirenal 
IVC as ligation is associated with a high rate of renal fail-
ure. You may consider shunting the vessel if repair is not 
feasible as in a damage control setting. For infrarenal 
injuries, if the repair is highly complex or the patient is 
physiologically compromised, proceed with ligation.

   Table 52.1    Quick overview of management options while dealing with abdominal veins   

 Ligate with impunity  Recommendation 

 Infrarenal IVC  Wrap and elevate lower extremities 
 Common iliac vein  Wrap and elevate lower extremity 
 External iliac vein  Wrap and elevate lower extremity 
 Internal iliac vein 
 Inferior mesenteric vein 
 Splenic vein 
  Ligate with the following considerations  
 Right renal vein  Right nephrectomy 
 Left renal vein, distal to gonadal vein  Left nephrectomy 
 Hepatic veins  Follow-up liver ischemia 
  Ligate only in lifesaving scenario  
 Suprarenal/perirenal IVC  Consider renal replacement therapy 
 Superior mesenteric vein  Second look for gut ischemia 
 Portal vein  Second look for gut ischemia 
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52.1.3         Complications 

 The morbidity associated with IVC repair is due to venous 
stasis below the repair or ligation site. Elevation and wrap-
ping of the lower extremities with elastic bandage alleviate 
the edema in the lower extremities. Long-term outcomes are 
very ill-defi ned. If there was visible stenosis at the time of 
repair, you may consider thrombosis prophylaxis when a 
patient is stabilized in the intensive care unit with low molec-
ular weight heparin.   

52.2     Portal Vein Injuries 

  Portal vein injuries  are associated with an extremely high 
mortality ranging between 40 and 70 % among victims who 
arrive to the ED alive. Associated with the portal vein injury 
may be injury to the SMV, renal vessels, suprarenal IVC, 
pancreas, liver, biliary tree, or bowel. 

52.2.1     Exposure 

 The portal vein starts at the confl uence of the SMV and 
splenic vein behind the neck of the pancreas. After coursing 
behind the fi rst portion of the duodenum, it enters the poste-
rior aspect of the hepatoduodenal ligament. When dealing 
with a portal vein injury, you will notice either a hematoma 

or brisk dark hemorrhage in the supramesocolic central ret-
roperitoneum either at the mesenteric root or in the hepato-
duodenal ligament. Also, there may be massive bleeding 
from the wound in the pancreatic neck or head. Such venous 
bleeding can originate either from the suprarenal IVC or por-
tal vein. Most commonly, portal vein injuries are combined 
with an injury to the suprarenal IVC. Again, you must be 
ready to obtain rapid local control of the vascular injury. The 
vast majority of those who reach the OR alive will exsangui-
nate during the exploration while unroofi ng the hematoma. 
Your primary aim is to arrest the bleeding by applying local 
compression and if required controlling the aortic infl ow at 
the hiatus. Parallel to this, volume restoration with blood 
products requires constant communication with the anesthe-
sia team. To approach the portal vein for suprapancreatic or 
retropancreatic injuries, the same exposure principles apply. 
Start with a right medial visceral rotation followed by a 
Kocher maneuver, which exposes the posterior and lateral 
aspects of the suprapancreatic portal vein (Fig.  52.6 ). While 
progressing with exposure, you are looking for three “B’s”: 
blood, bile, and/or bubbles consistent with bleeding, biliary 
tree, and/or duodenal injury, respectively. Divide the cystic 
duct, and attempt to obtain vascular control by identifying 
the injury and applying vascular clamps proximally and dis-
tally. Avoid iatrogenic injuries to the hepatic artery and com-
mon bile duct. Whereas many experienced trauma surgeons 
would discourage pancreatic division unless the injury has 
already been done so, if exposure does not allow the 

  Fig. 52.3    Access to the 
infrahepatic inferior vena cava       
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 visualization of the injury, stapled pancreatic division may 
be required.

52.2.2        Repair Versus Ligation 

 Always stay in damage control mode while dealing with 
these potentially lethal injuries. The goal is lateral venorrha-
phy or, if this is not possible, ligate immediately. Clinical 
evidence is available that survival rates are reasonable when 
the ligation is done in very early stages of intervention. 
Ligation of the portal vein requires that the hepatic artery be 
intact. If not, options include for the stable patient an inter-
position graft of the saphenous vein and, if not, shunting 
with delayed reconstruction.  

52.2.3     Complications 

 Ligation of the portal vein is compatible with survival; how-
ever, this requires a patent hepatic artery for adequate hepatic 
oxygenation. Portal vein ligation results in transient hypo-
tension from the splanchnic pooling of intravascular volume. 
Fluid requirements must be vigorously addressed. Use a 
temporary abdominal closure, and do not close the abdomi-
nal fascia after portal vein ligation as massive bowel edema 
is expected within 24–72 h post-ligation. By default, you 
should plan on a “second look” to evaluate for bowel isch-
emia and to reassess the fascia for closure.   

52.3     SMV Injuries 

  SMV injuries  are associated with injury to their arterial coun-
terparts in 34 % of cases. Patients sustaining SMV injury 
also sustain three to four associated visceral injuries per vas-
cular injury. The mortality associated with SMV injuries 
ranges from 29 to 57 % over the last decade. 

52.3.1     Exposure 

 The main trunk of the SMV passes anteriorly to the third seg-
ment of the duodenum and in front of the uncinate process of the 
pancreas. The SMV joins the splenic vein to form the portal 
vein behind the neck of the pancreas. Intraoperatively, the injury 
presents either as a hematoma at the base of the transverse 
mesocolon or as a supramesocolic hematoma in the lesser sac at 
the neck of the pancreas. Dividing the avascular ligament of 
Treitz between the base of the transverse mesocolon and the 
fourth portion of the duodenum accesses the proximal 
SMV. Start dividing the ligament of Treitz horizontally from left 
to right with Metzenbaum scissors. The fi rst vessel encountered 

Suprarenal IVC

Infrarenal IVC

Perirenal

Common iliac

  Fig. 52.4    Inferior vena cava repair options       

  Fig. 52.5    Gunshot injury to the infrarenal inferior vena cava repaired 
with lateral venorrhaphy resulting in about 40 % stenosis (Courtesy of 
Dr. Talving)       
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is the superior mesenteric artery (SMA). The SMV is located 
just right to the SMA. Refl ect the transverse mesocolon crani-
ally and the small bowel caudally which will expose the SMV at 
the root of the mesentery. You will note the middle colic vein 
confl uencing with the SMV at the base of the transverse meso-
colon. Control the bleeding with compression or pinch the root 
of the mesentery. As soon as an injury is identifi ed, while expos-
ing the injury, start thinking about your plan for repair, shunting, 
or ligation depending on the extent of the injury and the patient’s 
overall condition. Further exposure of the SMV becomes more 
diffi cult as the vessel courses behind the neck of the pancreas 
and is frequently embedded in the pancreatic tissue. You may 
try to access it from the lesser sac. Open the retroperitoneum 
just below the neck of the pancreas, and isolate the proximal and 
distal ends of the vessel. By careful traction of the pancreatic 
neck cranially, you will achieve more distal access to the SMV 
(Fig.  52.7 ). As discussed above, if this is not suffi cient, the sta-
pled transection of the pancreas is an acceptable option.

52.3.2        Repair Versus Ligation 

 If lateral repair is feasible, this is the best option. If the 
patient is physiologically unstable, you may at this point 
insert a vascular shunt. When anchoring the shunt, care must 

be taken to tie the shunt as close as possible to the wound to 
spare the vessel length for subsequent reconstruction at 
 secondary intervention. If the patient is in extremis, ligation 
is required and is compatible with survival.  

Portal v.

Hepatic a.

Right
kidney

Bile
duct
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Duodenum

  Fig. 52.6    Access to the portal 
vein       

SMV

  Fig. 52.7    Access to the superior mesenteric vein       
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52.3.3     Complications 

 Complications of the SMV ligation are similar to the ligation 
of the portal vein.   

52.4     Renovascular Injuries 

  Renovascular injuries  occur in 5–7 % of penetrating abdomi-
nal trauma. However, the renal vein is the third most common 
venous injury in the abdominal cavity, and an isolated injury 
carries a mortality rate of approximately 10 %. Renal salvage 
is expected in approximately 50 % of isolated renal vein inju-
ries. Mortality is linked to the associated vascular and visceral 
injuries. At laparotomy, you will fi nd a hematoma overlapping 
the transition of Zones I and II. A peripheral non-expanding 
Zone II hematoma does not mandate renal exploration. 

52.4.1     Exposure 

 For renal trauma, recent studies have noted a decreased 
nephrectomy rate by obtaining proximal vascular control 
prior to renal mobilization. For proximal vascular control, 
retract the transverse colon cranially, and identify the infe-
rior mesenteric vein (IMV) coursing left of the aorta to con-
fl uence with the splenic vein under the body of the pancreas 
in the retroperitoneal Zone I. Next, open the retroperito-
neum between the aorta and IMV with Metzenbaum scis-
sors longitudinally, identify the left renal vein coursing 
over the aorta, vessel loop it, and pull cranially. The left 
renal artery is behind the vein that is likewise vessel-looped. 
On the right side, the renal vein is also anterior and the 
artery that courses behind the IVC. Again, control the right 
renal vessels one by one with vessel loops and/or vascular 
clamps as necessary. This is only an option for hemody-
namically stable patients and may be tedious. The simplest 
approach on both sides is to proceed laterally with a medial 
visceral rotation. Open Gerota’s fascia, and mobilize the 
kidney gently by inserting your fi ngers below the kidney 
and bringing the kidney up into the wound. The exposed 
kidney is grasped in the palm of the surgeon controlling the 
hilum with the thumb and index fi nger. This provides excel-
lent exposure to vascular injuries on both sides, controls 
hemorrhage, and allows injury grading of the renal unit.  

52.4.2     Repair Versus Ligation 

 Your options on the right side are lateral repair and ligation. 
Avoid complex repairs, especially if the patient requires 
damage control. Ligation equals nephrectomy on the right 
side. On the left, ligation of the renal vein close to the IVC 

and distal to the gonadal vein is compatible with renal sal-
vage as the venous outfl ow will be rerouted through the 
gonadal, adrenal, and lumbar veins.  

52.4.3     Complications 

 Even if the injury is repairable, preoperative and intraopera-
tive hypotension along with renal infl ow occlusion results in 
ischemic damage. Despite the anecdotal successes with isch-
emia times in excess of 3–5 h, function starts to decline after 
even 1 h of warm ischemia time. These patients are therefore 
at high risk of acute renal failure postoperatively.   

52.5     Iliac Vein Injuries 

 Mortality is in excess of 35 % for isolated iliac vein injuries. 
Penetrating injuries to the lower abdomen, pelvis, or buttocks 
in the presence of hypotension are suspicious for iliac vascular 
injury. The incidence of penetrating iliac vessel injury in the 
civilian setting ranges from 10 to 22 %, and in 70 % of those 
instances, a combined arteriovenous injury is identifi ed. The 
most frequent segment injured is the common iliac vessel. At 
laparotomy, the intra-abdominal fi nding of iliac vessel injury 
is a hematoma in Zone III. These hematomas must be explored 
in conjunction with penetrating trauma. 

52.5.1     Exposure 

 Iliac vein injuries are often more challenging than arterial 
injuries due to the diffi cult surgical exposure and the risk of 
air embolism. The distal right common iliac vein is particu-
larly cumbersome to expose. Similarly, the confl uence of 
the iliac veins behind the right common iliac artery is a real 
challenge. Local hemostatic control is obtained initially by 
direct compression. The left iliac vein is exposed by mobi-
lizing the lateral peritoneal attachments of the sigmoid 
colon and rotating the bowel medially. On the right, the 
cecum should be mobilized and displaced cranially expos-
ing both the proximal IVC and right iliac vessels. Apply 
vessel loops on the common, external, and internal iliac 
arteries to expose the vein behind. Diffi culty in exposure has 
led many authors to advocate transection of the overlying 
artery, while many experienced trauma surgeons would 
argue strongly against it. Ligation and division of the inter-
nal iliac artery, however, may further facilitate the mobiliza-
tion of the artery to allow access to the venous injury behind. 
For distal injuries, the midline incision can be continued 
obliquely through the inguinal ligament on the appropriate 
side. Exposure is crucial for these injuries and will facilitate 
distal control.  
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52.5.2     Repair Versus Ligation 

 You should consider repair whenever it is simply feasible 
with lateral repair. If repair is diffi cult or if the patient is 
unstable, simply ligate! This is well tolerated by most 
patients. Be cautious to avoid injury to the ureter, which rides 
over the iliac artery at the bifurcation.  

52.5.3     Complications 

 The mortality associated with isolated iliac vein injuries is 
10 %. However, the injury very infrequently occurs in isola-
tion. Repair of the iliac vein with subsequent stenosis is asso-
ciated with the risk of venous thrombosis and pulmonary 
embolism. In cases where repair would result in stenosis, we 
advocate ligation. Signifi cant edema and postphlebitic syn-
drome will be decreased by wrapping the extremity and ele-
vation postoperatively. You may consider anticoagulation if 
the vessel was repaired, with signifi cant stenosis.       
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 Important Points 

•     Vascular injuries must be ruled out in hypotensive 
penetrating abdominal trauma.  

•   Spare no time for investigations if the patient is 
hypotensive: Run to the OR!  

•   Hemostatic resuscitation should be started promptly 
and continued through the OR and into the ICU.  

•   Have a complete vascular tray in your OR before 
you start.  

•   Your mind should be attuned to the need for dam-
age control even prior to laparotomy.  

•   Divide the skin and fascia fully prior to decom-
pressing the hemoperitoneum.  

•   Right medial visceral rotation exposes most of the 
abdominal veins.  

•   Attempt lateral repair or shunt the suprarenal IVC, 
portal vein, and SMV if feasible.  

•   In a life-threatening scenario, there is no role for 
complex repair; just ligate.  

•   Abdominal compartment syndrome will follow 
ligation of the SMV or portal vein.  

•   Wrap the legs on patients with ligated IVC or iliac 
veins.  

•   Consider the risk of venous thromboembolism in 
venous repair.    
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      Major Abdominal Arteries                     

     Lydia     Lam      and     Kenji     Inaba    

      Vascular injuries are the most common cause of death after 
penetrating abdominal trauma. Any penetrating injury to the 
abdomen should be considered a potential vascular injury 
until proven otherwise. This is critical for understanding that 
this is a true emergency and requires running the patient to 
the operating room (OR) before they exsanguinate. Only a 
novice would saunter over. In this chapter, we will address 
how to quickly access and manage injuries to the major arter-
ies in the abdomen. We will begin with key features that 
include staying calm, rapid exposure, obtaining temporary 
control until further decisions can be made, and various 
approaches to treatment. 

 Abdominal arteries can range from small, inconsequential 
branches to major trunks that, when injured, can commonly 
determine whether life or death results after penetrating 
trauma. Vascular injuries are found in 10–20 % of patients 
undergoing laparotomy for penetrating injury. Mortality 
rates of up to 70 % have been documented for major abdomi-
nal arterial injury; the treatment of which, despite many 
advances in medical technology, has not changed since 
DeBakey’s initial description in 1946. The general approach 
to penetrating abdominal trauma can be found in Chap.   39    . 
For these patients, quick indicators that a vascular injury 
may be present are hypotension, peritonitis, mental status 
changes, diminished lower pulses, and a distended abdomen. 
It is important to recognize that hypotension can be your 
friend! Relative hypotension will decrease the amount of 
hemorrhage and theoretically not dislodge any clot that may 
have formed. It is ok to maintain relative hypotension until 
you reach the operating room. 

 In patients meeting criteria for a laparotomy after penetrat-
ing trauma, there is always the chance that there may be a 
vascular injury and an experienced trauma surgeon will under-

stand that the patient’s best shot at survival is to control the 
bleeding STAT! This has been documented in several studies 
looking at factors affecting mortality in major abdominal vas-
cular trauma. The underlying message is the same: Rapid 
identifi cation and control of bleeding will allow for adequate 
resuscitation and improved survival. It is a race for time if vas-
cular injury is suspected. Never walk to the OR; always run! 

 While running to the OR, the fi rst vessel that comes to 
mind is the aorta. However, there are a few others that can 
challenge your skills, requiring rapid identifi cation and con-
trol. These arteries include the superior mesenteric artery 
(SMA), splenic artery, iliac arteries, and renal arteries. These 
are the vessels that are at the root of the dreaded “expanding 
hematoma” in the retroperitoneum. When injured, these ves-
sels appear chaotic and messy when seen for the fi rst time, 
very different from the clean drawings of textbooks or the 
careful cadaver dissections during medical school. Get as 
much experience as you can while training, and if you are 
not experienced, get help as soon as you realize what the 
injury is. Ensure that blood and plasma are ordered and a 
rapid infuser is prepared while the patient is intubated, 
prepped, and draped. If your institution has a massive trans-
fusion protocol, activate it at this time. Prepare the area from 
the sternal notch to the knees. This will be important in the 
event that you have to cross clamp above the diaphragm for 
hypotension or require the saphenous vein to bypass. In addi-
tion, have vascular instruments opened or, in the room, you 
may need them on a seconds notice; you are now ready. 

53.1     Stay Calm 

 It is imperative that when you see the expanding hematoma, 
pulsatile bleeding, or bright red blood welling up in your 
fi eld, you stay calm. As the captain of the ship, if you panic, 
everyone else will panic. Panic prevents clear decision- 
making, stalls rapid treatment, and decreases the effi ciency 
of the entire surgical team. Keep your senses in check and let 
anesthesia know that you have arterial bleeding. Make sure 
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that they have enough help and that blood products are on the 
way. Additionally, anticipate and secure all of the tools you 
may need including vascular sutures, vascular clamps, vessel 
loops, shunts, and retractors that may not normally be avail-
able but needed during emergency to gain immediate control 
of a vessel.  

53.2     Get Temporary Control 

 While anesthesia is preparing for war and the surgical scrub 
is loading up your “emergent” Prolene 2-0 to 5-0 noncutting 
sutures, it is critical for you to obtain temporary control. 

 Remember your hands; these are some of the best tools 
you have! They are accurate, allow highly variable pressure 
application, are quick and easy to apply, and (usually) are 
atraumatic to the vessel wall. A fi nger with direct pressure on 
the injured vessel is the best way to obtain control while you 
regroup and allow the others in the operating room to catch 
up to the torrential bleeding. 

 Recognizing when your patient is in trouble is key to a 
good outcome. Major vascular injury is in fact one of the 
most common triggers for initiating damage control. The 
concept of damage control is covered in a separate chapter. 
For arterial injuries, the damage control options include liga-
tion and shunting (Table  53.1 ).

   The shunt is an important tool to keep in your back 
pocket. It is a rapid, inexpensive, technically simple tool 
that allows you to follow the underlying principle in vas-
cular trauma which is to restore blood fl ow and reperfuse 
ischemic tissue or organs. If the patient begins that down-

ward spiral of the lethal triad and the vessel that is bleed-
ing can be ligated, ligate. If not, get a shunt into the vessel, 
restore fl ow, and proceed to the ICU. A shunt can be any-
thing from a feeding tube for smaller vessels to a chest 
tube for a large vessel such as the aorta. Typically, we use 
commercially available and purpose-designed vascular 
shunts at our institution; however, any hollow tube is 
acceptable, ensuring it is slightly smaller than the vessel 
lumen so as to not damage the endothelium. A silk tie is 
secured to the center of the shunt to mark the middle and 
prevent shunt migration. After placing the middle silk tie, 
slip the proximal and distal ends of the shunt into the 
respective ends of the injured vessel. Keep in mind that the 
segment of the vessel that is tied down to hold in the shunt 
will be damaged and will have to be removed during defi n-
itive repair. Therefore, do not trim or debride the injured 
vessel prior to shunt insertion to maximally preserve native 
vessel length. In addition, secure the shunt as close as pos-
sible to the end of the injured vessel so as to preserve 
length. In general, the fl ow drives shunt patency and anti-
coagulation is not used, as patients requiring damage con-
trol shunting often have diffuse nonsurgical bleeding 
which may be exacerbated by this. You have now restored 
fl ow and can bring the patient safely to the ICU for further 
resuscitation. 

 After the patient is adequately resuscitated, acidosis cor-
rected, and hypothermia eradicated, you are now ready to 
return for defi nitive repair of this vessel which can be a 
simple primary repair or more involved with an interposi-
tion graft comprising the saphenous vein or a synthetic 
graft.  

   Table 53.1    Options of repair, graft, and ligation in selected vessels   

 Artery  Primary repair  Graft or vein  Ligate?  Recommendations 

 Aorta  Prolene 3-0 or 4-0  Dacron 14–20 mm  No  Prefer left medial visceral rotation 
exposure 

 Splenic  N/A  N/A  Yes  Splenectomy 
 Common hepatic  Prolene 5-0 or 6-0  Saphenous vein graft  Yes  Need intact portal vein 

 Cholecystectomy 
 Celiac axis  Prolene 5-0 or 6-0  N/A  Yes  Ligate 
 SMA  Prolene 5-0 or 6-0  Vein preferred  No  Ligate in lifesaving scenario only 

 Shunt whenever possible for damage 
control 

 IMA  Prolene 6-0  N/A  Yes  Ligate 
 Common iliac  Prolene 4-0 or 5-0  PTFE ≥6 mm  No  Shunt or immediate bypass 

 Watch for need of leg fasciotomy 
 External iliac  Prolene 4-0 or 5-0  Vein or PTFE ≥6 mm  No  Shunt or immediate bypass 
 Internal iliac  Prolene 4-0 or 5-0  N/A  Yes  Ligate 
 Renal  Prolene 5-0 or 6-0  Vein or PTFE  No  Nephrectomy if ligation required 

 Ensure contralateral kidney function 
prior to ligation 

 Mesentery (unnamed)  No  N/A  Yes  Ligate with impunity 
 Explore all hematomas for arteries 
in spasm that need ligation 

L. Lam and K. Inaba



417

53.3     Retroperitoneal Hematomas: Plan 
of Action 

 When discussing abdominal bleeding and the trauma explor-
atory laparotomy, it is common to refer to the areas of hema-
toma that will help you plan your exploration. The 
retroperitoneum is divided into four areas: zones I–III and 
zone IV, the retrohepatic area (Fig.  53.1 ). The retrohepatic 
area is composed of the hepatic veins and retrohepatic IVC 
and thus will not be discussed in this chapter.

53.3.1       Zone I 

 Zone I refers to a central retroperitoneal hematoma. A hema-
toma in the supramesocolic location suggests that the supra-
renal aorta, celiac, or superior mesenteric artery (SMA) may 
have been injured, while an inframesocolic location would 
suggest injury to the distal SMA or infrarenal aorta. 

53.3.1.1     Aorta 
 The suprarenal aorta can be accessed by a left medial vis-
ceral rotation also known as the Mattox maneuver. This can 
expose the entire length of the aorta and its branches to 
include the celiac axis, superior mesenteric artery, and infe-
rior mesenteric artery. After making your midline incision 
from the xiphoid to the pubis, take down the falciform liga-
ment posteriorly making sure to stop short of the hepatic 

veins. The Balfour retractor is a simple instrument for 
retracting the abdominal wall. For larger patients or for areas 
such as the iliac vessels, a large fi xed retractor may be 
required. Refl ect the omentum and transverse colon superi-
orly, eviscerate the small bowel to the right, and fi nd the sig-
moid colon. Lift the sigmoid colon up into the fi eld, and start 
your dissection on the white line of Toldt (aka the peritoneal 
refl ection). Once the peritoneum is taken down, your hand 
can easily dissect through the loose areolar tissue in the ret-
roperitoneal space, especially if blood has dissected through 
the soft tissue planes. Continue this dissection superiorly 
keeping on top of the psoas muscle to include the descending 
colon, splenic fl exure, stomach, spleen, and pancreatic tail. 
This will allow you to bluntly lift up these structures and 
mobilize them into the midline. At this point, the aorta and 
its branches can be visualized. 

 If bleeding is not adequately controlled with direct pres-
sure and cross clamping of the aorta is your next move, the 
supraceliac aorta should be accessed. Keep in mind that 
infl ow control will cause ischemia to all structures distal; 
thus, the time the cross clamp remains on the aorta needs to 
be kept as short as possible. The longer the clamp remains in 
place, the more diffi cult removal becomes and the more pro-
found the reperfusion effect. For intra-abdominal supraceliac 
control, direct compression manually is best, especially if 
there is suffi cient blood pressure to allow for easy palpation 
of the aorta as it exits the chest. If dissection is required or if 
you are going to attempt clamp placement, cutting the left 
crus of the diaphragm (at 2 o’clock to avoid bleeding) will 
facilitate exposure. Using your fi ngers, bluntly dissect away 
the dense neural and fi brous tissue over the aorta and create 
a space on either side. You may attempt to place a large vas-
cular clamp across the aorta. If successful, secure the clamp 
so that it cannot fall off or be knocked off inadvertently. 
Practically however, it is usually very diffi cult to keep the 
clamp in place because it slips off easily. What we recom-
mend for better control of the aorta is direct compression of 
the aorta against the vertebral bodies. This can be achieved 
by a compression device, a sponge stick, or your assistant’s 
hand (Fig.  53.2 ). In rare instances with high supramesocolic 
injuries, the safest way to achieve proximal aortic control is 
through a left thoracotomy.

   Any repair of the aorta will need to be done with a nonab-
sorbable monofi lament suture, usually a 4-0. If possible, try 
a lateral aortorrhaphy or polytetrafl uoroethylene (PTFE) 
patching. Unfortunately, if it is a gunshot wound, quite a bit 
of damage may result requiring resection of that portion. 
Direct primary repair is diffi cult due to limited mobility. 
Therefore, after obtaining exposure and proximal and distal 
control, insert a short interposition graft of 14–20 mm 
Dacron and perform an end-to-end anastomosis. When size 
matching, remember that the acutely injured aorta is likely 
vasoconstricted; so, if trying to decide between two sizes, 
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  Fig. 53.1    Anatomical vascular regions       
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choose the larger size. Although the vast majority of pene-
trating aortic injuries will be accompanied by other injuries, 
commonly hollow viscus, enteric spillage is not a strict con-
traindication to prosthetic graft placement, and all gross 
spillage should be washed out. In addition, after you have 
achieved blood fl ow back to the lower part of the body, 
omental covering over the anastomotic site is strongly 
encouraged; this will protect your graft and help prevent 
aorto-enteric fi stula formation. Find an avascular line in the 
omentum and take down a portion to adequately cover up the 
repair.  

53.3.1.2     Celiac Axis 
 The celiac artery is a rare injury but can become deadly fast. 
Because it is tucked behind the stomach, there is usually an 
associated stomach or liver injury. In one review, over a 
10-year period of celiac artery injuries at a single institution, 
the majority (92 %) were, not surprisingly, due to penetrating 
injury with a mortality rate of 38 %. The majority of these 
patients underwent ligation of the artery. 

 When a hematoma is found in the lesser sac, it can take a 
while to perform a Mattox maneuver to attain proximal con-
trol. In this case, supraceliac aortic control may be helpful. If 
there is massive bleeding, although in general blind clamp-
ing or suturing is not encouraged, directed ligation can be 
useful since it is acceptable to ligate the celiac trunk. 

 If this does not stop the bleeding, medially rotate the 
spleen and pancreas to expose the root of the celiac artery 
while leaving the kidney down. This should allow access to 
the celiac takeoff. Although direct dissection through the 
lesser sac is possible, it is often diffi cult while holding direct 
pressure on the injury. Once the injury is exposed, then either 
ligation or reconstruction can begin. Again, keeping in mind 
the patient’s physiological state, ligation in almost all cases 
is the easiest and safest way to proceed. However, if the 
patient is rock solid and the burden of associated injury is 
low, reconstruction may be attempted using autologous graft. 

 Transection of the stomach has also been described to 
access the vessel. This is not routinely performed, nor is it 
recommended. If it is done in the face of a concomitant gas-
tric injury, ligation will be your only option.  

53.3.1.3     Superior Mesenteric Artery 
 An expanding hematoma in the region of the base of the 
mesentery or the lesser sac is concerning for an SMA injury 
and must be explored. The mortality associated with injury 
to the SMA can approach 70 %. The SMA has been described 
using the Fullen classifi cation:

    Zone I –  beneath the pancreas  
   Zone II  – between the pancreaticoduodenal and middle colic 

branches of the SMA  
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  Fig. 53.2    Supraceliac aortic 
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   Zone III  – beyond the middle colic branch  
   Zone IV  – enteric branches    

 As expected, the more proximal the injury, the higher the 
mortality rate because more of the bowel will be affected. 
This injury is usually associated with multiple other injuries, 
and the patient is often in profound hypovolemic shock on 
presentation to the hospital. 

 After direct compression, the most important thing is ade-
quate exposure. A key maneuver for the temporary control of 
the SMA is to rapidly perform a Kocher maneuver and place 
your hand behind the head of the pancreas to the root of the 
mesentery and grasp the vessels between your thumb and 
fi ngers. Your assistant can be doing this while you continue 
the dissection for better exposure and control. Start with the 
Mattox maneuver which will give you good access to the 
aorta, which can then be clamped superior and inferior to the 
SMA takeoff. Once proximal control is achieved, Fullen 
zones I and II can be exposed anteriorly by using a retractor 
to refl ect the inferior edge of the pancreas upward; however, 
this can be awkward (Fig.  53.3 ). If this still proves inade-
quate, stapled transection of the pancreas neck to give full 
exposure of the artery is indicated. Bluntly dissect anterior to 
the common bile duct (CBD) with your fi nger, much like a 
Whipple, and lift up the pancreatic neck for stapling. 
Alternatively, use either a knife or cautery to transect the 
pancreas over your fi nger to allow you to access the SMA.

   Fullen zone III and IV hematomas are below the pancreas 
and are exposed by refl ecting the transverse mesocolon 
cephalad and taking down the ligament of Treitz. Behind this 
lies the SMA and it can be dissected out for direct visualiza-

tion of the injury. A Cattell-Braasch maneuver (see fi gure in 
Chap.   48    ) for this part of the SMA is also possible as it will 
allow good exposure to the posterior vessel. 

 Ligation of the SMA, despite the theoretical collateral 
fl ow that may allow gut viability with the proximal ligation, 
should be avoided. Patients sustaining SMA injuries have 
compromised distribution of blood fl ow through all organ 
beds, and there is no guarantee of gut viability even if intra-
operative ischemia is not seen. The best damage control 
maneuver is shunting. If stable, defi nitive repair to any part 
of the SMA can include primary repair (preferable if possi-
ble without narrowing), patch angioplasty, or reconstruction. 
Ideally, autologous grafts would be preferred for reconstruc-
tion, but a ringed synthetic graft would be acceptable. If 
damage control shunting is performed, delayed reconstruc-
tion can be done from the right common iliac artery or the 
infrarenal aorta to the SMA using autologous graft. Do this 
as a staged operation to maximize your chance of success. 
Position the reconstruction as far away from any pancreatic 
leak as possible to avoid any anastomotic breakdown or 
arterio- enteric fi stula formation. Always remember the 
omentum; place some omentum around your anastomosis to 
protect it. Even in the best hands, postoperative bowel isch-
emia is a risk and must be carefully watched for. Most of 
these patients will have an open abdomen post reconstruc-
tion, facilitating a second-look operation.   

53.3.2     Zone II 

 The major arteries in this zone include the renal arteries and 
adrenal arteries, with the renal arteries being of signifi cant 
concern. Virtually all penetrating renal injuries are diag-
nosed intraoperatively and usually close to the time of injury. 
This is important as the kidneys do not tolerate ischemia 
well. Most surgeons avoid revascularization after 6 h as renal 
function is affected after even 90 min of ischemia. The 
results of revascularization are poor, and postoperative 
hypertension is a problem that may require nephrectomy. 
Therefore, it is not commonly done but depends on the extent 
of injury burden, patient status, and contralateral kidney. If 
the injured kidney is the only kidney, we are much more 
aggressive about attempting revascularization with the caveat 
that you do not want to end up with a well-perfused kidney 
in a dead patient. 

 There are two approaches to the renal arteries – laterally 
and medially. In general, all zone II hematomas after pene-
trating trauma are explored. Small lateral hematomas away 
from the hilum that are not expanding may be left alone by 
some surgeons. 

 The medial method approaches the renal vessels directly. 
The advantage of this approach is that you can obtain proxi-
mal control of the renal vessels and the kidney in the face of 

SMA

  Fig. 53.3    Superior mesenteric artery exposure       
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bleeding. The disadvantage is that this can be a diffi cult dis-
section. The advantage to the lateral approach is that the 
majority of the dissection has been done by the expanding 
hematoma and is therefore very fast. Start by performing a 
left lateral medial visceral rotation as discussed in the expo-
sure of the aorta for the left kidney and a right medial vis-
ceral rotation for the right kidney (Fig.  53.4a, b ). As the 
dissection moves cephalad, keep your hand on top of the 
psoas muscle as the kidney is lifted up bluntly. Once that 
kidney is in your hand, vascular control can be obtained by 
pinching the hilum in your fi ngers to allow you time to care-
fully place a clamp across the vessels. Another advantage to 
this approach is that, at this point, you have the injured kid-
ney mobilized and up into the fi eld of the operation. Again, 

rarely will there be an isolated renal artery injury. With the 
kidney mobilized and bleeding controlled, the extent of the 
damage can be rapidly assessed.

   Once the lesion has been identifi ed, you have some 
choices to make. A simple injury can be repaired with inter-
rupted sutures while a larger laceration may need a saphe-
nous vein patch so as not to narrow the vessel. Complex 
repairs include resection and primary end-to-end anastomo-
sis or using an autologous graft. Again, prior to attempting a 
complex repair, the patient condition must be taken into con-
sideration along with the ischemia time and predicted chance 
of success. In most cases, as the arterial injury will be associ-
ated with a concurrent venous injury, the damage control 
procedure would be a nephrectomy rather than shunting.  

Rt
Kindney Pancreas

a

b

  Fig. 53.4    ( a ) Right renal artery 
exposure. ( b ) Left renal artery 
exposure       
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53.3.3     Zone III 

 In penetrating trauma, a pelvic hematoma has a high inci-
dence of iliac vessel injury and should always be explored. In 
one report of 185 iliac vessel injuries, the vast majority were 
seen after penetrating trauma, and the mortality rate was seen 
to be high at 43 and 62 % if combined with an iliac vein 
injury. 

 These patients may present with evidence of intra- 
abdominal bleeding or may present with a unilateral pulse 
discrepancy in the lower extremity on the injured side. To 
expose a right-sided zone III hematoma, start at the cecum 
and dissect along the peritoneal refl ection. Mobilize the 
entire cecum and refl ect it toward the head. At this point, 
you are looking into the retroperitoneal area and should be 
able to see the psoas muscle. Place your fi nger on the psoas 
muscle, and move medially and toward the feet to fi nd the 
pulse that will be the iliac artery. With a major hematoma, 
the anatomy may become distorted, and you may need to 
go toward the head to identify the aorto-bifurcation and 
then each common iliac trunk. Remember that the ureter 
comes across anteriorly at the bifurcation of the common 
iliacs, so look out for it and do not transect it. Similarly, if 
the hematoma is on the left side, take down the peritoneal 
refl ection along the sigmoid colon, refl ect it medially, and 
identify the psoas muscle. Again, palpate along the muscle 
until you feel a pulse and that will be the iliac artery. 
Bluntly dissect, using your fi ngers, the loose areolar tissue 
around the vessel using the Cattell-Vraasch maneuver. 
Remember to stay anterior to the artery and you will not 
encounter any branches. At this point, you should have a 
pretty good idea of where the bleeding is coming from, 
and your goal is to obtain local control with direct com-
pression using your fi nger. Carefully dissect an area proxi-
mally and distally to place a vessel loop around the iliac 
artery. This will help with proximal and distal control. 
Remember, if the injury is distal, exposure is critical and 
the incision should be continued across the inguinal liga-
ment and into the groin. Next, identify the internal iliac 
arteries which are easy to recognize because they take a 
direction straight down toward the back of the patient. If 
the injury is localized to the internal iliac artery, you can 
ligate it. Although the proximal segment is easy to man-
age, distal segment gunshot injuries within a tight hole that 
is bleeding can be diffi cult to control. In the unstable 
patient requiring damage control, packing or balloon 
occlusion may be used. 

 Contrary to the internal iliac arteries, ligation of the 
external iliac arteries is associated with a signifi cant ampu-
tation rate. If the injury is located at the external iliac 
artery, then a decision will have to be made about your 

next step: Repair primarily, shunt, or proceed with graft. 
When the injury requires a resection with an interposition 
graft, autologous graft is preferred if suitably size matched. 
However, a synthetic graft of at least 6 mm is quite accept-
able as this is a large-caliber, high-fl ow vessel. Often the 
size match is better and insertion of PTFE is much quicker 
with good results. As discussed earlier, concomitant hol-
low viscus injury is not a contraindication to synthetic 
graft placement. 

 For the external iliac artery, if the patient meets criteria 
for damage control, be prepared to shunt. We have had 
excellent success with this technique for temporizing with 
a delayed repair once the patient is stabilized. We do not 
advocate prophylactic fasciotomies but have a high index 
of suspicion postoperatively for intervening.   

53.4     Afterthoughts 

 Almost all patients with an abdominal vascular injury will 
have sustained a major physiologic stress, and many will 
have associated injuries. Once the patient has made it 
through the operation, it is important to continuously reas-
sess their physiological status as it normalizes. Adequate 
resuscitation and careful monitoring of their hemoglobin 
will be important over the next 24–72 h. If there are no con-
traindications, consider starting a platelet inhibitor for up to 
3 months for specifi c injuries where there is high concern 
for thrombosis.      

 Important Points 

•     Never walk to the OR – always run!  
•   Hypotension can be your friend.  
•   Stay calm. Be in control.  
•   Temporary control can start with your hands.  
•   Recognize when the patient is or will become phys-

iologically impaired – these patients need damage 
control.  

•   Lateral repair is preferable but only if there is mini-
mal to no stenosis.  

•   Shunt common and external iliacs and SMA. Repair 
the aorta.  

•   Ligate celiac and internal iliacs.  
•   Compress the supraceliac aorta for global control of 

the abdomen.  
•   Transection of the pancreas to access the SMA is 

ok.  
•   Keep SMA anastomosis away from the pancreas 

with omental covering.  
•   Nephrectomy is acceptable to save a life.    
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      Spleen                     

     Heena     P.     Santry    

      In the modern era, while the majority of patients presenting 
with splenic injury are victims of blunt trauma, up to 14 % 
are victims of penetrating trauma. Conversely, for victims of 
penetrating trauma, the spleen has been reported to be one of 
the most infrequently injured organs, ranging from 7 to 9 %. 

 In recent years, due to an increase in nonoperative man-
agement of splenic injuries through a combination of obser-
vation and endovascular approaches, fewer and fewer 
patients have been brought to the operating room (OR) for 
splenic injury. Once in the OR, fewer splenectomies overall 
have been performed due to concerns regarding the infec-
tious risks of asplenia, new modes of splenorrhaphy with 
topical hemostatic agents and artifi cial mesh, and advances 
in techniques of partial splenectomy. Meanwhile, there has 
been a trend toward selective non-operative management of 
penetrating abdominal trauma where non-operative manage-
ment involves carefully selecting patients who present with-
out signs of peritonitis, exsanguinating hemorrhage, or 
hemodynamic instability and can be reliably serially exam-
ined (e.g., no evidence of intoxication, no concomitant head 
injury with altered mental status). Up to 40 % of anterior 
abdominal stab wounds and 33 % of gunshot wounds can be 
managed non-operatively using these criteria. 
Abdominopelvic computerized tomography (CT) scans with 
intravenous (IV) contrast are often used as adjuncts in non- 
operative management for penetrating abdominal trauma; a 
series of gunshot wounds managed non-operatively with the 
addition of computerized tomography found that 6/8 splenic 
injuries did not require laparotomy, while another with 
mixed penetrating mechanisms found that 24/225 were suc-
cessfully managed without operation. Laparoscopy has also 
been used by some, in particular when there is concomitant 

concern for associated diaphragmatic injury without need for 
urgent splenectomy. 

 Still, severe penetrating injuries to the spleen can result in 
uncontrolled bleeding and death if not rapidly addressed with 
splenectomy and more than 80 % of penetrating splenic injuries 
are treated with urgent splenectomy. Assessing the severity of 
splenic injuries has been standardized over the years. Currently, 
most surgeons use the 1994 modifi cation of the American 
Association for the Surgery of Trauma (AAST) Organ Injury 
Scale which relies on intraoperative and/or CT fi ndings (see 
Table  54.1  and Fig.  54.1 ). Importantly, however, due to the rela-
tive rarity of penetrating splenic injuries, these grading systems 
have been based largely, if not exclusively, on data from victims 
of blunt trauma. Typically, grade I–III injuries can be managed 
nonoperatively or with a splenic salvage procedure. However, 
more extensive injuries to the spleen will require splenectomy.

54.1        Exposure 

 As with most cases of traumatic hemorrhage, a generous 
midline incision is the best approach for splenic trauma. If 
further exposure of the left upper quadrant is needed, as in 
the case of obese patients or those with an unusually narrow 
costal angle, you can extend the incision in the left hypo-
chondrium – although it is rarely needed. 

 After opening the abdomen, you should pack all four 
quadrants or suction to clear hemoperitoneum and rapidly 
identify obvious injuries. A series of 225 penetrating splenic 
injuries found concomitant diaphragmatic (60 %), hollow 
viscus (38 %), liver (32 %), renal (25 %), abdominal vascular 
(10 %), and pancreatic (1 %) injuries. If you identify more 
pressing injuries to address than that of the spleen, you 
should quickly address them. In most cases of multiple inju-
ries, with the exception of abdominal vascular injuries, you 
should address the spleen fi rst, as continued bleeding from 
the organ can harm the patient due to both ongoing blood 
loss and obscuring the operative fi eld. If you are having dif-
fi culty identifying the source of bleeding in a particularly 
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bloody abdomen despite packing and suctioning, you will 
identify the main source of bleeding by turning to the site of 
clot formation. Defi brinated blood tends to spread freely 
throughout the peritoneal cavity whether or not the spleen is 
the source. 

 After quelling the bleeding with suctioning or packing the 
four quadrants and rapidly examining for associated injury, 
pack the small bowel inferiorly into the lower abdomen and 
pelvis. Then, deliver the spleen into the operative fi eld with 
gentle inferior and medial traction so as to not exacerbate the 

underlying injury. Depending on the length and density of 
the splenic attachments to surrounding structures, you may 
not be able to fully deliver the organ without mobilization.  

54.2     Mobilization 

 Start mobilizing the spleen by sharply dividing its superolat-
eral attachment, the splenophrenic ligament, to the level of 
the esophageal hiatus, followed by its inferolateral attach-
ment, the splenorenal ligament. Take care during this maneu-
ver not to injure the left adrenal gland which is 
characteristically located in an anti-hilar position. Division 
of these attachments may be facilitated by placing a clamp or 
fi nger under these attachments prior to division to develop a 
plane (see Fig.  54.2 ).

   Once the lateral and inferior attachments are divided 
(Fig.  54.3 ), you rotate the spleen medially by cupping the 
palm of the right hand around the anti-hilar side of the spleen 
and engaging the fi ngers of your non-dominant hand around 
the posterior aspect of the organ in the plane between itself 
and the retroperitoneal lining of the kidney. It will then be 
possible to bluntly dissect behind the tail of the pancreas and 
deliver the spleen and pancreatic tail as a unit into the mid-
line wound. The degree of dissection required behind the tail 
will be determined by the length of the patient’s pancreas 
with shorter organs requiring less mobilization (see 
Fig.  54.4 ).

    The fi nal step in mobilization is the division of the spleno-
colic ligament. You may encounter sizable vessels traversing 
this ligament, and they should be appropriately controlled 
with the clamp and tie method using 3-0 silk sutures or a 
hemostatic device such as the LigaSure device or Harmonic 
scalpel (see Fig.  54.4 ).  

54.3     Vascular Control 

 You can control excessive hemorrhage during the course of 
the mobilization by applying digital pressure on the hilum 
and gastrosplenic ligament with an assistant’s hand or in 
extreme circumstances with a clamp across the hilum. In 
general, the latter maneuver should be avoided prior to full 
mobilization as it puts the tail of the pancreas at risk for 

   Table 54.1    A 1994 modifi cation of the American Association for the Surgery of Trauma Splenic Injury Grading Scale [ 7 ]   

 Grade  Description  Figure 

 I  Capsular tear, <1 cm parenchymal depth  1a 
 II  Capsular tear, 1–3 cm parenchymal depth that does not involve a trabecular vessel  1b 
 III  >3 cm parenchymal depth or involving trabecular vessels  1c 
 IV  Laceration involving segmental or hilar vessels causing major devascularization (>25 % of spleen)  1d 
 V  Completely shattered spleen or hilar vascular injury with devascularized spleen  1e 

Grade I

Capsular
tear < 1 cm
parenchymal
depth

> 3 cm
parenchymal
depth

Laceration involving
segmental or
hilar vessels

Completely
shattered
(devasularized)

Capsular tear
1 - 3 cm
parenchymal
depth

Grade II

Grade III

Grade IV

Grade V

  Fig. 54.1    An illustrated guide to the 1994 modifi cation of the 
American Association for the Surgery of Trauma Splenic Injury 
Grading Scale [ 7 ]       
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injury. After you have fully mobilized the spleen, as described 
above, you should address its dual blood supply. 

 With the spleen rotated inferiorly and medially into the 
fi eld in your assistant’s hand, you should control the short 
gastrics within the gastrosplenic ligament with the clamp and 
tie method with 3-0 silk ties or with the LigaSure (TM) 
device or Harmonic (TM) scalpel (see Fig.  54.5 ). Standard 
electrocautery should not be used as the vessels will rebleed 
if simply cauterized. You should divide and ligate the vessels 
along the greater curvature proximally and then distally. If 
ties are used and encompass a small area of the gastric wall, 
this poses a risk for later necrosis and leak from that area. In 
such instances, oversew the tied-off area along the greater 
curvature with 3-0 silk Lembert sutures to bury the poten-
tially compromised area.

   Finally, you address the hilar vessels. You serially dis-
sect and individually divide the main arterial and venous 
branches heading into the hilum. Mass division must be 
avoided as it may result in later arteriovenous fi stula 
(AVF) formation. The individual branches into the splenic 
parenchyma from the main splenic artery and vein are 
variable in anatomy. You should divide each of these 
branches on the side of the pancreas with a suture ligature 
of 0–0 silk followed by a similar tie or with a vascular 
stapler. While the division should take place as close to 
the spleen side of the vessels as possible to avoid injury to 
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  Fig. 54.2    Splenic ligaments and 
attachments. Division of these 
attachments may be facilitated by 
placing a clamp or fi nger under 
these attachments prior to 
division to develop a plane       

  Fig. 54.3    Gently pull the spleen to easily detach the ligaments       
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the tail of the pancreas, do not waste time tying the side of 
the vessels that are to become part of the specimen (see 
Fig.  54.6 ).

54.4        Specimen Removal and Final 
Inspection 

 After you divide the hilar vessels, the specimen will be free 
to pass off the table. You should reinspect the left upper 
quadrant at this point, or after addressing other injuries noted 
upon entry into the abdomen, for any missed injuries. In par-
ticular, the left kidney and the diaphragm are at risk when 
penetrating trauma has also injured the spleen severely 
enough to require splenectomy. Operative treatment of these 
injuries is discussed elsewhere in the text. You must also 
reexamine the tail of the pancreas closely. If injured by the 
original mechanism or by the splenectomy, leave a closed 

  Fig. 54.4    Mobilize the spleen and pancreatic tail gently after it has 
been freed of all attachments       

Short
gastric
vessels

  Fig. 54.5    Control the short gastric vessels by taking the vessels closer 
to the specimen to avoid inadvertent gastric wall ischemia. If a vessel 
must be taken close to the gastric wall, consider inverting the area with 
a Lembert suture       

Ligated
splenic a.

Splenic v.

Tail of
pancreas

  Fig. 54.6    Control of the hilar splenic vessels       
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suction drain in place. Otherwise, the spleen bed does not 
require drain placement. Consider vaccinating the patient for 
pneumococcus, meningococcus, and  H. infl uenzae  2–3 
weeks after the splenectomy or upon discharge, whichever 
comes sooner.      

   Recommended Reading 

   1.    Berg RJ et al (2014) The contemporary management of penetrating 
splenic injury. Injury 45(9):1394–1400  

   2.    Brady RR et al (2007) Splenic trauma in Scotland: demographics 
and outcomes. World J Surg 31(11):2111–2116  

   3.    Carlin AM et al (2002) Factors affecting the outcome of patients 
with splenic trauma. Am Surg 68(3):232–239  

   4.    Cirocchi R et al (2013) Is non-operative management safe and 
effective for all splenic blunt trauma? A systematic review. Crit 
Care 17(5):R185  

   5.    Como JJ et al (2010) Practice management guidelines for selective 
nonoperative management of penetrating abdominal trauma. 
J Trauma 68(3):721–733  

   6.    Lamb CM, Garner JP (2014) Selective non-operative management 
of civilian gunshot wounds to the abdomen: a systematic review of 
the evidence. Injury 45(4):659–666  

     7.    Moore EE et al (1995) Organ injury scaling: spleen and liver (1994 
revision). J Trauma 38(3):323–324  

   8.   Navsaria PC, Ball C, Nicol A (2015) Reply to the brave challenge 
of NOM for abdominal GSW trauma and the role of laparoscopy as 
an alternative to CT scan. Ann Surg  

   9.    Navsaria PH et al (2015) Selective nonoperative management in 
1106 patients with abdominal gunshot wounds: conclusions on 
safety, effi cacy, and the role of selective CT imaging in a prospec-
tive single-center study. Ann Surg 261(4):760–764  

   10.    Nicholas JM et al (2003) Changing patterns in the management of 
penetrating abdominal trauma: the more things change, the more 
they stay the same. J Trauma 55(6):1095–1108; discussion 
1108–1110  

   11.    Pachter HL, Grau J (2000) The current status of splenic preserva-
tion. Adv Surg 34:137–174  

   12.    Pallett JR et al (2014) A cross-sectional study of knife injuries at a 
London major trauma centre. Ann R Coll Surg Engl 96(1):23–26  

   13.    Raikhlin A et al (2008) Imaging and transcatheter arterial emboli-
zation for traumatic splenic injuries: review of the literature. Can 
J Surg 51(6):464–472    

 Important Points 

•     Extend the midline laparotomy incision superiorly 
to the left of the xiphoid if exposure is inadequate.  

•   Look for clotting to fi nd the bleeding source.  
•   Develop a plane under the lateral attachments using 

a clamp or fi nger under these to ease the sharp divi-
sion of these attachments.  

•   Mobilize the spleen medially with the tail of the 
pancreas by getting into the plane between the ret-
roperitoneal lining over the kidney and the posterior 
aspect of the spleen.  

•   Bury short gastric ties that may compromise the 
stomach wall with Lembert sutures to prevent future 
necrosis and leak.  

•   Avoid mass ligation of the hilar vessel as this will 
result in AVF formation.  

•   Clamp close to the spleen and tie on the pancreas 
side to complete division of hilar vessels.  

•   Rule out diaphragm and left kidney injury.  
•   Leave a closed suction drain in place only for inju-

ries to the tail of the pancreas.    
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      Penetrating Rectal Injuries                     

     Andrew     J.     Nicol      and     Pradeep     Navsaria    

      The management of penetrating rectal trauma has been 
evolving over the last century. There has more recently been 
a shift in policy from the mandatory colostomy suggested 
from the military experience to the realisation that civilian 
low-velocity  intraperitoneal  rectal injuries can be managed 
similar to other colonic injuries. The introduction of laparos-
copy in trauma has provided screening for and the identifi ca-
tion of the transpelvic gunshot wound that has not breached 
the peritoneal cavity. This has allowed for a far more conser-
vative but safe approach to the management of the extraperi-
toneal rectal injury. Debate has also arisen about the need for 
distal rectal washout and the effectiveness of presacral 
drainage. 

55.1     Historical Perspective 

 The mortality rate from rectal injuries was in the order of 
90 % at the turn of the twentieth century. This rate dropped to 
60 % during the First World War due to debridement and pri-
mary repair of rectal wounds. Mandatory proximal faecal 
diversion and presacral drainage during the Second World 
War saw a further decrease in mortality to 30 %. Irrigation of 
the distal rectal stump was introduced during the Vietnam 
and Korean confl icts, and the wide availability of antibiotics, 
intensive care management and blood products saw a further 
decline in mortality to 15 %. 

 There is no universal consensus on the application of 
this military surgical experience in the fi eld of civilian 
low- velocity penetrating rectal trauma, but the following 
are presented as guidelines that have been effective and 
safe in the management of these injuries at our own 
institution.  

55.2     Surgical Anatomy 

 The surgical management of the penetrating rectal injury is 
dependent on the part of the rectum that is injured and 
whether this is extra- or intraperitoneal. 

 The rectum is around 12 cm long and is divided into 
thirds according to the peritoneal attachments. The perito-
neal covers the upper one-third of the rectum on the front 
and sides, and this is the intraperitoneal rectum. The mid-
dle third is only covered on the anterior aspect by perito-
neum. The lower third is completely extraperitoneal as the 
peritoneum is refl ected on to the upper part of the bladder 
in the male (to form the rectovesical pouch) or on to the 
upper vagina in the female (to create the rectouterine 
pouch). 

 Injuries to the lower one-third of the rectum and to the 
entire posterior wall are considered to be extraperitoneal.  

55.3     Incidence 

 Penetrating rectal injuries occur infrequently, but the major-
ity (>80 %) that occur are secondary to gunshot wounds as 
reported from most trauma centres. Our own experience has 
shown low-velocity gunshot injuries to be responsible for 
99 % of rectal trauma. Stab wounds and impalements are 
uncommon.  

55.4     Special Investigations 

 The presence of blood on the rectal examination should 
alert the surgeon to the presence of a colonic injury. If 
there is suspicion of a potential rectal injury from the tract 
of the gunshot wound or the knife, then a sigmoidoscopy 
must be carried out to exclude this even in the absence of 
blood on rectal examination. Genitourinary tract injuries 
are commonly associated with rectal injuries, and indeed, 
concomitant bladder injuries have been present in up to 
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one-third of patients with rectal trauma. Ensure that a CT 
scan (with rectal contrast) and CT cystogram have been 
performed preoperatively on the haemodynamically stable 
patient. This will provide information with respect to the 
tract of the bullet and allow you to plan the most appropri-
ate form of intervention.  

55.5     Surgical Strategies 

55.5.1     Patient Position 

 The patient should be positioned in the Lloyd-Davies posi-
tion. This provides the best access into the pelvis particularly 
if bleeding is encountered and the extraperitoneal rectum 
requires mobilisation. A sigmoidoscopy should be per-
formed on the haemodynamically stable patient in order to 
diagnose and locate the position of the rectal injury. A uri-
nary catheter should already be in situ.  

55.5.2     Laparotomy 

 A midline laparotomy is performed in haemodynamically 
unstable patients or in those with an acute abdomen. Ensure 
that your skin incision reaches the pubic symphysis. Do not 
injure the bladder on entering the peritoneal cavity. The prin-
ciples of abdominal trauma surgery apply; control any haem-
orrhage and prevent contamination. 

 Intraperitoneal rectal injuries are dealt with in a similar 
fashion to other colonic trauma. Ensure that the wound 
edges have been debrided and are bleeding. Simple holes 
are closed with a single-layer absorbable suture. No drains 
are required. 

 In the event of a high-velocity destructive gunshot wound 
to the rectum, the surgeon should be in a damage control 
frame of mind, and the sigmoid should be ligated and the 
distal rectal stump transfi xed with a TA stapler. Identify the 
ureters bilaterally or follow them down from the bifurcation 
of the common iliac artery to ensure that they are not ligated. 
We fi nd a silk is superior to linen in the ligation of bowel. 
Simply pass an artery forceps through the mesentery and 
then pull the silk suture through and tie off the colon. A sin-
gle suture usually suffi ces. At the subsequent relook lapa-
rotomy, the sigmoid colon is brought out as an end stoma and 
the injured rectum removed. 

 In stab wounds and in low-velocity gunshot wounds, 
the site of the injury needs to be identifi ed. If there is a 
single hole, ensure that you are not missing the second 
hole. Place a fi nger in the hole and palpate the colon for 
any further holes. It can be easy to miss a hole where the 
mesentery attaches to the rectum. If there is any doubt, 
then the hole in the intraperitoneal rectum can be enlarged 
and looked at under direct vision. If there is a second hole 

but this is extraperitoneal, then this second hole can be left 
unsutured and a proximal defunctioning loop sigmoid 
colostomy performed. 

 The extraperitoneal rectum only needs to be mobilised 
if there is massive haemorrhage adjacent and if there is 
involvement of the vessels in the mesorectum (superior 
and middle rectal arteries). This may also depend on the 
experience of the surgeon involved as these can also be 
packed with abdominal swabs into the pelvis for haemo-
stasis. If the injury to the rectum is entirely extraperito-
neal, then these holes do not need to be sutured. There is 
no advantage to repair, and in many cases, it is technically 
diffi cult to do so. A defunctioning sigmoid loop colostomy 
should be the mainstay in the management of these extra-
peritoneal injuries. 

 Look also for any bladder involvement. The bladder may 
even be opened in the anterior midline if necessary to exclude 
an injury. Another option is to have an unscrubbed assistant 
fi ll the bladder with a mixture of sterile water and methylene 
blue via the urinary catheter. Traumatic rectovesical fi stulas 
need to be recognised and dealt with. The bladder must 
always be repaired and then an omental pedicle placed 
between the bladder and the rectum in order to reduce the 
high incidence of rectovesical fi stulas from combined rectal 
and genitourinary trauma.  

55.5.3     Laparoscopy and a Trephine Loop 
Colostomy 

 A laparoscopy is indicated in the haemodynamically stable 
patient with a transpelvic gunshot wound who presents 
with blood per rectum but no abdominal peritoneal signs. 
If there is no blood or urine in the peritoneal cavity, then 
the patient can be safely managed with a trephine loop sig-
moid colostomy in the left iliac fossa without the need for 
a laparotomy (Fig.  55.1 ).

55.5.4        Distal Rectal Washout 

 The value of distal rectal washout in civilian injuries has 
been questioned. Present-day experience with low-velocity 
gunshot wounds tends to show no benefi t from distal rectal 
washout, and it is considered to be associated with a high 
risk of infection because of spillage from the unrepaired 
extraperitoneal rectal perforation. This has resulted in most 
trauma surgeons abandoning this procedure.  

55.5.5     Presacral Drainage 

 The placement of a drain in the presacral space through 
an incision in the anococcygeal raphe was advocated in 

A.J. Nicol and P. Navsaria



431

the military experience, but the only randomised clinical 
trial in the civilian setting has shown that this did not 
reduce septic complications and is currently not 
recommended.  

55.5.6     Antibiotic Treatment 

 Broad-spectrum antibiotics should be administered for a full 
period of seven days in the event of an extraperitoneal injury 
that has been purely managed with a loop colostomy and no 
laparotomy, and the patient should be monitored closely for 
the development of pelvic sepsis. If this does occur, then the 

collection is usually amenable to percutaneous drainage 
under ultrasound guidance.       

   Recommended Reading 
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725–731  
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ing rectal and genitourinary injuries: a challenge in management. 
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  Fig. 55.1    Management strategy for an extraperitoneal gunshot wound of the rectum       

 Important Points 

•     Always place the patient in the Lloyd-Davies posi-
tion as the surgical access into the pelvis is 
improved.  

•   Identify and sling both ureters early in the dissec-
tion. This avoids an iatrogenic injury and helps 
exclude any traumatic injury to the ureter.  

•   Follow the tract of the bullet and ensure that any 
bone or joint involvement is extensively washed out.    
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      Abdominal Compartment Syndrome                     

     Zsolt     J.     Balogh     ,     Osamu     Yoshino    , and     Michael     Sugrue   

      The application of damage control surgery (DCS) principles 
and aggressive fl uid resuscitation made it possible to save 
critically injured penetrating trauma patients. These survi-
vors suffer whole-body ischemia/reperfusion injury (hemor-
rhagic shock followed by resuscitation), which is associated 
with bowel edema, abdominal wall swelling, retroperitoneal 
swelling, and ascites formation. The abdominal packing and 
the formal closure of the abdomen together with the increased 
volume of the abdominal content can cause increased 
abdominal pressure, which compromises the function of 
vital organs (kidneys, liver, lung, heart, and intestines). 
Abdominal compartment syndrome (ACS, increased intra- 
abdominal pressure with organ dysfunction/failure) has 
emerged as a life-threatening complication among survivors 
of DCS. Prevention of ACS is a solution, but when it is 
attempted, the abdominal decompression and use of tempo-
rary abdominal closure is required. The liberal use of open 
abdomen strategy decreases the incidence of ACS and mor-
tality from ACS but creates a new challenge: the manage-
ment of the open abdomen, which is a condition with 
signifi cant morbidity and potential mortality. 

56.1     Defi nitions 

 Abdominal compartment syndrome (ACS) is defi ned as sus-
tained increased intra-abdominal pressure (IAP >20 mmHg), 
also known as intra-abdominal hypertension (IAH), and is 
associated with newly developed organ dysfunctions. While 
IAH is graded [from Grade I (12–15 mmHg) to Grade IV 
(over 25 mmHg)], ACS is considered as an “all or nothing” 

phenomenon. ACS can be classifi ed based on the etiology 
(e.g., postinjury, postburn, after abdominal aortic surgery, pan-
creatitis, septic patients) and the acuity of the syndrome (acute, 
subacute, and chronic). This chapter focuses on acute postin-
jury abdominal compartment syndrome, which can be further 
classifi ed as primary (injury to the abdomen) or secondary 
(extra-abdominal trauma only) ACS (Table  56.1 ).

56.2        When to Expect ACS in Penetrating 
Trauma? 

 ACS, a potentially lethal complication of penetrating inju-
ries, can develop in both abdominal and extra-abdominal 
penetrating trauma. ACS typically develops in patients who 
present with severe shock and require urgent hemostasis and 
fl uid resuscitation. 

 Typical presentations of ACS after penetrating trauma are 
listed in Table  56.1  and described below:

    1.    Penetrating abdominal trauma with shock (Figs.  56.1  and 
 56.2 ): This is the classic pattern; patients with major 
abdominal injuries, especially with abdominal vascular 
trauma, are at high risk of developing primary ACS. 
Hemorrhagic shock and subsequent resuscitation is 
whole-body ischemia-reperfusion injury, which is associ-
ated with generalized and localized (intestinal) edema. 
The venous return from abdominal organs is further com-
promised by the space-occupying nature of the packs 
used for hemorrhage control. Open abdomen strategy is a 
proven approach to prevent ACS, in most of the cases. 
Fascial closure of the abdomen after damage control sur-
gery (DCS) is not feasible because it can cause ACS, and 
in any case, a second look is necessary to remove the 
packs and any potential necrotic tissue and to restore the 
continuity of the intestinal tract. Urgent need to go to the 
operating room and the presence of damage control phys-
iology (acidosis, coagulopathy, and hypothermia) are 
independent predictors of the primary ACS.
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        2.    Penetrating chest or extremity trauma with shock: This is 
the classic example of secondary ACS, as there is no 
abdominal injury or pathology, but the whole-body 
ischemia- reperfusion injury is present and driving the 
pathophysiology. The intestinal tract has a signifi cantly 
lower anti-edema capacity than other vital organs like the 
brain, lung, or heart. Secondary ACS has the same symp-
toms (increased airway pressures, decreased urine, and 
cardiac output) like primary ACS, but secondary ACS is 
much more elusive since there is no obvious abdominal 

cause. Massive resuscitation is always present as a major 
independent predictor. Secondary ACS can be present as 
early as at the time of the initial surgery on extra- 
abdominal bleeding sources. Reassessment on the operat-
ing table for potential ACS is important, and while a 
distending non-injured abdomen with high airway pres-
sures could be a clue, measuring the intra-abdominal 
pressure is always helpful in the differential diagnosis.   

   3.    After closure of the open abdomen: Premature closure of 
the open abdomen at the time of the second look laparot-
omy can result in recurrent ACS. Intraoperative measure-
ment of the IAP during closure and reassessment on the 
operating table are advisable when the desired level of 
closure is achieved. It is important to remember that the 
IAP is most likely to be at its lowest while the patient is 
on the operating table (anesthetized, paralyzed, fl at, and 
supine), and it will be higher in the intensive care unit 
(elevation of the head of bed, avoidance of neuromuscular 
paralysis, nursing). It is hard to measure the IAP at the 
end of surgery unless there is a femoral line reaching into 
the inferior vena cava or a urinary catheter is in situ and 
connected to the OR monitor via a pressure transducer. If 
there is no IAP measurement available when you close 
the abdomen, airway pressures as a guide should be dis-
cussed with the anesthesiologist.   

   4.    Late presentation compounded with sepsis: ACS can 
present in penetrating trauma patients later as a complica-
tion of uncontrolled abdominal (primary ACS) or extra- 
abdominal (secondary ACS) sepsis. Remember that 
treating the sepsis will also treat the ACS.    

56.3       Diagnosis 

 The presentation of ACS after penetrating trauma with shock is 
very rapid; most of the cases develop within 12 h of hospital 
admission representing a second life-threatening insult after 
the potential exsanguination. In some extreme cases, ACS can 
develop on the operating table while thoracic or skeletal life-/
limb-saving operation is performed. For the prevention of the 
syndrome, it is essential to be aware of the common scenarios 
and avoidable situations when ACS could develop (Table  56.2 ).

   The diagnosis of ACS involves the measurement of the 
IAP. Clinical examination is unreliable in estimating the 
IAP. The most feasible method is the intravesical route, origi-

    Table 56.1    Causes of abdominal compartment syndrome in penetrating trauma   

 Primary abdominal compartment syndrome  Secondary abdominal compartment syndrome 

 Severe penetrating abdominal trauma + shock  Severe extra-abdominal bleeding requiring massive resuscitation 
 Aortic, mesenteric, portal cross-clamping  Extra-abdominal sepsis requiring massive resuscitation 
 Abdominal sepsis as late complication 

  Fig. 56.1    Multiple stab wounds requiring damage control surgery, 
high risk for abdominal compartment syndrome       

  Fig. 56.2    Isolated stab wound without hemodynamic compromise, 
suitable for defi nitive surgery, low risk for abdominal compartment 
syndrome       
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nally described by Kron and modifi ed by many. The measure-
ment can be done with improvised devices, but today there are 
several reliable proprietary devices available. Most of these 
techniques require saline instillation into the bladder before 
measurement. Historically, the recommended instilled volume 
was 50 mL and above. However, recent research has shown 
that there is no need for more than 25 mL of saline through a 
safe closed system. The limitation of the technique is the inter-
mittent nature and the 5–8 min required to perform each mea-
surement. The IAP can be monitored continuously via a 
three-way urinary catheter in the most critical patients where 
the timely recognition of increased IAP is crucial. 

 The other component of the diagnosis is the organ dys-
function, which is related to the increased IAP. The differen-
tiation of the IAP-related organ dysfunctions can be diffi cult 
from the ongoing circulatory, respiratory, and renal dysfunc-
tion of an acute penetrating trauma patient. Acute penetrating 
trauma patients are not necessarily anuric or oliguric when 
they develop ACS. The urine output has to be judged in the 
context of the magnitude of the fl uid resuscitation (100 mL/h 
in a patient who is in 10 L positive balance does not necessar-
ily indicate adequate urine output). Young healthy trauma 
patients are expected to have a hyperdynamic response after 
major trauma and resuscitation. Close to normal cardiac out-
put in these scenarios can mean compromised circulation. 
The fi lling pressures (central venous pressure and pulmonary 
capillary wedge pressure) can be falsely normal or elevated in 
patients with increased IAP. Many factors can directly and/or 
indirectly affect ventilation during the initial phase of shock 

resuscitation. If no signifi cant lung or intrapleural injury/
pathology exists, high airway pressures and low compliance 
associated with increased IAP can be diagnostic as well.  

56.4     Treatment 

 Recent reports suggest that postinjury ACS, especially in blunt 
trauma cohorts, is largely preventable with judicious haemo-
static resuscitation. The treatment of a compartment syndrome 
is decompression; in postinjury ACS, this involves a full mid-
line laparotomy. The nonoperative measures, which are more 
frequently described in acute general surgical and medical lit-
erature, are unlikely to be helpful in critically ill penetrating 
trauma patients where the syndrome is evident within a few 
hours of ICU admission. In this scenario, there is no time for 
you to wait and see the potential modest decreases of IAP due to 
nonoperative measures (positioning, neuromuscular paralysis, 
evacuation of gastric and intestinal intraluminal contents). 
These patients are dying. Your immediate effi cient action is 
required. In obvious secondary ACS cases (no intra-abdominal 
injury), bedside ultrasound-guided drainage of the acutely 
developed ascites might be a solution, but in most cases not only 
the peritoneal fl uid but rather the intestinal edema which is the 
main component of the increased IAP. If intra-abdominal injury 
is excluded, you can even perform decompression in the ICU by 
using sterile technique (ICU procedure team). In primary ACS 
cases, usually rebleeding is present, which requires you to per-
form further formal exploration of the abdomen and control of 

   Table 56.2    The common scenarios and avoidable scenarios, which could lead to abdominal compartment syndrome in penetrating trauma 
patients   

 Prehospital  Delay to defi nitive care 
 Poor control of external hemorrhage 
 Uncontrolled crystalloid 
 Resuscitation 

 Emergency department  Delay to hemorrhage control 
 Uncontrolled large volume crystalloid resuscitation 
 Extensive imaging with uncontrolled resuscitation 
 Underestimation of non-cavity bleeders 
 Poor control of the environment (hypothermia) 

 Operating room  Aortic, mesenteric, portal cross-clamping 
 Delay to hemorrhage control 
 Uncontrolled resuscitation 
 Inability to improve hypothermia, acidosis, and coagulopathy 
 Tight packing with fascial closure 
 Inadequate temporary abdominal closure 
 Poor control of abdominal bleeding 
 Long surgery 

 Intensive care unit  Chasing supranormal resuscitation endpoints 
 Crystalloid boluses to maintain fi lling pressures or for Starling curve assessment 
 Not measuring IAP 
 Inability to recognize rebleeding 
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the hemorrhage preferably after transfer of the patient to the 
operating room. 

 After decompression or re-exploration, you need to apply a 
temporary abdominal closure to prevent evisceration and con-
tamination but allow space for potential progressive swelling. 
Historically, this was done with skin-only closure with running 
stitch, towel clips, or with the “Bogota bag.” The latter is a large 
sterile infusion bag (arthroscopic or cystoscopic 3 L normal 
saline bag) fashioned and stitched into the fascia or to the skin 
of the abdominal wound edges. The skin-only closures do not 
provide enough room for swelling during the acute resuscita-
tion. These measures can be utilized in the operating room after 
quick packing to gain hemostasis and prevent further heat loss 
while allowing time to the anesthesiologist to “catch up” with 
the blood loss and coagulation factors. The patient abdomen 
should be reassessed (repacked as required) and temporary 
abdominal closure applied. The Bogota bag allows room for 
swelling, but its control of the peritoneal fl uids is poor and 
potentially ruins the skin/fascia, which could prevent future 
fascial closure. Most of the centers prefer to use some elastic 
self-adhesive coverage with abundant drainage. This can be 
performed with commercial vacuum-assisted devices or with a 
homemade (hand towel, adhesive foil, and suction drains) vac-
uum pack method. For fi rst dressing after DCS, probably, a 
homemade technique is fi ne (cheaper and readily available) 
and less likely to cause ongoing blood loss due to low suction. 
Commercial devices are defi nitively benefi cial from the fi rst 
relook laparotomy and dressing change, but many institutions 
use them successfully from day one. If stomas are indicated at 
the time of the relook laparotomy, you should place them as 
lateral (further away from the midline) as possible, to prevent 
potential interference with fascial closure.  

56.5     Open Abdomen 

 The open abdomen is the recognized preventive and therapeutic 
measure of postinjury ACS. The liberal application of the open 
abdomen strategy has led to a decrease in the incidence of lethal 
ACS but has created signifi cant morbidity and resource utiliza-
tion. Temporary abdominal closure is effi cient in preventing 
ACS, but in low-risk patients, it leads to unnecessary morbidity 
and cost. From the fi rst relook laparotomy, the goal should be to 
achieve fascial closure or at least minimize the size of the her-
nia. Most preventive open abdomens can be closed with one or 
two extra trips to the operating room. Vacuum-assisted tech-
niques are very effective in controlling the local edema and pre-
venting the retraction of the abdominal wall. Fascial closure 
should occur within less than 10 days. Dynamic closure systems 
may help with this. The earlier that closure or cover is achieved, 
the less the risk of fi stula formation. Since the areas above the 
costal margin and below the iliac crests are diffi cult to cover 
with component separation, extra attention must be given to 

close the fascia as soon as it is safe. If the fascial edges are 
retracted, the options for short term are insertion of a mesh or 
skin grafting over the granulating bowel or skin-only closure. 
The closure over the intestines is important to prevent further 
protein loss, fi stula formation, peritonitis, or anastomosis break-
down. The quality of life with open abdomen patients is gener-
ally poor, and the continued restoration of the abdominal wall 
signifi cantly improves it. Late reconstruction is usually not con-
sidered before six months, and component separation, non-
resorbable mesh, or pedicled muscle fl aps are the main options.      

 Important Points 

•     Abdominal compartment syndrome only develops 
in live patients, so at fi rst, you need to save them 
from imminent exsanguination.  

•   It is imperative to think about it even before the 
patients come to the ER—never mind the OR!  

•   Abdominal compartment syndrome is defi ned by 
elevated intra-abdominal pressure and organ dys-
function/failure associated with it.  

•   Abdominal compartment syndrome can develop in 
penetrating trauma without penetration to the abdo-
men (secondary abdominal compartment 
syndrome).  

•   Abdominal compartment syndrome after major 
penetrating trauma usually develops within a few 
hours after ICU admission, if not earlier.  

•   Do not be fooled and try to overcome the abdominal 
compartment syndrome-related organ dysfunctions/
failures with fl uid resuscitation and with the venti-
lator. Preload-driven resuscitation in impending 
abdominal compartment syndrome is the recipe for 
making the situation worse. As a surgeon, use a 
scalpel rather than salty water.  

•   The damage control physiology (hypothermia, aci-
dosis, coagulopathy): The urgent need for operative 
hemorrhage control and the amount of crystalloids 
used (>3 L until the operating room and more than 
7 L until ICU admission) are independent predic-
tors of postinjury abdominal compartment syn-
drome. Remember to watch out for polycompartment 
syndrome.  

•   The open abdomen is one effi cient method for pre-
vention of abdominal compartment syndrome. It is 
most important to control the haemorrhage and 
avoid excessive resuscitation.  

•   After damage control laparotomy, fancy temporary 
abdominal closures are not necessary. The main 
principles to follow are ensuring plenty of room for 
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swelling, good seal, control of the peritoneal fl uids, 
and abdominal wall friendliness.  

•   Abdominal compartment syndrome can develop in 
patients with open abdomen.  

•   Saving a patient with abdominal decompression is a 
satisfying experience, but managing the subsequent 
open abdomen can be challenging and less 
rewarding.  

•   While the decompression of the abdominal com-
partment syndrome is an urgent life-saving inter-
vention, the management of the open abdomen is a 
quality-of-life-restoring activity where consultation 
with experts should occur in a timely fashion.  

•   A strategy which ensures the timely and safe (fi s-
tula, abscess, peritonitis, and hernia-free) manage-
ment of the open abdomen at your institution with 
the aim of fascial closure within 7–10 days should 
be developed.    
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      SNOM: Conservative Management 
of Solid Viscera                     

     Pradeep     H.     Navsaria    

      The selective nonoperative management (SNOM) of hemo-
dynamically stable, clinically evaluable patients with abdom-
inal stab and low-velocity gunshot wounds without an 
intra-abdominal injury is safe. The high success rates of the 
nonoperative management of patients with blunt solid organ 
injuries have been extended to select patients with docu-
mented penetrating liver, kidney, and spleen injuries. While 
this is not a universally accepted mode of treatment, there is 
a small, but growing body of evidence to support the SNOM 
of penetrating solid organs. 

 The concept of the SNOM of penetrating solid organs is 
one that deals with patients who have sustained a penetrating 
abdominal injury, who do not have an emergent indication 
for laparotomy (hemodynamic instability or peritonitis), 
who are neurologically (centrally and peripherally) intact, 
who have undergone computerized tomography (CT) docu-
menting a solid organ injury, and who are then managed  non-
operatively ,  without a laparotomy.  

57.1     SNOM: Liver 

 Patients with penetrating injury to the right thoracoabdomen 
and right upper quadrant with injury to the right lung, right 
diaphragm, and liver may be safely observed in the presence 
of stable vital signs, minimal or no abdominal tenderness, 
and reliable clinical examination. 

57.1.1     The Patient 

•     Right thoracoabdominal/right upper quadrant penetrating 
injury     

57.1.2     Clinical Findings 

•     Stable vital signs  
•   No central or spinal cord neurological defi cit  
•   Minimal or no abdominal tenderness     

57.1.3     Plain Chest Radiograph 

•     Normal  
•   Right pneumothorax  
•   Right hemothorax  
•   Right hemo-/pneumothorax  
•   Right-sided pulmonary opacity signifying lung contusion 

and/or intrapulmonary hematoma     

57.1.4     Special Investigation 

 Contrasted computerized axial tomography essential (lower 
chest and upper abdomen).

•    CT scan confi rms lung and liver injury (diaphragm injury 
by inference).  

•   Grades liver injury.  
•   Determines the amount of pleural fl uid and degree of lung 

contusion.  
•   Any contrast “blush” on CT scan is considered a fi nding 

of bleeding or false aneurysm and must be followed up 
immediately by angiography and angioembolization, if 
the patient remains hemodynamically stable.  

•   Free air, free fl uid with no solid organ involvement, local-
ized bowel wall thickening, mesentery stranding, and 
hematoma/free air surrounding hollow viscus suggest 
hollow viscus injury – proceed to laparotomy.     
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57.1.5     Management 

•     Admit to high observation unit for at least 48–72 h  
•   Single-dose second-generation cephalosporin prophylac-

tic antibiotic  
•   Two-hourly blood pressure and hemoglobin estimation 

for 24 h, then four-hourly  
•   Four-hourly serial abdominal examination  
•   Nil per mouth for 24 h, then feed; if tolerated, hollow vis-

ceral injury unlikely  
•   Transfer to general surgical ward     

57.1.6     Complications 

 Failed abdominal observation: Development of peritonitis 
and hypotension warrants immediate surgery. Pyrexia and 
raised leukocyte count must be taken in context of clinical 
abdominal fi ndings and not necessarily imply failure of non-
operative management. 

 Infected fl uid (bile and/or blood) collections: Infected sub-
phrenic, subhepatic, and intrahepatic collections usually 
manifest 3–5 days post-injury. Patients are usually generally 
well, but have a swinging pyrexia, elevated leukocyte count, 
and maybe some increase in localized tenderness to the right 
upper quadrant. Repeat CT scan is essential for diagnosis, 
and treatment consists of percutaneous drainage and broad- 
spectrum antibiotic cover (antistaphylococcal agent and 
anaerobic cover is essential). Patients without drainable col-
lections should be empirically commenced on broad- spectrum 
antibiotics for suspected infected liver “tract hematoma.”   

57.2     Thoracobiliary Fistulae 

 All patients with a liver gunshot traversing the diaphragm 
treated nonoperatively are at risk of thoracobiliary (pleurobili-
ary and bronchobiliary) fi stulae. Diagnosis is usually sus-
pected with bilious drainage from tube thoracostomy or 
reaccumulation of pleural fl uid collections that are bile- stained 
and bile-stained sputum. Management consists of adequate 
pleural drainage, percutaneous drainage of any peri-/intrahe-
patic collections, endoscopic retrograde cholangiography with 
sphincterotomy, and placement of a biliary stent.  

57.3     The Evidence 

 The fi rst reported prospective study by Renz and Feliciano on 
the SNOM of liver gunshot injuries included 13 patients with 
right-sided thoracoabdominal gunshot wounds, seven of whom 
had CT-confi rmed liver injuries, with a 100 % nonoperative 

management success rate. Similarly, Chmielewski et al., in a 
series of 12 patients with lower right chest gunshot wounds, 
confi rmed eight hepatic injuries (grades II–III) in those under-
going ultrasound or CT. One patient required delayed laparot-
omy without any adverse outcome. Ginzburg et al. managed 
four patients with liver gunshot injuries successfully nonopera-
tively. In their retrospective series, Demetriades et al. proposed 
the notion that only selected patients with grade I–III injuries 
should be managed nonoperatively. In a prospective study of 
SNOM of liver gunshot injuries, Omoshoro-Jones et al. showed 
that increasing injury severity was associated with an increasing 
rate of complications; however, injury grade itself was not 
shown to be an independent predictor of nonoperative manage-
ment failure. Overall, of the 188 cases of nonoperatively man-
aged liver gunshot injuries identifi ed in the English literature, a 
success rate of greater than 90 % has been reported. This high 
success rate could be attributed to the fact that most gunshot 
injuries to the liver require no treatment. In a prospective study 
by Navsaria et al., of 195 liver gunshot injuries, 81/195 (41.5 %) 
liver injuries required no treatment at laparotomy, and 63/195 
(32.3 %) patients were considered for nonoperative manage-
ment without laparotomy. Hence, a total of 144/195 (73.8 %) of 
all liver gunshot injuries in their series were managed conserva-
tively. The surgeon, however, must recognize the risks of SNOM 
of penetrating liver injuries and have the resources (angiography 
with angioembolization, percutaneous interventional tech-
niques, endoscopic interventional cholangiography) available to 
address potential complications. Arterial phase contrast extrava-
sation may predict failure of SNOM and adjunctive angioembo-
lization should be considered for this group. SNOM of 
penetrating abdominal wounds, with or without liver injury, 
with or without advanced CT technology, is still based largely 
on the fi ndings from  serial clinical examinations.   

57.4     SNOM: Kidney 

 The mandatory exploration of all patients with penetrating 
renal trauma is not necessary. 

57.4.1     The Patient 

•     Penetrating abdominal trauma, particularly to the fl ank 
and posterior abdomen     

57.4.2     Clinical Findings 

•     Stable vital signs  
•   No central or spinal cord neurological defi cit  
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•   Minimal or no abdominal tenderness  
•   Hematuria (microscopic/macroscopic)     

57.4.3     Special Investigation 

 Contrasted computerized axial tomography is essential.

•    CT scan confi rms renal injury.  
•   CT grades renal injury.  
•   Ureteric injuries require surgical intervention.  
•   Nonperfusing kidneys require nephrectomy. Note that 

parenchymal contrast extravasation is not an absolute 
contraindication to nonoperative treatment.  

•   Any contrast “blush” on CT scan is considered a fi nding 
of bleeding or false aneurysm and must be followed up 
immediately by angiography and angioembolization, if 
the patient remains hemodynamically stable.    

 Free air, free fl uid with no solid organ involvement, local-
ized bowel wall thickening, mesentery stranding, and hema-
toma/free air surrounding hollow viscus suggest hollow 
viscus injury – proceed to laparotomy.  

57.4.4     Management 

•     Admit to high observation unit for at least 48–72 h.  
•   Single-dose second-generation cephalosporin prophylac-

tic antibiotic.  
•   Two-hourly blood pressure and hemoglobin estimation 

for 24 h, then four-hourly.  
•   Four-hourly serial abdominal examination and daily urine 

dipstick.  
•   Nil per mouth for 24 h, then feed; if tolerated, hollow vis-

ceral injury unlikely.  
•   Transfer to general surgical ward.     

57.4.5     Complications 

     1.    Failed abdominal observation: Development of peritoni-
tis and hypotension warrants immediate surgery.   

   2.    Pyrexia and raised leukocyte count must be taken in con-
text of clinical abdominal fi ndings and not necessarily 
implies failure of nonoperative management.   

   3.    Perinephric infected hematoma/urinoma: Infected peri-
nephric collections usually manifest 3–5 days post-injury. 
Patients are usually generally well, but have a swinging 
pyrexia, elevated leukocyte count, and some fl ank and/or 

renal angle tenderness. Repeat CT scan is essential for 
diagnosis, and treatment consists of percutaneous drain-
age and broad-spectrum antibiotic cover. Persistent uri-
nary leaks can be managed by retrograde ureterogram and 
endoscopic stent placement.   

   4.    Persistent hematuria/recurrent macroscopic hematuria. 
Persistent macroscopic hematuria (>72 h) and those who 
present with delayed-onset macroscopic hematuria (usu-
ally 10–14 days post-injury) are an indication for renal 
angiography and embolization of intra renal arteriove-
nous fi stulae or false aneurysms.   

   5.    Blocked urinary catheters: Usually occurs in the presence 
of macroscopic hematuria and blood clots in the bladder. 
An ultrasound of the bladder will confi rm blood clots in 
the bladder and bladder irrigation should be commenced 
using a three-way hematuria catheter.      

57.4.6     The Evidence 

 The only absolute criterion for emergency surgery in kid-
ney trauma is hemodynamic instability. Patients with vas-
cular pedicle and renal pelvis and ureter injuries require 
immediate exploration. The percentage of kidney stab 
wounds amenable to nonoperative management ranges 
between 51 and 77 % with success rates of greater than 
95 %. It has been reported though that gunshot wounds are 
signifi cantly more likely to result in severe kidney injuries 
than stab wounds and thence the reluctance maybe to man-
age gunshot wounds to the kidney nonoperatively. 
Penetrating trauma is associated with a high nephrectomy 
rate (24 %); however, a high nonoperative success rate 
approaching 100 % is achievable with minimal morbidity. 
It has also been suggested that the threshold for exploring 
urinary extravasation for gunshot wounds should be lower 
than that for stab wounds because of the increased risk of 
delayed complications because of extensive tissue damage 
from the projectile’s blast effect. Most studies on conserva-
tively managed gunshot wounds have been retrospective in 
nature. While there is some evidence to support that with 
accurate preoperative imaging and grading of the kidney 
injury, grades I–III need not be explored at the time of lapa-
rotomy for other injuries. The evidence to support the non-
operative management of isolated kidney gunshot injuries 
is few. Overall, of the 63 cases of nonoperatively managed 
kidney gunshot injuries identifi ed in the English literature, 
a success rate of almost 95 % has been reported. McAninch 
and colleagues reported a series of 87 gunshot kidney units, 
of which ten were not explored at laparotomy for associ-
ated injuries and eight (9.2 %) patients were managed with 
a 100 % success rate without a laparotomy. Similarly, 
Velmahos et al. managed four patients in a series of 52 con-
secutive kidney gunshot injuries successfully nonopera-
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tively without laparotomy. Complications that may occur 
with expectant management are ongoing bleeding or 
rebleeding (increase in perinephric hematoma or appear-
ance of macroscopic hematuria or persistent microscopic 
hematuria), infected perinephric fl uid collections, and per-
sistent urinary leaks. Therefore, the surgeon must recog-
nize the risks of SNOM of penetrating kidney injuries and 
have the resources (angiography with angioembolization 
and percutaneous radiological interventional techniques) 
available to address potential complications. However, 
SNOM of penetrating abdominal wounds, with or without 
kidney injury, with or without advanced CT technology, is 
still based largely on the fi ndings from  serial clinical 
examinations.    

57.5     SNOM: Spleen 

 The vast majority of penetrating splenic trauma requires 
urgent operative management. In a recent study from LAC- 
USC trauma center, a group of 38 patients without hemo-
dynamic instability, peritonitis, or radiologic evidence of 
hollow viscus injury (free air, free fl uid, bowel wall edema) 
was managed conservatively. Hollow viscus injury was 
responsible for SNOM failure in up to a fi fth of these cases 
and typically presented within 24 h of injury. Delayed lap-
arotomy, within this limited time period, did not appear to 
increase mortality nor preclude successful splenic salvage. 
The authors further emphasize the role of diagnostic lapa-
roscopy to evaluate and repair occult diaphragm injury in 
patients with penetrating left thoracoabdominal trauma. 
They conclude that as SNOM for penetrating abdominal 
trauma becomes more common, multicenter data is needed 
to more accurately defi ne the principles of patient selec-
tion and the limitations and consequences of SNOM of 
penetrating splenic injury. Presently, there is very little 
evidence to support the nonoperative management of 
splenic injuries.      
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 Important Points 

•     SNOM is for hemodynamically stable, clinically 
evaluable patients without an intra-abdominal 
injury.  

•   SNOM is still based largely on the fi ndings from 
 serial clinical examinations.   

•   With or without advanced CT technology, you need 
to see your patient regularly.  

•   It takes time to see your patient regularly.  
•   Clinical serial examination is best done by the same 

person.    
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      Bleeding in the Pelvis                     

     Edward     Kelly    

      Penetrating injuries to the pelvis often cause complex multi- 
organ injuries due the crowded space of the pelvic cavity, 
which contains the rectum, the bladder and ureters, the iliac 
arteries and veins, and the boney pelvis. The trauma sur-
geon’s urgent goals are hemostasis and control of contamina-
tion; restoration of continuity of hollow organs should only 
be undertaken after the urgent goals are met. In this chapter, 
we will focus on rapid control of bleeding and briefl y discuss 
reconstruction options. 

 Modern techniques enable control of bleeding prior to 
operative exposure, using resuscitative balloon occlusion of 
the aorta (REBOA). In cases of pelvic injury without evidence 
of aortic disruption, this approach involves insertion of a 
10–12 French vascular sheath into the common femoral artery 
either percutaneously or by open technique. An endovascular 
balloon catheter is then advanced to the aortic bifurcation with 
or without radiographic guidance. The balloon is infl ated 
using radiographic contrast dye to produce infl ow occlusion to 
the pelvic vessels. Upon occlusion of the aorta, peripheral 
blood pressure should rise, and the patient may then be trans-
ported more safely and undergo further evaluation and repair 
of injuries. Removal of the balloon and sheath often requires 
surgical repair of the entry site in the common femoral artery. 
Adoption of this approach in the emergency room and in the 
fi eld has been growing in the USA and in Japan, and early 
results have shown a benefi t in transfusion requirement. 

 Bleeding from the pelvis can be encountered unexpect-
edly, for example, in a patient with a bullet entry wound in 
the chest or lower extremity. Therefore, every operation for 
penetrating trauma should have long vascular instruments 
ready and a self-retaining retractor system available to facili-
tate exposure in the pelvis. Likewise, have the appropriate 
sutures (4–0 Prolene for the iliac artery, 3–0 for the aorta, 
and 6–0 for the iliac vein), grafts, and vascular shunts avail-

able. Have endovascular balloon occlusion catheters ready to 
control bleeding from vessels that are hard to reach (distal 
external iliac, internal iliac). Have at least two suction lines 
available, and cell-scavenging equipment may also be 
useful. 

 Midline laparotomy is the exposure of choice for pene-
trating injuries to the pelvis, as it offers the best access to the 
crowded space, and enables proximal vascular control in the 
abdomen, outside of the fi eld of injury. The pelvis also bor-
ders the extremities, and injuries to the pelvis can also 
involve the groins or more distal structures. When more dis-
tal control is indicated, a vertical incision in the groin can be 
used to expose the femoral arteries and the vein. Therefore, 
the skin prep should include chest, abdomen, both groins, 
and extremities down to the knees. 

 Begin with a long vertical midline laparotomy. Liquid 
blood, bowel contents, and clots should be removed 
quickly to enable exposure. Four quadrant packing can be 
used to control abdominal sources of bleeding. Evisceration 
of the small intestine out of the abdomen will facilitate 
exposure, as will wide retraction with a Bookwalter 
retractor. 

 First we will discuss hematomas. Unlike blunt trauma, 
pelvic hematomas from penetrating trauma should always be 
explored, as they are strongly associated with injury to the 
iliac vessels. Obtain proximal control outside of the hema-
toma at the origin of the iliac artery or at the distal aorta. For 
a hematoma on either side of the pelvis, perform a right- 
sided medial visceral rotation, taking care not to disrupt the 
hematoma, in order to expose the inferior vena cava and the 
distal aorta. If the origin of the iliac artery is free, clamp it 
with an angled vascular clamp; if the origin is not free, cross 
clamp the aorta with a large straight vascular clamp. For 
rapid distal control, direct pressure on the external iliac ves-
sels in the groin will suffi ce, or compression with a sponge- 
on- a-stick applied to the distal vessel within the pelvis, if not 
involved with hematoma. Rapid proximal control of the infe-
rior Vena Cava (IVC) can also be achieved with simple 
compression. 
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 Once proximal and distal control is obtained, open the 
hematoma and identify the injury. Keep in mind that the 
internal iliac vessels are not controlled with this approach 
and may bleed copiously. Keep in mind that the ureter may 
be inside the hematoma, or compressed, or distorted, or 
injured. After the vascular injury is dealt with, it is neces-
sary to expose the ureter and determine if it is injured. 
When the hematoma is entered, there may be ongoing 
bleeding from the uncontrolled internal iliac artery or vein. 
These may be rapidly controlled with a balloon occlusion 
catheter, or, if the exposure is suffi cient, vessel loops or 
vascular clamps. 

 The surgeon then is faced with the decision to repair the 
injury in some fashion or to ligate the injured vessel and 
manage the consequences. This decision is challenging, as 
the patient may have other injuries that require urgent atten-
tion, or may be physiologically depleted (in terms of tem-
perature, coagulation, and acidosis) and may benefi t from 
the damage control approach. In order to make the best deci-
sion, identify the injury completely before committing to a 
specifi c approach. That is, do not decide on placing an inter-
position graft until you have seen both ends of the vessel you 
plan to repair, and do not ligate vessels until you know you 
have all bleeding ends identifi ed. Damage control surgery 
only works if the damage is actually controlled! 

 Proximal iliac vein injury deserves special attention. 
Anatomically the confl uence of the IVC lies behind the aor-
tic bifurcation, immediately posterior to the right common 
iliac artery. Rapid control can be achieved with compression 
as outlined above, but to ligate or repair the vein requires 
more exposure. Division of the right common iliac artery 
between vascular clamps will enable exposure of the IVC 
and proximal common iliac veins. Once the vein injury has 
been addressed, the artery can be repaired with 4–0 Prolene 
suture or temporized with a shunt. 

 Iliac vein injuries have a high rate of thrombosis, even if 
the injury is limited and a good technical repair is achieved. 
It is therefore not reasonable to expend valuable time to 
achieve a perfect venous repair via paneled vein patch or 
venous interposition graft when the patient has multiple inju-
ries that require intervention. 

 Destructive complex injuries with profuse bleeding call 
for lifesaving interventions to stop the hemorrhage. These 
injuries require a damage control approach, using suture 
ligation, compression with packing, and topical hemostatic 
agents (such as BioGlue) to achieve control. By comparison, 
injuries to the iliac or femoral arteries are more forgiving. 
The higher fl ows in these vessels make them more resistant 

to thrombosis, and thus the results of repair are much bet-
ter. Single layer repair with 3–0 or 4–0 Prolene yields a 
reliable long-term outcome for simple arterial lacerations. 
Transections with no loss of length can be managed with 
primary anastomosis, again with good results. Destructive 
injuries to the arteries, characterized by loss of length that 
is too great to allow straightforward primary anastomosis, 
should be controlled in one of three ways: (1) Reconstruct 
immediately with conduit. (2) Insert a shunt and return to 
the operating room when the patient is more stable for 
defi nitive reconstruction. (3) Ligate the ends and recon-
struct extra-anatomically as soon as possible. 

 Immediate reconstruction with conduit should only be 
undertaken when the patient is hemodynamically stable and 
does not have a high burden of other injuries. Time spent on a 
defi nitive repair should not be time taken away from control-
ling bleeding from the mesenteric vein or liver injury. However, 
when the patient is stable and has minimal other injuries, 
reconstruction with conduit yields a reliable long- term result. 

 In the setting of gross spillage of bowel contents, there is 
a high rate of infection for both arterial and venous graft 
reconstruction. When bioprosthetic conduits such as reversed 
saphenous vein become infected, there is often severe necrol-
ysis of the conduit, leading to renewed hemorrhage in the 
necrotic infected fi eld. This observation has prompted the 
author to use non-biological conduits such as expanded 
PolyTetraFluoroEthylene (ePTFE) or Dacron. Irrespective of 
the strategy for managing penetrating injury of the pelvis, the 
risks of deep vein thrombosis, venous hypertension, and pul-
monary embolism are very high and should be considered as 
part of the treatment of all such patients. The author advo-
cates early lower extremity fasciotomy for patients with 
combined arterial and venous injury.  

58.1     Summary (For Springer eBook 
Publication) 

 Penetrating injury to the pelvis requires early rapid interven-
tion via endovascular approach or open surgery to control 
bleeding and contain contamination from the bowel. Vascular 
control outside of the pelvis should be achieved using an 
anatomical exposure of the aorta and inferior vena cava. 
Distal control may be most effectively achieved using com-
pression against the bony pelvis. Balloon occlusion catheters 
can be used for control of the hypogastric vessels. Once con-
trol is established, the total burden of injury and the com-
plexity (i.e., time to repair) of the pelvic injury should guide 
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the surgeon’s decision to ligate, shunt, or repair the vascular 
injury. Prosthetic material is usually the best choice when a 
conduit or patch is needed. Early fasciotomy and IVC fi lter 

should be employed liberally due to the high rate of throm-
boembolic complications.     
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 Important Points 

•     Be Prepared! Have the deep vascular instruments 
you use ready every time you explore a penetrating 
injury that may include the pelvis.  

•   Trap the external iliac artery against the boney pel-
vis for rapid control.  

•   Remember vascular shunts for the bailout option.  
•   It is OK to divide the common iliac artery to expose 

the confl uence of the IVC.  
•   Fasciotomy is indicated for complex injury.    
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      Introduction to Orthopedic Injuries                     

     Thomas     Scalea    

      The relationship between bony injury and multiple trauma 
seems very well defi ned in patients after blunt trauma. Blunt 
trauma usually involves diffuse energy transfer. Fractures are 
common and many of them require operative fi xation. Issues 
such as optimal timing of fracture fi xation require close col-
laboration between the orthopedic surgeon, the general sur-
geon, anesthesiologist, and intensivist. While this relationship 
may seem less important in penetrating trauma, in fact, those 
same relationships do exist and all are important. 

 Penetrating injury is a disease where blood loss predomi-
nates. Soft-tissue injury is less important than it is in blunt 
trauma. However, missile trajectories still often injure bony 
structures. Important vascular and neurologic structures run 
immediately adjacent to the bones; thus injury to multiple 
structures is not only possible, but it is relatively frequent. 
While strategies may differ from blunt trauma, the priorities 
of initial evaluation remain the same. Identifi cation of imme-
diately life-threatening injuries is followed by resuscitation, 
rapid identifi cation of all injuries, and then concomitant sta-
bilization and injury repair. 

 Penetrating injuries to bone can bleed from a variety of 
sources. While injury to the major vascular structures is 
more common then following blunt trauma, bleeding from 
other sources also occurs. The combination of bleeding from 
the medullary canal, soft-tissue bleeding in the missile track, 
and small vessel bleeding from muscular branch vessels can 
still produce a clinically important hemorrhage. For instance, 
a gunshot wound to the thigh that fractures the femur also 
will injure major branches of the common superfi cial femo-
ral and/or profunda femoris arteries and the concomitant 
soft-tissue producing signifi cant hemorrhage. Penetrating 
injury to the torso certainly requires emergent evaluation, yet 
the skilled clinician must keep extremity injury in mind 

when gauging blood loss as well as planning resuscitation 
and operative approaches. 

59.1     Diagnostics 

 The vast majority of bone injuries should be suspected by 
physical exam following penetrating trauma. Similar to 
blunt trauma, fractures produce soft-tissue swelling and 
hematoma, as well as signifi cant pain. Pulsatile bleeding 
from the wound is generally considered a hard sign of vas-
cular injury and should prompt early exploration. 
Extremities in which fractures are suspected should be 
splinted for comfort and to reduce bleeding during the 
remainder of the investigation and resuscitation. Early in 
the secondary survey, the extremities should be examined 
for adequacy of distal perfusion. If there is any concern 
about concomitant vascular injury, measuring an ankle-
brachial index (ABI) will be helpful. Bony injury can pro-
duce spasm in the adjacent blood vessels. However, any 
degree of impaired perfusion should be assumed to be a 
named vascular injury until proven otherwise. The gener-
ally accepted threshold is an ABI of 0.9. Injuries to the 
upper extremities may make measuring an ABI diffi cult. In 
that case, using an uninjured lower extremity as a reference 
point is equally effective. 

 Plain fi lms of the extremity are usually adequate to 
make the diagnosis of the bony injury. As with blunt 
trauma, all fractures are not created equal. Radiographs 
should be examined for fracture location, as well as degree 
of angulation, displacement, and comminution. In some 
locations, plain fi lms may underestimate the degree of 
bony injury. This is most common around the knee and 
pelvis. Pelvic fractures secondary to gunshot wounds may 
not be visible on a screening pelvic x-ray. In addition, frac-
tures of the proximal tibia, particularly the tibial plateau, 
may not be easily discerned on a plain x-ray. In most cases, 
a CT scan without IV contrast can be quite helpful in defi n-
ing injury anatomy. This is fortuitous as many of these 

  59

        T.   Scalea      
  R Adams Cowley Shock Trauma Center ,  University of Maryland , 
  Baltimore ,  MD   21201 ,  USA   
 e-mail: tscalea@umm.edu  

mailto:tscalea@umm.edu


450

patients will undergo CT scanning for other reasons. For 
instance, double- or triple-contrast CT is commonly used 
to rule out both intra-abdominal and retroperitoneal vis-
ceral injuries in the abdomen and pelvis. Therefore, the 
possibility of a pelvic fracture can also be investigated. In 
addition, popliteal vascular injuries are  relatively common 
with penetrating injury around the knee. CT angiography 
is commonly used as an investigation. Fractures of the 
proximal tibia can then be diagnosed concurrent with the 
vascular evaluation. 

 While all fractures following penetrating injury are tech-
nically open, they usually do not have the same degree of 
soft-tissue injury and exposed bone, as do open fractures 
following blunt trauma. Thus, a short course of antibiotic 
prophylaxis is probably wise and all that is needed. The 
urgency to stabilize open fractures or at least to perform an 
incision for drainage is not the same as it exists with blunt 
injuries. An injury from a high-velocity rifl e may be an 
exception.  

59.2     Combination of Vascular and Bony 
Injuries 

 Patients with the combination of vascular and bony injuries are 
a special subset. Revascularization is an extremely high prior-
ity to prevent muscle ischemia and/or limb necrosis. However, 
bony stabilization is likewise important. A number of charac-
teristics of injury anatomy should be taken into account when 
planning an operative strategy. Patients with a threatened 
extremity require urgent revascularization. However, those 
with some degree of distal perfusion do not have the same risks 
of muscle ischemia. This is most often determined by physical 
exam and/or examination with a Doppler. 

 The bony anatomy is likewise important. Patients with 
nondisplaced fractures are different than those with badly 
comminuted and angulated fractures in which the extremity 
is shortened. While it may make sense to do defi nitive revas-
cularization fi rst to prevent distal ischemia, the vascular 
anastomosis and/or bypass graft may then be at risk when the 
fracture is brought out to length. This can create tension on 
the anastomosis, causing thrombosis and/or complete 
disruption. 

 A detailed conversation between the orthopedic surgeon 
and the general surgeon is necessary in order to make the 
best decisions. In patients with a non-threatened extremity, 
defi nitive fracture fi xation fi rst will allow revascularization 
to proceed safely. On the other hand, in patients with nondis-
placed fractures, vascular repair fi rst often makes some 
sense. This is particularly true in patients with limited distal 
perfusion. 

 Some sets of patients, such as those with both displaced 
fractures and critical ischemia or those with multiple 

competing priorities, may best be served by temporizing 
measures. These principles are similar to using damage con-
trol in the torso. Patients with critical ischemia may be best 
served by temporary intraluminal shunting. This restores 
perfusion to the extremity, preventing ischemia. The bone 
can then be stabilized, and vascular repair can occur after 
bony stabilization. 

 Temporary bony stability can be achieved by placing an 
external fi xator, so-called damage control orthopedics. The 
patient can then undergo defi nitive vascular repair. The more 
defi nitive fracture fi xation can be delayed for 3–5 days with-
out substantial increased risk of fracture-related 
complications. 

 Finally, some patients may benefi t from both intraluminal 
shunting and temporary fracture fi xation. This would be use-
ful in patients with multiple competing priorities such as 
fracture or vascular injury or an important torso injury or 
patients with multiple fracture and/or vascular injuries. Care 
must be individualized to injury anatomy and patient 
physiology.  

59.3     Compartment Syndrome 

 While the particulars of compartment syndrome will be 
addressed in a separate chapter, some general comments may 
be helpful. Compartment syndrome from blunt trauma usu-
ally involves all of the compartments in the injured extrem-
ity. The diffuse energy transmission puts all of the 
compartments at equal risk. While not absolute, that degree 
of energy transfer usually also results in a fracture. 

 The more specifi c energy transfer that accompanies pen-
etrating trauma means that fractures are not always present. 
In addition, not all compartments may be at equal risk. For 
instance, a gunshot wound or a stab wound through the ante-
rior compartment of a lower extremity can produce anterior 
compartment syndrome, but the uninjured lateral and poste-
rior compartments will remain normal. Patients with pene-
trating injury through a muscle compartment should undergo 
a period of observation to be sure the compartment syndrome 
is not going to develop. 

 Patients who develop isolated compartment syndrome 
come with a very high risk of named vascular injury. In 
the lower extremity, there may not be signs of distal isch-
emia. For instance, if the anterior tibial artery is injured, 
fl ow may well be preserved via the posterior tibial and 
peritoneal arteries. The patient may very well have nor-
mal pulses and normal ABIs. If possible, preoperative 
imaging, particularly CT angiography, can be very helpful 
in making the diagnosis of named vascular injuries in 
these types of patients. If the vascular injury is diagnosed, 
transcatheter embolization before fasciotomy may well 
reduce intraoperative blood loss. It would be important 
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not to delay fasciotomy for this procedure. Alternately, 
vascular injuries uncovered at the time of fasciotomy can 
be dealt with directly in the operating room.  

59.4     Spinal Injury 

 Patients with penetrating injury to the torso have some 
risks of spinal column and spinal cord injuries. 
Conventional wisdom in the fi eld is to immobilize all such 
patients on a backboard and in a rigid cervical collar to 
avoid secondary spinal injury. However, while all injuries 
are time related, penetrating torso injury is especially best 
served by utilizing a “scoop and run” philosophy and not 
“stay and play.” 

 The actual risks of bony instability of the vertebral bodies 
following penetrating injury are actually quite low, being 
well under 1 %. This is true even if patients have neurologic 
defi cits. In civilian practice, even a gunshot wound spinal 
column fracture is rarely unstable and very rarely requires 
operative stabilization. 

 Placing spinal embolization devices requires EMS pro-
viders to spend extra time at the scene, which may not be 
wise. In addition, these devices limit vascular access and 
resuscitative maneuvers once the patient presents to the hos-
pital. EMS systems need to carefully evaluate fi eld proto-
cols. Once the patient presents, clinicians should rapidly 
determine the real risk of spinal instability. In patients who 
are not at high risk for spinal instability, restraint devices 
should not be allowed to limit resuscitation and can be 
removed in the emergency department without imaging 
studies.  

59.5     Endovascular Care 

 Endovascular options to treat vascular injuries have 
exploded recently. The vast majority of time is used to 
treat central torso injuries. For instance, stent grafting for 
blunt aortic injury has become the standard of care in 
most major trauma centers. Resuscitative endovascular 
balloon occlusion of the aorta (REBOA) likewise has 
become commonplace in selected centers to obtain infl ow 
control of vascular injuries without the morbidity of tho-
racotomy or laparotomy for aortic occlusion. However, 
endovascular options are used much less often in the 
extremities. 

 However, the trend toward minimally invasive options, 
particularly for extremity injuries, will likely continue to 
evolve. As experience with open surgical techniques 
decreases, surgeons will likely feel more comfortable with 
endovascular therapy as opposed to open surgery. The 

quality of the endovascular equipment, particularly the 
stent grafts, will likely continue to increase, making these 
options more attractive. 

 To date, most of the literature on stent grafting and/or 
other endovascular techniques for extremity vascular inju-
ries is at the level of small case series and/or case reports. 
These exist for injuries within the femoral arterial system, 
the popliteal, and even within the tibial arteries. The use of 
embolization for injuries within the profunda is more com-
mon. Endovascular care for upper extremity vessels is even 
less common. The use of anticoagulation in the immediate 
post- op period and long term or even lifelong antiplatelet 
therapy is often not attractive in patients with multiple 
injuries. 

 The more proximal the extremity injury, the more com-
pelling and/or attractive is the use of endovascular tech-
niques. This is particularly true in patients who have 
another indication for endovascular therapy or competing 
priorities where extremity injuries must be dealt with 
more expeditiously. Vascular injuries in the proximal 
extremities such as the subclavian axillary junction or the 
femoral artery just below the pelvis require complex open 
repair. In these cases, endovascular therapy may be quite 
attractive. 

 Recently, we cared for a young man who came in with a 
gunshot wound to the common femoral artery at the level of 
the inguinal ligament. He sustained a cardiac arrest in the 
fi eld and presented with CPR in progress. A young surgeon 
on call chose to treat this by placing the REBOA via the con-
tralateral femoral artery and infl ating it in the lower abdomi-
nal aorta. The patient responded to closed-chest CPR and 
transfusion. The patient was taken to the operating room and 
had bilateral groin explorations, repair of the injured femoral 
artery, and repair of the femoral artery at the level of the 
insertion of the REBOA. While a more senior surgeon may 
have opted to simply occlude the injured vessel with digital 
pressure and then repaired that through a unilateral groin 
incision, certainly use of the REBOA is an option here.  

    Conclusion 

 The relationship between bony injury and injury else-
where in the body remains relevant in patients following 
penetrating injury. The multidisciplinary team caring for 
the badly injured patient after penetrating trauma should 
use standard trauma principles to determine relative treat-
ment priorities. Most often with bony injuries, this will 
involve anesthesiologists, general surgeons, and orthope-
dic surgeons. Resuscitation and operative strategies must 
be tailored to injury anatomy and patient physiology. One 
size never fi ts all and that is certainly true in these patients, 
particularly those with more than one trajectory and mul-
tiple injuries.      
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 Important Points 

•     Recognize that bony injury can be a source of sig-
nifi cant blood loss following penetrating trauma.  

•   Remember that there is a relatively strong associa-
tion between bony injury and vascular injury.  

•   Suspect bony injury in any patient with a concern-
ing trajectory and any deformity of the extremity.  

•   Careful physical exam is essential to investigate the 
possibility of concomitant vascular and bony injury.  

•   CT scan can be helpful in diagnosing occult frac-
tures in a small subset of patients.  

•   The principles of damage control are often helpful 
in treating patients with the combination of bony 
and vascular injury.  

•   Compartment syndrome in the extremity is differ-
ent in penetrating trauma when compared to blunt 
trauma.  

•   Wise operative strategies in patients with bony and 
vascular injury are determined by fracture anatomy 
and degree of distal perfusion.  

•   Unstable spinal column injuries following penetrat-
ing trauma are quite rare. Spinal restraint devices 
should not interfere with patient evaluation or 
resuscitation.  

•   Endovascular techniques provide new options of 
both diagnosis and therapy.    
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      Extremity Fractures                     

     Jeffrey     Ustin    

      Rates of neurovascular injury are higher in penetrating than 
in blunt trauma. The priorities are similar: save the patient’s 
life and then turn your attention to the extremity, focusing on 
revascularization, followed by osseous stabilization, then tis-
sue debridement, and fi nally neurologic repair. 

60.1     Priorities 

 The “life over limb” principle demands that efforts to sal-
vage a limb must be balanced with the overall trauma bur-
den. From the time the patient presents, start asking yourself 
how he or she is doing. Are there multiple other injuries? Has 
there been a large volume of blood loss? Is the lethal triad of 
hypothermia, coagulopathy, and acidemia present or incipi-
ent? Extremity injuries offer many different damage control 
alternatives to defi nitive treatment. Putting yourself and your 
team in a damage control mindset early on is essential. 

 Once immediately life-threatening injuries have been 
addressed, attention is turned to the limb. Any anatomic 
structure in the path of the penetrating instrument is in jeop-
ardy. Your top priority is to revascularize the extremity to 
optimize the patient’s functional outcome and to minimize 
tissue loss and amputation rates. Once perfusion has been 
regained, limb stability is obtained. Further details regarding 
the sequence of these events are provided below in Operative 
Strategies. Next, the nonviable tissue is debrided, and fi nally 
consideration is made to repair injured nerves.  

60.2     The Decision to Operate 

 The decision to operate can be based on the need to repair the 
vasculature, bones, soft tissue, or nerves. In terms of vascular 
injury, your physical exam is the gatekeeper to the operating 
room. Focus on the hard signs. As a reminder, the hard signs 
include an expanding or pulsatile hematoma, a thrill or bruit, 
loss of distal pulses, or distal ischemia. Also, measure an 
ankle-brachial index (ABI) or brachio-brachial index (BBI). 
If hard signs are not present and the ABI or BBI is >0.9, the 
patient does not have a surgically signifi cant lesion and 
requires neither the operating room nor further workup. Most 
of the time, the hard signs indicate an operative vascular 
lesion. The exceptions to this rule are complex soft tissue 
injuries or blunt mechanism, which have an elevated false- 
positive rate on physical exam; shotgun or shrapnel wounds, 
which can present with multiple injuries; chronic vascular 
disease, in which there may be absent pulses to begin with; 
or thoracic outlet lesions, in which the hard signs can be hid-
den around the shoulder girdle. If you fi nd hard signs of vas-
cular injury in the setting of one of these exceptions, obtain 
an angiogram. 

 Stabilize the fractures as early as possible. A stable frac-
ture decreases tissue damage, bleeding, infl ammation, and 
pain. It facilitates the patient’s mobility with all the associ-
ated benefi ts of getting out of bed and moving such as 
decreased Deep Venous Thrombosis (DVT) rates, improved 
respiratory function, better skin care, less delirium, and 
improved mood. Earlier stabilization accelerates rehabilita-
tion too. 

 Likewise, early debridement is helpful for similar rea-
sons. Removing the devitalized tissue decreases infl amma-
tion and infection. A clean, healthy tissue bed is critical for 
wound closure and defi nitive fracture fi xation in many 
circumstances. 
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 Finally, the timing of peripheral nerve repair depends 
upon the injury. A penetrating low-energy mechanism, such 
as a stab wound, should be repaired early, preferably within 
1 week of injury. Higher-energy injuries, such as gun shot 
wounds, are better repaired in a delayed fashion, to allow 
better delineation of a zone of injury.  

60.3     Preparation for Operation 

 Control bleeding in the trauma resuscitation room. Start with 
digital pressure. Avoid blind clamping of bleeding vessels, 
and make an attempt for focused placement of a hemostatic 
clamp. If needed, place a well-padded tourniquet. Consider 
allowing the patient to remain hypotensive until the source of 
bleeding is controlled. Initiate the massive transfusion proto-
col. If none exists, transfuse 1 unit of fresh frozen plasma 
(FFP) for every 2 units of packed red blood cells (PRBCs) 
and a pack of platelets for every 10 units of FFP and PRBCs 
transfused. Ask the blood bank to stay ahead 6 units of 
PRBCs and 2 units of FFP. 

 Use an arm table for upper extremity injuries, and prep 
the thorax into the fi eld, allowing for proximal control and 
maximum ability to extend the incision. Partially frog leg an 
injured lower extremity with a bump under the knee, and 
consider using a fracture table. Prep the abdomen into the 
fi eld. Prep the affected extremity circumferentially, and 
always prep an uninjured extremity as well for possible vein 
graft harvest. Try to utilize an angiography-compatible table 
to permit on table angiograms. 

 In terms of special equipment, request a sterile tourniquet 
be available, but do not routinely use it. Make sure a full 
complement of vascular clamps, vascular suture, and embo-
lectomy catheters are available.  

60.4     Operative Strategies 

 The fi rst order of business is to control active hemorrhage. 
Once temporary control has been achieved, as described 
above, obtain proximal vascular control. For very proximal 
extremity injuries, extend the incision into the adjacent body 
cavity. For example, proximal control for high brachial artery 
injuries is the axillary artery and for the femoral artery is the 
external iliac above the inguinal ligament. 

 Unless there is a simple penetrating injury, perform an 
on-table angiogram if not done preoperatively. To do this, 
place an 18-guage angiocatheter under direct visualization 
proximally, and attach a three-way stopcock. Flush all com-
ponents with saline prior to placement. Place a clamp proxi-
mal to the angiocatheter, and inject 30 cc of contrast. Wait 
3 s and take an x-ray. Alternatively, use fl uoroscopy if you 
have a C-arm available. 

 Shunt the artery. If you have commercially made shunts 
available, use these. Otherwise, sterile IV tubing works as 
well. Prior to shunting, perform balloon embolectomy if 
needed, and fl ush with heparinized saline. Place the proxi-
mal end of the shunt fi rst, fl ush, and then place the distal end. 
Consider shunting the vein. Perform a fasciotomy in the fol-
lowing circumstances: (1) popliteal artery injury, (2) greater 
than 4 h ischemia, (3) patient in shock, and (4) ligation of the 
major vein or artery. The method for fasciotomy of each 
extremity is described in its respective chapter. 

 Next, stabilize the skeleton. The decision whether to per-
form temporary or defi nitive and internal or external fracture 
repair depends upon the patient’s overall trauma burden, 
whether or not coagulopathy, hypothermia, or acidemia is 
developing, and the extent of damage to the soft tissue enve-
lope. Additionally, consider the expertise available at your 
institution. If the patient is in extremis, an external splint 
may be the only alternative. An external fi xator is obviously 
superior. For example, a patient with multiple shrapnel 
wounds who needs further chest and abdominal exploration 
should not undergo internal fi xation. Or, a patient with a 
large tissue defect should undergo external fi xation. Multiple 
fractures in a single extremity can be spanned with an exter-
nal fi xator for rapid stabilization, a technique referred to as 
damage control orthopedics. 

 A further discussion of the techniques of internal fi xation 
is beyond the scope of this book. For external fi xation, start 
by choosing a safe area of anatomy. Pay careful attention to 
the radial nerve distribution in the distal half of the arm and 
proximal half of the forearm. Also, be careful of the sensory 
branch of the radial nerve at the wrist. In the leg, the anterior 
tibial artery and deep peroneal nerve are vulnerable distally. 
Additionally, try to place the external fi xators such that they 
will not interfere with wound care including debriding and 
any reconstructive procedures which may be necessary. If 
possible, plan the placement of the device to allow for further 
imaging. 

 Make a small skin incision and gently bluntly dissect. 
Place a drill sheath and remove the trocar. Slowly drill to 
minimize heat generation. Use fl uoroscopy to follow prog-
ress. Tap the hole if not using self-tapping screws. Check 
depth and place a new pin. 

 In general, pins placed further apart are more stable. 
Placement of cross-members close to the extremity adds sta-
bility as does utilization of two cross-members. 

 Again consider the patient’s status. If he or she is doing 
well and the trauma burden is limited, proceed with defi ni-
tive vascular repair. If not, complete your operation, and take 
the patient to the intensive care unit (ICU). You can always 
return at a later time to remove the shunt and regain vascular 
integrity. Once the defi nitive repair has been accomplished, 
perform a completion angiogram. 
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 At very least, irrigate and clean all wounds. If able, 
debride the devitalized tissue. Examine the nerves in the 
wound. If there is a clean laceration, reapproximate the 
perineurium with 7–0 or 8–0 Prolene. If there is a clean tran-
section, consider tacking the perineurium to a fi xed structure 
near the point of injury. With higher-energy mechanisms in 
which there may be a crush or blast component, examine the 
nerve for laceration and do no more. Repair of these more 
complex injuries should be delayed. Examine the nerve 
sheath, and make sure there is no hematoma applying 
pressure. 

 Finally, any tendon repairs can be delayed for defi nitive 
orthopedic repair. 

 The decision to amputate a mangled extremity is very dif-
fi cult and requires experience and clinical judgment. It 
should be made in consultation with the various teams 
involved including trauma surgery, orthopedic surgery, and 
plastic surgery. Certainly there are circumstances when the 
decision is obvious such as a traumatic amputation and a 

patient who is doing poorly or truly mangled extremity with 
loss of nerve and artery and extensive soft tissue defects. 
However, it is often much less obvious. Avoid making the 
decision to amputate at initial operation if at all possible.     

 Important Points 

•     Pad appropriately the entire length of the plaster of 
paris.  

•   A patient complaining of pain with a plaster is 
always right.  

•   If the plaster is maybe too tight, release the entire 
length of plaster and padding.  

•   Check the plaster the next day if it is still too tight.  
•   Check after a week to see if the plaster is too loose.  
•   Do not rely on pulse status if you want to exclude 

compartment syndrome.    

60 Extremity Fractures
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      Compartment Syndrome 
of the Extremities                     

     Mark     W.     Bowyer    

      Compartment syndrome (CS) is a limb-threatening and 
potentially life-threatening condition. Long bone fractures 
and vascular injuries are the most frequent antecedent events. 
Burns, crush injury, bleeding in enclosed spaces, external 
compression of the limb, small thrombotic or embolic events, 
envenomation, allergy, intravenous infi ltration, muscle over-
use, nephritic syndrome, and intramuscular injection have all 
been implicated. Current knowledge unequivocally refl ects 
that if you fail to identify and treat compartment syndrome 
properly, you will have a patient with tissue necrosis, perma-
nent functional impairment, and potentially renal failure and 
death. CS has been found wherever a compartment is pres-
ent: hand, forearm, upper arm, abdomen, buttock, and the 
entire lower extremity. The leg (calf) is the area that is most 
commonly affected, followed by the forearm, and the thigh. 
As a well-trained surgeon who wants to do the best for each 
patient, you must become intimately familiar with this topic 
and the techniques to treat it. 

61.1     Pathophysiology 

 The pathophysiology of CS is relatively straightforward. 
Groups of muscles and their associated nerves and vessels 
are surrounded by thick fascial layers that defi ne the various 
compartments of the extremities which are of relatively fi xed 
volume. As the compartment is fi lled with fl uid from hemor-
rhage secondary to fracture, blunt or penetrating trauma, 
coagulopathy, intravenous infi ltration, or swelling after 
reperfusion, the pressure within the compartment increases. 
Likewise, compression from constrictive dressings/casts or 

improper positioning reduces the volume in the compart-
ment with resultant increase in pressure. 

 It is not exactly rocket science to understand that as the 
pressure within the compartment increases, the tissue perfu-
sion decreases and cellular metabolism is impaired, leading 
to cellular death if prolonged (4–6 h). As nerves are the most 
susceptible to ischemic insult, the earliest symptoms are neu-
rologic. You must keep in mind that polytrauma patients 
with low blood pressures can sustain irreversible injury at 
lower compartment pressures than patients with normal 
blood pressures, and a very high index of suspicion should 
be maintained in this group.  

61.2     Diagnosis 

 The diagnosis of compartment syndrome is a clinical diag-
nosis. The classically described fi ve “Ps” –  pain , pallor, par-
esthesias, paralysis, and pulselessness – are pathognomonic 
of compartment syndrome. However,  these are usually late 
signs, and extensive and irreversible injuries may have taken 
place by the time they are manifested.  In the earliest stages of 
CS, patients may report some tingling and an uncomfortable 
feeling in their extremity followed closely by pain with pas-
sive stretching of the muscles of the affected compartment. 
The most important symptom of CS is  pain greater than 
expected due to the injury alone.  In the anterior compartment 
of the lower leg, the superfi cial peroneal nerve is usually 
affected early with loss of sensation in the web space between 
the fi rst two toes.  The presence of pulses and normal capil-
lary refi ll does not   exclude CS.  You might be tempted to try 
to “rule out” CS in a patient with severe pain that has normal 
pulses. “Don’t” be tempted – unless you really have a thing 
for lawyers. Remember that the loss of pulse is a late fi nding, 
and the presence of pulses does not rule out CS!  The pres-
ence of open wounds does not exclude CS . In fact, the worst 
open fractures are actually more likely to have a CS. In one 
study, the incidence of CS was found to be directly propor-
tional to the degree of injury to the soft tissue and bone, and 
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CS occurred most often in association with comminuted, 
type III open fractures. 

 Tissue pressure (compartment pressure) measurements 
have a limited role in making the diagnosis of compartment 
syndrome. You should always remember that compartment 
syndrome is a clinical diagnosis, and a patient manifesting 
with signs and symptoms of a compartment syndrome should 
be operated on expeditiously. However, in polytrauma 
patients with associated head injury, drug and alcohol intoxi-
cation, intubation, spinal injuries, use of paralyzing drugs, 
extremes of age, unconsciousness, or low diastolic pressures, 
measuring compartment pressures may be of use in deter-
mining the need for fasciotomy. 

 The pressure threshold for making the diagnosis of CS is 
controversial. A number of authors recommend 30 mmHg, 
and others cite pressures as high as 45 mmHg. Many sur-
geons use the “Delta-P” system. The compartment pressure 
is subtracted from the patient’s diastolic blood pressure. If 
this value is less than 30, the surgeon should be concerned 
that a compartment syndrome may be present. For instance, 
if the diastolic blood pressure was 60 and the measured com-
partment pressure was 42 (60 − 42 = 18), the “Delta-P” would 
be 18, and the patient is likely to have CS. Other factors to 
consider when considering fasciotomy are length of time of 
transport to defi nitive care and ability to do serial exams. 
Pressures can be measured using commercially available 
monitors or by using a needle attached to a side-port arterial 
line setup. It is important to keep in mind that the pressure in 
one compartment can be normal, while that in the compart-
ment immediately adjacent can be elevated. It is therefore 
essential that you have a thorough understanding of the anat-
omy of the compartments and the confi dence that you have 
measured the pressure of all of the compartments of the sus-
picious extremity prior to making any conclusions about a 
normal pressure. The bottom line, no bull, keep you out of 
trouble, take-home message here is if you think your patient 
is at risk for CS, you should be on the straight and narrow 
path to the operating room to perform a fasciotomy.  

61.3     Treatment 

 The defi nitive treatment of compartment syndrome is  early 
and aggressive fasciotomy.  In patients with vascular injury in 
whom you plan to do a fasciotomy in conjunction with a 
vascular repair, it makes great sense to perform the fasciot-
omy  before  doing the repair. The rationale for this is that the 
ischemic compartment is likely to already be tight and thus 
will create infl ow resistance to your vascular repair, making 
it susceptible to early thrombosis. If you are going to care for 
traumatically injured patients, it is imperative that you fully 
understand the anatomy of the extremity compartments and 
the technique of fasciotomy for each. It is extremely embar-

rassing for you and life altering for your patient if you do not 
do an adequate or timely fasciotomy, and the patient loses 
the limb as a result. In one large series reported by Feliciano 
et al., 75 % of amputations of the lower extremity were 
related to a delay in performing or performing an incomplete 
fasciotomy. In a recent large review of combat patients, 
Ritenour et al. reported that patients who had incomplete or 
delayed fasciotomy had twice the rate of major amputation 
and three times the rate of mortality. In spite of these alarm-
ing numbers, many otherwise well-trained surgeons continue 
to make these mistakes. Do you want to be one of them? Of 
course not! You want to do the best for your patient, and you 
want to commit to memory the proper steps for fasciotomy 
which follow.  

61.4     Lower Leg Compartment Syndrome 
and Fasciotomy 

 The leg (calf) is the most common site for compartment syn-
drome requiring fasciotomy. The leg has four major tissue 
compartments bounded by investing muscle fascia (see 
Fig.  61.1 ).

   It is important that you understand the anatomical arrange-
ment of these compartments as well as some key structures 
within each compartment in order to perform a proper four- 
compartment fasciotomy. It is not necessary for you to 
remember the names of all the muscles in each compartment, 
but it is useful for you to remember that the anterior compart-
ment contains the anterior tibial artery and vein and the deep 
peroneal nerve; the lateral compartment, the superfi cial pero-
neal nerve (which must not be injured); the superfi cial poste-
rior compartment, the soleus and gastrocnemius muscles; 
and the deep posterior compartment, the posterior tibial and 
peroneal vessels and the tibial nerve. 

 There is absolutely no role for getting fancy when doing 
fasciotomy of the lower extremity. The use of a single inci-
sion for four-compartment fasciotomy of the lower extremity 
is mentioned to condemn it, and now that it has been men-
tioned, you should promptly forget it. Attempts to make cos-
metic incisions should also be condemned, and your mantra 
should be “bigger is better.” Compartment syndrome of the 
lower extremity dictates two-incision four-compartment fas-
ciotomy with  generous  skin incisions, and you should accept 
no substitute. 

 There are several key features that will enable you to per-
form a successful two-incision four-compartment fasciot-
omy. The most commonly missed compartments are the 
anterior and the deep posterior. One of the key steps is 
proper placement of the incisions. As extremities needing 
fasciotomy are often grossly swollen or deformed, marking 
the key landmarks will aid in the placement of the incisions. 
The tibial spine serves as a reliable midpoint between the 
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incisions, and the lateral malleolus and fi bular head are used 
to identify the course of the fi bula on the lateral portion of 
the leg (Fig.  61.2 ). The lateral incision is usually made just 
anterior (~1 fi ngerbreadth) to the line of the fi bula or a  fi nger 
in front of the fi bula . It is important to stay anterior to the 
fi bula as this minimizes the chance of damaging the superfi -
cial peroneal nerve. The medial incision is made one thumb 
breadth below the palpable medial edge of the tibia or  a 
thumb below the tibia  (Fig.  61.3 ). The extent of the skin 
incision should be to a point approximately three fi nger-
breadths below the tibial tuberosity and above the malleolus 
on either side.

    It is very important that you mark the incisions on both 
sides prior to opening them, as the landmarks of the swollen 
extremity will become rapidly distorted once the incision is 
made. 

61.4.1     The Lateral Incision of the Lower Leg 

 The lateral incision (Figs.  61.1 ,  61.2  and  61.4 ) overlies, and 
is made, one fi nger in front of the fi bula and should in gen-
eral extend from three fi ngerbreadths below the head of the 
fi bula down to three fi ngerbreadths above the lateral malleo-
lus. The exact length of the skin incision will depend on the 
clinical setting. Care must be taken to make sure that it is 
long enough so that the skin does not serve as a constricting 
band. The skin and subcutaneous tissue are incised to expose 

Anterior compartment

Deep posterior
compartment

Superficial
posterior
compartment

Lateral
compartment

  Fig. 61.1    Cross-sectional anatomy of the midportion of the left lower leg depicting the four compartments that must be released when performing 
a lower leg fasciotomy       

Lateral Incision

Lateral
malleolusFibular head

  Fig. 61.2    The fi bular head and lateral malleolus are used as reference 
points to mark the edge of the fi bula, and the lateral incision ( dotted 
line ) is made one fi nger in front of this. The tibial spine serves as a 
midpoint reference between the two skin incisions. The lateral aspect of 
the right lower extremity is depicted       

Medial
malleolus

Medial Incision

Medial Edge of Tibia

  Fig. 61.3    The medial incision ( dotted line ) is made one thumb breadth 
below the palpable medial edge of the tibia ( solid line ). The medial 
aspect of the right lower extremity is depicted       

 

 

 

61 Compartment Syndrome of the Extremities



460

the fascia encasing the lateral and anterior compartments. 
Care should also be taken to avoid the lesser saphenous vein 
and peroneal nerve when making these skin incisions.

   Once the skin fl ap is raised, the intermuscular septum is 
identifi ed. This is the structure that divides the anterior and 
lateral compartments. In the swollen or injured extremity, 

you may have diffi culty fi nding the intermuscular septum. 
Often you can fi nd the septum by following the perforating 
vessels down to it (Fig.  61.5a ). Classically the fascia of the 
lower leg is opened using an “H”-shaped incision. To do this 
you will make the cross piece of the “H” using a scalpel 
which will expose both compartments and the septum. You 
will then construct the legs of the “H” with curved scissors 
using just the tips which are turned away from the septum to 
avoid injury to the peroneal nerve (Figs.  61.5b  and  61.6 ). 
The fascia should be opened by pushing the partially opened 
scissor tips in both directions on either side of the septum 
opening the fascia from the head of the fi bula down to the 
lateral malleolus. Inspection of the septum and identifi ca-
tion of the deep peroneal nerve and/or the anterior tibial ves-
sels confi rm entry into the anterior compartment. The skin 
incision should be closely inspected and extended as needed 
to ensure that the ends do not serve as a point of 
constriction.

61.4.2         The Medial Incision of the Lower Leg 

 The medial incision (Figs.  61.3  and  61.4 ) is made one fi n-
gerbreadth below the palpable medial edge of the tibia. As 
you make this incision, it is important to both identify and 
preserve the greater saphenous vein, as well as ligate any 
perforators to it. In most individuals, the fascia that you 
will next encounter will be that which overlies the superfi -
cial posterior compartment which contains the soleus and 
gastrocnemius muscles. If you open this fascia from the 
tibial tuberosity to the medial malleolus, you will have 
effectively decompressed this compartment (Fig.  61.7 ). 
The key to entering the deep posterior compartment is the 
soleus muscle. The soleus muscle attaches to the medial 
edge of the tibia, and dissecting these fi bers completely free 
from and exposing the underside of the tibia ensures entry 
into the deep posterior compartment (Fig.  61.8 ). 
Identifi cation of the posterior tibial neurovascular bundle 
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  Fig. 61.4    Two-incision four-compartment fasciotomy. The lateral inci-
sion ( left side of the picture ) provides access to the lateral and anterior 
compartments. The medial incision ( right side of the picture ) traverses 
the superfi cial compartment allowing entry into both the superfi cial and 
deep posterior compartments       
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  Fig. 61.5    ( a ) The intermuscular septum separates the anterior and lat-
eral compartments and is where the perforating vessels exit. ( b ) The 
fascia overlying the anterior and lateral compartments is opened in an 
“H”-shaped fashion. The lateral aspect of the right lower extremity is 
depicted       

  Fig. 61.6    The fascia overlying the anterior and lateral compartments is 
opened using scissors in an “H”-shaped fashion with the scissor tips 
turned away from the septum       
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confi rms that the compartment has been entered. The mus-
cle in each compartment should be assessed for viability. 
The viable muscle is pink, contracts when stimulated, and 
bleeds when cut. The dead muscle should be debrided back 
to the healthy viable tissue. The skin incision is left open 
and either covered with a gauze or a vacuum-assisted 
wound closure device which has been shown in recent stud-
ies to speed up and improve the chances for defi nitive clo-
sure of these wounds.

61.4.3         Pitfalls Associated with Fasciotomy 
of the Lower Leg 

 The major pitfall that should be avoided during lower extrem-
ity fasciotomy is failure to open one of the four compart-
ments. The anterior compartment is the one most commonly 
missed during lower extremity fasciotomy. One of the 

reasons for missing the anterior compartment stems from 
making the incision too far posteriorly, either directly over or 
behind the fi bula. When the incision is made in this manner, 
the septum between the lateral and the superfi cial posterior 
compartments may be directly below the incision and is erro-
neously identifi ed as the septum between the anterior and 
lateral compartments (Fig.  61.9 ). When the lateral incision is 
made  one fi nger in front of the fi bula , the intramuscular sep-
tum between the anterior and lateral compartments is found 
directly below the incision making successful decompres-
sion likely (Fig.  61.10 ).

    The deep posterior compartment can also be missed, and 
thorough understanding of the anatomy is key to ensuring 
that this does not happen. One potential way to miss the deep 

Medial Left Leg
Saphenous v.

Soleus m.

Gastrocnemius m.

  Fig. 61.7    The medial incision is placed such that the saphenous vein 
can be identifi ed and preserved, and the fascia is opened to expose the 
soleus and gastrocnemius muscles in the superfi cial posterior 
compartment       
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  Fig. 61.8    The soleus muscle is dissected off of the inferior border of 
the tibia allowing entry into the deep posterior compartment       

  Fig. 61.9    When the lateral incision is made too far posterior, the sep-
tum between the lateral and superfi cial posterior compartments may be 
mistaken for that between the anterior and lateral leading to the anterior 
compartment not being opened       

  Fig. 61.10    When the lateral incision is made one fi nger in front of the 
fi bula, the septum between the anterior and lateral compartments is 
more readily identifi ed allowing for adequate decompression of both 
the anterior and lateral compartments       
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posterior compartment is to get into the plane between the 
gastrocnemius and soleus muscles and believe that the 
compartment has been released (Fig.  61.11 ). Proper decom-
pression of the deep posterior compartment requires that the 
soleus fi bers be separated from their attachment on the 
underside of the tibia (Figs.  61.8  and  61.12 ).

61.5          Compartment Syndrome of the Foot 

 You may be asking yourself: Why do I need to know about 
the foot? The obvious answer to this is that occasionally 
patients you take care of will develop compartment syn-
dromes of the foot, and it is your duty to fi rst make the diag-
nosis and secondly ensure that they receive appropriate care. 
Patients in whom you need to worry are those who have 
crush injuries to the foot (up to a 40 % occurrence of CS) and 
those with calcaneal fractures (up to 10 %). Unfortunately, 
there may be no classic signs in the foot as pain on passive 
stretch and diminished pulses are not consistent physical 
fi ndings. Tense tissue bulging may be the most reliable phys-
ical fi nding, and the use of pressure measurements may be of 
more use than in the leg to assist decision-making. As even 
very experienced trauma surgeons have little experience with 
the foot, it is a sign of mature judgment to call for reinforce-
ments, namely, your friendly orthopedic or podiatric col-
league. However, it is important to know how to perform 
fasciotomies on the foot yourself, in case the Calvary is not 

readily available. The foot contains four compartments 
(intraosseous or intrinsic, medial, lateral, and central) which 
all must be released (Fig.  61.13 ). This is accomplished with 
two incisions on the dorsum of the foot and one medial 
(Fig.  61.14 ).

61.6         Compartment Syndrome of the Thigh 

 Compartment syndrome is uncommon in the thigh because 
of the large volume that the thigh requires to cause an 
increase in interstitial pressure. In addition, the compart-
ments of the thigh blend anatomically with the hip allowing 
for extravasation of the blood or fl uid outside the compart-
ment. Risk factors for thigh compartment syndrome include 
severe femoral fractures, severe blunt trauma/crush or blast 
injury to the thigh, vascular injury, iliofemoral deep venous 
thrombosis, and the use of military antishock trousers or 
other external compression of the thigh. Recent reports have 
highlighted penetrating vascular injury as the leading cause 
of thigh compartment syndrome. The thigh contains three 
compartments: anterior, posterior, and medial. If compart-
ment syndrome of the thigh exists, you should start with a 
lateral incision fi rst as this enables decompression of both 
the anterior and posterior compartments (Fig.  61.15 ). Often, 
the lateral incision is all that is needed, though on occasion 
with a severely swollen extremity, a medial incision will be 
needed as well.

  Fig. 61.11    A potential pitfall when doing the medial incision is to 
develop a plane between the gastrocnemius and soleus muscles and 
believing that this represents the plane between the superfi cial and deep 
posterior compartments       

  Fig. 61.12    Entry into and release of the deep posterior compartment 
requires separating both the gastrocnemius and soleus from the under-
side of the tibia. Identifi cation of the neurovascular bundle confi rms 
that the deep posterior compartment has been entered       
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61.7        Compartment Syndrome 
of the Forearm and Hand 

 Compartment syndromes of the hand and forearm are much 
less common than in the lower extremity, but it is equally 
vital that you be able to recognize and treat it should it occur. 
Compartment syndrome of the upper arm is very unusual, 

but may follow supracondylar fracture of the humerus. 
Compartment syndrome of the forearm may be associated 
with fractures, crush or blast injury, burns, or vascular injury. 
CS of the hand can occur from trauma but is more commonly 
associated with infi ltration of intravenous fl uids. As there are 
no sensory nerves in the hand compartments, physical fi nd-
ings do not include sensory abnormalities, and the pressure 
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  Fig. 61.13    Depiction of the right 
foot showing the four 
compartments which must be 
released to perform a proper 
fasciotomy of the foot       

Right foot Cross-section

Right foot Medial View

Right foot Lateral View

2 nd Metatarsal
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  Fig. 61.14    The four-compartment fasciotomy of the foot requires two dorsal and one medial skin incision allowing entry into the intrinsic com-
partment on either side of each metatarsal bone as well as the medial, central, and lateral compartments as depicted       
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threshold is much less than in the legs (15–20 mmHg is indi-
cation for release). 

 The classic fasciotomy of the forearm is performed 
through a curvilinear incision on the volar surface (to 
release the anterior compartment) which is extended to the 
hand to release the carpal tunnel (Fig.  61.16 ). The posterior 
compartment of the forearm is released through a linear 
dorsal incision, with two additional incisions on the dor-
sum of the hand to release the hand (Fig.  61.16 ). As with 
the foot, there is no shame in calling in appropriate help 
(hand surgeon) to optimally care for the patient with CS of 
the hand.

61.8        Aftercare and Complications 

 The last thing you want to see when you do a fasciotomy is 
the necrotic muscle, because it means that you waited too 
long to take the patient to the operating room. But having 

read this book, obviously the necrotic muscle is the result of 
the patient not being transferred to you in a timely fashion, 
and now you must take care of the problem. If necrotic mus-
cle is present, it should be debrided at the time of original 
fasciotomy. Having paid attention to the preceding tips and 
tricks, you have made large incisions that will need care. 
The open wounds should be covered with nonadherent 
dressing or moist gauze. If you have access to a vacuum-
assisted wound closure device, application to the wound 
will help to protect the tissue and may speed time to wound 
closure. The wound should be reevaluated 24–48 h after the 
initial fasciotomy with further debridement as indicated. 
After the acute process subsides, delayed primary closure or 
split-thickness skin grafting may be performed. Patients 
with open fasciotomy wounds are at risk for infection, and 
incomplete or delayed fasciotomies can lead to permanent 
nerve damage, loss of limb, multisystem organ failure, rhab-
domyolysis, and death. Early recognition and aggressive 
fasciotomy will help to minimize these adverse outcomes.      

Anterior
compartment

Posterior
compartment

Medial
compartment

Medial incision

Lateral incision

  Fig. 61.15    The thigh is comprised of three compartments, and the 
anterior and posterior compartments of the thigh can be decompressed 
through a single lateral incision and are usually all that is needed. On 

occasion, the medial compartment will need decompression through a 
separate medial incision as depicted in the representation of the right 
thigh seen above       
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Volar
incision

Dorsal
incision

  Fig. 61.16    The volar incision enables decompression of the anterior 
compartment of the forearm and is carried down onto the hand to 
release the carpal tunnel. The dorsal incision allows for decompression 
of the posterior compartment, and the two dorsal hand incisions enable 
release of the intraosseous compartments       

 Important Points 

•     Compartment syndrome must be suspected in all 
polytrauma patients especially if they are 
hypotensive.  

•   Compartment syndrome is a clinical diagnosis. 
There is a very limited role for measuring compart-
ment pressures (unconscious, paralyzed, hand and 
foot, etc.).  

•   The earliest and most important symptom of com-
partment syndrome is pain greater than expected 
due to the injury alone.  

•   The presence of pulses and normal capillary refi ll 
does not exclude compartment syndrome.  

•   If you wait for the fi ve “Ps” to make a diagnosis of 
compartment syndrome, your patient will be left 
with the sixth “P” – a peg leg.  

•   The presence of an open fracture does not exclude 
compartment syndrome and in fact may make it 
more likely.  

•   The lower leg is the most common site of compart-
ment syndrome followed by the forearm and thigh.  

•   Fasciotomies performed for trauma must include 
generous skin incisions and complete release of the 
fascia. The skin can act as a constricting band even 
if the fascia is fully opened.  

•   Lower extremity four-compartment fasciotomy 
must be done through two skin incisions. There is 
no role for the one skin incision fasciotomy in the 
lower leg.  

•   The lateral incision is made a  fi nger in front of the 
fi bula.   

•   The medial incision is made a  thumb  below the 
 tibia .  

•   A cosmetic incision for compartment syndrome 
equals an improper fasciotomy. Cosmetic surgery is 
best left to the plastic surgeon.  

•   In the swollen lower leg, the lateral intermuscular 
septum can be diffi cult to fi nd, and the perforating 
vessels will help you fi nd it.  

•   Taking the time to mark all the landmarks and pro-
posed incisions prior to cutting will improve your 
chances of successful fasciotomy.  

•   The anterior and deep posterior compartments of 
the lower extremity are the most commonly missed. 
Identifying the respective neurovascular structures 
in each compartment confi rms you have entered 
them.  

•   The anterior compartment is most commonly 
missed by making the lateral incision too far poste-
riorly and mistaking the septum between the lateral 
and superfi cial deep compartments for that between 
the anterior and lateral.  

•   The deep posterior compartment is commonly 
missed by failing to take the soleus muscle fi bers 
down from the tibia.  

•   The necrotic muscle does not contract when elec-
trocautery is applied. It must be debrided at the time 
of the initial fasciotomy.  

•   Compartment syndrome of the foot and hand is 
infrequent, and best outcomes are obtained in con-
junction with subspecialty input.    
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      Anterior Exposure of the Thoracic 
and Lumbar Spine                     

     Hani     Seoudi    

      Injuries to the thoracic and lumbar spine occur in 6.3 % of all 
trauma patients. The great majority of those injuries are due 
to blunt trauma. Spinal cord injury occurs in 1.3 % of trauma 
patients. Fractures occur most commonly in the thoracolum-
bar region (T10-L2) as it is the most mobile part of the tho-
racic and lumbar spine. Severe burst-type fractures of the 
vertebral body can render the spine unstable and puts the 
cord at risk for injury by the protruding fragments. 

 Patients complain of pain at the level of the fracture and 
may also have varying degrees of neurological defi cits if 
there is a spinal cord injury. Once a fracture is identifi ed, the 
remainder of the vertebral column should be imaged to rule 
out concomitant injuries which are not uncommon. Patients 
who suffered a high-energy mechanism of injury and cannot 
be assessed clinically due to altered mental status should 
have their entire spine imaged. CT scan with three- 
dimensional reconstruction is the preferred imaging method 
of the spine. The spinal cord ends about the level of the L1 
vertebra; injuries below that level may, therefore, present 
with a cauda equina syndrome characterized by neurological 
defi cits in one or both lower extremities as well as distur-
bance of bowel and urinary bladder function. High thoracic 
spinal cord injuries interrupt the sympathetic outfl ow and 
may be associated with neurogenic shock characterized by 
hypotension, bradycardia, and warm skin. Keep the patient 
fl at in the supine position with reverse Trendelenburg posi-
tion as needed if there is respiratory distress. Avoid using a 
hard backboard for a long time as it is uncomfortable and 
may even cause pressure sore. Keeping the patient in the 
supine position on a well-padded stretcher is suffi cient. 

 The decision to perform a vertebral corpectomy (excision 
of the vertebral body) and anterior spine fi xation is made by 
the spine surgeon based on the extent of damage to the verte-
bra, degree of neural canal narrowing, and clinical and radio-

logic evidence of cord injury, as well as the likelihood of the 
patient to comply with nonoperative management. Complete 
loss of motor function and sensation below the level of injury 
carries a dismal prognosis. This could be the result of a 
severe spinal cord contusion in which case early surgical sta-
bilization of the spine can make a great difference in out-
come. Patients who have radiologic evidence of complete 
spinal cord transection will not regain neurologic function; 
however, spine instrumentation may be required to maintain 
stability and allow mobilization of the patient. Most spine 
surgeons seek the assistance of a general, vascular, or tho-
racic surgeon to provide anterior exposure of the spine. A 
trauma surgeon in a busy center should be able to perform 
those procedures. When a relationship is established between 
the trauma and spine surgery services, trauma surgeons will 
also be called upon to provide anterior spine exposure for 
non-trauma-related conditions such as disc disease, osteo-
myelitis, and tumors. Morbidity of this operation depends 
largely on the underlying pathology and the level of expo-
sure. In a review of 161 patients, morbidity was dependent 
on the underlying pathology (7.4 % for trauma vs. 1.8 % for 
non-trauma patients) and level of exposure (6.8 % for thora-
columbar procedures vs. 0 % for anterior lumbar interbody 
fusion (ALIF) of L4 to S1). Mortality was 3.3 % for trauma 
patients vs. 0 % for non-trauma patients. The techniques of 
anterior exposure of the spine at different levels are described 
below. 

62.1     General Principles 

•     For corpectomy procedures, the diseased/fractured verte-
bra as well as the one above and the one below need to be 
fully exposed. This allows the spine surgeon to adequately 
place fi xation screws.  

•   For disc excision procedures, the spine surgeon may or 
may not place anterior plates and screws. If the plate and 
screws are not needed, only the disc space, the inferior 
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end plate of the vertebra above, and the superior end plate 
of the vertebra below need to be exposed.  

•   The level of the incision is chosen based on preoperative 
radiologic localization of the desired spine segment rather 
than empiric incisions for certain vertebral levels. Use a 
Kelly clamp and fl uoroscopy to place a skin mark corre-
sponding to the spine level in question. Use this mark as 
the center of your incision.  

•   The spine should always be in the neutral position 
throughout the procedure. “Cracking” the table for pre-
sumed better exposure is not helpful and may result in 
improper alignment of the spine.  

•   For vertebral levels T10 to L4, the patient should be in the 
right lateral decubitus (right side down) position. It is 
easier to deal with the aorta than to deal with the inferior 
vena cava.  

•   For vertebral levels proximal to T10, a right posterolateral 
thoracotomy is used. The azygos vein and the esophagus 
are relatively easier to negotiate than the aorta. On the left 
side, the proximal descending aorta is in a more lateral 
position relative to the spine and interferes with adequate 
anterolateral exposure of the vertebral bodies.  

•   In exposures requiring a thoracic incision for vertebral 
corpectomy, the rib may be excised and preserved for the 
spine surgeon to use as a bone graft.  

•   For anterior lumbar interbody fusion (ALIF) of L4–L5 
and L5–S1, the patient is placed in the supine position and 
a left paramedian incision is used.     

62.2     Anterior Exposure of T10–L2 

 This is the most common level exposed in trauma patients as 
it is where most injuries occur. As mentioned above, the 
patient should be in the right lateral decubitus position, and 
fl uoroscopy is used to place a mark on the skin correspond-
ing to the location of the disease. The mark is placed in the 
posterior axillary line and is used as the center of an oblique 
incision overlying the rib. The tenth rib tends to correspond 
to the T12–L1 disc (Fig.  62.1a ). The serratus anterior muscle 
fi bers are divided over the rib throughout the length of the 
incision. The latissimus dorsi fi bers typically do not need to 
be divided at that level. The periosteum of the rib is elevated 
circumferentially using Doyen’s periosteal elevators, taking 
care not to injure the neurovascular bundle under the inferior 
margin of the rib. Using a rib cutter, the segment of the rib 
spanning the length of the incision is now removed and pre-
served to be used as a bone graft.

   The periosteum of the posterior wall of the rib and the 
parietal pleura are now divided as a single layer to enter the 

chest cavity. There is no need to defl ate the lung for this level 
of exposure. Instead, the lung is retracted cephalad with a 
laparotomy pad. The diaphragm is now in view. A curvilin-
ear incision is made in the posterolateral part of the dia-
phragm leaving a 2-cm rim of diaphragmatic insertion into 
the costal margin (Fig.  62.1b ). The anterior extent of the dia-
phragmatic incision varies from one patient to another but 
can be extended to the costal margin if needed. The posterior 
extent of the diaphragmatic incision is to the medial arcuate 
ligament (lumbocostal arch) over the psoas muscle 
(Fig.  62.2 ). The plane between the diaphragm and the perito-
neum is developed. The plane is gradually extended using 
blunt dissection, taking care not to injure the peritoneum or 
the underlying spleen. This is best achieved by staying away 
from the proximal aspect of the diaphragm where there is not 
enough extraperitoneal fat. Instead, you should dissect infe-
riorly where there is abundant extraperitoneal fat. Extending 
the diaphragmatic incision and developing the extraperito-
neal plane are done simultaneously.

   Once the posterior extent (the medial arcuate ligament) of 
the diaphragmatic incision has been reached, a radiolucent 
self-retaining retractor blade is used to retract the diaphragm 
medially. This blade should be carefully applied as it may 
injure the spleen, kidney, or their blood supply. Dissection is 
now carried out between the left crus of the diaphragm and 
the psoas muscle fi bers, both of which take origin from the 
anterolateral aspect of the lumbar vertebral bodies (Fig.  62.2 ). 
A combination of blunt dissection and electrosurgery is used 
to free those fi bers from their attachment to the anterior lon-
gitudinal ligament of the spine. Above the level of the dia-
phragm, the pleura covering the spine is incised vertically. 
The intercostal vessels are usually preserved. The greater 
splanchnic nerve is usually encountered immediately beneath 
the pleura overlying the spine and is easily retracted away 
from the vertebra in question. 

 The upper part of the psoas muscle is bulky, and it 
obscures the entire lateral aspect of the vertebral bodies. 
Gradually divide as much psoas fi bers as needed in order to 
adequately expose the spine. As the psoas muscle fi bers are 
being divided, care should be taken to identify and control 
the segmental vessels going to the diseased vertebra. Bipolar 
electrosurgery should suffi ce to control those vessels. 
Remember that you will continue to look for and deal with 
those vessels as you extend your dissection laterally toward 
the vertebral pedicle. Other segmental vessels should be 
preserved. The radiculomedullary artery of Adamkiewicz 
originates from the intercostal and/or lumbar arteries on the 
left side in 70 % of patients, frequently at the T8–L1 verte-
bral level. Injury to this artery can result in spinal cord isch-
emia. Your dissection does not need to reach the midline 
anteriorly. The spine surgeon is only interested in the 
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anterolateral aspect and the pedicle of the vertebral body. 
Too much medial dissection is unnecessary and is associ-
ated with the risk of injuring the aorta and its branches. 

 As the psoas muscle fi bers are gradually shaved off of the 
spine, the diseased vertebra begins to emerge. Remember 
that discs are convex and vertebral bodies are concave. In 

a b

  Fig. 62.1    ( a ) The patient is in the right lateral decubitus position. 
Fluoroscopy was used to place an X in the posterior axillary line cor-
responding to the T12–L1 disc. The tips of ribs 10–12 are marked with 
small Xs. The patient underwent T12 and L1 corpectomy with T11–L2 

fusion. ( b ) The patient is in the right lateral decubitus position with the 
head to the  left  of the photograph. The plane between the diaphragm 
and the peritoneum is being developed with blunt dissection       
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case of a fracture, the vertebral height is diminished and 
there is an associated hematoma. Use two 18-gauge spinal 
needles to mark what you believe is the body of the vertebra 
above and the body of the vertebra below. Those needles 
should fi t in the operative fi eld perpendicular to the waist of 
the vertebral body as this is how the screws will need to be 
positioned. Use fl uoroscopy to confi rm the level of exposure. 
At this point, the spine surgeon begins his/her part of the 
procedure. 

 Upon completion of the spine surgeon’s part, the expo-
sure surgeon places a chest tube through a separate stab inci-
sion in the intercostal space above the main incision. This 
allows the lung to re-expand fully and also helps to drain 
blood. The tube can be removed if there is no residual pneu-
mothorax and the fl uid output is less than 150 cc/day. The 
diaphragm at the medial arcuate ligament is now approxi-
mated with a 0-PDS suture which is continued in a running 
fashion. The intercostal muscles and serratus anterior are 
repaired with 0-Vicryl running sutures. The skin is closed 
with either staples or subcuticular suture.  

62.3     Anterior Exposure of L3–L5 

 For this level of exposure, no ribs need to be resected and the 
diaphragm is not divided. The patient is placed in the right 
lateral decubitus position. A mark corresponding to the dis-
eased vertebra is placed in the posterior axillary line as men-
tioned above. An oblique fl ank incision centered over the 
mark is made. The external oblique aponeurosis and its more 
lateral fl eshy fi bers are divided. The fi bers of the internal 
oblique and transversus abdominis are now bluntly split to 
expose the transversalis fascia which is incised to expose the 
extraperitoneal plane. Blunt dissection is done from a lateral 
to a medial direction until the quadratus lumborum muscle is 
seen. Further medial dissection brings the psoas muscle into 
view. Remember that the aorta and inferior vena cava bifur-
cate at the L4 level and that you should be careful not to 
injure the iliac vessels as you carry your dissection down 
toward the L5 vertebra. In order to retract the iliac vessels 
medially to expose L5, the iliolumbar vein will need to be 
ligated and divided.  

62.4     Anterior Exposure of the Thoracic 
Spine Proximal to T10 

 The patient is placed in the left lateral decubitus position. A 
double-lumen endotracheal tube is used in case the right lung 
needs to be defl ated although this is usually not required. The 
chest cavity is entered using the same steps described above. 

The latissimus dorsi muscle fi bers will need to be divided. 
For higher levels, the trapezius muscle and rhomboids will 
also need to be divided and the scapula retracted laterally. 
The lung is retracted medially and anteriorly. The inferior 
pulmonary ligament may need to be divided when dealing 
with the lower thoracic vertebrae. The pleura over the spine 
is incised vertically. Tributaries to the azygos vein are divided 
as needed to expose the desired level. The intercostal artery 
overlying the diseased vertebra will need to be divided. Other 
intercostal arteries are preserved when possible especially in 
the lower levels where the artery of Adamkiewicz may take 
origin. The esophagus is typically far enough medially that it 
does not require any mobilization to expose the anterolateral 
aspect of the spine. The azygos vein, although in a postero-
lateral position to the esophagus, also does not require mobi-
lization except maybe at T4 where it arches forward to drain 
in the SVC (Fig.  62.3 ).

62.5        Anterior Lumbar Interbody Fusion 
(ALIF) at the L4/L5 and L5/S1 Levels 

 This exposure is done for non-trauma-related conditions. 
The typical patient is one who has chronic discogenic pain. 
The spine surgeon excises the disc fully and places an 
implant in the disc space. The spine surgeon may or may not 
place a plate and screws anteriorly. In order to perform an 
adequate discectomy, the spine surgeon needs good exposure 
of the midline anteriorly. The incision is therefore quite dif-
ferent from that done for the abovementioned exposures. 
Preoperative localization of the disc level is done with fl uo-

Azygos v.

Esophagus

Intercostal V.

  Fig. 62.3    Lateral view of the thoracic spine showing the azygos and 
intercostal veins. The esophagus is medial to the azygos vein       
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roscopy, and a horizontal incision corresponding to the disc 
level is made over the left rectus abdominis muscle. When 
more than one disc is being exposed, a left paramedian inci-
sion is made. The anterior rectus sheath is incised vertically. 
There is typically a rectus muscle inscription at the level of 
the umbilicus which needs to be divided carefully without 
injuring the muscle. Once the muscle has been freed from its 
attachment to the anterior sheath, it is retracted laterally to 
expose the posterior sheath. Do not retract the muscle medi-
ally as this will injure its nerve supply (the lower intercostal 
nerves) which enters the muscle at its lateral border. Now 
look for the arcuate (semicircular) line and begin blunt dis-
section between the posterior rectus sheath and the perito-
neum. Stay as far laterally as you can where there is more 
extraperitoneal fat to avoid injuring the peritoneum 
(Fig.  62.4 ).

   As the extraperitoneal space begins to develop, place a 
laparotomy pad over the peritoneum and push it medially to 
maintain retraction and to help further develop the plane. 
The lateral aspect of the posterior rectus sheath may be verti-
cally divided to help develop the upper extent of the plane. 
More laparotomy pads can be used to maintain medial and 
superior retraction of the peritoneum with the help of radio-
lucent self-retaining retractor blades. As the psoas muscle 
begins to emerge, look for the iliac vessels. Dissection is 
continued medially until the aortic bifurcation is reached. 
The left common iliac vein (LCIV) lies posterior and par-
tially inferior to the aortic bifurcation and the proximal part 
of the left common iliac artery. By this time, you should have 

identifi ed the ureter which crosses the bifurcation of the left 
common iliac artery. The ureter is retracted medially along 
with the peritoneum to which it is typically adherent. 

 Continue medial retraction of the peritoneum until the 
proximal part of the right common iliac artery is reached. 
A Kittner dissector is now used to mobilize the fat below 
the aortic bifurcation. This will further expose the proxi-
mal part of the LCIV which should be dealt with very 
carefully as it is very diffi cult to control given its posterior 
location. The middle sacral vessels are identifi ed and 
divided using bipolar electrosurgery. Try to minimize the 
use of electrosurgery in this area to avoid injury to the 
lumbosacral plexus which can result in retrograde ejacu-
lation. As you mobilize the fat inferior to the LCIV, the 
L5/S1 disc appears. Continue the dissection inferiorly 
until the S1 vertebra is exposed. The superior extent of the 
dissection is reached by carefully mobilizing the LCIV 
superiorly until the inferior end plate of L5 is seen 
(Fig.  62.5 ). If the spine surgeon is planning on placing 
screws in L5, the lower half of that vertebra will need to 
be exposed. This can be achieved by very carefully  placing 
a retractor over the LCIV to maintain retraction 
superiorly.

   Exposing the L4/L5 disc is more challenging and usually 
cannot be achieved by further superior mobilization of the 
LCIV. Instead, the distal aorta, proximal left common iliac 
artery, and proximal LCIV are mobilized medially. The ilio-
lumbar vein must be divided for this to be achieved 
(Fig.  62.6 ).       

Posterior rectus
sheath

Arcuate
line 

  Fig. 62.4    The patient is in the supine position with the head at the  top  
of the photograph. The anterior rectus sheath has been divided, and the 
left rectus muscle is retracted laterally. Blunt dissection between the 
posterior sheath and the peritoneum is started at the arcuate (semicircu-
lar) line       
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  Fig. 62.5    The patient is in the supine position. The left iliac vessels, 
L5 body and the L5–S1 disc are exposed.  LCIV  left common iliac vein, 
 EIA  external iliac artery       
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  Fig. 62.6    The left iliolumbar vein (LILV) is seen passing behind the 
left common iliac artery (LCIA) before it drains into the left common 
iliac vein (LCIV)       

 Important Points 

•     Vertebral corpectomy is indicated when there is sig-
nifi cant intrusion into the neural canal by fracture 
fragments, or other pathologic processes, particu-
larly when there is evidence of cord impingement.  

•   The use of fl uoroscopy preoperatively to place the 
incision at the appropriate level and intraoperatively 
to confi rm exposure of the diseased vertebra is 
essential.  

•   To avoid violating the peritoneum, perform dissec-
tion in the extraperitoneal plane as far inferiorly 
away from the dome of the diaphragm and as far 
laterally away from the rectus sheath as possible.  

•   Retractor blades should be carefully applied to 
avoid interruption of the blood supply to the spleen 
and kidney.  

•   The LCIV should be handled with extreme care. 
Injury to that vein at the bifurcation of the aorta is 
hard to repair due to the diffi culty of obtaining 
proximal and distal control.    
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      Penetrating Trauma: Amputations                     

     Cyrus     E.     Taghavi    ,     Nelson     F.     SooHoo    , and     Areti     Tillou    

      Trauma is the leading indication for amputation in young 
patients [ 1 ]. The incidence is greater in males and steadily 
increases with age, reaching a peak among individuals 85 
years or older [ 2 ]. Although blunt trauma is the predomi-
nant cause of traumatic amputation, the incidence of pen-
etrating trauma resulting in amputation has steadily 
increased over the last two decades. These are primarily 
due to gunshot wounds and stab injuries. When the pene-
trating trauma results in a combined arterial and skeletal 
injury, the risk for primary amputation greatly increases 
secondary to greater disruption of collaterals, soft tissues, 
and nerves [ 3 ]. 

 A trauma surgeon’s primary goals in managing such 
patients are to stabilize the patient, control hemorrhaging, 
and prevent any concomitant contamination or infection. 
The most diffi cult decision you will have to make as a 
trauma surgeon is to salvage the limb or amputate. In large 
trauma centers, this is frequently a group decision involving 
consultation with orthopedic, vascular, and plastic 
surgeons. 

 In this chapter, we will primarily focus on the princi-
ples of traumatic limb amputation, followed by some of 
the more common surgical techniques to manage acute, 
life- threatening traumas that require major limb 
amputations. 

63.1     Principles of Amputation 

63.1.1     Initial Wound Evaluation 

 Some of the most important decisions for patients with trau-
matic amputation or near amputation are made in the trauma 
room. Management in the fi rst few minutes is of essence and 
may severely impact outcome. As in every trauma patient, 
the priorities of assessment should follow the Advanced 
Trauma Life Support (ATLS) protocol and focus on the pri-
mary and secondary survey. Injuries such as complete or 
near amputation of a limp can be very distracting for the 
trauma team. It is the responsibility of the trauma surgeon to 
maintain the priorities. The initial evaluation of a penetrating 
extremity injury should focus on hemostasis. 

 Remember that direct pressure works better than anything 
else in achieving quick hemostasis in the trauma room. Avoid 
using clamps and blind sutures as this may result in signifi -
cant injury to vessels that may hinder reconstruction. Another 
common mistake is constantly reinforcing a bulky dressing 
that ineffi ciently hides the bleeding from the eyes of the 
trauma team and endangers the patient. Tourniquets may be 
useful in coagulopathic patients with large profusely bleed-
ing open wounds when applied for a brief period of time 
until the patient can be transferred to the operating room 
where better lighting and instruments are available to help 
with hemostasis. Most of the time, even very large wounds 
are relatively hemostatic, and simple pressure is suffi cient to 
temporize bleeding until the initial evaluation is completed 
and the patient can be transferred to the operating room. 

 If the extremity or part of an extremity is completely 
amputated, make sure that the amputated part does not end 
discarded, but is rather preserved properly until at least all 
possibilities of replantation have been addressed. 
Orthopedic and plastic surgeons will usually make that 
decision based on the patient’s age, condition, associated 
injuries, part that is amputated, and available expertise and 
resources. Even when replantation has been decided 
against, the amputated extremity or part of an extremity 
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may provide valuable “spare parts” for reconstruction of 
associated injuries. Additional imaging may be necessary 
to address other severe associated injuries prior to treating 
the extremity injury. A prompt diagnosis of vascular 
involvement is essential due to the well-established rela-
tionship between the time interval from injury to treatment 
and the increasing chance of limb loss. Physical examina-
tion, segmental pressures, Doppler or duplex imaging in the 
trauma room, or computed tomography (CT) angiography 
may help establish the diagnosis. Depending on your 
resources, CT angiography might be the most rapid and 
accessible choice. In critical patients where time is of 
essence, intraoperative angiography might be necessary. 
Ask for an angio-compatible table before you go to the 
operating room. Also request vascular instruments; notify 
your vascular surgeon if there is one available and if you 
are not comfortable performing vascular reconstructions. 
Make sure there are blood, fresh frozen plasma (FFP), and 
platelets available. Initiate the massive transfusion protocol 
if there is one in your facility. After hemostasis, removal of 
any nonviable tissue and devascularized bone should be 
performed while retaining all viable tissues that may be 
used in fabricating a residual limb. Once in the operating 
room, the presence of hard signs of vascular injury neces-
sitates arteriography to confi rm or exclude arterial trauma. 
The absence of hard signs does not always reliably exclude 
signifi cant arterial injury, and additional workup may be 
necessary if an injury is suspected (Table  63.1 ). Restoration 
of blood fl ow should take priority over skeletal injury man-
agement. If necessary, you can use a temporary shunt while 
stabilizing unstable fractures or dislocations prior to defi ni-
tive arterial repair [ 3 ].

63.1.2        Deciding Primary Amputation 
Versus Limb Salvage 

 One of the major challenges that surgeons face with a limb- 
threatening injury is the decision to perform a primary 
amputation or limb salvage. The only absolute indication 
for amputation is irreversible ischemia in the traumatized 
limb, a diagnosis that is usually diffi cult to establish in the 
trauma resuscitation room. Although unattractive as a ther-
apeutic option, amputation should not be viewed as a fail-
ure or destructive surgery, but rather as a lifesaving and 

reconstructive alternative. Some studies on long-term func-
tional outcomes of amputation versus limb salvage have 
shown similar functional outcomes and self-rated disability 
among both patient groups at a 7-year follow-up, with a 
high level of disability in both groups [ 5 – 7 ]. 

 Many factors must be taken into account when deciding to 
amputate or salvage. First, each treatment has its distinct 
short- and long-term risks. Limb salvage, for example, is asso-
ciated with a longer rehabilitation time, greater costs, higher 
rates of rehospitalization, additional surgeries, and complica-
tions, such as osteomyelitis, sepsis, failure of wound healing, 
and rhabdomyolysis [ 6 ]. Second, a realistic assessment of 
functional expectations at the conclusion of treatment is criti-
cal. Finally, the performance of the salvaged limb versus that 
of a prosthetic limb as well as the fi nancial, physiological, and 
psychosocial burden that the patient will face with each treat-
ment option must be discussed. The signifi cance of these fac-
tors will vary between patients; thus, the decision-making 
process must be individualized. Most patients and families are 
shaken by the acute situation and certainly emotionally dis-
turbed and unable to think clearly. It is essential to educate the 
patient and their family so they can adequately make informed 
decisions. Most people are appalled by the idea of an amputa-
tion and the resulting disfi gurement; however, this is partly 
due to the lack of awareness of recent advances in amputation 
surgery and prosthetic design that offer results paralleling the 
advances in limb salvage surgery [ 1 ]. Situations where patients 
are unconscious and no family is available may cause chal-
lenging dilemmas. Close collaboration and communication of 
the surgical subspecialty teams under the oversight of the 
trauma surgeon is of paramount importance in these situa-
tions. Regardless of the approach, the primary goal should 
always be to return the patient as closely as possible to their 
preinjury functional level. 

 Although each situation is clearly unique and an indi-
vidualized plan should be developed, there are certain 
risk factors that make primary amputation a more appro-
priate treatment (Table  63.2 ). Another tool to help with 
decision making is the mangled extremity severity score 
(MESS, Table  63.3 ), which takes into account the level of 
energy that caused the injury, presence of shock or isch-
emia, and patient’s age. Studies indicate that a MESS of 
six or less is consistent with a salvageable limb, while a 
score of seven or more is close to 100 % predictive of 
amputation [ 8 ,  9 ]. Prospective reliability of the MESS 

   Table 63.1    Hard signs of vascular injury [ 4 ]   

 Active hemorrhage 
 Large, expanding, or pulsatile hematoma 
 Bruit or thrill over wound 
 Absent distal palpable pulses 
 Manifestations of distal ischemia (pain, pallor, paralysis, paresthesias, poikilothermy) 
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score is not sufficient to permit a firm  decision for ampu-
tation and should not replace experience and good 
judgment.

63.1.3         Level of Amputation 

 The next challenge is usually determining the most distal 
level for amputation with a reasonable chance of healing. 
You must consider the trade-offs between an increased 
function with a more distal level of amputation and a 
decreased rate of complications with a more proximal 
level of amputation. The optimal level of amputation is 
one that will provide a stump length that allows a control-
ling lever arm for the prosthesis, has a vascular supply suf-
fi cient for healing, and has an adequate quantity of 
protective soft tissue coverage for weight bearing [ 1 ,  10 ]. 
The patient’s general medical condition, overall well-
being, and rehabilitation potential must be evaluated in 
this balance. A vascular surgery consultation can aid with 
this decision. When in doubt and in a relatively stable 

patient with no other life-threatening injuries, a more con-
servative initial amputation can be attempted with a plan to 
revise it later if necessary.  

63.1.4     Skin and Muscle Flaps 

 You must handle all soft tissues gently in order to keep tis-
sues viable for a healthy and highly functional amputation 
stump. A desirable soft tissue envelope distributes the load to 
the underlying bone and dissipates the forces applied during 
weight bearing. The use of thick myofasciocutaneous fl aps 
will lead to an optimal soft tissue envelope. Do not dissect 
tissue planes between the muscle and subcutaneous tissue, as 
this may further devascularize the compromised tissues and 
lead to skin fl ap necrosis [ 1 ,  10 ,  11 ]. The goal is to achieve a 
mobile, nonadherent muscle mass and a full-thickness, skin 
and soft tissue envelope that can withstand the direct pres-
sures of weight-bearing and shearing forces that occur within 
a prosthetic. A suffi cient muscle mass between the skin and 
bone will allow the bone to piston within the envelope. If 

   Table 63.2    Risk factors for primary amputation [ 4 ,  8 ,  9 ]   

 Gustilo IIIB injuries (comminuted, open tibial-fi bular fractures with vascular injury) 
 Transection of the sciatic or tibial nerve, or two of the three upper extremity nerves 
 Signifi cant wound contamination 
 Older age 
 Severe comorbidity 
 Signifi cant loss of soft tissue that cannot be repaired with a free fl ap 
 Segmental bone loss 
 Unrestorable blood supply 
 Multiple serious secondary bone or soft tissue injuries involving the ipsilateral limb 

   Table 63.3    Mangled extremity severity score   

 Skeletal/soft tissue injury  Points 

 Low-energy  Stab wounds, simple closed fractures, small-caliber gunshot wounds  1 
 Medium-energy  Open or multiple-level fractures, dislocations, moderate crush injuries  2 
 High-energy  Shotgun blast (close range) high-velocity gunshot wounds  3 
 Massive crush  Logging, railroad, oil rig accidents  4 
  Shock  
 Normotensive  Blood pressure stable in the fi eld and in the operating room  0 
 Transiently hypotensive  Blood pressure unstable in the fi eld but responsive to intravenous fl uids  1 
 Prolonged hypotension  Systolic blood pressure <90 mmHg in the fi eld; responsive to intravenous fl uids only in the 

operating room 
 2 

  Ischemia  
 None  A pulsatile limb, no sign of ischemia  0 
 Mild  Diminished pulses, no signs of ischemia  1 
 Moderate  No Doppler pulse, sluggish refi ll, paresthesias, diminished motor activity  2 
 Advanced  Pulseless, cool, paralyzed, no refi ll  3 
  Age  
 <30 years  1 
 30–50 years  2 
 >50 years  3 
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standard fl aps are not possible, you may use atypical skin 
fl aps in order to salvage residual limb length [ 1 ,  10 ,  11 ]. The 
location of the scar is usually not important as long as the 
scar is not adherent to the underlying bone, as this can make 
prosthetic fi tting extremely diffi cult and will most likely 
break down after prolonged prosthetic use [ 1 ,  10 ]. 

 To create a viable muscle fl ap, divide the muscles at 
least 5 cm distal to the intended bone resection, with 
either a number 10 scalpel or electrocautery. Ligate any 
bleeding muscular vessels with 2-0 absorbable sutures. A 
hematoma under the muscle fl aps can be detrimental as it 
may lead to infection and stump breakdown resulting in 
prolonged healing time and delays in rehabilitation. 
Stabilize the muscle by myodesis at their normal physio-
logical length, as this will provide a stronger insertion, 
help maximize strength and function of the residual limb, 
and minimize atrophy. However, if this is not possible, 
myoplasty will suffi ce. Ensure that all muscle repairs are 
performed at normal resting muscle tensions with the 
limb in a neutral position to prevent iatrogenic joint fl ex-
ion contractures.  

63.1.5     Hemostasis 

 To minimize blood loss, elevate and wrap the limb with an 
elastic bandage prior to the amputation, and apply a pneu-
matic tourniquet in order to exsanguinate it. Isolate and dou-
ble ligate arteries with 2-0 silk suture ligatures. Veins can be 
effectively ligated with surgical clips, electrocautery, or 2-0 
silk sutures. Remember to defl ate the tourniquet prior to clo-
sure to check for small bleeders and ensure hemostasis. Most 
cases warrant a postoperative drain placed deep to the fascia 
for 48–72 h to prevent fl uid collections and hematomas that 
frequently get infected [ 1 ].  

63.1.6     Nerves 

 Never clamp or subject nerves to strong tension, as this may 
lead to prolonged neurogenic pain, even after the crushed or 
damaged nerve is removed [ 11 ]. To manage nerves in ampu-
tation, isolate and gently grasp each nerve with a surgical 
sponge, pull it distally into the wound, cleanly transect it 
under gentle tension with a fresh blade, and allow the cut end 
to retract proximally into the wound. Ensure that the cut end 
is well padded in the soft tissue and not exposed to pressure 
bearing areas. Because neuromas develop frequently after 
nerve division and become painful with repeated trauma, this 
technique allows the cut end to retract proximally into the 
wound and embed any resulting neuroma within the muscle, 

protecting it from external pressure. Some larger nerves, 
such as the sciatic, contain substantial vessels, which should 
be isolated and ligated.  

63.1.7     Bones 

 Bones can be cut with a Gigli or oscillating saw. All bone 
ends should be rasped to achieve a smooth contour, and they 
should be padded by a thick layer of soft tissue. However, 
do not excessively strip the periosteum, as this may lead to 
the formation of ring sequestra or bony overgrowth. 
Bleeding from the bone surface and bone marrow can be 
diffi cult to control in a coagulopathic patient. Direct pres-
sure, electrocautery, and bone wax are usually effective. 
Copious irrigation will facilitate the removal of any bone 
dust and residual fragments and decrease the chances of 
wound infection.  

63.1.8     Open Amputations and Wound Closure 

 Traumatic amputations are frequently completed in multiple 
stages. Gross contamination, coagulopathy, hemodynamic 
instability, unclear level of amputation, and severe associ-
ated injuries are some of the factors that necessitate a staged 
approach. An open amputation stump allows the tissues to 
return to their resting tensions, which avoids further trauma, 
and also allows serial debridements of a severely destructed 
and contaminated wound, thus decreasing the chances of 
wound infection. In cases of hemodynamic instability and in 
the presence of life-threatening injuries, it also allows time 
for patient resuscitation and stabilization prior to stump 
revision. Immediately after the primary debridement, apply 
a wound vacuum-assisted closure to the stump. If this is not 
available, cover the wound with moist gauze and wrap it 
with an elastic dressing. Change the dressing once or twice 
a day until the patient is ready for stump revision or closure. 
It is critical to ensure complete hemostasis before applying 
a vacuum-assisted closure. If unrecognized, persistent ooz-
ing under continuous suction may result in severe hemor-
rhage and exsanguination. If the patient is coagulopathic 
and complete hemostasis is not possible, initial application 
of a pressure dressing might be necessary. In addition to 
appropriate antibiotics, repeat debridements every 48–72 h, 
each time reapplying a new vacuum-assisted closure or 
dressing until the wound is ready for closure. If the patient’s 
condition permits, defi nitive reconstruction is best to per-
form within 5–10 days following the trauma. An open 
amputation could be the source of persistent hemorrhage 
and may go unnoticed. Alert your health-care team about 
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the open wound and ensure that it is vigilantly monitored for 
possible bleeding. 

 When you return to the operating room for wound closure, 
ensure that there is no devitalized tissue that needs further 
debridement. Washout the wound with normal saline. You 
may need to revise the skin fl aps or trim the soft tissues for a 
better functional and cosmetic result. Check for bleeding one 
last time before starting to close. The closure should be done 
in layers. Approximate the deep fascia and subcutaneous tis-
sue with interrupted 2-0 absorbable sutures. Consider placing 
a drain under the skin fl aps. Carefully approximate the skin 
with interrupted mattress sutures with 3-0 nonabsorbable 
sutures. Handle tissues and most importantly the skin fl aps 
gently. Do not use crushing forceps to retract. The skin fl aps 
should not be closed under tension, as this can lead to delayed 
healing and skin necrosis. The initial dressings should be 
placed while still in the operating room. Carefully wrap the 
stump in a bulky absorbent dressing and protective splint. The 
wound should be examined frequently, with necrotic tissue 
debrided and dressings changed accordingly.   

63.2     Upper Extremity Amputations 

 Trauma is the leading cause of upper extremity amputa-
tions, including fi nger injuries accounting for 68.6 % of all 
trauma- related amputations [ 2 ]. Frequently the care of such 
injuries requires involvement of a hand specialist to ensure 
the best functional and cosmetic result. However, as a 
trauma surgeon, you will be the fi rst and maybe the only 
surgeon available to care for these patients. You can use 
surgical principles described above to guide your manage-
ment. First ensure that active hemorrhage is controlled and 
life-threatening injuries are diagnosed and addressed. 
Prevent further injury and take measures to preserve all 
possible length, including utilizing all possible soft tissue 
fl aps [ 1 ,  12 ]. These fl aps allow coverage of the wound, 
preservation of functional amputation length, and salvation 
of a critical joint when possible, without additional donor 
site morbidity [ 12 ]. As a trauma surgeon, your fi rst respon-
sibility is to preserve the patient’s life before the limbs. A 
state-of-the-art extremity amputation, especially one of the 
upper extremities, might be beyond your level of expertise. 
An imperfectly done amputation can always be revised by 
an expert as long as the patient fares well and the tissues are 
viable and well preserved. The brief descriptions of ampu-
tation techniques that follow are not a complete guide on 
how to perform the procedures but rather focus on basic 
information on the steps and structures involved that any 
general surgeon caring for patients with extremity injuries 
would fi nd useful. 

63.2.1     Wrist Amputations 

 When possible, transcarpal amputation or wrist disarticula-
tion is greatly preferable to amputation through the forearm, 
as these procedures help preserve pronation and supination. 
Both of these functions are critical for the successful applica-
tion of a prosthesis. If you are not familiar with the proce-
dure, you may choose to control hemorrhage and 
contamination, and temporarily close the wound preserving 
as much length as possible until the patient can be evaluated 
by a hand specialist.  

63.2.2     Transradial and Transhumeral 
Amputations [ 13 ] 

 When possible, equal dorsal and palmar fl aps distal to the 
intended level of bone amputation are desired when perform-
ing a transradial amputation. The technique of dividing the 
structures, soft tissues, and bones is similar to what has been 
described. Myoplastic closure can be performed by stabiliz-
ing the deep muscles with myodesis or tenodesis directly to 
the bone or periosteum and the more superfi cial muscles with 
myoplasty to the fascia of the deeper layers. With very proxi-
mal amputations, where the end of the stump is not at least 
distal to the insertion of the biceps tendon, it may be neces-
sary to detach the tendon from the radius and reattach it to the 
ulna. The radius should then be removed entirely to function-
ally lengthen the stump and enhance prosthetic fi tting. 

 When performing a transhumeral amputation, the level of 
the bone transection should be at least 3.8 cm proximal to the 
elbow joint in order to allow room for the prosthetic elbow- 
lock mechanism. If it is necessary to perform a transhumeral 
amputation at the level of the axillary fold or more proxi-
mally, preservation of the most proximal part of the humerus 
is valuable. Equal anterior and posterior skin fl aps are again 
preferable if you are able to fashion them. Identify, ligate, 
and divide the brachial vessels proximal to the level of ampu-
tation. Then transect the median, ulnar, and radial nerves so 
that their proximal ends retract proximally. Divide the mus-
cles in the anterior compartment of the arm approximately 
1.5 cm distal to the level of intended bone section so that they 
retract to this level. Preserve the triceps fascia, its insertion to 
the olecranon, and the muscle as a long fl ap unless you are 
performing a more proximal amputation. In that case you 
will need to divide the triceps muscle 3.8–5 cm distal to the 
level of amputation. Next divide, smoothen, and round the 
end of the humerus with a rasp. Bevel the triceps tendon to 
form a long fl ap, carry it over the end of the bone, and suture 
it to the anterior muscle fascia. Insert a drain deep to this fl ap 
and close the wound in layers (Fig.  63.1 ).
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63.3         Lower Extremity Amputations 

63.3.1     Transtibial (Below-Knee) Amputations 

 A longer residual limb allows more normal gait; however, 
the distal third of the leg is relatively avascular and has less 
soft tissue available for weight bearing, rendering stumps at 

this level suboptimal. A bone length of 12.5–17.5 cm (2.5 cm 
of bone length for each 30 cm of body height) in transtibial 
amputations is ideal [ 1 ] (Fig.  63.2 ). As for creating skin 
fl aps, there are advocates for both skew fl aps, equal, and long 
posterior fl aps, but in a recent Cochrane review, the choice of 
technique had no effect on the clinical outcome [ 14 ]. 
Additionally, in the setting of acute trauma, incision choice 
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largely depends on the extent and type of soft tissue injury 
triggering the amputation.

63.3.1.1       Transtibial Amputation (Extended 
Posterior Flap, Fig.  63.3 ) [ 15 ,  16 ] 

    The long posterior fl ap technique is well established, and the 
rationale for it stems from the fact that the posterior tissues 
are better vascularized and thicker. However, many prosthe-
tists recommend almost equal fl aps so that the scar is moved 
distally and posteriorly. With the patient supine, measure 
distally from the anteromedial joint line the desired length of 
the bone and mark that level over the tibial crest with a skin 
marking pen. Now fashion an anterior skin fl ap 5 cm below 
the desired bone amputation level. Create an extended poste-
rior skin fl ap 10 cm longer than the anterior incision, cover-
ing two thirds of the leg circumference. Longer skin fl aps 
can be trimmed later as necessary. While cutting the fl aps, 
deepen the anterior incision when crossing the tibial crest 
and mark the periosteum with a cut for future measurement. 
The posterior incision should be through the deep fascia. Do 
not separate the skin or deep fascia from the underlying mus-
cle. As a single layer, refl ect the deep fascia and periosteum 

with the anterior fl ap over the anteromedial surface of the 
tibia. Continue this dissection proximally to the level of 
intended bone section approximately 5 cm higher than the 
anterior skin line. Use the mark previously made in the tibial 
periosteum to measure the level of intended amputation and 
mark the bone at this level with a saw. Section the muscles in 
the anterior compartment of the leg approximately 0.6 cm 
distal to the level of bone section so that they retract evenly 
with the end of the bone. Locate and divide the anterior tibial 
vessels and deep and superfi cial peroneal nerves. Ligate and 
divide these vessels and divide the nerve as previously 
described. Insert a curved hemostat in the natural cleavage 
plane at the lateral aspect of the tibia so that its tip follows 
along the interosseous membrane and passes over the ante-
rior aspect of the fi bula to emerge just anterior to the pero-
neus brevis muscle. Using the hemostat, pass the Gigli saw 
underneath the tibia. Use a tissue protector to retract the soft 
tissues proximally and then transect the tibia at the amputa-
tion mark. Bevel the tibial crest at a 45° angle beginning 
anterior to the medullary cavity. Transect the fi bula 1 cm 
proximal to this level. Grasp the distal segments of the bones 
with bone-holding forceps and pull them anteriorly and dis-
tally exposing the posterior muscle mass. Transect the mus-
cles in the deep posterior compartment starting 0.6 cm distal 
to the level of bone section and bevel along the posterior fl ap. 
This will expose the posterior tibial and peroneal vessels and 
the tibial nerve lying on the gastrocnemius-soleus muscle 
group. Ligate and divide these vessels and divide the nerve 
as previously described. Bevel the gastrocnemius-soleus 
muscle mass with a large amputation knife, forming a myo-
fascial fl ap long enough to wrap around the end of the tibia 
to the anterior fascia. Rasp the ends of the tibia and fi bula to 
produce a smooth contour. Wash the wound and ensure 
hemostasis. Wrap the gastrocnemius-soleus muscle fl ap over 
the ends of the bones and suture it to the anterior deep fascia 
and the periosteum. Place a suction drainage tube deep to the 
muscle fl ap and fascia and close the wound in layers.   

63.3.2     Disarticulation of the Knee 

 Although knee disarticulation can result in an excellent end- 
bearing stump, it requires expertise beyond the training of 
most general surgeons. Interestingly, a recent study revealed 
that patients who underwent knee disarticulation after a trau-
matic lower extremity injury had the highest risk for an over-
all poor outcome compared to other types of amputation at a 
7-year follow-up [ 7 ]. This failure is likely due to injury- 
associated soft tissue damage, resulting in a lack of viable 
musculature in the zone of injury. It is also possible that lack 
of specialized skill or incorrect operative choice in the acute 
setting may contribute to poor outcomes.  

  Fig. 63.3    Transtibial amputation, extended posterior fl ap.  Arrow  
shows how the posterior fl ap is folded to its fi nal position       
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63.3.3     Transfemoral (Above-Knee) 
Amputations (Fig.  63.4 ) 

    Since the patient’s knee will be lost, it is essential that the 
residual limb be as long as possible to provide a strong lever 
arm for control of the prosthesis. However, the standard knee 
joint on above-knee prostheses extends 9–10 cm distal to the 
end of the prosthetic socket, so the bone must be amputated 
at least this far to allow room for the prosthetic joint. 

 Once you determine the level of amputation, fashion equal 
anterior and posterior skin fl aps (“fi sh mouth”) with the medial 
and lateral apexes 10 cm above the femoral condyles, if pos-
sible. Incise the skin through the subcutaneous tissue and deep 
fascia. Divide and ligate any superfi cial veins and divide the 
quadriceps muscle and its overlying fascia along the line of the 
anterior fl ap and refl ect this myofascial fl ap proximally to 
the level of amputation. Medially, locate, ligate, and divide 
the femoral artery and vein in the femoral canal on the medial 
side of the thigh. Circumferentially, incise the periosteum of 
the femur and divide the bone approximately 5 cm proximal to 
the lower edge of the skin fl aps. Smoothen the edges and fl at-
ten the anterolateral aspect of the femur. Use a tissue protector 
to retract the soft tissues while dividing the bone. Just beneath 
the hamstring muscles, identify and transect the sciatic nerve 

under gentle traction and allow the cut end to retract deep into 
the soft tissues. Transversely, section the posterior muscles 
starting at the level of amputation and bevel toward the poste-
rior skin line. Remove the leg and irrigate the wound. Attaching 
the adductor and hamstring muscles under slight tension to the 
femur, utilizing several small drill holes just proximal to the 
end of the bone, results in improved functional outcome. Wrap 
the quadriceps over the end of the bone and suture its fascial 
layer to the posterior fascia of the thigh. Place a drain beneath 
the muscle fl ap and deep fascia and close the wound in 
layers.   

    Conclusion 

 The incidence of traumatic amputations secondary to 
penetrating trauma has steadily increased over the past 
two decades. For this reason, it is essential for trauma sur-
geons to have a fi rm understanding of the principles of 
amputation. Nevertheless, the most diffi cult aspect of 
amputation is not the surgical technique but the actual 
decision to amputate or salvage a limb. When faced with 
a patient who may benefi t from amputation, it is impor-
tant to remember that  amputation is not a failed attempt to 
salvage a limb, but rather a therapeutic treatment option 
for select individuals.      

  Fig. 63.4    Transfemoral amputation       
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 Important Points 

•     Decide what you aim for – to get rid of contamina-
tion/debris or to create a defi nitive stump.  

•   If there is signifi cant infection or contamination, 
consider a guillotine amputation and revise it in 
48 h or when possible.  

•   A guillotine amputation should be done as low as 
possible – anywhere and ASAP.  

•   A below-knee amputation needs at least a hand 
width of tibial stump; otherwise, it is functionally 
useless.  

•   Save as much upper extremity as you can.    
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      Peripheral Arterial Injuries 
from Penetrating Trauma                     

     Matthew     J.     Martin      and     Ali     Salim    

      Although the incidence of penetrating trauma varies widely 
between countries and geographic settings, it still represents 
a minority of overall trauma volume seen in even the busiest 
inner-city trauma centers. The majority of traumatic periph-
eral vascular injuries (50–90 %) are due to penetrating mech-
anisms, but these remain relatively uncommon injuries in the 
civilian environment. The relative infrequency of peripheral 
vascular trauma, particularly at any single center, results in a 
very limited body of experience in evaluation and manage-
ment of these injuries among trauma and vascular surgeons. 
This is particularly concerning given the potential for mor-
tality and devastating morbidity if these injuries are not read-
ily identifi ed and properly managed. Having a 
well-thought-out and systematic approach that takes into 
account the vascular injury as well as the associated injuries 
and other patient factors can go a long way toward making 
up for a lack of personal experience. 

 The keys to success and a good outcome in these patients 
are (1) rapid and early identifi cation of the arterial injury; (2) 
control of any ongoing hemorrhage; (3) identifi cation and 
assessment of associated injuries to major veins, bone, nerve, 
and soft tissues; and (4) appropriate interventions to restore 
perfusion and repair the injury. Although this approach 
appears to be simple and straightforward, each of these steps 
has potential pitfalls that can lead one astray if not antici-
pated and appreciated. In addition to the details of the vascu-
lar injury, the overall clinical status of the patient must be 
continuously assessed and considered when deciding on any 
course of intervention. 

 Unlike their portrayal in movies and television, the major-
ity of these injuries do not present with dramatic arterial 
hemorrhage. By the time they have reached a hospital, they 
often will have stopped bleeding either due to intrinsic hemo-
static mechanisms or fi rst-responder interventions such as 
dressings or tourniquets. All penetrating extremity wounds 
should be assumed to have injured a major blood vessel until 
proven otherwise. A thorough physical examination of the 
injured extremity should focus on identifying the number of 
wounds, the location, and an assessment for any “hard” or 
“soft” signs of vascular injury. In addition, the physical 
examination and plain radiography of the extremity will pro-
vide information on the status of the bone, nerves, and soft- 
tissue structures in proximity to the artery. Most injuries to a 
major extremity artery do not require any advanced diagnos-
tic studies beyond a good physical exam and measurement of 
a distal arterial pressure indexed to a normal extremity pres-
sure. If this is strongly suggestive of an arterial injury, then 
operative intervention can be pursued without further delay. 
If the physical examination is unrevealing or equivocal and a 
clinical suspicion for vascular injury remains, then addi-
tional studies such as duplex ultrasonography, CT angiogra-
phy, or standard catheter-based angiography can be 
considered. In most modern trauma centers equipped with 
multi-slice CT scanners, CT angiography has become the 
diagnostic study of choice due to its speed, reliability and 
accuracy, and ease of integrating the study into standard CT 
protocols for imaging other body regions. 

 The basic principles of operative assessment and repair of 
these injuries have not changed signifi cantly in decades. 
Proximal and distal control of the affected artery should be 
obtained prior to exploring the area of injury when possible. 
Direct manual pressure and proximal tourniquets are impor-
tant adjuncts to decreasing blood loss while exposing the 
injured area if it is actively bleeding. For areas that are more 
diffi cult to expose or wounds that have a large amount of 
soft-tissue damage, obtaining proximal control via a separate 
incision remote from the injured area can greatly simplify 
the subsequent exposure of the injury and minimize blood 

  64

        M.  J.   Martin      (*) 
  Trauma Service ,  Legacy Emanuel Medical Center , 
  2801 North Gantenbein ,  Portland ,  OR   97227 ,  USA   
 e-mail: traumadoc22@gmail.com   

    A.   Salim      
  Department of Surgery ,  Brigham and Women’s Hospital , 
  75 Francis Street ,  Boston ,  MA   02115 ,  USA   
 e-mail: asalim1@partners.org  

mailto:traumadoc22@gmail.com
mailto:asalim1@partners.org


486

loss. Even when full arterial control has been obtained, you 
may encounter signifi cant ongoing bleeding from associated 
venous and muscle injuries that can make the dissection and 
identifi cation of key structures signifi cantly more diffi cult 
than in elective vascular surgery. A detailed knowledge of 
the local anatomy and arterial position is particularly impor-
tant when you do not have a readily palpable pulse to guide 
your dissection and exposure. This is also true when a proxi-
mal tourniquet is used intraoperatively, and in cases of diffi -
cult exposure it may be necessary to release the tourniquet to 
restore the pulse or to reestablish arterial bleeding to clearly 
identify the target artery and fully delineate the injury. 

 Once the exposure and visualization of the vascular injury 
has been completed, a decision for defi nitive repair or tempo-
rization needs to be made. Estimate the time it will take for a 
vascular reconstruction, and then double it. If the patient can 
safely tolerate a procedure of this duration, then proceed. If 
not, then placement of an intra-arterial shunt and confi rma-
tion of distal perfusion can be done rapidly and allow for fur-
ther resuscitation and repair on a semi-elective basis. Ligation 
should also be considered as an option for patients in extremis 
or in cases where end-tissue perfusion is not signifi cantly 
compromised by loss of that vessel. The choice of reconstruc-
tion should be the simplest appropriate procedure, with pri-
mary repairs or patch plasty preferred when there has not 
been signifi cant segmental loss and interposition graft recon-
struction with either autologous vein or prosthetic in more 
complex injuries. In addition to repair of the arterial injury, 
there should be a full assessment of the corresponding vein 
and nearby nerves which are frequent collateral damage. 

 Although the surgical exposure and repair principles have 
not changed signifi cantly over the past decades, there has 
been a revolution in the availability and experience with 
endovascular therapeutic interventions and repair options. 
Initially developed and tested in the management of great 
vessel aneurysmal and atherosclerotic disease, endovascular 
stents are now being increasingly utilized for the manage-
ment of traumatic vascular injuries. At present, these 

 techniques are best utilized in the management of injuries to 
larger vessels in diffi cult areas of exposure – such as the sub-
clavian or iliac arteries. The role of endovascular stenting for 
the majority of peripheral vascular injuries remains unde-
fi ned and should be considered experimental until proven to 
be as safe, durable, and effective as standard surgical repair. 
However, endovascular techniques clearly have a major role 
in treating specifi c localized vascular injuries or complica-
tions, such as coil embolization of pseudoaneurysms or for 
bleeding control in diffi cult anatomic areas, catheter-directed 
clot lysis or thrombectomy/embolectomy, and balloon angio-
plasty and stenting of postoperative stenoses. 

 Current and future research in peripheral vascular trauma 
will focus on the development of techniques, technology, 
and materials to improve outcomes from these often devas-
tating injuries. This should include signifi cant improvements 
in diagnostic capabilities, less invasive options for therapeu-
tic interventions, use of biocompatible and removable or bio-
degradable stents, and development of advanced graft 
materials that maximize fl ow properties and infection resis-
tance. Two of the most promising areas of rapid ongoing 
advancement in vascular surgery that have the potential to 
impact peripheral vascular injuries are (1) improved endo-
vascular equipment, techniques, and experience to extend 
this minimally invasive option to more distal injuries and (2) 
the development of advanced biologic, synthetic, and bio-
synthetic grafts that can serve as a vascular conduit in an 
injured or infected fi eld and maximize fl ow and patency 
characteristics while minimizing infection or other local 
wound complications. 

 For additional information and a thorough review of the 
relevant literature, we refer the reader to the Eastern 
Association for the Surgery of Trauma Practice Management 
Guidelines (  www.east.org/education/practice-management- 
guidelines    ). These include PMGs on penetrating lower 
extremity arterial trauma, penetrating venous extremity 
trauma, and penetrating combined arterial and skeletal 
extremity trauma.   

M.J. Martin and A. Salim
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      Axillary and Brachial Vessels                     

     Ali     Salim     ,     Olubode     Olufajo     , and     Matthew     J.     Martin    

      Penetrating injuries to the axillary and brachial vessels are 
fairly uncommon. As with all traumatic injuries, prompt 
diagnosis and rapid repair provide the best outcomes. A thor-
ough physical examination looking for any “hard” or “soft” 
signs of vascular injury will identify most injuries. Detailed 
neurological examination should be performed because of 
the proximity of these vessels to the branches of the brachial 
plexus. If an arterial injury is diagnosed on clinical grounds, 
then operative intervention should be performed without fur-
ther delay. If the physical examination is unrevealing and a 
clinical suspicion for vascular injury remains, then additional 
studies such as duplex ultrasonography or CT angiography 
should be performed. An understanding of the vascular anat-
omy and the relationships of key structures is critical for any 
operation, particularly in the emergency setting where anat-
omy is often distorted and time is of the essence. 

65.1     Making the Diagnosis 

 Although pulsatile arterial hemorrhage from the wound 
makes for an easy diagnosis, this is seen in only a minority of 
civilian vascular injuries. A careful and detailed physical 
examination is often all that is required for diagnosis, and 
angiography can be reserved for unclear exam fi ndings or 
multilevel extremity wounds. Pulse examination and pres-
sure measurements (indexed to the uninjured arm) should be 
performed and documented. Although a normal examination 
essentially rules out a signifi cant brachial artery injury, 
 injuries to the proximal axillary artery can present with intact 

pulses due to collateral fl ow. Hard signs of brachial or 
 axillary artery injury should prompt immediate surgical 
intervention. Standard or CT angiography may be useful 
when there is a hard sign of vascular injury but wounds at 
multiple levels, soft signs only, or a high clinical suspicion of 
axillary or brachial artery injury (shotgun or multiple 
 fragment wounds, associated nerve injury). The option of an 
on-table angiogram in the operating room is an excellent but 
often overlooked alternative.  

65.2     Anatomic Considerations 

 The axillary artery begins as a continuation of the subclavian 
artery at the outer border of the fi rst rib and ends at the lower 
border of the teres major muscle (Fig.  65.1 ). The artery is 
divided into three parts by the pectoralis minor muscle. The 
fi rst part lies proximal to the muscle and gives off the supe-
rior thoracic artery. The second part lies beneath the muscle 
and gives off the thoracoacromial and lateral thoracic arter-
ies. The third part lies distal to the muscle and gives off the 
anterior and posterior circumfl ex arteries as well as the sub-
scapular artery. These branches of the axillary artery provide 
a rich collateral circulation to this area in the upper extrem-
ity. The axillary vein lies medial and inferior to the artery, 
and branches of the brachial plexus also lie in close proxim-
ity. Due to this close relationship, it is not uncommon to have 
associated venous as well as nerve injuries.

   At the lower border of the teres major muscle, the axillary 
artery becomes the brachial artery and ends at the bifurcation 
of the radial and ulnar arteries approximately 1–2 cm below 
the elbow. The brachial artery is fairly superfi cial throughout 
its course and is easily palpable. Initially, the artery (found 
medial to the humerus) runs with the median nerve (superior 
and lateral) and is felt in the groove between the coracobra-
chialis and biceps muscles and then between the biceps and 
triceps muscle. The artery courses medially to the front of 
the arm where it eventually passes in front of the biceps 
 tendon anterior to the elbow. There it is separated from the 
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median antecubital vein by a thick aponeurosis. The brachial 
artery has three main branches: the profunda brachii, the 
superior ulnar collateral, and the inferior ulnar collateral, all 
providing a rich collateral circulation for the upper arm and 
elbow.  

65.3     Exposure and Management 
of Injuries 

65.3.1     Axillary Artery Injuries 

 Start by placing the patient in the supine position with the 
arm abducted slightly (no more than 30°). The arm should be 
supported by a mobile board. Make sure that the chest, neck, 
shoulder, arm, and hand are included in the sterile fi eld. 
Also, the ipsilateral or contralateral leg should be prepped in 
the event a vein conduit needs to be harvested. The incision 
is placed below, parallel, and at the middle of the clavicle. 
The incision is then curved down slightly over the deltopec-
toral groove. You should make a very generous incision, 
especially if the extent of injury is not known. This will later 
facilitate obtaining proximal and distal control of the vessel. 
Electrocautery is used to dissect through the subcutaneous 
tissue and the fascia over the pectoralis major muscle. Use a 
self-retaining retractor to keep the skin wound open here, 
especially if you are limited with surgical assistants. The 
 axillary vessels are deep to the pectoralis major and minor 

muscles. Whether you want to divide the muscle or split the 
muscle for retraction depends on the status of the injured 
vessel and whether there is ongoing active bleeding that 
requires rapid control. If you encounter active bleeding, 
rapid and wide exposure is absolutely necessary. In this situ-
ation, you should divide the pectoralis major muscle with 
electrocautery approximately 2 cm from its attachment to the 
humerus. You can use a tonsil or a Kelly clamp placed deep 
to the muscle to facilitate its division. Next, you should 
divide the pectoralis minor tendon close to its insertion into 
the coracoid process (Fig.  65.2b ). This can be rapidly 
 accomplished by sliding an Army-Navy retractor behind the 

Brachial
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  Fig. 65.1    The axillary artery begins as a continuation of the subcla-
vian artery at the outer border of the fi rst rib and ends at the lower bor-
der of the teres major muscle       
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  Fig. 65.2    ( a ) The pectoralis minor muscle will withdraw the tendon 
inferomedially, exposing the axillary vessels as well as the brachial 
plexus. ( b ) You should divide the pectoralis minor tendon close to its 
insertion into the coracoid process       
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 muscle and elevating it for easy visualization and division. 
The  pectoralis minor muscle will withdraw the tendon infer-
omedially, exposing the axillary vessels as well as the bra-
chial plexus (Fig.  65.2a ). You will fi nd the axillary vein 
inferior to the artery. In the absence of active bleeding, you 
should split the pectoralis major muscle in the line of its 
fi bers using a Kelly clamp. You can use another self-retain-
ing retractor to keep the muscle split, or have a colleague 
help retract the muscle with two Army-Navy retractor or two 
small Richardson retractors. Proceed with dividing the pec-
toralis minor tendon as described above to achieve adequate 
 exposure to the axillary vessels.

   Although the techniques and anatomy for exposure of the 
axillary vessels are relatively straightforward and simple 
when demonstrated in textbooks or on a cadaver, this can be 
incredibly challenging to even the most experienced surgeon 
in select cases. A quick assessment of the body habitus can 
give you a reliable guide to the likely diffi culty of exposure. 
Obesity can be a primary contributor to diffi cult exposure for 
this and any vascular injury, but the most diffi cult patients for 
axillary artery exposure tend to be large but physically fi t 
males with well-developed pectoral musculature. It is impor-
tant in these patients to make a generous skin incision and 
extend as needed, to open the subsequent layers completely 
so as to avoid digging a deeper and narrower hole as you 
approach the artery, and to be prepared to abandon this expo-
sure in favor of a more proximal subclavian artery exposure 
to gain infl ow control. 

 Management of the injury depends on the hemodynamic 
status of the patient and the mechanism of the injury 

(stab wound versus gunshot wound). Your goals are to stop 
the hemorrhage and restore arterial fl ow and limb perfusion. 
For arterial injuries that are actively bleeding, you need to 
gain proximal and distal control using vascular clamps. 
Medium- sized bulldog clamps are very effective and do not 
take up the same space as traditional vascular clamps. By 
using a generous incision, a large length of the vessel can be 
easily exposed and you should have no trouble obtaining con-
trol. In patients who are in extremis, a temporary intravascu-
lar shunt can be placed easily, followed by wound packing 
and  transfer back to the intensive care unit. There are multiple 
commercial shunts available; the simplest of these are the 
fl exible PVC tube shunts (Argyle) routinely used in carotid 
surgery. Choose the largest shunt that fi ts the vessel lumen 
and insert it through the injury proximally and distally. Ensure 
that the shunt is well secured to the artery by a 3-0 silk suture 
at the proximal and distal end. This maneuver is rarely needed 
with civilian peripheral vascular injuries. Although it has 
been described, ligation of the artery in this setting should be 
avoided. 

 For the vast majority of patients, you can safely repair the 
injured vessel. Make sure you have Fogarty catheters avail-
able (usually size 3 and 4) and plenty of heparinized saline 
that can be fl ushed into the open vessel. For stab wound 
 injuries, simple repair of the vessel without any debridement 
is all you need to do. First you should remove any distal clot 
by catheter thrombectomy (start with the size 3 Fogarty fi rst, 
and if it is too small, the size 4 Fogarty catheter should 
 suffi ce) (Fig.  65.3 ). You should fl ush the proximal and distal 
ends of the open vessel with heparinized saline. This local 
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  Fig. 65.3    ( a ) First you 
should remove any distal clot 
by catheter thrombectomy 
(start with the size 3 Fogarty 
fi rst, and if it is too small, the 
size 4 Fogarty catheter should 
suffi ce). ( b ) Keep the distal 
artery clamped during 
proximal embolectomy to 
prevent distal embolization of 
dislodged clot       
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heparinization is adequate enough to preclude the use of 
 systemic heparinization. The vessel is usually not completely 
transected and you can repair the injury using a 6-0 Prolene 
suture in an interrupted fashion. Even with full transection of 
the vessel, you can perform an end-to-end anastomosis either 
in a running or interrupted fashion using a 6-0 Prolene suture 
(Fig.  65.4a, b ). With gunshot injuries, you have to debride 
the injured artery back to the healthy intima (Fig.  65.5 ), 
 making a simple repair usually impossible and requiring the 
use of an interposition graft. The choice of whether to use an 
autologous proximal saphenous vein graft or a prosthetic 
polytetrafl uoroethylene (PTFE) graft is determined by the 
physiologic status of the patient, the presence of an appropri-
ate size-matched vein, and your personal preference as the 

operating surgeon. To date there is no evidence for the 
 superiority of either one. Once you decide on a conduit, the 
anastomoses are constructed using a 6-0 Prolene suture 
(Fig.  65.4 ). Make sure to remember to perform catheter 
thrombectomy and infuse local heparinized saline as 
described above. Once the repair is complete, you should 
perform a completion angiogram to assess the anastomosis 
and distal runoff. Fill a 20-cc syringe with contrast solution 
and attach it to a large angiocatheter. Insert the angiocatheter 
proximal to the anastomosis and occlude the infl ow by 
 placing a bulldog clamp more proximally. Complete the 
 on-table angiogram either using a static x-ray fi lm or fl uoros-
copy. An alternative approach to assess the anastomosis for 
patency and any missed intimal defects or other problems is 
to perform an on-table duplex ultrasonography, which is an 
excellent modality if available at the treating facility.

     Wound closure should be performed meticulously, and a 
closed suction drain may be used if a large dead space is 
present. Any necrotic muscle and debris should be removed, 
and you must always attempt to interpose the healthy 
 vascularized tissue over the site of repair or graft. You should 
reattach the pectoralis minor with a large absorbable suture. 
If the pectoralis major muscle was divided, you should 
 reattach it also with a large absorbable suture. The remaining 
wound can be closed in two or three layers also using an 
absorbable suture. Finally, you can use staples or subcuticu-
lar absorbable suture for skin closure. All efforts should be 
made to prevent infectious complications and wound dehis-
cence over the vascular repair. Covering the incision with a 
silver-based dressing or a negative pressure incisional dress-
ing appears to decrease the incidence of seroma formation 
and possibly infections, and we recommend their liberal use. 

 Just a quick word regarding venous injuries and fasciot-
omy. You should repair the vein injury only if it can be 
accomplished with a simple suture repair without narrowing 
the lumen. Ligation is very well tolerated with minimal com-
plications, but the more proximal the vein, the higher the risk 

a b  Fig. 65.4    Even with full 
transaction of the vessel, you 
can perform an end-to-end 
anastomosis either in an 
interrupted ( a ) or running ( b ) 
fashion using a 6-0 Prolene 
suture       

  Fig. 65.5    With gunshot injuries, you have to debride the injured artery 
back to the healthy intima, making a simple repair usually impossible 
and requiring the use of an interposition graft       

 

 

A. Salim et al.



491

of postoperative edema and sequelae of venous  hypertension. 
You should perform a fasciotomy if the patient has an 
 obvious or impending compartment syndrome. Other rela-
tive indications for a fasciotomy include prolonged ischemia 
(>6 h), combined artery and vein injury, and the inability to 
closely monitor the patient postoperatively. Remember that 
due to the rich collateral circulation around the shoulder, a 
fasciotomy is rarely needed. Routine or prophylactic fasci-
otomy should be avoided since fasciotomy on demand has 
proven to be safe and very effective, and avoids the potential 
morbidity associated with the procedure.  

65.3.2     Brachial Artery Injuries 

 With the patient in the supine position, place the arm on a 
mobile board and keep the arm abducted up to 90°. The 
entire arm down to the fi ngers should be included in the ster-
ile fi eld. You should make sure the shoulder and ipsilateral 
chest are also included in the sterile fi eld in cases of proximal 
brachial artery injuries where control of the distal axillary 
artery may be necessary. Make sure that the ipsilateral or 
contralateral leg is prepped in the event a vein conduit needs 
to be harvested. You can expose any part of the length of the 
artery through a longitudinal incision made at the groove 
between the biceps and triceps muscles (the bicipital groove). 
If you need more proximal control, extend the incision to the 
deltopectoral groove and if you need more distal control, 
extend the incision to the elbow crease and make an s-shaped 
curve across the antecubital fossa. Distal exposure of the 
bifurcation into the radial and ulnar artery can be challenging 
for several reasons; the location of the bifurcation is highly 
variable, and the distal brachial artery is covered by the dense 
thick tissue of the bicipital tendon at the level of the elbow. 
Remember that the brachial artery is fairly superfi cial, so 
dividing the superfi cial tissue and investing the fascia of the 
arm with electrocautery will expose the brachial artery and 
associated neurovascular structures. There will typically be a 
paired set of veins running longitudinally with the brachial 
artery, and at fi rst glance, this can sometimes make the artery 
itself appear to be a vein. The median nerve is closely associ-
ated with the brachial artery (medial to the vessel), and coex-
isting injuries to both are relatively common. The ulnar nerve 
is located more posteriorly and is also at risk for injury, and 
thus a thorough pre- and postoperative hand examination 
documenting both motor and sensory function is critical. 
Self-retaining retractors placed in the wound will provide 
you with an excellent view of the injured artery and retrac-
tion of the closely associated structures and soft tissues. 

 Management of the injured artery is similar to that described 
above for axillary artery injuries. Proximal and distal control 
is best achieved with medium-sized bulldog clamps. You need 
to remember to perform catheter embolectomy with a small 

Fogarty catheter (size 3) and fl ush the open vessel proximally 
and distally with heparinized saline. You can usually primarily 
repair stab wound injuries without any need for debridement. 
Use a 6-0 Prolene suture in an interrupted fashion. Make sure 
to place the sutures in the same axis as the direction of the ves-
sel to avoid signifi cantly narrowing the artery. You can also 
primarily repair stab wound injuries that cause complete tran-
section of the vessel. You can perform an end-to-end anasto-
mosis in an interrupted fashion using 6-0 Prolene sutures 
(Fig.  65.4 ). As far as gunshot injuries, you will need to debride 
the injured vessel back to the healthy intima (Fig.  65.5 ), and 
primary repair or anastomosis is usually not possible. You will 
need to repair the vessel with an interposition graft using either 
the reversed saphenous or cephalic vein, depending on the size 
match with the artery. There is no role for using a prosthetic 
graft in this position unless no other option is available or as a 
temporizing measure only. The anastomoses are constructed 
using an end-to-end interrupted repair with a 6-0 Prolene 
suture (Fig.  65.4a ). Make sure to remember catheter embolec-
tomy using the Fogarty catheter (Fig.  65.3 ). Usually, two 
passes of the Fogarty catheter are all you will need. Also, 
remember to fl ush the proximal and distal limbs of the artery 
with the heparinized saline. Once the anastomosis is complete, 
you need to palpate for distal radial and ulnar pulses. You 
should perform an on-table angiogram or duplex ultrasound to 
assess the quality of the anastomosis as well as for distal run-
off as described above. Wound closure can be performed in 
two layers utilizing an absorbable suture followed by staples 
for the skin closure. Adequate coverage of the vascular repair 
or graft with the well-vascularized soft tissue should always be 
performed if possible. A drain is not usually needed. 

 If there is an associated orthopedic injury, a decision must 
be made about whether to repair the vascular injury or 
address the fracture fi rst. In cases of unstable fractures where 
signifi cant manipulation and stretch will be required, you 
can restore fl ow with the use of an intravascular shunt, allow 
your orthopedic colleague to repair the broken humerus, and 
then come back for defi nitive repair as described above. 
Another option is to perform the defi nitive repair, allow your 
orthopedic colleague to come in and address the bony inju-
ries, and then perform a fi nal assessment of your initial 
repair. It is not unheard of to return and fi nd a clotted vascu-
lar graft or repair following orthopedic manipulation. Finally, 
just as mentioned above, you should perform a fasciotomy 
only when the patient has an established or impending com-
partment syndrome.   

65.4     Role of Endovascular Therapy 

 Although the use of endovascular therapy in the setting of 
acute trauma is increasing, these techniques are best utilized 
in the management of injuries to larger vessels in diffi cult 
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areas of exposure. In the upper extremity, there has been 
some successful experience with endovascular repair of 
major subclavian artery injuries, but there is little current 
role for these techniques in injuries to the axillary or more 
distal vessels of the arm. Poor candidates for endovascular 
therapy are those with hemodynamic instability, complete 
vessel transection, or absence of an adequate proximal vas-
cular fi xation site. The uses of these techniques are evolving, 
and reported rates of signifi cant short-term complications 
including stenosis are relatively low. However, there is no 
long-term follow-up data to support the widespread adoption 
of these techniques. Because the role of endovascular stent-
ing for axillary and brachial artery injuries is still not clearly 
defi ned, it should be considered experimental until proven to 
be as safe, durable, and effective as standard surgical repair. 
Despite these considerations, endovascular techniques 
clearly have a major role in treating specifi c localized vascu-
lar injuries or complications, such as coil embolization of 
pseudoaneurysms, catheter-directed clot lysis or thrombec-
tomy/embolectomy, and balloon angioplasty and stenting of 
postoperative stenoses.      

   Recommended Reading 

      Demetriades D, Asensio JA (2001) Subclavian and axillary vascular 
injuries. Surg Clin North Am 81:1357–1373  

      Demetriades D, Chahwan S, Gomez H et al (1999) Penetrating injuries 
to the subclavian and axillary vessels. J Am Coll Surg 
188:290–295  

      Fields CE, Latifi  R, Ivatury R (2002) Brachial and forearm vessel inju-
ries. Surg Clin North Am 82:105–114  

      Ergunes K, Yilik L, Ozsoyler I et al (2006) Traumatic brachial artery 
injuries. Tex Heart Inst J 33:31–34  

      Zellweger R, Hess F, Nicol A et al (2004) An analysis of 124 surgically 
managed brachial artery injuries. Am J Surg 188:240–245  

      Velmahos G, Theodorou D, Demetriades D et al (1997) Complications 
and nonclosure rates of fasciotomy for trauma and related risk fac-
tors. World J Surg 25:247–253  

      Reuben BC, Whitten MG, Sarfati M, Kraiss LW (2007) Increasing use 
of endovascular therapy in acute arterial injuries: analysis of the 
national Trauma Data Bank. J Vasc Surg 46:1222–1226  

      Danetz JS, Cassano AD, Stoner MC, Ivatury RR, Levy MM (2005) 
Feasibility of endovascular repair in penetrating axillosubclavian 
injuries: a retrospective review. J Vasc Surg 41:246–254  

      DuBose JJ, Rajani R, Gilani R, Arthurs ZA, Morrison JJ, Clouse WD, 
Rasmussen TE (2012) Endovascular management of axillo- 
subclavian arterial injury: a review of published experience. Injury 
43:1785–1792  

      Arthurs ZM, Sohn VY, Starnes BW (2007) Vascular trauma: endovas-
cular management and techniques. Surg Clin North Am 
87:1179–1192    

 Important Points 

•     Place the patient in the supine position with the arm 
abducted at 90°.  

•   Keep the arm on a mobile board.  
•   For axillary artery injuries, place the incision below, 

parallel, and at the middle of the clavicle and curve 
it down slightly over the deltopectoral groove.  

•   For brachial artery injuries, make a longitudinal 
incision at the groove between the biceps and tri-
ceps muscles.  

•   Simple repair is almost always enough for stab 
wound injuries.  

•   Debridement, resection, and repair with interposi-
tion grafts are almost always required for gunshot 
wound injuries.  

•   Never forget catheter thrombectomy and local infu-
sion of heparinized saline prior to any repair.  

•   Perform an on-table angiogram or intraoperative 
duplex to assess the repair or anastomosis and distal 
runoff.    
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      Femoral Vessels                     

     David     R.     King    

66.1          Do Not Be Distracted by the Obvious: 
More Than a Groin Wound 

 Evaluation of the penetrating wound to the groin in a patient 
without obvious external hemorrhage or hematoma presents 
specifi c challenges. Commonly, patients have no complaints 
or only report pain at the injury site. These patients can gen-
erally be evaluated slowly and carefully; however, one should 
bear in mind that any sentinel or sudden bleeding event 
(either externally or manifested by new rapidly expanding 
hematoma) mandates a rapid transfer to the operating room. 

 For all penetrating groin wounds, the clinician should 
remain suspicious, until proven otherwise by careful exami-
nation, imaging, or exploration, that a stabbing instrument or 
missile may have penetrated the confi nes of the infrainguinal 
anatomy and may involve the retroperitoneal, intra- abdominal 
(or rarely intrathoracic) contents. One should begin the inves-
tigation of most non-exsanguinating groin wounds caused by 
gunshot with a complete radiographic missile survey of the 
torso to exclude intracavitary hemorrhage. Stab wounds may 
require additional imaging or serial exams. For groin wounds 
with proximity to the pubis, the clinician should interrogate 
the bladder for injury with a urinalysis. Any blood in the urine 
requires additional investigation. 

 Do not neglect to send the only laboratory investigation 
this patient really needs: a type and cross.  

66.2     The “Asymptomatic” Groin Wound 

 A careful neurovascular physical exam is then undertaken, 
which includes a Doppler exam, ankle-ankle index (AAI), 
and ankle-brachial index (ABI). A higher index of suspicion 

for femoral vessel injury should be exercised if the wound is 
anteromedial, although proximity alone is not an indication 
for additional imaging or intervention. If a  normal and bilat-
erally symmetrical  Doppler and pulse exam is present, along 
with an AAI with less than 10 % variance bilaterally and an 
ABI >0.9 in the injured extremity, then one can safely 
exclude arterial injury and no additional testing or imaging is 
necessary. Hard signs of arterial injury (pulsatile bleeding, 
expanding hematoma, absent distal pulses, cold pale limb, 
palpable thrill, audible bruit) remain indications for opera-
tive exploration. Patients with abnormal pulse, Doppler, or 
ABI exam are considered “indeterminate,” and this group is 
addressed in the next section. 

 A vascular injury can be excluded by a normal physical 
exam and the absence of bleeding or hematoma. In the 
absence of bleeding, major venous injuries rarely represent a 
 signifi cant problem, unless the injury results in thrombosis 
of the vessel. This, however, usually produces rapid and 
obvious physical exam fi ndings (unilateral asymmetrical 
limb swelling, venous congestion, complaint of whole-limb 
pain in absence of physical fi ndings) prompting additional 
imaging such as venous duplex ultrasonography or  computed 
tomography (CT) venography to demonstrate thrombosis. 
Identifi cation of a venous injury with associated thrombosis 
should prompt operative exploration of the vessel. For 
 penetrating groin injuries producing venous thrombosis 
alone without identifi able vein disruption, the surgeon may 
rarely give consideration to therapeutic anticoagulation.  

66.3     The Indeterminate Groin 

 This type of patient may present with a prehospital history of 
bleeding (but no evidence of current ongoing hemorrhage), 
small nonexpanding hematoma, and minimal additional 
fi ndings on physical exam. This type of scenario is not 
uncommon and probably represents the majority of groin 
wounds. As in the asymptomatic groin, a careful physical 
and Doppler exam, as well as AAIs and ABIs, is essential 
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since any abnormalities, asymmetry, or hard signs should 
prompt further interrogation of the vessels, either by imaging 
or operative exploration. Patients with abnormal physical 
and Doppler fi ndings, in the absence of hard signs, should 
proceed to have additional imaging of the femoral vessels. 
CT arteriography has largely replaced formal angiography, 
although angiography remains the gold standard and abso-
lutely appropriate in the absence of CT availability or in 
cases of multiply injured patients who are already in the 
operating room for associated injuries. CT imaging not only 
identifi es specifi c vascular injuries but often allows identifi -
cation of the projectile path through the tissues. A tract not 
involving the femoral vessels may reassure you that any sub-
tle abnormal or asymmetric physical or Doppler fi ndings 
may be chronic and unrelated to the missile or represent 
vasospasm. Nearly every acute vascular abnormality attrib-
utable to penetrating injury identifi ed by CT, excepting the 
isolated hematoma without identifi able vascular injury (and 
vasospasm), will require operative exploration and repair. 

 Local soft tissue injury will sometimes produce vaso-
spasm and an abnormal physical exam (classically asym-
metrical pulse exam with slightly abnormal AAI and ABI). 
CT angiography is extremely useful in this population to 
exclude direct injury to the vasculature and safely permit dis-
charge. Vasospasm usually resolves with gentle, warmed 
intravenous hydration, warming of the extremity, and plac-
ing the limb in a neutral or dependent position. Rarely, vaso-
spasm will require pharmacologic intervention, and this 
should only be undertaken if the vasospasm prevents return 
to normal function.  

66.4     The Bleeding Groin 

 The bleeding groin dictates the simplest diagnostic approach 
to femoral vessel injury: operative exploration. No preopera-
tive workup is required and little time should be wasted in 
moving the patient to the operating room after obtaining 
supradiaphragmatic intravenous access for resuscitation and 
sending a blood sample for type and cross to the blood bank. 
This same approach also applies to a penetrating groin 
wound with hard signs of injury or an expanding hematoma. 
One can obtain temporary hemorrhage control with direct 
pressure, a hemostatic adjunct (a topical hemostatic dressing 
in a variety of forms, such as Combat Gauze, or a wound 
tract injectable, such as X-Stat), or even a Foley catheter in 
the wound tract. The principles of hypotensive resuscitation, 
antifi brinolytic therapy, and early use of blood products in 
appropriate ratios should be applied to the bleeding groin. A 
patient with a penetrating groin wound that presents in arrest 
or extremis with profound cardiovascular compromise 
should undergo emergency anterolateral thoracotomy for 
aortic cross-clamping and open cardiac massage. Return of 

vital signs after this procedure will indicate a potentially 
 salvageable casualty, and emergent transfer to the operating 
theater is required. Commonly, return of vital signs will be 
accompanied by massive hemorrhage from the groin wound, 
which requires temporary control as described above. If the 
supradiaphragmatic aorta has been clamped, impressive 
venous bleeding may still occur from the groin, and local 
control is indicated. 

 Once in the operating room, one should prep the entire 
torso and both lower extremities into the operative fi eld. A 
penetrating groin wound may give little indication of the 
direction the penetrating instrument or missile took, and you 
may quickly fi nd yourself exploring the abdomen or chest if 
the trajectory of injury proceeds above the inguinal ligament. 
The entire ipsilateral injured limb should be included in the 
fi eld to make serial examinations of distal perfusion easy 
without breaking scrub. You should also include the contra-
lateral lower extremity in the fi eld, so that saphenous vein 
may be harvested for reconstruction if you choose not to use 
ipsilateral saphenous vein or if the ipsilateral saphenous has 
also been injured. 

 Few surgical maneuvers are as satisfying as rapid control 
of exsanguinating hemorrhage in the groin. Rapid 
 hemorrhage control in the operating room can often very 
quickly turn a dying patient into a survivor. Control may be 
obtained by making an aggressive vertical groin incision 
over the femoral pulsation and extending several centimeters 
above the inguinal skin crease. In the absence of a palpable 
pulsation, place your vertical incision equidistant from the 
anterior superior iliac spine and the pubic tubercle. Quickly 
dissect down through the hematoma to the site of injury 
(arterial or venous, sometimes both) and have an assistant 
control the bleeding with digital pressure. Extend your 
 dissection cephalad to gain proximal control. Stay directly 
superfi cial to the vessel, and do not stray laterally. There are 
rarely, if ever, any direct anterior branches of the femoral 
artery, so this is safe territory to dissect quickly and aggres-
sively with relative impunity. The only exception is a small 
crossing vein (superfi cial circumfl ex iliac vein) that is often 
present just under the inguinal ligament. This should be 
divided between ties before taking the dissection higher on 
the external iliac artery. If the injury is high in the groin, 
exercise little hesitation in dividing the inguinal ligament 
with scissors in order to expose the very distal external iliac 
vessels for proximal control (Fig.  66.1 ). As mentioned above, 
be careful for the small superfi cial circumfl ex iliac vein that 
seems to be ubiquitous. Alternatively, some surgeons prefer 
to spare the inguinal ligament and make a horizontal incision 
in the inguinal ligament 2 cm above its inferior refl ection. 
This allows access to the retroperitoneum. A short simple 
dissection through fat will reveal the external iliac vessels in 
uninvolved uninjured tissue. It is the exceptionally rare and 
fairly destructive injury that requires laparotomy and 
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 intra- abdominal proximal control of the iliac vessels; 
 however, this option should never be forgotten because it 
will become the most useful of maneuvers in the worst of 
situations, such as is routinely seen in a combined penetrat-
ing/blast injury to the groin from an improvised explosive 
device. You can obtain temporary proximal control with an 
intraluminal balloon through the artery injury site until surgi-
cal control can be obtained. After obtaining proximal control 
by either an appropriate clamp, vessel loop, or even a dou-
ble-looped 0 polypropylene suture, distal control should be 
easier (albeit not simple). Back-bleeding can be impressive, 
but simply extend your sharp dissection distally from the 
point of injury until circumferential control is obtained. You 
can follow the superfi cial femoral artery distally along its 
entire course to the adductor canal. The profunda femoral 
artery should also be controlled without extensive dissection. 
In general, all of these dissections are done sharply with the 
scissors. Electrocautery has little role in a blood-fi lled fi eld.

   Once proximal and distal controls are obtained, careful 
dissection of the injury can commence. The complete 

 circumference of the vessel should be inspected with special 
attention to the often overlooked back wall. Injuries that can 
be repaired with simple lateral sutures should be fi xed 
 immediately, including venous injuries. Massive destruction 
of the femoral vein, however, should result in ligation rather 
than a complicated and time-consuming repair, which will 
likely thrombose soon afterward anyway. Similarly, in a 
dying patient with massive tissue destruction, the superfi cial 
femoral artery may also be ligated with relatively good 
 outcome if the profunda femoral artery is intact. Subacute 
bypass (after resuscitation in the intensive care unit) can be 
used to rescue a limb that becomes ischemic from superfi cial 
femoral artery ligation. 

 For anything other than a simple lateral arteriography, 
you should consider temporary shunting instead of compli-
cated defi nitive repair in a severely compromised patient. For 
practical purposes, a complicated repair is any repair that 
requires graft material or saphenous vein. Your decision to 
shunt should be based on the patient’s physiologic status and 
the associated injury burden. A very sick patient, as evi-
denced by hypothermia, acidosis, or coagulopathy, should be 
shunted and returned to the operating room after these are 
corrected. Additionally, a heavy injury burden should prompt 
the surgeon to shunt and move on to treating other injuries. 
This is particularly a helpful strategy in mass casualty events 
and combat surgery. On the other hand, in a stable patient 
with good physiology, even the most complicated repairs can 
be undertaken immediately. 

 A host of shunts are commercially available, but the 
Argyle shunt is among the simplest. A size-matched shunt 
can be placed within the vessel without the need for exten-
sive debridement. Many techniques are used to secure the 
shunts; however, in a crisis, a simple 0 silk or monofi lament 
tie can be tied around the vessel and shunt proximally and 
distally, as close to the injury site as possible (after throm-
bectomy). Upon returning to the operating room, this seg-
ment of artery can be excised and appropriately repaired. 
Patients requiring shunting are usually coagulopathic, and no 
postoperative anticoagulation is required. Shunts may remain 
safely in place for at least 24 h and perhaps much longer 
without risk of thrombosis. Shunting should be followed rap-
idly by four compartment fasciotomy. Generally, the patients 
with severely deranged physiology that dictate shunt place-
ment are exactly the same ones at the highest risk for com-
partment syndrome. There should be a compelling reason to 
 not  perform fasciotomies after shunting of a proximal groin 
injury. 

 The general principles of vascular surgery hold true for 
complex arterial or venous reconstruction: Autologous con-
duit is generally better than artifi cial graft material, espe-
cially for the femoral vessels. Reconstruction with reversed 
saphenous vein (for interposition repairs) or saphenous vein 
patch for anterior wall injuries is simple and, if done well 

  Fig. 66.1    If the injury is high in the groin, exercise little hesitation to 
dividing the inguinal ligament with scissors in order to expose the very 
distal external iliac vessels for proximal control       
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with technical expertise, will last a lifetime. Most complex 
vascular anastomoses can be easily made with running 4-0 or 
5-0 polypropylene suture. You should pay special attention 
to any combined arterial and venous injuries. Adjacent suture 
lines should not be allowed to contact one another, and a 
vitalized tissue fl ap should be placed between these two to 
avoid fi stula. 

 Consideration should be given to placing a muscle fl ap 
over any repair done with graft material particularly if it is 
partially or totally exposed. A sartorius muscle fl ap is a sim-
ple and very fast solution. Simply identify the sartorius mus-
cle in the lateral side of the wound, and dissect along its 
circumference superiorly toward the anterior superior iliac 
spine where the tendinous attachment may be taken down. 
The muscle can then be rotated over into the groin to provide 
muscular coverage of vascular repairs. The muscle can be 
secured in place by tacking it to the inguinal ligament. 
Alternatively, if the vascular injury is more distal and the 
incision is already fairly distal, the sartorius can be dissected 
distally toward its attachment at the medial knee, divided, 
and placed over the repair. A grossly contaminated wound 
remains a relative contraindication to the use of graft mate-
rial, and this should be a last resort under circumstances 
where the saphenous vein is not available or suitable. If the 
patient is undergoing a simultaneous laparotomy, for exam-
ple, a short segment of internal iliac artery can be harvested 
instead of placing graft material in a contaminated wound. 

 If the patient has a multiply penetrated thigh (such as 
multiple stabs, gunshots, fragmentation from a grenade, or 
improvised explosive device with shrapnel), then an on-
table angiogram should be performed once vascular control 
has been obtained, but before repair of the femoral injuries. 
Also completion angiogram is desirable after completing 
the repair to confi rm good graft proximal and distal anasto-
mosis. The simplest technique is to cannulate the femoral 
vessel as proximal as possible (but just distal to the point of 
proximal vascular control) with an 18 or 20 gauge angio-
catheter or butterfl y. The C-arm X-ray machine can then be 
brought over the fi eld. The infl ow should be occluded while 
injecting half-diluted intravenous contrast agent. Any com-
mercially available iodinated contrast agent may be utilized 
that has at least 320 mg/mL of organically bound iodine 
such that the half-diluted injectate has approximately 
160 mg/mL of iodine. Injectate with approximately 160 mg/
mL of iodine is all that is required to opacify the femoral 
outfl ow from the inguinal ligament to Hunter’s Canal. 
Opacifi cation of the vessels below the knee will require 
injectate with approximately 320 mg/mL of iodine as con-
trast agent. Generally, the C-arm should be activated in real 
time while injecting the contrast and the run recorded for 
playback. If possible, the digital subtraction technique 
should be utilized for the best pictures, although adequate 
imaging is certainly possible without this option. If a C-arm 
is not available, a simple fl at plate X-ray may be used. 

Simply position the fl at plate below the fi eld, and arrange 
the X-ray machine appropriately over the plate. After 
occluding the infl ow, inject half-diluted contrast agent, and 
shoot the X-ray approximately 6 s after injection. Be sure to 
include the entire thigh in the X-ray fi eld. A radiolucent 
table is not necessarily required for this procedure, although 
it does eliminate the bothersome radiopaque metal bars 
visualized on most on-table angiograms done on a non-
radiolucent table. These bars are generally a simple annoy-
ance and do not affect the utility of the angiogram. If the bar 
does obscure the area of particular interest on the angio-
gram, it can simply be re-shot in a slightly different orienta-
tion. Once the procedure and injury repair are completed, 
the femoral vessel can be decannulated, and the puncture 
site is closed with a single 5-0 polypropylene stitch. 
Alternatively, if angiogram capabilities are not available, 
the entire length of the femoral vessels may be explored sur-
gically with relative ease all the way to the adductor canal, 
albeit through a somewhat larger incision. In the absence of 
radiographic capability for a fragmentation wound or mul-
tiple penetrating wounds with unilateral pulse discrepancy, 
this maneuver is mandatory. The only instruments required 
are scissors and an educated hand. 

 Postoperatively, groin repairs need not be maintained on 
any form of anticoagulation or antiplatelet therapy if a vein 
was used as the conduit. Some surgeons will choose to place 
patients on antiplatelet therapy or vitamin K antagonism if 
graft was used in their repair, although the data for this 
approach is lacking in the trauma population.      

   Recommended Reading 

   1.    Busquéts AR, Acosta JA, Colón E, Alejandro KV, Rodríguez P 
(2004) Helical computed tomographic angiography for the diagno-
sis of traumatic arterial injuries of the extremities. J Trauma 
56(3):625–628  

   2.    Dennis JW, Frykberg ER, Veldenz HC, Huffman S, Menawat SS 
(1998) Validation of nonoperative management of occult vascular 
injuries and accuracy of physical examination alone in penetrating 
extremity trauma: 5- to 10-year follow-up. J Trauma 44(2):243–
252; discussion 242–243  

   3.    Johansen K, Lynch K, Paun M, Copass M (1991) Noninvasive vas-
cular tests reliably exclude occult arterial trauma in injured extrem-
ities. J Trauma 31(4):515–519; discussion 519–522  

 Important Points 

•     Exclude suprainguinal injury early.  
•   Always get proximal and distal control.  
•   Do fasciotomies early when indicated.  
•   Do intraoperative angiography after completion of 

graft anastomosis.  
•   Avoid venous injury during repair.  
•   Avoid unnecessary ligations of veins and arteries.    
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   4.    Nassoura ZE, Ivatury RR, Simon RJ, Jabbour N, Vinzons A, Stahl 
W (1996) A reassessment of Doppler pressure indices in the detec-
tion of arterial lesions in proximity penetrating injuries of extremi-
ties: a prospective study. Am J Emerg Med 14(2):151–156  

   5.    Nitecki SS, Karram T, Hoffman A, Bass A (2007) Venous trauma in 
the Lebanon War – 2006. Interact Cardiovasc Thorac Surg 
6(5):647–650, Epub 2007 Jul 25  

   6.    Peng PD, Spain DA, Tataria M, Hellinger JC, Rubin GD, Brundage 
SI (2008) CT angiography effectively evaluates extremity vascular 
trauma. Am Surg 74(2):103–107  

   7.    Quan RW, Gillespie DL, Stuart RP, Chang AS, Whittaker DR, Fox 
CJ (2008) The effect of vein repair on the risk of venous thrombo-
embolic events: a review of more than 100 traumatic military 
venous injuries. J Vasc Surg 47(3):571–577  

   8.    Schwartz MR, Weaver FA, Bauer M, Siegel A, Yellin AE (1993) 
Refi ning the indications for arteriography in penetrating extremity 

trauma: a prospective analysis. J Vasc Surg 17(1):116–122; discus-
sion 122–124  

   9.    Shayne PH, Sloan EP, Rydman R, Barrett JA (1994) A case-control 
study of risk factors that predict femoral arterial injury in penetrat-
ing thigh trauma. Ann Emerg Med 24(4):678–684  

   10.    Soto JA, Múnera F, Morales C, Lopera JE, Holguín D, Guarín O, 
Castrillón G, Sanabria A, García G (2001) Focal arterial injuries of 
the proximal extremities: helical CT arteriography as the initial 
method of diagnosis. Radiology 218(1):188–194  

   11.    Taller J, Kamdar JP, Greene JA, Morgan RA, Blankenship CL, 
Dabrowski P, Sharpe RP (2008) Temporary vascular shunts as ini-
tial treatment of proximal extremity vascular injuries during com-
bat operations: the new standard of care at Echelon II facilities? 
J Trauma 65(3):595–603    
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      Popliteal Vessels                     

     Matthew     J.     Martin     ,     John     M.     McClellan     , and     Ali     Salim    

      Penetrating injuries to the popliteal fossa can present a 
 signifi cant challenge to even the most experienced trauma or 
vascular surgeon. Although injuries to the popliteal vessels 
are fortunately uncommon, this results in a general lack of 
experience and expertise at even the busiest modern trauma 
centers. Like injuries to the neck, you are dealing with a 
number of critical anatomic structures that are contained in a 
relatively small and tight space. Improper early management 
or a missed injury can result in a devastating functional out-
come for the patient, including death or limb amputation. 
The critical triad of success when you are faced with a pen-
etrating wound to the popliteal fossa is early and accurate 
recognition of the vascular injury, detailed understanding of 
the local anatomy and surgical approaches, and adherence to 
the basic principles of emergency vascular surgery. 

67.1     Anatomy of the Popliteal Vessels 
for the Trauma Surgeon 

 Understanding the popliteal vascular anatomy and the 
 relationships of key structures is critical for any operation, 
particularly in the emergency setting where anatomy is often 
distorted, and time is of the essence. The crucial factors for 
the surgeon to appreciate are the location of the artery and 
vein, the landmarks and easiest routes for exposure, and the 

important structures (particularly nerves) that need to be 
 protected while attempting to expose or repair the vessels. 
The popliteal artery and vein lie in the center of the popliteal 
fossa immediately posterior to the knee. Although they do 
have multiple collateral vessels at the level of the knee, they 
should be considered end vessels as ligation or thrombosis of 
the popliteal artery carries a 75 % or higher incidence of 
amputation, and popliteal vein ligation will almost univer-
sally result in signifi cant and persistent leg edema. 

 The popliteal artery begins above the knee in the distal 
thigh as the continuation of the superfi cial femoral artery at 
the adductor magnus hiatus. The above-knee popliteal artery 
is covered by the belly of the semimembranosus muscle and 
then courses inferiorly and medially into the popliteal fossa. 
The artery runs through the middle of the popliteal fossa 
directly posterior to the knee joint for several centimeters. 
The below-knee popliteal artery runs between the medial and 
lateral gastrocnemius muscles and is also covered distally by 
the tibial insertion of the soleus. The artery gives off multiple 
small collateral branches (muscular, sural, geniculate) within 
the popliteal fossa. Although classically described as a “tri-
furcation,” the below-knee popliteal artery most commonly 
divides into the anterior tibial artery and the tibioperoneal 
trunk at the level of the inferior border of the popliteus mus-
cle. The tibioperoneal trunk then continues inferiorly and 
divides into the posterior tibial and peroneal arteries. 
Multiple anatomic variations exist, the most important for 
the surgeon being a high bifurcation or true trifurcation of 
the popliteal artery at the level of the knee. 

 The popliteal vein provides the primary venous drainage 
for the leg below the knee. The vein forms from the junction of 
the anterior and posterior tibial veins at the inferior border of 
the popliteus muscle. Above the knee, the vein is lateral to the 
artery; in the popliteal fossa, it becomes superfi cial to the 
artery; and below the knee, it will be medial to the artery. The 
vein remains in close proximity to the artery throughout its 
course and is encased along with the artery in a thick sheath of 
connective tissue in the popliteal fossa. The popliteal artery in 
the fossa is often surrounded by a network of small branches 
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from the popliteal vein, which can make separation of the ves-
sels and exposure of the artery more diffi cult. The vein then 
courses superiorly with the artery and enters Hunter’s canal at 
the adductor magnus hiatus. The close relationship of the vein 
to the artery also makes combined arterial and venous injuries 
relatively common, and an injury to one should always prompt 
a thorough search for injury to the other. 

 The course of the tibial nerve and its relationship to the 
vessels should always be appreciated, both to identify any 
associated injury to the nerve and to avoid damage to the 
nerve during exposure. The nerve begins lateral to the artery 
and vein above the knee; so it is relatively safe from iatro-
genic injury at this point. In the popliteal fossa, the nerve 
crosses the artery and vein superfi cially from lateral to 
medial, making it vulnerable to injury from either the medial 
or posterior approach. Below the knee, the nerve can be 
found medial to the artery and should be identifi ed and pre-
served during a medial approach to the vessels. Other impor-
tant structures to be appreciated during the vascular exposure 
are the greater saphenous vein and nerve running superfi -
cially along the medial surface of the thigh and the common 
peroneal nerve coursing through the lateral margin of the 
popliteal fossa. As the typical approach to lower extremity 
arterial trauma is via medial thigh and leg incisions, the 
greater saphenous vein is at risk of being inadvertently 
injured during the approach to the vascular exposure. Care 
should be taken to preserve the greater saphenous vein and as 
much venous outfl ow of the injured leg as possible, and har-
vesting saphenous vein from the injured leg should always 
be avoided unless no other options are available.  

67.2     Making the Diagnosis and Immediate 
Management 

 Any patient with a wound adjacent to or traversing the popli-
teal fossa should be assumed to have a vascular injury until 
proven otherwise. You should always approach this workup 
with the mindset that you need to defi nitively prove the patient 
does not have an injury. Fortunately, this is truly one of the 
few areas left where your physical exam trumps almost any 
expensive and time-consuming imaging study. Examination 
of the wounds may give some information about trajectory, 
but this is never defi nitive and rarely reliable. You should 
carefully examine the thigh and popliteal fossa for hemato-
mas and should perform a good pulse examination including 
the popliteal, posterior tibial, and dorsalis pedis arteries. 
Although the presence of strong palpable pedal pulses is 
highly reliable for ruling out a signifi cant popliteal artery 
injury, you should always confi rm this (for peace of mind and 
legal documentation) by obtaining an ankle-brachial index 
with the pressure cuff placed below the suspected level of 
injury. One of the hardest decisions in trauma, particularly for 
less-experienced surgeons, is making the call to proceed to 

the operating room without a solid diagnosis. You will much 
more frequently regret taking a penetrating trauma patient for 
extensive diagnostic studies than taking them directly to the 
operating room. Hard signs of a popliteal artery injury should 
prompt immediate movement to the operating room without 
undue delay. Soft signs or high clinical suspicion should 
prompt further evaluation with standard or CT angiography. 
On-table angiography in the operating room is always a safe 
and reliable alternative and should be in the surgical toolbox 
of all trauma surgeons. 

 The prehospital and initial in-hospital management of 
popliteal vascular injuries should focus on control of any 
ongoing hemorrhage, assessment of the patient for other 
urgent or life-threatening injuries, stabilization of the extrem-
ity (particularly with associated fractures), and avoidance of 
any unnecessary delays to revascularization. Control of hem-
orrhage should follow a simple algorithm of escalating inter-
ventions, starting with direct pressure on the area of bleeding. 
If this is not effective or practical, then a thigh tourniquet 
should be placed proximal to any suspected areas of vascular 
injury. Although tourniquets had been largely abandoned 
prior to the past 5–10 years, these devices have seen a rapid 
resurgence primarily driven by widespread utilization with 
great success in the past decade-plus of combat action in Iraq 
and Afghanistan. Either a simple mechanical tourniquet or a 
pneumatic tourniquet should be applied and tightened to 
occlude arterial fl ow. There are some key lessons and poten-
tial pitfalls with tourniquet use that must be appreciated. A 
single tourniquet may be inadequate in some patients, partic-
ularly those with larger thighs. If there is continued bleeding 
despite adequate placement and tightening, apply a second 
tourniquet proximal to the fi rst. Be aware that even if there is 
initial good hemostasis, bleeding can resume as the patient is 
resuscitated and their blood pressure increases. Document the 
time of tourniquet placement, and track how long the tourni-
quet is kept in place. The tourniquet should be removed as 
soon as possible but should not be removed until the manag-
ing trauma team is fully prepared to obtain defi nitive vascular 
control. Applying a sterile pneumatic tourniquet in the oper-
ating room is an option, but understand that this will then 
hinder proximal exposure of the femoral vasculature in the 
thigh and groin. In the event that the above are ineffective or 
not available, application of an advanced hemostatic dressing 
packed into the wound and then covered with a standard pres-
sure dressing will usually be immediately effective. 
Alternatively, a foley catheter can be placed into the wound 
cavity through the missile tract and infl ated to provide local 
tamponade. The catheter should be clamped at the skin level 
to protect against inadvertent dislodgement or balloon defl a-
tion. Stabilization of the injured extremity is particularly 
important with an associated unstable fracture or the classic 
“fl oating knee.” This is almost exclusively seen with blunt 
mechanisms and rarely a concern with penetrating trauma. 
Initial immobilization of the extremity with any type of 

M.J. Martin et al.



501

appropriate splint will help prevent additional stretch, tearing, 
or puncture of the vessel and will also signifi cantly reduce the 
amount of pain the patient experiences at rest and with any 
movement of the leg during transport or imaging procedures.  

67.3     To the Operating Room 

 Now that you have passed step one of the “critical triad of 
success” by making an early and accurate diagnosis, the 
remaining two steps of the battle are fought and won in the 
operating room. Emergency vascular surgery is a team sport; 
so before you start your operation, you should review your 
capabilities and your operative plan with the anesthesia pro-
vider and operating room (OR) personnel. Table  67.1  lists 
key factors that should be considered before making the fi rst 
skin incision. Expect a challenging case with diffi cult expo-
sure, so you should always call for help earlier rather than 
later. Unless you are an experienced vascular surgeon, we 
would recommend bringing an anatomic reference book or 
chart that details the femoral, popliteal, and distal lower 
extremity arterial anatomy to the operating room. If there is 
active bleeding from the wound, then a pneumatic tourniquet 
should be placed immediately on the proximal thigh and 
infl ated to a pressure above the systolic blood pressure. Even 
in the absence of active bleeding, you should always strongly 
consider placing a sterile pneumatic tourniquet which can be 
rapidly infl ated when there is signifi cant bleeding encoun-
tered during the exploration and repair.

   The vascular approach, exposure, and control in the 
trauma setting are markedly different from the elective 
approach. You should not expect nice clean planes of dissec-
tion with a dry surgical fi eld and time for leisurely identifi ca-
tion of all structures. The anatomy will often be distorted by 
the wound cavity and foreign debris, particularly with mis-
siles that tumble or fragment. A large hematoma surrounding 
the vascular injury will often have done some of the dissec-
tion and exposure for you, but expect signifi cant combined 
arterial and venous bleeding if the area of injury is entered 

prior to obtaining adequate vascular control. The common 
practice of continually feeling for the arterial pulse may also 
not be an option if the vessel is transected, thrombosed, or 
while a proximal tourniquet or clamp is in place. Knowledge 
of the anatomy becomes even more important in this 
scenario. 

 A smooth operation begins with proper patient position-
ing and the choice of incision. The choice of surgical 
approach in trauma is always a compromise between opti-
mizing exposure and maintaining options, with the latter 
often trumping the former. This is clearly evident in popliteal 
injuries, where the best anatomic exposure of the popliteal 
structures is obtained via a posterior approach with the 
patient prone. Although this may be a good option in very 
select circumstances, it will limit your access to the proximal 
thigh vessels; the contralateral leg for vein harvesting; and 
the head, neck, and trunk for any concomitant procedures. 
For these reasons the medial approach with the patient supine 
has become the standard for popliteal exploration in trauma. 
Both approaches should be understood and will be further 
detailed and demonstrated. 

67.3.1     The Medial Approach 

 Your standard approach should be the medial approach with 
the patient positioned supine. The knee should be fl exed and 
supported by pillows, and the thigh should be externally 
rotated as much as possible. Take the time to get the leg as 
secure as possible in this position so that all hands are free to 
operate and not having to hold the leg in position. Completely 
prep and drape both legs and the lower abdomen. Mark an 
incision starting 1 cm posterior to the medial femoral condyle 
at the knee, and extend it proximally along the anterior border 
of the sartorius muscle and distally parallel and 1 cm posterior 
to the tibia (see Fig.  67.1a ). A good rule of thumb is to identify 
the location of the vascular injury and plan for at least 10 cm 
of exposure proximally and distally. Leaving a skin bridge 
across the knee joint may aid in closure and wound healing, 
but do not sacrifi ce adequate exposure if needed. The saphe-
nous vein and nerve should be identifi ed in the subcutaneous 
fat and kept with the posterior fl ap of the incision. For the 
above-knee popliteal vessel, divide the superfi cial fascia lon-
gitudinally, and then follow the plane between the sartorius 
and gracilis muscles which should lead directly to the distal 
superfi cial femoral artery and above- knee popliteal vessels. 
The vein will be lateral to the artery at this location so the fi rst 
major vascular structure encountered will be the artery. 
Mobilize the vessels distally into the popliteal fossa (this may 
require division of the adductor tendon), and note that here, 
the vein changes to a posterior position relative to the artery. 
For exposure of the below-knee popliteal vessel, retract the 
medial gastrocnemius posteriorly, and then carefully open the 
deep fascia to expose the vessels. You must be aware that in 

   Table 67.1    Preoperative checklist for popliteal injuries   

 Is the patient hemodynamically 
stable? 

 Blood products available – how 
many and what type 

 Second surgeon or vascular 
surgeon available 

 Anesthesia understands the 
patient status and plan 

 Vascular instruments and suture  Embolectomy and angiography 
catheters 

 Prosthetic vascular grafts  Patient positioning – prone 
versus supine, prone is default 

 Deep self-retaining retractors  Pneumatic tourniquet – sterile if 
available 

 Doppler ultrasound with sterile 
probe cover 

 Heparinized saline and a blunt or 
“olive” tipped needle 

 Radiology support for on-table 
angiography 

 Orthopedic plan for any 
fractures – order of repairs 
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this position, the vein will be the fi rst structure encountered, 
with the artery lying lateral to the vein and the tibial nerve 
posterior to the artery. For more distal exposure of the popli-
teal and the fi rst bifurcation, divide the soleus muscle from its 
attachment to the tibia and retract it posteriorly (see Fig.  67.1b ).

   Have vessel loops readily available to place around the 
artery and vein, and these can also be used to identify and 
retract the tibial nerve. Bulldog clamps are often adequate 
for arterial control, particularly for the distal end of the ves-
sel. Have small and medium clips available as you can expect 
bleeding from multiple small venous branches. Two self- 
retaining retractors with deep blades provide excellent 
hands-free exposure and retraction and should be placed 
immediately above and below the knee joint. A dry lap 
sponge placed into the wound covering the tissue to be 
retracted can help keep the operative fi eld dry and protect 
underlying structures from retractor injury.  

67.3.2     The Posterior Approach 

 This approach is much less commonly used in emergency 
situations for the reasons cited above. However, it does pro-
vide superior exposure to the entire popliteal fossa and con-
tents and can be considered as an option for localized wounds 
in the center of the popliteal fossa. The patient should be 
placed prone with appropriate padding of the trunk and hips. 
The opposite leg should also be prepped as saphenous vein 
can easily be harvested below the knee. You should mark 
your incision in a “lazy S” pattern beginning 10 cm above 
the fossa and proceeding longitudinally down the 
 posteromedial thigh. The incision should then cross the pos-
terior knee crease transversely and proceed longitudinally 
5–10 cm down the posterolateral calf (see Fig.  67.2a ). Skin 
fl aps are then raised superiorly and inferiorly, avoiding injury 
to the greater saphenous vein (medial) and lesser saphenous 
vein (lateral). The junction of the lateral and medial gastroc-
nemius is identifi ed and marks the lower boundary of the 
popliteal fossa. Retraction of the gastrocs will expose the 
popliteal fossa, but remember that the most superfi cial struc-
ture will usually be the tibial nerve. The popliteal vein and 
artery are then easily identifi ed, and division of several small 
vein branches is usually required to mobilize the artery away 
from the vein. This approach should allow access to the 
entire popliteal artery from the adductor canal to the bifurca-
tion of the anterior tibial artery (see Fig.  67.2b ).

67.4         Choose Your Arterial Repair Wisely 

 After gaining adequate exposure and control of hemorrhage, 
a full exploration should be performed to identify the loca-
tion and extent of injury. Whenever possible, proximal and 
distal control should be obtained by exposure of uninjured 
artery outside the zone of injury and hematoma. Proximal 
control can also be obtained by a direct cutdown to the femo-
ral artery in the groin or with a pneumatic tourniquet. 
Similarly, distal control can also be rapidly obtained with a 
calf tourniquet or with manual compression of the calf by an 
assistant. Unlike blunt trauma which can result in a wide 
spectrum of vascular injury, penetrating mechanisms are 
usually associated with either vessel laceration or complete 
transection. Occasionally, there will be thrombosis of an 
intact vessel due to local blast effect, but this is uncommon. 
If the vessel has been completely transected, the ends will 
usually be retracted and have little to no bleeding due to con-
traction and clot formation. In contrast, partial lacerations 
often continue to bleed profusely and will require full 
 proximal and distal control. If you cannot identify one or 
both ends of the transected artery, a useful trick is to make a 
small arteriotomy on normal proximal or distal artery and 
pass an embolectomy catheter until it can be seen protruding 
from the injured vessel. 
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  Fig. 67.1    ( a ) Skin incision for the medial approach to the popliteal 
vessels, patient supine. ( b ,  c ) Anatomic exposure of the popliteal ves-
sels by the medial approach       
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 The type of injury that is identifi ed will determine your 
options for repair. For small lacerations, a simple running 
suture repair (lateral or transverse arteriorrhaphy) with 5-0 or 
6-0 prolene may be adequate. Care must be taken not to nar-
row the lumen, and if your repair is going to result in signifi -
cant stenosis (>25 %), then you should choose an alternative 
method. Most penetrating injuries will not be amenable to 
this simple method and will require a more complex repair. 

 Standard repair options at this point include patch angio-
plasty with vein or prosthetic, primary end-to-end anastomo-
sis, and placement of a prosthetic or vein bypass graft. Patch 
angioplasty is an excellent option for a small injury or hole 
involving <50 % of the vessel wall after adequate debride-
ment. All devitalized tissue should be sharply debrided, and 
make sure you inspect the intimal edges for any fl aps or 
tears. A small piece of vein for the patch can usually be 
found within the incision rather than going to the opposite 
leg, and larger branches of the saphenous will often suffi ce. 
Alternatively, a section of prosthetic material such as a 
carotid endarterectomy patch can be used. The small patch 
will be diffi cult to handle until it is fi xed in at least two 
places, so use two 6-0 prolene sutures to secure the patch to 
the proximal and distal margin of the arterial defect. The two 
fi xation sutures can then each be run along opposite sides of 
the defect, taking bites from outside to inside on the patch 
and inside to outside on the vessel wall. You should 

 intermittently fl ush the operative fi eld and the vessel lumen 
with heparinized saline throughout the procedure to mini-
mize clot formation. Prior to completing the repair, proximal 
and distal control should be alternately released to assess 
infl ow and outfl ow and to fl ush clot out of the vessel lumen. 
If there is any question about the adequacy of fl ow, then one 
or two careful passes of a Fogarty embolectomy catheter 
proximally and distally should be performed. 

 In cases of complete or near-complete transection, the 
vessel ends should be debrided (complete the transection 
sharply) and mobilized for several centimeters in each direc-
tion. To avoid signifi cant retraction when you are completing 
a near transection, you can place a fi xation stitch from nor-
mal proximal vessel to normal distal vessel prior to dividing 
the remainder of the vessel wall. If the vessel ends can be 
brought together with minimal tension, then a primary end- 
to- end anastomosis can be performed. This is usually possi-
ble with stab wounds, while gunshot wounds most often 
result in enough vessel loss to require graft placement. The 
vessel ends should be spatulated with a fresh scalpel blade or 
fi ne scissors and a running end-to-end anastomosis per-
formed with 6-0 prolene suture. Simple anterior and poste-
rior fi xation sutures between the two ends of the vessel can 
be placed fi rst, which can then be used to manipulate and roll 
the anastomosis to maximize exposure and ease of suturing. 
The more diffi cult half of the anastomosis (usually the far 
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  Fig. 67.2    ( a ) Skin incision for 
the posterior approach, patient 
prone. ( b ) Anatomic exposure of 
the popliteal fossa and vessels by 
the posterior approach       
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side) should be done fi rst, followed by the easier half. 
Alternatively, a three-suture triangulation technique for the 
anastomosis can be performed, equally dividing the anasto-
mosis into three 120° segments. Infl ow and outfl ow should 
again be assessed prior to completion of the anastomosis and 
Fogarty catheter embolectomy through the anastomosis per-
formed as needed. 

 The fi nal and most commonly required repair option is 
replacement or bypass of a segment of the popliteal artery 
with a vein or prosthetic graft (see Fig.  67.3 ). Saphenous 
vein is the preferred conduit, particularly for a repair that 
crosses the knee joint. Vein should be harvested from the 
uninjured leg using an anteromedial longitudinal thigh inci-
sion. Estimate the length of vein needed, and then add an 
additional 25–50 % to ensure adequate fi nal length. Make 
sure you adequately prepare the vein by reversing the seg-
ment to allow fl ow through the valves, ligating any branches 
without narrowing the main vessel lumen, and then fully 
dilating the vein with heparinized saline fl ush. Stripping the 
vein of any remaining adventitial bands will allow for greater 
dilation and better size matching to the injured artery. If ade-
quate length or caliber of vein is not available, then an ade-
quate diameter (usually 6 mm) of prosthetic graft can be 
used. For prosthetic graft that will cross the popliteal fossa, a 
graft with ring reinforcement may be chosen to avoid kink-
ing with knee fl exion.

   The bypass graft can most often be placed in the normal 
anatomic position of the popliteal artery (interposition graft) 

unless there has been signifi cant tissue loss or contamina-
tion. In these situations, you should place the vein or pros-
thetic graft in a lateral or medial extra-anatomic tunnel to 
ensure adequate protection and soft tissue coverage. The 
length of the interposition graft should always be assessed 
with the leg near full extension to ensure adequate length, but 
excess length must be avoided to prevent kinking of redun-
dant vein. There is no absolute rule for the order in which 
you should perform the anastomoses. The cut ends of the 
artery and the vein graft or prosthetic should be spatulated as 
previously described. Due to the usual size mismatch 
between artery and saphenous vein, the vein graft will often 
require an additional several millimeter incision at the heel 
of the spatulation to match the luminal diameter of the artery. 
The end-to-end anastomoses can be performed with 6-0 
prolene as described previously, either using two opposite 
running sutures or a three-suture triangulation technique. 
When the fi nal anastomosis is near complete, proximal and 
distal fl ushing of clot and debris should be performed as well 
as Fogarty catheter embolectomy if there is inadequate 
infl ow or outfl ow. 

 An additional technique that you may fi nd useful in select 
situations is exclusion and bypass of the injured segment 
(see Fig.  67.4 ). This technique is commonly described for 

Graft

  Fig. 67.3    Technique for a saphenous vein or prosthetic interposition 
graft       

Popliteal
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  Fig. 67.4    Technique for bypass and exclusion of the popliteal artery 
injury       
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small popliteal aneurysms but can also be applied in the 
trauma setting. Rather than diving in to the area of injury, the 
proximal and distal popliteal arteries are mobilized, and a 
vein or prosthetic graft is then placed from the above-knee 
popliteal artery to the below-knee popliteal artery. Once the 
bypass graft is in place, the injured segment of the artery is 
then excluded by ligating it above and below the area of 
injury (see Fig.  67.4 ).

67.5        Popliteal Vein Injury 

 Penetrating popliteal vein injuries are less threatening in 
terms of ischemia and limb loss but can be as challenging to 
manage as an arterial injury. Due to the close proximity of 
the artery and vein, combined injuries are relatively common 
and remain associated with higher rates of limb loss than any 
other vascular injury. Unlike pulsatile arterial hemorrhage, 
bleeding from this large vein is extremely hard to localize 
and manipulation often results in extension of the injury. 
Your fi rst priority should be wide exposure of the artery and 
vein, with direct pressure control of active hemorrhage and 
control of the artery. Once this is done, control of the venous 
bleeding is easily done with digital pressure. Bulldog clamps 
or vessel loops secured around the proximal and distal vein 
can be used to stop hemorrhage and elevate the vein into the 
operative fi eld. Another useful technique is to have your 
assistant use two small sponge sticks to apply direct pressure 
to the proximal and distal vein, allowing you to visualize and 
control the area of injury. 

 In contrast to popliteal artery injuries, the rule for popliteal 
vein injuries should usually be either a simple repair or liga-
tion. All efforts should be made to maintain some degree of 
popliteal venous patency, but complex venous repairs in this 
area should usually be avoided and are associated with a high 
rate of thrombosis. You can close most lacerations with a run-
ning 5-0 or 6-0 prolene suture (lateral venorrhaphy), accepting 
up to a 50 % luminal narrowing. Alternatively, a primary end-
to-end anastomosis as described for arterial injuries should be 
performed for more signifi cant injuries. Although more com-
plex reconstructions have been described for larger injuries 
with segmental vein loss, they are associated with a high fail-
ure rate and no proven benefi t over simple ligation. The factors 
that are critical for you to appreciate are that a popliteal venous 
injury, even when repaired, will predispose the patient to sig-
nifi cant leg swelling and compartment syndrome and increase 
the failure rates of an associated arterial repair.  

67.6     The Post-repair Checklist 

 As any airline pilot can tell you, a routine or “checklist” 
approach is the most reliable way to avoid oversights or mis-
takes, particularly when performing a relatively uncommon 

task. When your repair has been completed, you should do or 
at least consider all of the following items. Once fl ow has 
been restored, assess the immediate operative fi eld for hemo-
stasis, particularly at the anastomoses. Palpate the proximal 
and distal vessels in the operative fi eld for a pulse, and then 
assess the foot for pulses and Doppler signals. Consider per-
forming a completion arteriogram, which can easily be done 
using a butterfl y needle or small catheter in the superfi cial 
femoral artery and is best done using fl uoroscopy. Any fl ow- 
limiting problems at the repair or anastomosis should be 
revised before leaving the operating room. It is not uncom-
mon to have clot accumulated at the repair site or in the distal 
leg vessels, and this may require catheter embolectomy using 
a proximal or distal arteriotomy – try to avoid reopening 
your anastomosis if possible. Ensure adequate coverage of 
your repair or graft with well-vascularized tissue prior to 
skin closure. Finally, assess the leg compartments for the 
need for fasciotomies, and if needed, perform a full four- 
compartment fasciotomy. Factors that will increase your 
likelihood of requiring a fasciotomy are longer ischemic 
times, large resuscitation volumes, systemic shock, associ-
ated bony and soft tissue injury, and the presence of a venous 
injury. Although fasciotomies can be performed selectively 
for most arterial injuries, combined popliteal artery and vein 
injuries should have routine fasciotomies performed.  

67.7     Special Situations and Controversies 

 There currently exists no level 1 or well-controlled data to 
guide any aspect of the management of popliteal vascular 
injuries. Although the basic tenets of management are widely 
agreed upon by most experts, there are multiple fi ner points 
or controversial options that remain a matter of opinion. 
Rather than viewing these as “right or wrong” choices, you 
should have an appreciation for the heterogeneity of these 
injuries and when and how to apply some of these 
techniques. 

67.7.1     The Unstable Patient 

 The fi rst factor that will dictate your operative approach is 
the hemodynamic and physiologic status of the patient. An 
unstable patient will not tolerate much additional stress and 
blood loss, so you should consider this a damage control 
operation from the start. A proximal tourniquet should be 
applied immediately to arrest hemorrhage, and direct pres-
sure on the popliteal fossa will control any venous back- 
bleeding. The historical answer in this scenario has been 
ligation of the popliteal artery, but this is associated with 
amputation rates of 75 %. If anything more than a simple 
suture repair of the artery is required, then the best choice is 
usually placement of an intravascular shunt with a planned 
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return to the operating room when the patient has stabilized. 
There are multiple commercial shunts available; the simplest 
of these are the fl exible polyvinylchloride (PVC) tube shunts 
routinely used in carotid surgery. Choose the largest shunt 
that fi ts the vessel lumen, and insert it through the injury 
proximally and distally. Ensure that the shunt is well secured 
to the artery by a 3-0 silk suture at the proximal and distal 
end. More advanced shunts may have infl atable balloons to 
secure them in the lumen and often have infusion ports for 
fl ushing and administration of heparin. If the popliteal vein is 
injured, place a shunt in the same manner if it can be done 
easily and rapidly. Otherwise simply ligate or clip the popli-
teal vein and get the patient to the intensive care unit (ICU) 
for stabilization. In cases of large volume venous hemor-
rhage and instability, packing or Foley balloon tamponade of 
the popliteal fossa may provide entirely adequate hemor-
rhage control and delay the need for operative intervention.  

67.7.2     Active Hemorrhage 

 The patient with active hemorrhage presents a signifi cant 
challenge in both stopping the bleeding and in trying to 
identify critical structures. Prehospital or emergency room 
hemorrhage control is covered in the previous sections. For 
active intraoperative hemorrhage, a properly infl ated proxi-
mal tourniquet will provide excellent control of bleeding but 
can then make identifi cation of the vessels and nerves more 
diffi cult. Bleeding from a deep hole in the popliteal fossa 
can be tamponaded by insertion of a sterile Foley catheter 
and balloon infl ation. Infl ate the balloon until bleeding 
stops, then pull the catheter taut against the skin, and clamp 
it at the skin level with a hemostat. Manual pressure can be 
applied uniformly to the popliteal fossa using a large Kerlix 
gauze roll placed behind the knee with direct pressure 
applied or a tight pressure wrap. If the area of injury is inad-
vertently entered before obtaining proximal and distal con-
trol, Fogarty balloon catheters can be inserted through the 
injury or transected end of the vessel and slowly infl ated to 
occlude the vessel. In the scenario with high-volume bleed-
ing or anticipated diffi cult exposure (obese patients, com-
plex injuries, combined artery, and vein injury), then an 
oft-cited approach is to get proximal control of the femoral 
artery in the groin prior to exploring the injured area. While 
this is certainly a useful option and one of the easier areas to 
expose the vessels, it must also be appreciated that it typi-
cally will not provide complete infl ow control. Clamping of 
the proximal femoral artery, particularly if it is below the 
takeoff of the profunda femoris, will slow arterial bleeding 
at the injury but will not stop bleeding from collateral infl ow 
or from arterial back-bleeding. Proximal control of the dis-
tal superfi cial femoral artery (SFA) or proximal popliteal 

artery just above the injury is almost always required to 
completely occlude infl ow.  

67.7.3     Associated Fractures 

 Close coordination with your orthopedic surgeon is required 
to plan the approach to the injuries and the order of repair. 
There is an ongoing debate about whether the vascular injury 
should be repaired before or after the fracture, and outcomes 
with either approach are comparable. If the joint or fracture is 
unstable, then we favor bony fi xation prior to vascular repair 
to minimize stretch and manipulation of a new vascular graft. 
A temporary vascular shunt is an excellent option to mini-
mize ischemic time while the fracture is being addressed. If 
fi xation of the fracture will require a prolonged time or if little 
manipulation and traction/reduction of the leg will be 
required, then we would recommend performing the vascular 
repair fi rst to reestablish perfusion. If the vascular repair is 
done fi rst, make sure you fully reassess the status of the repair 
and distal perfusion after the orthopedic manipulation.  

67.7.4     Local Versus Systemic Heparinization 

 Local fl ushing of the vessel and any grafts with heparinized 
saline solution (10 units/mL) should be used liberally. Most 
traumatic vascular injuries can be safely managed without 
systemic heparinization, which carries the risk of bleeding 
from the surgical site and any other wounded area. However, 
the adverse impact of systemic anticoagulation in the setting 
of a localized penetrating injury has been largely overstated 
and should be considered in high-risk injuries (distal bypass 
grafts, signifi cant luminal compromise, combined arterial, 
and venous repairs) or if a vigorous clotting response is 
observed. Trauma patients can be markedly hypercoagula-
ble, and if your repair is clotting with no obvious anatomic 
cause, then administer systemic heparin. You can always 
transfuse blood and control surgical bleeding, but you cannot 
heal a dead leg. With the high risk of limb loss associated 
with popliteal vascular injuries, the use of systemic antico-
agulation is safe and may improve limb salvage and func-
tional outcome.  

67.7.5     Limb Amputation 

 Amputation is ultimately required in 9 % of popliteal vascular 
injuries and 38 % of combined arterial and venous injuries. 
Amputation at the fi rst operation is rarely required unless 
there is an immediate threat to the life of the patient from any 
attempt at limb salvage or if the injury precludes any attempt 
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at limb salvage. This is usually due to massive reperfusion 
injury after prolonged (>8 h) ischemia, uncontrolled hemor-
rhage, or non-salvageable bony and nerve injuries. In these 
rare cases, you should perform a rapid guillotine amputation 
under pneumatic tourniquet control and salvage as much dis-
tal skin and muscle as possible. After your repair, signifi cant 
prognostic factors for secondary amputation in lower extrem-
ity vascular trauma include major soft tissue injury, compart-
ment syndrome, multiple arterial injuries, duration of 
ischemia greater than 6 h, and associated fracture. Patients 
with penetrating trauma do have a less of a chance of amputa-
tion than those with blast and blunt injuries. Shock and nerve 
injuries were not found to be signifi cant prognostic factors for 
secondary amputation. Always attempt to obtain a second 
expert opinion for these diffi cult decisions.  

67.7.6     Battlefi eld or High-Velocity Penetrating 
Leg Injuries 

 The prolonged combat operations in Iraq and Afghanistan 
over the past decade-plus have resulted in an extremely high 
volume of massive extremity injuries due to both explosive 
devices and to high-velocity projectiles. Although rarely 
seen outside of the battlefi eld, the risk of civilian terror-type 
incidents (such as the Boston Marathon bombing) or  multiple 
shootings appears to be increasing. In addition to amputa-
tions, these mechanisms typically create large and contami-
nated wounds with combined soft tissue injury,  complex 
fractures, and neurovascular injury. Immediate hemorrhage 
control should be the number one initial priority (even above 
securing the airway) in these scenarios and can be obtained 
through combinations of direct pressure, tourniquets, and 
hemostatic dressings (see Fig.  67.5 ). A full discussion of 
management of these injuries is beyond the scope of this 
chapter, but several basic principles should always be 
 followed. First, the primary goals of the initial operation 
should be hemorrhage control, revascularization or amputa-
tion, and washout of debris/contamination. Wounds should 
always be left open, and debridement should be kept to the 
minimum required to remove clearly dead/dying tissue and 
contamination. Preservation of as much soft tissue envelope 
and bone length as possible at the initial operation may mean 
the difference between future revision to a highly functional 
below-knee amputation versus a signifi cantly less functional 
above-knee or higher amputation. Temporary vascular shunts 
should be liberally utilized, and in addition to restoring fl ow 
and avoiding prolonged operative times, they can often allow 
for adequate time to determine how much additional tissue 
loss (and even vessel loss) will occur as the injury matures. 
For combined arterial and venous popliteal injuries, we 
strongly recommend shunting both the artery and vein and 

then performing delayed reconstruction rather than vein liga-
tion whenever possible. More liberal use of calf fasciotomy 
in these scenarios is warranted.

67.7.7        Endovascular Techniques 
in the Popliteal Fossa 

 No other fi eld of surgery in recent history has undergone such 
an extensive transformation as vascular surgery due to the 
advent of endovascular technology and techniques. These meth-
ods were developed primarily for the management of aneuris-
mal and atherosclerotic disease but have been successfully 
extended to traumatic vascular injuries. Although the  literature 
is limited to case reports and series describing the endovascular 
approach in various arterial injuries, endovascular repair has the 
potential to decrease operative time and blood loss and mini-

a

b

  Fig. 67.5    ( a ) Complex above-knee injury secondary to a rocket pro-
pelled grenade, with fi eld tourniquet left in place and removed intraop-
eratively. ( b ) Bilateral leg injuries due to improvised explosive device 
that were initially managed with fi eld tourniquets, which have now 
been changed out for pneumatic tourniquets in the operating room       
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mize wound morbidity that is seen with open  surgical repair. 
Endovascular approaches limit the need for extensive exposure 
and may become benefi cial in damage  control situations by 
controlling hemorrhage in unstable patients. In addition, newer 
hybrid vascular suites may allow for initial endovascular 
approach to help control bleeding but then  proceed with open 
repair without having to move the patient. 

 Endovascular techniques are currently extremely useful 
for the management of specifi c injury types, such as arterio-
venous fi stulae, pseudoaneurysm, or complete thrombosis. 
In addition, endovascular therapies such as balloon dilation 
and intravascular stenting can be invaluable in managing 
post-repair complications such as an anastomotic stenosis. 
Indications for endovascular repair in peripheral penetrating 
vascular injury are not well described, but ideal uses include 
lesions that are anatomically challenging and require exten-
sive dissection. One of the most controversial areas in endo-
vascular interventions for vascular trauma is in the application 
to peripheral arterial injuries. Although the endovascular 
approach is less invasive, the open approach to most extrem-
ity vascular injuries carries relatively little morbidity and an 
extremely high success and long-term patency profi le. An 
endovascular repair of a true popliteal artery injury will typi-
cally require placement of an endoluminal stent to bridge the 
injury or defect, and there is very little long-term data avail-
able regarding the outcomes of stents placed in this position 
and for this indication. While the risk-benefi t profi le fre-
quently favors endovascular interventions in elderly patients 
with vasculopathy, this may not be applicable to a younger 
and typically healthy trauma patient with no vascular disease 
and a localized popliteal injury. More experience in endovas-
cular capabilities is needed to determine long-term outcomes 
and create appropriate algorithms for use, but it is important 
to keep these options in mind as useful adjuncts in the man-
agement of challenging popliteal vascular injuries.       
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      Management of Penetrating Soft 
Tissue Injuries                     

     Christos     Ladas    

      The management of soft tissue injuries are an important con-
sideration in penetrating trauma. Numerous options are 
available to close any wound, so the challenge is to use the 
optimal method. In penetrating trauma, the surgeon should 
take into account a multitude of interrelated factors. These 
include the mode of injury, the site and extent of injury to the 
soft tissue and the underlying structures. 

 Most soft tissue injuries are due to gunshot, stabbing or 
contact with inanimate objects. Most gunshot wounds in a 
civilian setting are due to low-energy missiles. They create a 
minimal zone of injury confi ned to the tract and are charac-
terised usually by a small entry and exit wound. The missile 
tends to separate the soft tissue rather than destroy it. In the 
limbs this could result in a fracture if bone is involved; how-
ever there is minimal necrosis of soft tissue and the associ-
ated fracture tends to be relatively simple. Low-energy 
injuries require local surgical debridement. 

 High-energy injuries are quite different from their low- 
energy counterparts. There is a tremendous amount of energy 
delivered to the tissues. The entry wound may be relatively 
confi ned, but the exit wound is usually larger and the tissue 
in the path of the projectile is usually severely damaged by 
the expanding shock wave caused by the transmitted high 
energy. Tissue some distance from the path of the missile is 
invariably damaged. Associated fractures are usually com-
minuted, and the bone may be missing. The fractured bone 
fragments may themselves become secondary missiles and 
cause further damage to the surrounding tissue. Operative 
debridement is mandatory and must include exploration of 
the entire path of injury, including the entry and exit wound. 
Soft tissue exploration needs to be extended in some distance 
from the projectile path and all devitalised tissue debrided. 

68.1     Patients with Multiple Injuries 

 Patients with multiple injuries present a particular problem 
or set of problems to the treating team. When planning soft 
tissue closure, the surgeon should be aware of how the vari-
ous injuries affect both the medical and the surgical manage-
ment of the patient. Since certain injuries may at times have 
to be prioritised, it is not always possible for the surgeon to 
perform the surgical treatment that will provide both ideal 
form and function. For example, in these cases, a split- 
thickness skin graft (STSG) may be required in order to 
close the defect and allow earlier recovery of the patient, 
even though a more complex procedure would provide a bet-
ter overall result. This can be seen in gunshot wounds involv-
ing the lower leg or forearm with an associated fracture 
which requires a fasciotomy. The fasciotomy defect would 
be closed a few days later either primarily or more com-
monly by a skin graft. The grafted area, although unsightly, 
can be corrected by serial excision or by the insertion of a 
tissue expander. This will allow for the complete excision of 
the skin graft and the return of the normal tissue in the area. 
It is therefore necessary that the trauma surgeon be experi-
enced in plastic surgery techniques or preferably has access 
to a plastic surgeon. In complex wounds, the expertise of a 
plastic surgeon is of paramount importance. 

 Another point that the surgeon has to take into account is 
the age of the patient. Although advanced age is not a contra-
indication per se to complex reconstructive surgery, older 
patients often have coexisting medical conditions that may 
preclude a long anaesthetic, necessitating the use of the 
quickest and simplest method at the expense of form and 
function. 

 The surgeon should liaise with other specialists, for 
example, neurosurgeon or orthopaedic surgeon when plan-
ning complex reconstructive procedures. As an example, a 
compound fracture of the lower leg may be best covered by 
a local or regional fl ap, but when a free fl ap is considered as 
may be necessary in the lower third of the tibia, a free rectus 
abdominis fl ap may be preferable to a latissimus dorsi fl ap 
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since this patient may need a strong shoulder girdle in order 
to use crutches during his recovery. 

 The timing of the reconstruction depends on the defect. In 
life-threatening defects, such as exposed viscera, joints and 
vessels, wound cover is indicated as early as safely possible. 
The wound may have to be further assessed, debrided to 
bleeding bone and tissue and covered ideally within 72 h of 
injury. Byrd et al. (1985) suggested that compound fractures 
of the tibia should be debrided radically, including debride-
ment of the bone until bleeding is noted, and fl ap covered 
within 5 to 6 days after injury. He advocated that should 
cover not be achieved in that time, the wound becomes sub-
acute within increasing risk of chronic osteitis. In support of 
Byrd’s view, Godina (1986) and Yaremchuk (1986) showed 
independently excellent results when soft tissue cover was 
performed within 72 h of injury. These results emphasise the 
need for early stable cover of soft tissue wounds.  

68.2     Wound Assessment 

 The wound should not be assessed in isolation, but the gen-
eral condition of the patient should be determined and treat-
ment prioritised. The wound size, location and tissue 
components have to be assessed and the need for replace-
ment determined. The components may comprise of the 
skin, fascia, muscle, nerves, vessels, tendons, bone, joints, 
cartilage and mucosa. The presence of comorbid conditions 
should be noted. The need of replacing some or all these 
components has to be determined by the surgeon.  

68.3     Fasciotomies 

 One cannot overstress the importance of not missing an acute 
compartment syndrome. The treatment of acute compart-
ment syndrome involves urgent surgical decompression by 
fasciotomy. There should be a high level of suspicion, espe-
cially when there is pain out of proportion to the clinical situ-
ation. The presence of peripheral pulses does not exclude the 
presence of acute compartment syndrome since muscle and 
nerve ischaemia can occur in pressure below the diastolic 
pressure.  

68.4     Nerve Injuries 

 In penetrating trauma, nerve injuries should be suspected if 
the injury is at or near the site of major nerves and any physi-
cal sign of neurological defi cit is present. 

 Stab wound needs to be assessed and explored at initial 
surgery and the transected nerves repaired at the same time. 
An endoneural fascicular repair gives the best results, and a 

useful tip is to use the vasa nervosa to help align the tran-
sected ends. Early repair provides the best chance of recov-
ery, since delay, especially if more than 7–10 days may make 
end-to-end neurorrhaphy diffi cult. This is because the nerve 
ends tend to retract, making tension-free repair impossible. 
Nerve grafts may then have to be used, resulting in a less 
favourable outcome than a primary repair. If the nerve is 
severely contused but macroscopically intact, a neurolysis 
(longitudinal splitting of the neural sheath) is indicated to 
release the endoneural pressure. 

 Gunshot wounds involving the peripheral nerves do not 
necessarily need immediate exploration. An expectant 
approach is usually employed since the nerve tends to have a 
neuropraxia from the shock wave and should show recovery 
within three months. Electrophysiological studies can often 
guide the surgeon towards making a diagnosis of the extent 
of injury and the need for late exploration.  

68.5     Goals 

 The primary goals of reconstructive surgery are preservation 
of life and limb and restoration of form and function. 
Composite defect reconstruction can allow restoration of 
form and function and an improvement in the quality of life. 
Although these goals are not always attainable, one should 
nevertheless strive to achieve them. 

 There have been many advances in reconstructive surgery 
over the last 30 years with the introduction and establish-
ment of muscle and musculocutaneous fl aps, fascial and fas-
ciocutaneous fl aps, microvascular free tissue transfer and the 
use of tissue expansion. This has given the reconstructive 
surgeon many more options allowing one to customise the 
reconstruction and replace like tissue with like tissue. 

 The  reconstructive ladder  describes surgical options 
ranging from the simple to the more complex as one ascends 
the rungs (Fig.  68.1 ). Direct closure represents the simplest 
method, but if this is not possible usually due to the size of 
the defect, a more complex method of wound closure, such 
as a skin graft, would be needed. Skin grafting permits early 
wound closure but cannot be used over exposed bone, tendon 
and joints, and hardware or viscera. These complicated 
wounds would require a more sophisticated method of clo-
sure such as a local or regional fl ap, although local fl aps may 
not be an option if they fall within the zone of injury (dam-
aged adjacent tissue which is still viable). In such cases, a 
microvascular free fl ap may be required. Although the recon-
structive ladder serves as a guide, the surgeon does not need 
to ascend the rungs when choosing an option for wound clo-
sure since the simpler methods do not necessarily provide 
the best functional and aesthetic result. The use of free fl aps 
does not have more complications than the simpler methods. 
Free fl aps have allowed superior restoration of form and 
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function in many instances, the main disadvantage being that 
free fl ap failure can have disastrous consequences.

   These recent advances in reconstructive surgery have led 
to the idea of the  reconstructive triangle , which is more 
inclusive and practical (Fig.  68.2 ). This allows the surgeon to 
choose the optimal method of reconstruction with the least 
donor site morbidity. The best treatment can be chosen, be it 
fl aps, microsurgical free fl aps or tissue expansion.

68.6        Methods of Soft Tissue Cover 

68.6.1     Direct Closure 

 This is best achieved in clean, uncontaminated wounds with 
free tissue bleeding following debridement. Closure should 
be performed in layers under no tension. Sometime surgeons 
tend to push the limit as to how much tension is permissible, 
and although we may get away with it in a younger, healthy 
patient, we may not be so fortunate in an older patient. It is 
important therefore to perform tension-free closure, if it is 
not possible to close the defect with a skin graft or fl ap. 

 In cases where there is extensive soft tissue damage, clo-
sure is usually delayed. In other words, after initial wound 

debridement, the wound is reassessed 36–48 h later at which 
time further debridement may be necessary prior to provid-
ing cover. This gives the tissue enough time to declare its 
viability.  

68.6.2     Skin Grafts 

 Split-thickness skin grafts (STSGs) are thinner and therefore 
can survive on a recipient bed that has less vascularity than 
that needed by full-thickness skin grafts (FTSGs). An impor-
tant advantage of STSGs is that they can cover a large area. 
A disadvantage of STSGs is that they are usually a poor 
colour and texture match with the surrounding normal tissue 
and they tend to contract. This contracture can be a particular 
problem in growing children since, unlike FTSGs, they do 
not grow with the child. STSGs are also less durable and 
should be avoided over pressure points if possible. Full- 
thickness skin grafts (FTSGs) are used for small defects, 
especially in the hands or face where quality and colour 
match are important. Most FTSGs are harvested in an ellipti-
cal fashion so that the donor site can be closed primarily, 
usually after some undermining of the edges. 

 A distinct disadvantage of skin grafts, in general, is that 
they cannot be used to cover exposed bone, tendon or joint as 
there is no direct blood supply to the overlying skin graft. 
These wounds can only be adequately covered by fl aps.  

68.6.3     Flaps 

 A fl ap is a unit of tissue that can be mobilised based on its 
blood supply. Since the transferred tissue depends on a 
blood supply, it is imperative that fl ap design incorporates 
a reliable vascular supply. Initially a  random pattern fl ap  
was developed which involved raising a skin fl ap with a 
1.5:1 or even 2:1 length to width ratio (Fig.  68.3 ). The fl ap 
could be rotated into the adjacent defect. The survival of 
such fl aps depends on the circulation in the random sub-
dermal plexus and a zone of injury confi ned to the defect. 
Random pattern fl aps because of their relatively poor 
blood supply are not reliable in contaminated or infected 
wounds. Better understanding of the blood supply of the 
skin led to the introduction of  axial pattern fl aps . These 
fl aps are based on an underlying longitudinal vascular net-
work, resulting in a fl ap design not limited by the length to 
width ratio but by the length of the underlying vessels 
(Fig.  68.4 ). These fl aps are more robust and resistant to 
infection. Examples of axial pattern fl aps include the del-
topectoral (internal thoracic vessels), lateral forehead 
(superfi cial temporal artery), dorsum of foot (dorsalis 
pedis artery) and superfi cial groin fl aps based on the super-
fi cial circumfl ex iliac artery.

Distant flap

Local flap

Skin grafts

Direct closure Simple

Complex

  Fig. 68.1    Reconstructive ladder       

Flaps

Microsurgery Tissue expansion

  Fig. 68.2    Reconstructive triangle       
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68.6.3.1        Muscle and Musculocutaneous Flaps 
 Anatomical and vascular studies led Mathes and Nahai to 
describe muscle fl aps based on their blood supply. The 
 muscles, with or without the overlying skin, can be trans-

posed as a fl ap based on the vascular pedicle. The dimension 
of the fl ap is then potentially those of the underlying muscle. 
By dividing the origin and insertion of the muscle, the fl ap 
can be rotated on its vascular pedicle allowing even great 

  Fig. 68.3    Random pattern fl ap       

  Fig. 68.4    Axial pattern fl ap       
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mobility of this fl ap. Examples of such fl aps include the 
 pectoralis major and the latissimus dorsi muscle fl aps.  

68.6.3.2     Fascial and Fasciocutaneous Flaps 
 Further surgical and anatomical studies led to the identifi ca-
tion of vascular pedicles emerging between muscles and enter-
ing the deep fascia (Fig.  68.5 ). A fl ap could now comprise of 
the skin and its underlying fascia. A fascial fl ap consists of 
fascia transposed to another location without the overlying 
skin and fat; it forms a thin, pliable and delicate fl ap. A fascio-
cutaneous fl ap is in essence an axial pattern fl ap and includes 
skin subcutaneous fat and underlying fascia. The fascia may 
be separate from the fascia covering the muscle. Mathes and 
Nahai classifi ed fascial and fasciocutaneous fl aps as types A, 
B and C. The fasciocutaneous system consists of perforating 
vessels arising from the original arteries which travel in the 
fi brous septa between muscle bellies or compartments.

   Type A fasciocutaneous fl aps are also referred to as axial 
fl aps. The vessel emerges from the original source and 
courses initially deep to the fascia before continuing into and 

then superfi cial to the fascia to supply the overlying skin ter-
ritory. Examples of such fl aps are the groin fl ap, the sural fl ap 
and the temporoparietal fascia fl ap (Fig.  68.5 ). 

 Type B fasciocutaneous fl aps have a septocutaneous ped-
icle between major muscle groups in the intermuscular septa 
or between adjacent muscles. These pedicles are fairly con-
stant in location and can be raised without the underlying 
muscle. Examples of such fl aps include the dorsalis pedis 
fl ap, scapular fl ap and radial forearm fl ap. 

 Type C fasciocutaneous fl aps have their supplying vessels 
passing through the underlying muscle. When raising these 
fl aps, the dissection must follow the vessels through the mus-
cle to the original source or incorporate part of that muscle in 
the fl ap design. 

 Type C fl aps are commonly used as free fl aps. The delto-
pectoral and anterior thigh fl aps fall into this category.  

68.6.3.3     Perforator Flaps 
 Perforator fl aps are indicative of further refi nement in fl ap 
design. These fl aps have evolved from musculocutaneous 

Type A

Type B

Type C

  Fig. 68.5    Mathes and Nahai’s 
classifi cation of fascial and 
fasciocutaneous fl aps       
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and fasciocutaneous fl aps without the muscle or fascial car-
rier, since neither the muscle nor the fascia is crucial to fl ap 
survival. These fl aps do however require meticulous dissec-
tion to isolate the perforator vessels. An important advantage 
is that the muscle is spared with less functional defi cit and 
the donor site tends to be small and can be closed primarily. 
These factors lead to a quicker postoperative recovery.  

68.6.3.4     Free Flaps 
 Plastic surgeons are most commonly asked to cover soft tissue 
defects in the lower leg, ankle and foot. The use of free fl aps is 
now commonplace in plastic surgery. Microvascular tech-
niques have allowed the transfer of complex units of tissue 
comprising of the skin, fascia, muscle and even bone to cover 
complex defects. The advantage of free fl aps is that large 
defects can be covered regardless of the site of the defect. 

 Many free fl aps are available, but in the trauma setting, a 
number of points should be noted. The initial trauma can cause 
widespread damage, and therefore the relatively long pedicles 
of the free fl aps commonly used in lower leg reconstruction 
allow the anastomosis to take place outside the zone of injury. 
Sometimes a vein graft may be required to gain adequate ped-
icle length. The status of the local vascular pedicles is best 
assessed at the time of initial debridement, since one of the 
main causes of free fl ap failure is poor recipient vessels. 

 Composite free fl aps allow the en bloc reconstruction of 
complex multidimensional defects. For example, in a gunshot 
wound to the face where the defect is complex, a scapular 
composite free fl ap would allow the skin, bone and muscle to 
be used to provide for oral lining and restoration of the miss-
ing maxilla or mandible and cheek and all this can be per-
formed with a single free fl ap. The fi bula free fl ap in mandibular 
reconstruction is a further example of a complex free fl ap. 

 Flap prefabrication is a further advance where, for exam-
ple, in a case of traumatic loss of the nose, a radial forearm 
fasciocutaneous fl ap is raised and a cartilage framework with 
a skin graft to provide mucosal lining allows for a nose to be 
reconstructed within the fl ap. A few weeks later the prefabri-
cated fl ap comprising a lining for the mucosal surface, a car-
tilaginous framework and the skin can be raised as the 
prefabricated radial forearm fl ap and microanastomosed to 
the facial artery to reconstruct a nose.   

68.6.4     Tissue Expansion 

 The skin and soft tissue adjacent to the defect offer the best 
cosmetic result since the colour, texture, contour and thick-
ness are the same. Often the size of the defect and the associ-
ated zone of injury prevent the immediate use of adjacent 
tissue reconstruction. A solution to this problem is to use a 

tissue expander. Tissue expanders can be used once the ini-
tial injury has been covered, usually by a skin graft. The tis-
sue expander is inserted adjacent to the closed defect, and 
after a few weeks, it is gradually and serially infl ated with 
normal saline allowing an increase in the dimensions of the 
expanded skin and recruitment of surrounded tissue 
(Fig.  68.6 ). Once enough tissue has been expanded, the 
expander is removed, the defect excised and the expanded 
skin advanced to cover the defect. Tissue expanders are used 
routinely in breast and scalp reconstruction and in burn scar 
rehabilitation.

Insertion of tissue expander
via incision adjacent to defect

Expander inflated serially
and tissue expanded

Simultaneous removal of
expander and excision
of defect

and advancement of
expanded tissue

  Fig. 68.6    Tissue expansion       
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68.7         Summary 

 In summary, soft tissue injuries range from the minor to the 
devastating and life threatening. Management involves full 
and careful assessment both preoperatively and during initial 
surgery. The best result will offer a successful reconstruction 
and restores both form and function. Choosing the best 
 treatment involves a thorough knowledge of the various 
methods of soft tissue cover and reconstruction.      
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•     Careful assessment of the patient is critical.  
•   Prioritise treatment.  
•   Rule out or treat acute compartment syndrome.  
•   Communicate with other specialists.  
•   Simplest is not always best, especially in the long 

term.  
•   Be aware of other injuries and treat appropriately.    
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      Burns and Inhalational Injury                     

     Jennifer     Mooney      and     Herb     A.     Phelan    

      Burns are one of the most feared and misunderstood 
 traumatic injuries. They are a breed of trauma in which a 
patient can come in talking and yet succumb to their injuries 
within 24–48 h if the physician is not diligent. This chapter 
is meant to provide a guidebook for those who do not treat 
burns every day. It is for the physician who fi nds himself or 
herself in over their head and having to take care of a severely 
burned patient for the fi rst several days following injury. We 
will tell you how to stabilize and resuscitate your patient, 
initiate wound care, and initially treat inhalational injuries so 
that your patient can be delivered to a burn center with the 
best possible chance of an excellent outcome. 

 There are 500,000 burns resulting in 40,000 admissions 
and 4,000 deaths each year in this country. Fire or fl ame 
burns are generally what comes to mind when someone 
imagines a burned patient. While this is the most common 
type of burn in adults, do not forget there are several others 
such as contact, scald, radiation, electrical, and chemical 
burns. The American Burn Association has developed stan-
dard criteria for who can be treated in a community setting 
and who must be transferred to a specialized burn center 
(Table  69.1 ). But what do you do if your area has been the 
site of a mass casualty event and the regional burn center is 
over capacity, or weather prohibits any outgoing travel? 
What do you do if you cannot transfer your patient? How do 
you care for a patient with an injury you have little to no 
experience in treating? The following will get you and your 
patient through the next few frightening days.

69.1       Initial Management of the Burned 
Patient: The Emergency Room 

 The initial measures in burn care are identical to any trauma 
situation. Begin by following the Airway, Breathing, 
Circulation (ABCs) of trauma, which start with airway. Does 
your patient need to be intubated? As with any trauma 
patient, someone with a Glasgow Coma Scale (GCS) less 
than eight, signifi cant airway trauma, an inability to protect 
their airway, or respiratory distress with impending respira-
tory failure warrants intubation. Unfortunately, this algo-
rithm gets a whole lot more complicated when you add in a 
burn. Patients with large burns >40–50 % total body surface 
area (TBSA) require a great deal of intravenous fl uid resus-
citation. If not electively intubated, i.e., prior to beginning 
resuscitation, one can fi nd oneself struggling to intubate a 
patient who is now in distress with a “diffi cult” airway due to 
the edema that comes along with a burn resuscitation. 
Inhalational injury with subsequent pulmonary insuffi ciency 
is another indication for intubation that is specifi c to the burn 
patient. The mere act of inhaling smoke does not translate 
into an inhalational injury. Likewise, the presence of the 
singed facial hair and oral soot, while worrisome, does not 
mandate emergent intubation. However, these fi ndings com-
bined with “hard signs” such as dyspnea, increased work of 
breathing, stridor, or a feeling of chest tightness indicate a 
need for immediate airway control. Inhalational injury will 
be discussed later on at length; suffi ce it to say for now that 
the initial management indications for intubation are basi-
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   Table 69.1    Burn center criteria   

 Partial-thickness burn >10 % 
 Any full-thickness burn 
 Burns to the face/hands/feet/joints/genitalia/perineum 
 Electrical or chemical burns 
 Inhalational injury 
 Associated trauma 
 Signifi cant comorbidities 
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cally the same as for any trauma patient. If your patient 
appears to be having symptoms of impending respiratory 
failure, do not hesitate to intubate them. 

 You have made it past one of the most diffi cult decisions 
in initial burn care. We will at this point assume that we are 
dealing with an isolated burn. What comes after the comple-
tion of the ABCs? Place the patient on a sterile sheet. 
Establish two large-bore peripheral IVs preferably through 
the non-burned skin, but if necessary, there is nothing wrong 
with using a burned extremity. If you choose to do so, 
 however, make sure you suture in the IV! Send some basic 
labs, and if your patient was trapped indoors, add a carboxy-
hemoglobin level. Begin warming the patient by placing 
warm blankets and turn up the temperature in the room to 
about 90 °F. Spend a couple of minutes talking to the para-
medics or family members present. Record the time of burn 
as this will be important later. Ask some questions about the 
circumstances, particularly if this occurred in a confi ned 
space. Find out if the patient is a smoker or has other pulmo-
nary or medical problems. If the patient is a child, ask spe-
cifi c questions about what happened and document what is 
said. 

 Now determine the burn size. We cannot emphasize the 
importance of this step enough. Forget the rule of nines! This 
is a great way to approach burns in the fi eld, during triage, or 
perhaps in a hotel room, but a horrible way to start a resusci-
tation as the rule of nines is notoriously inaccurate. The total 
body surface area (TBSA) is your starting point for treatment 
and both underestimation and overestimation can be detri-
mental. Use specifi c burn charts such as the chart included at 
the end of this chapter (Fig.  69.1 ). How do you tell the depth 
of a burn based on physical appearance? First-degree burns 
look like a sunburn. They are red, dry, and painful. Do not 
count these burns in your percentages! Only second-, third-, 
and fourth-degree burns count toward TBSA. Second-degree 
burns are also red and painful but appear blistered or wet. 
They have a Nikolsky sign which is elicited by rubbing the 
burn and seeing the outer epidermis peel away. Do not be 
afraid to touch the burn because knowing the difference 
between fi rst and second degree is of critical importance. 
Second-degree burns can be divided into superfi cial or deep 
partial-thickness burns. Superfi cial burns will typically heal 
in <3 weeks. Deep partial-thickness burns will result in sig-
nifi cant scarring if allowed to heal spontaneously. Third- 
degree, or full-thickness, burns have penetrated through to 

the level of the nerve endings which are themselves injured 
which can sometimes result in an insensate burn. When you 
touch this burn, you will feel that it is hard and leathery, and 
it will appear deep red, pale pink, or white. Finally, a fourth- 
degree burn extends past the skin and into the fat and muscu-
lature underneath. The burn is hard, insensate, and white/
brown. You can sometimes see outlines of thrombosed cuta-
neous vessels underneath the burn. Do not forget that the 
burned skin does not burn equally throughout. There will be 
areas of third degree mixed with fi rst and second.

   Once you have your burn percentage, you are ready to 
make some big decisions. Burns that are larger than 20 % 
TBSA for adults or larger than 10 % TBSA in children or the 
elderly need a formal fl uid resuscitation. If your patient falls 
into this category, place a Foley catheter and, if intubated, 
an orogastric tube (OGT). There are several formulae used 
to estimate resuscitation needs, but the one used most fre-
quently and the one we recommend is the Parkland formula. 
The Parkland formula estimates that a person will need 4 cc/
kg/% second- and third-degree burn in the fi rst 24 h post 
burn (4 cc/kg/% TBSA). This is given as lactated Ringer’s 
solution with half given over 8 h and the other half over the 
next 16 h. Note how much fl uid was given prior to your 
starting point beginning from the time of burn. Your patients 
may already be behind the curve or ahead of it depending on 
how much fl uid they have received before getting to you. 
This will infl uence your resuscitation. Calculate the rate of 
IVFs based on burn size and start your resuscitation at that 
rate. When calculating fl uid resuscitation needs, remember 
that the 8 h and 16 h times are from TIME OF BURN and 
not from the time you start your resuscitation. For example, 
a 70-kg young male comes in with second- and third-degree 
burns totalling 60 % TBSA burn and has already received 
2 L of fl uid in the fi eld with a burn time of 2 h prior to 
arrival. 

 Start your fl uid rate at 1400 cc/h for the next 6 h with the 
plan being to drop that down to 525 cc/h for the following 
16 h. Looking at this fl uid amount of 16 L should make the 
point about intubating large burns a little more clear. If you 
are caring for a burned patient outside of a specialized center, 
you should carry out all formal resuscitations in an intensive 
care unit (ICU). The less time spent in the emergency room 
(ER) the better. Quickly get your patient to a more controlled 
setting where temperature, vital signs, and urine output can 
be more methodically measured.  

  Fig. 69.1    Burns chart 
 4 cc × 70 kg × 60 = 16,800 cc total resuscitation 
 16,800 cc/2 = 8400 cc 
 8400 cc/6 h (2 h have already passed) 
 =1400 cc LR/h 
 8400 cc/16 = 525 cc       
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DALLAS COUNTY HOSPITAL DISTRICT

BURN RECORD

To be completed upon admissions:

Dallas, Texas

Date:

Height:

Percent Surface Area Burned
(Berkow Formula)

PARIAL
THICKNESS
FULL
THICKNESS

2º

2ºAREA

Ant. Trunk
Post. Trunk
R. Buttock

Head
Neck

+3º

3º

= %

Weight:

L. Buttock
Genitalia
R.U. Arm
L.U. Arm
R.L. Arm
L.L. Arm
R. Hand
L. Hand
R. Thigh
L. Thigh
R. Leg
L. Leg
R. Foot
L. Foot

TOTAL

1YR.
1-4

YRS.
5-9

YRS.
10-14
YRS.

15
YRS.

ADULT

19 17 13 11 9 7
22 2 2 2 2

11 1 1 1 1
44 4 4 4 4

44 4 4 4 4
33 3 3 3 3
33 3 3 3 3

13 13 13 13 13
13

13
13 13 13 13 13
2½ 2½ 2½ 2½ 2½ 2½

2½ 2½ 2½ 2½ 2½ 2½

2½ 2½ 2½ 2½ 2½

55 6 75½ 6½
55 6 75½ 6½

2½

3½ 3½ 3½ 3½ 3½ 3½
3½ 3½ 3½ 3½ 3½ 3½

5½ 6½ 8 8½ 9 9½
5½ 6½ 8 8½ 9 9½

2½ 2½ 2½ 2½ 2½ 2½

PS 352 7/91

Reprinted with permission of Parkland Health and Hospital Systems
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69.2     Just Because You Can, Does It Mean 
You Should? 

 One fi nal note is worth mentioning before we leave the 
 subject of burn care delivered in the emergency room. It is a 
commonly known fact that as both age and TBSA burned 
increase, so do the risks of death. This is especially problem-
atic in patient age 65 years or older as their decreased physi-
ologic reserve and higher numbers of medical comorbidities 
make survival from a large burn challenging. The senior 
author has demonstrated that in a geriatric cohort, when the 
sum of age and TBSA burned reaches 130, survival becomes 
anecdotal as mortality rates of 95 % and higher are seen 
(Fig.  69.2 ). Note too, that this is for all geriatric patients 
regardless of their pre-injury health.

   Given such grim prognostic information, it is reasonable 
to ask what the ethical approach should be to patients with 
such a small chance of survival to discharge. For we must 
remember that survival of a large burn is not like survival 
from an episode of, say, diverticulitis-induced sepsis. With 
the latter, patients can expect over time to return to the same 
quality of life and condition that they had before they got 
sick. When recovering from a large burn, however, in our 
practice, we constantly seek to impress on the patient and 
their family that life as they know it has changed forever. 
During the recovery phase, the rehab regimens are exhaust-
ing while the lifetime spent dealing with the sequelae of 
hypertrophic scarring and contractures require tremendous 
psychological and physical reserves. 

 Futility of care can mean different things to different 
 people, and it is not the authors’ intent to parse the widely 
varying defi nitions for the term. There is only one  defi nition 

with which no one would argue, and that is a universally 
lethal injury with a 100 % fatality rate during the index 
admission. It is human nature to gravitate toward terms like 
“always” and “never,” particularly in clinical care, but these 
are diffi cult to use in practice as it seems that one can 
always fi nd the exception that proves the rule. Note that 
here we are not discussing quality of life issues (which 
make the conversation about futility even grayer), but frank 
survival. Unfortunately, the provider can fi nd himself/her-
self caught between two mutually exclusive ethical impera-
tives. On the one hand, there is an ethical obligation to 
involve the patient (or usually in situations this dire, their 
surrogate decision maker) in any decisions regarding treat-
ment options so as to preserve their autonomy. On the other 
hand, once the  provider is convinced that the point of futil-
ity of care has been reached, the provider has an ethical 
obligation to the patient to limit further pointless interven-
tions with the pain and discomfort that they cause. The fi rst 
ethical principle is refl exive to  providers, but in our experi-
ence, the second is less so. In  discussing this conundrum 
with other providers, they will frequently default to a strat-
egy of asking the surrogate for a decision while recom-
mending that comfort care be pursued. The problem with 
this strategy is that the surrogate can ask that aggressive 
care be pursued despite the physician’s  recommendation of 
comfort care, and at that point the physician is “locked in” 
to a plan which they feel may be ethically questionable. 
Remember, we are talking here about a situation where the 
provider feels that death is a certainty and not one in which 
quality of life is the main consideration, because in that 
situation, clearly one must preserve the right to autonomy, 
and no confl ict between ethical duties exists. 
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 So what to do? The senior author will relay his practice in 
light of the data shown in Fig.  69.2 . Personally, for a patient 
age 65 years or older who arrives with a burn in which the 
sum of the patient’s age and the portion of total body surface 
area with full thickness burn is greater than or equal to 130, 
I will assess whether they had preexisting frailty syndrome. 
While multiple frailty assessment tools exist, I have found 
that frequently frailty is one of those entities which you just 
know it when you see it. It is interesting that the geriatricians 
have been aware of the importance of frailty syndrome on 
outcomes for years while its importance in surgical fi elds has 
only recently come to be appreciated. Our data shows that if 
a sum of 130 is nearly universally lethal in all geriatric 
patients regardless of subset, it seems like a good-faith 
assumption that it is a universally un-survivable insult in the 
frail geriatric patient. As a result, if the burned geriatric 
patient has a sum of 130 and is not frail, I will go talk to the 
surrogate decision makers and recommend comfort care 
while ultimately abiding by whatever treatment regimen they 
decide upon. If I ascertain that the burned geriatric patient 
has a sum of 130 and is frail, I will unilaterally initiate com-
fort care, withhold fl uid resuscitation, and tell the surrogate 
decision makers that this is a lethal injury with my expecta-
tion that their loved one will expire in the next 6 to 12 h. In 
doing so, I feel that I am honoring my ethical duty to the 
patient to forego interventions that have no promise of ben-
efi t, which at that time is my highest ethical duty. I do not 
undertake this algorithm in patients younger than 65 years.  

69.3     Wound Care and Pain Control 

 Your patient is now in the ICU. What next? Weigh the patient 
as soon as possible and go back and recalculate your fl uid 
needs if necessary. Warm the room to 90 °F. Wound debride-
ment is one of the fi rst things done after getting to the 
ICU. Make sure the room has fully warmed and then take a 
plastic basin with tap water and pour a small bottle of 
chlorhexidine soap into the water (about 4 oz should be fi ne). 
Using gauze pads, begin to wash the patient, debriding away 
the dead skin in the process. You are basically peeling off the 
burned blisters. Once fully debrided, apply silvadene cream 
generously to the wound. Silvadene is a good broad- spectrum 
antimicrobial, and it will provide some pain relief as burns 
exposed to air are very painful. If dealing with facial burns, 
use bacitracin instead of silvadene. Wrap the burns with fi ne 
mesh gauze and then a gauze kling wrap to hold it in place. 
Burns change over time. Go back and revise your diagram 
after debridement. Things you thought were deep may now 
appear more superfi cial. Likewise, burns that initially 
appeared as second or fi rst degree may evolve into some-
thing worse. Revise your numbers if you fi nd that the burn 
was bigger than you fi rst estimated. Perform these dressing 
changes twice daily taking care to wash all silvadene off 

each time so that the actual wound gets cleaned and you do 
not end up just layering new silvadene on top of old. 

 Pain control is something that the patient will need 
 starting in the fi eld. Burned patients require enormous 
amounts of narcotics that most physicians are uncomfort-
able in giving. Burns are exceedingly painful, and in order 
to adequately treat them, you must step out of your comfort 
zone. For initial debridement in the non-intubated patient, 
we generally will use morphine 5 mg IV with repeat dosing 
in 15 min. You may repeat this multiple times if necessary. 
Additionally, lorazepam 1 mg IV is used for the initial 
debridement, and then oral lorazepam is given as a 1-mg 
dose for subsequent dressing changes. The initial dressing 
change is generally the most painful, but your patient may 
still require the same morphine dosages for the next few 
dressing changes. Begin morphine by patient controlled 
analgesia (PCA) right away with a setting of 2 mg IV every 
6 min with a 40 mg lockout. You may need to bolus more on 
top of this for breakthrough pain. Remember to watch for 
signs of narcotic overdose, such as decreased respiratory 
rate or inability to wake up promptly, and treat accordingly. 
The intubated patient is much less stressful for the provider. 
Instead of a PCA, they should be on a narcotic and sedative 
protocol but will need an additional bolus for dressing 
changes as well. We recommend the same morphine dosing 
as the non-intubated patient, but instead of lorazepam, we 
typically use midazolam 5 mg IV. 

 Elderly patients are a bit different and are much more 
 sensitive to narcotics and benzodiazepines. Therefore, do not 
use lorazepam or midazolam in a non-intubated elderly 
patient. Instead of morphine, use hydromorphone with a 
PCA setting of 0.15 mg every 6 min with a 1 mg 1 h lockout. 
Dressing changes can be premedicated with 1–2 mg of oral 
hydromorphone. 

 The principles of early burn excision and grafting are 
important for reducing burn sepsis and should be a factor in 
your mind. While defi nitive burn management is beyond the 
scope of this chapter, ideally the burn should be excised and 
grafting begun within the fi rst 3–5 days. Continue to work on 
getting your patient to a burn surgeon who is better prepared 
to offer defi nitive treatment.  

69.4     Escharotomies 

 Particularly concerning is the deep circumferential burn. An 
eschar has lost all elasticity, and once underlying edema 
from fl uid resuscitation sets in, it acts as a tourniquet putting 
the burned extremity in jeopardy. Careful monitoring for 
pulse changes with decreasing Doppler signal is important to 
identify an at-risk extremity. In addition, circumferential 
burns of the chest can constrict chest wall movements mak-
ing ventilation more diffi cult and causing a rise in airway 
pressures. Escharotomies can be performed at the bedside if 
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your patient is intubated and can be adequately sedated. If 
not, it may be better to do in the operating room where gen-
eral anesthesia can be delivered. 

69.4.1     Chest 

 To perform an escharotomy of the chest, use electrocautery 
to incise the eschar along the anterior axillary line from the 
axilla to the costal margin. Connect the two lines by follow-
ing along the costal margin and then connect the upper por-
tion with a straight infraclavicular line. If this is still not 
enough to release tension and decrease airway pressures, you 
can connect your lateral two lines with multiple transverse 
incisions and even place more vertical incisions creating a 
checkerboard appearance. The key is to release the eschar. 
You will know when that happens because you can actually 
see the eschar physically spread apart when you reach the 
subcutaneous fat. It is important with all escharotomies not 
to incise through the non-burned skin!  

69.4.2     Lower Extremity 

 Make sure the patient is in the supine position. Incise the 
eschar in the midaxial plane both laterally and medially. The 
incision should extend from the uppermost aspect of the cir-
cumferential burn to just above the ankles.  

69.4.3     Upper Extremity 

 Similarly to the lower extremities, the eschar on the arms is 
incised in the midaxial plane. For the arms, it is important to 
keep them in the anatomic position as they have a tendency 
to rotate inward.   

69.5     Pulmonary Function 

 If you have decided not to intubate while in the emergency 
room, you must continue to reevaluate that decision through-
out the resuscitation. Continue to use the criteria that guided 
your decision previously. Specifi cally, monitor the patient 
for signs of respiratory distress and increasing edema (both 
generalized and localized to the face and neck). Remember 
that it is always better to err on the side of caution than to 
struggle later. In patients with circumferential chest burns, 
the burn can constrict the movements of the chest wall. These 
patients are usually intubated and you will see rising peak 
airway pressures and a generalized diffi culty ventilating 
them. Perform escharotomies of the chest as previously 
described. 

 If your patient is intubated, you must consider extubation 
criteria on a daily basis. Use the same criteria you would use 
to make this decision in any critical care patient. Do they 
have a cuff leak? Has the resuscitation tapered off? How 
edematous are they? What is their pulmonary status? Perform 
spontaneous breathing trials daily and liberate them from the 
ventilator when they meet extubation criteria.  

69.6     When Does the Resuscitation End? 

 A burn resuscitation typically lasts about 24 h. Burns over 
30–35% TBSA cause a release of infl ammatory mediators 
which create systemic vasodilatation leading to capillary 
leak and extravascular edema with resultant intravascular 
hypovolemia. This typically lasts for 12–18 h and is the 
 reason why your patient is requiring enormous amounts of 
fl uids. Both under-resuscitation and over-resuscitation are 
associated with worsened outcomes. In patients not given 
enough fl uid, their course is complicated by renal failure, 
progressive organ dysfunction, and death. On the other hand, 
overshooting the goal will lead to excessive peripheral 
edema, pulmonary edema, multi-organ failure, and abdomi-
nal compartment syndrome. 

 The Parkland formula is an extremely important tool in 
trying to fi gure out how much fl uid your patient will need. 
But just as important as its use is the willingness to modify it 
when necessary. Your patient did not get burned in Charlie 
Baxter’s lab nor did they read what their requirements should 
be prior to this injury. Every patient is different and they will 
tell you what they need. You must be prepared to change 
your resuscitation rates based on their response. At this 
point, you are monitoring urine output with a Foley catheter 
and recording output every half hour. The goal is 30–50 cc/h 
of urine output, no more and no less. When you make adjust-
ments to your fl uid rate do so in a smooth manner. Do not 
bolus patients unless you are doing so for hypotension. 
Instead, if they have made only 15 cc/h, then increase their 
rate for the next hour. Once you are a few hours into the 
resuscitation, you can go to hourly urine recordings if they 
have been making adequate urine. 

 For the fi rst 24 h, continue to use lactated Ringer’s solu-
tion as your resuscitative fl uid of choice. Burned patients’ 
sodium levels will decrease and you must be vigilant of 
hyponatremia in order to avoid complications such as cere-
bral edema and seizures. After the fi rst 24 h, you should 
switch to normal saline (NS). Do not use hypertonic saline as 
the resuscitative fl uid since it has been shown to increase 
rates of renal failure and death. 

 There are situations in which you can be fooled by the 
urine output. If the patient has intrinsic renal or cardiac dis-
ease, urine output will not refl ect their intravascular volume 
status. Hyperglycemia with concurrent glucosuria will cause 
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an osmotic diuresis which will mislead you when trying to 
interpret the patient’s intravascular fl uid status. In some of 
these patients, more invasive monitoring such as central 
venous pressure monitoring or even pulmonary artery cath-
eters may be needed. A clue to the fact that something else 
may be going on is if your patient’s resuscitative needs are in 
excess of 150 % of predicted. 

 Along the way you may fi nd that the actual amount of 
fl uid the patient requires far exceeds the amount you calcu-
lated based on TBSA. There can be several causes for 
increased resuscitation requirements. Inhalational injuries, 
electrical burns, deep muscle injury, and delayed resuscita-
tion all increase the amount of fl uid required to maintain 
intravascular volume. By this time you probably know if 
your patient has an inhalational injury, electrical burn, or if 
their resuscitation was delayed. But do they have muscular 
necrosis that you are missing? Beware of circumferential 
burns. If a patient has a circumferential burn to an extremity, 
examine the limb for “tightness,” pain on passive motion, 
paresthesias, decreased capillary refi ll, and decreased pulses 
or loss of Doppler signal on an hourly basis. The need for 
escharotomies or even fasciotomies is a clinical decision and 
must be made early; however, do not mistake early for pro-
phylactic as there is no role for prophylactic escharotomies. 

 The formal resuscitation typically lasts about 24 h. Fluid 
requirements can still remain supranormal following this 
time frame, and again the amount of fl uid given depends on 
urine output. There has been much debate about the use of 
colloid in resuscitative fl uids both in burns and critical care. 
It is not thought to be useful and in fact can be harmful in the 
fi rst 24 h due to capillary leak. However, in a diffi cult resus-
citation, we will use colloids during the fi rst day if necessary. 
After the initial 24 h, give 0.1 mL/kg/%burn as 5 % albumin 
solution and then return to a crystalloid solution for mainte-
nance fl uids. Change to a dextrose-based fl uid such as D5 
half NS or D5NS based on individual patient needs. What 
has their glucose been? Are they on an insulin drip? What is 
the sodium trend? Are they hypernatremic or hyponatremic? 
Give the patient the type and amount of fl uid that they are 
telling you they need. Tailor the amount of IVFs to the urine 
output keeping the same goal of 0.5 cc/kg/h.  

69.7     Altered Hemodynamics 

 While you are closely monitoring your patient in the ICU, 
several things will become apparent. They are hemodynami-
cally different from other ICU patients. Cardiac output in a 
burned patient is initially decreased and then will increase to 
supranormal levels. This is due to an initial decrease in intra-
vascular volume, increased peripheral resistance, and 
increased cardiac contractility, all of which lead to decreased 
cardiac output. Later, a generalized hypermetabolic state will 

increase cardiac output. All burn patients are tachycardic and 
this is due to multiple factors including a normal response to 
the burn injury, the pain, and a hypermetabolic response with 
an increased catecholamine release. 

 Increased catecholamines, cortisol, and glucagon lead to 
increased energy expenditure and catabolism with resultant 
loss of body weight, delayed wound healing, immunosup-
pression, and generalized hyperdynamic cardiovascular 
response. With a burn that has a TBSA >60 %, cardiac output 
and energy expenditure actually double along with increases 
in protein catabolism, gluconeogenesis, and thermogenesis. 
The hypermetabolic response can last up to a year after burn, 
and a negative nitrogen balance can be seen for 6–9 months. 

 Burned skin loses its ability to retain heat. You know this 
and have already turned up the temperature in the room. But 
why are your patient’s temperature recordings consistently 
febrile? Burned patients have increased core body 
 temperatures after the fi rst day. Their skin no longer func-
tions as an adequate temperature insulator and the body 
attempts to compensate for these losses by resetting the 
hypothalamus to a higher setting. Temperatures of burned 
patients are about 2 °C greater than normal. Fever in a burn 
victim is 39.0 and not the typical 38.5. 

 Despite all of these hemodynamic changes occurring in 
your patient, one thing remains paramount: You must main-
tain an adequate blood pressure in order to keep your patient 
from going into shock from their injury. Decreased cardiac 
output, hypovolemia, and high narcotic use all contribute to 
decreased mean arterial pressure. While you are watching the 
urine output, glance at the mean arterial pressure regularly as 
well. If you fi nd your patient is hypotensive, it is entirely 
appropriate to deviate from the “smooth” fl uid tailoring and 
give a fl uid bolus to increase blood pressure to normal.  

69.8     Nutrition 

 Nutrition is a critical part of burn survival. Burned patients 
need more nutrition in order to heal their wounds, and their 
hypermetabolic nature demands caloric amounts greater than 
the non-burn patient. Feeding your patient earlier rather than 
later can actually help to decrease this hypermetabolic 
response. If your patient is intubated, start tube feeds within 
6 h of getting to the ICU. If they are not intubated, you will 
need to actively measure caloric intake and be prepared to 
place a small-bore feeding tube to supplement their intake if 
necessary. 

 Enteral feeding is preferred over parental because of its 
immunologic benefi ts. Use high carbohydrate and high 
 protein tube feeds (3 % fat, 82 % carbohydrate, and 15 % 
 protein). If your patient is not tolerating enteral feeding nor 
has a  prolonged ileus, then use parenteral nutrition. We 
typically measure gastric residuals every 4 h and will hold 
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tube feeding if they are >400 cc. When checking for residu-
als, make sure to refeed the residuals to the patient so that 
you do not discard calories (see Table  69.2  for exact caloric 
requirements). Do not forget that the volume delivered is 
also part of the resuscitative fl uids. Increased protein turn-
over leads to negative nitrogen balance, and adults need 
1.5–2 g/kg/day for burns less than TBSA 20 % and 2–2.5 g/
kg/day for TBSA >20 % TBSA. Use additional protein 
packets if necessary.

   Burn patients are on large amounts of narcotics, and you 
must watch for an ileus and stimulate bowel movements. 
Every patient should be on an aggressive bowel regimen 
which generally includes Colace 100 mg per os (po) bid, 
senna two tabs at night, and then daily dulcolax suppositories 
if necessary. Prune juice 60 cc TID can also be helpful.  

69.9     Other Critical Care Issues 

 In addition to measures that are specifi c to the burned patient, 
there are multiple critical care issues that you need to keep in 
mind. Deep vein thrombosis (DVT) prophylaxis should 
begin promptly. We recommend enoxaparin 40 mg SQ BID 
unless there is evidence of renal insuffi ciency in which case 
we use enoxaparin only once daily. Sequential compression 
devices should also be used in all patients. Burned patients 
are at a higher risk for stress ulceration and should all be on 
gastrointestinal (GI) prophylaxis. For most patients, you can 
use H 2  blockers such as ranitidine 150 mg PO BID. If the 
patient has a history of prior gastrointestinal (GI) bleed or is 
on a proton pump inhibitor (PPI) at home, then you should 
use a PPI as their inpatient GI prophylaxis. Prevention of 
ventilator-associated pneumonia (VAP) is always in the fore-
front of the mind of every physician who practices critical 
care. We have no other specifi c recommendations apart from 
the generally accepted guidelines for prevention of VAP.  

69.10     Inhalational Injury 

 How do you diagnose an inhalational injury? As previously 
discussed, a history of being trapped in a confi ned space, 
singed facial hair, and carbonaceous sputum are signs that an 
inhalational injury may have occurred but are not pathogno-
monic. The actual injury is not due to a “burn” of the lungs 

because thermal energy is dispersed in the upper airways. 
The inciting factor is actually inhaled toxins and chemicals 
which injure type II pneumocytes. This leads to atelectasis, 
destruction of ciliated epithelial cells, mucosal sloughing, 
and fi brin cast formation with subsequent obstruction. 
Following this, there is a signifi cant pulmonary capillary 
leak leading to acute respiratory distress syndrome (ARDS). 
Irritation of the airways can also cause bronchospasm. This 
combination of small airway obstruction, edema, and bron-
chospasm leads to respiratory insuffi ciency following inha-
lational injury. 

 Earlier we recommended checking a carboxyhemoglobin 
level from the ER. Carbon monoxide poisoning is a lethal 
component of inhalational injury. Carboxyhemoglobin levels 
can be 10 % in smokers but should be <5 % in nonsmokers. 
Does your patient have an elevated level and an acidosis on 
their arterial blood gas? If the carboxyhemoglobin level is 
elevated and your patient has not warranted intubation as of 
yet, then begin to treat them with 100 % oxygen via a non- 
rebreather mask and some good pulmonary toilet. This will 
shorten the half-life of carbon monoxide to 40 min. Continue 
this treatment until their acidosis resolves as evidenced by a 
bicarbonate level >20 and a normalizing lactate. 

 A patient in whom you have suspicion for inhalational 
injury and who is showing signs of respiratory compromise 
warrants fi ber-optic bronchoscopy. Bronchoscopy is the gold 
standard for diagnosing inhalational injury. What you are 
looking for are erythema, edema, erosions, and ulcerations 
of the airway, sloughing of mucosa, and carbonaceous mate-
rial in the lower airways. Be aware that you can see some of 
these fi ndings in a patient with chronic bronchitis leading to 
a false-positive diagnosis. On the other hand, if done too 
early following injury, or your patient is under-resuscitated, 
you may see no abnormalities. It takes some amount of time 
to develop the fi ndings you are looking for; so if you have a 
high suspicion but initial bronchoscopy is negative, repeat 
the endoscopy. Excellent pulmonary toilet is the cornerstone 
of care for the inhalational injury; however, be aware that 
aggressive suctioning can create suction catheter artifact. 

 Once you have diagnosed an inhalational injury, your 
next concern should be how to treat it. Most of these patients 
will be intubated if the injury is severe. The respiratory thera-
pists are an integral part of the therapy you will provide. Ask 
them to perform percussive respiratory treatments, frequent 
suctioning, and an aggressive pulmonary toilet. 

 There is no great treatment for inhalational injury and 
most of what you do will be to support pulmonary function 
until your patient can recover. Use lung-protective ventila-
tion strategies such as a volume control ventilation with a 
tidal volume of 6 cc/kg ideal body weight. Should you fi nd 
the peak pressures exceeding 40 cm H 2 O, switch to pressure 
control ventilation with a setting not to exceed 35 cm H 2 O. If 
you are struggling to oxygenate your patient, we recommend 

    Table 69.2    Nutritional requirements by patient age   

 0–1 year  2100 kcal/m 2  TBSA/day + 1000 kcal/m 2  TBSA/day 
 1–11 years  1800 kcal/m 2  TBSA/day + 1300 kcal/m 2  TBSA/day 
 12–16 years  1500 kcal/m 2  TBSA/day + 1500 kcal/m 2  TBSA/day 
 16–60 years  25 kcal/kg/day + 40 kcal/%burn/day 
 >60 years  25 kcal/kg/day + 65 kcal/%burn/day 
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high-frequency percussive ventilation (HFPV) as a rescue 
ventilator mode. HFPV may help decrease pneumonia rates 
and improve mortality by improving secretion clearance and 
decreasing alveolar collapse. One retrospective review out of 
the burn unit at Fort Sam Houston showed that patients 
treated with HFPV had decreased mortality in bronchoscopi-
cally proven inhalational injury when compared to expected 
death rates. A retrospective review from our own institution 
looked at 92 patients treated with HFPV as compared with 
130 patients treated with conventional mechanical and found 
a signifi cant survival benefi t to HFPV. Interestingly, when 
subgroups were individually analyzed, this survival benefi t 
was only signifi cant for patients with TBSA <40 %. HFPV is 
only recommended if you have a familiarity with advanced 
ventilator management. 

 As far as pharmaceutical treatments for inhalational 
injury, the majority of treatment consists of pulmonary toilet. 
For signifi cant inhalational injury, we recommend 5000 units 
heparin with 3 cc of 20 %  N -acetylcysteine aerosolized with 
albuterol given every 4 h (HAM therapy). There are mixed 
opinions in the literature regarding the effectiveness of HAM 
therapy. One study by Desai et al. involving solely pediatric 
patients found a decrease in reintubation and mortality with 
the use of HAM. Other studies including children and adults 
found no benefi t. One retrospective review out of the 
University of Utah Health Sciences Center looked at 150 
patients with inhalational injury treated between 1999 and 
2005. Sixty-two patients were treated with HAM therapy 
and 88 patients were not. There were no signifi cant differ-
ences found in mortality, length of stay, ventilator days, nor 
pneumonia rates between the two groups. Do not use steroids 
for inhalational injury as they offer no additional benefi t and 
have been widely abandoned.  

69.11     Children 

 A young child’s outcome following a large burn is affected 
more by the care they receive in the hospital rather than the 
initial circumstances of the burn. Complicating this is the 
fact that they have a higher mortality than their adult coun-
terparts and have a whole set of special conditions that make 
their care more diffi cult. A child younger than 2 years of age 
may need dextrose during the resuscitation because of 
decreased glycogen stores. We recommend using two fl uids 
during resuscitation: a dextrose-based lactated Ringer’s fl uid 
for maintenance and lactated Ringer’s for resuscitation fl u-
ids. If you are providing tube feeds, then this can serve as 
your source of glucose. In a child, your urine output goal is 
higher (1 cc/kg/h). It is also harder to regulate body tempera-
ture for children; so make sure to keep the room warm! 
Children have different body surface area ratios and thus dif-
ferent percentages based on body part burned. The afore-

mentioned charting system for burned patients has columns 
for children which will account for this difference from 
adults. A child’s nutritional needs are also different (see 
Table  69.2 ) as they require 1.5–3 g/kg of protein each day. If 
your facility has a child life professional, get them involved 
early to assist with their emotional needs as well as practical 
concerns regarding schooling and assisting the family. 

 Finally, we must discuss child abuse. The most important 
implication of missing a case of child abuse is the potential 
for continued and escalating harm if the child is returned to 
the care of the abuser. This is not an easy determination, and 
false accusations can be emotionally detrimental to all 
involved. The key is to recognize patterns of injury. A “glove 
and stocking injury” is a symmetric scald-burn of the hands 
and/or feet and is highly suspicious. Pay attention to the iso-
lated buttock scald burns or contact burns on an infant as 
they are concerning for a baby who is being placed on a hot 
surface or into scalding water while being held by his or her 
arms/legs. Scalds to lower extremities and buttocks are sus-
picious as children who can crawl out of a hot bathtub gener-
ally do. Are they being held there? Was a child who cannot 
walk or escape the tub being “dunked?” You will see sparing 
of fl exor surfaces as they bend their legs in an attempt to 
avoid the water. Contact child protective services if the story 
or patterns of injury are suspicious.  

69.12     Chemical Injuries 

 A brief word is due on chemical injuries, which for the 
most part can be treated just like any other burns. First and 
foremost make sure to copiously irrigate the burn in a way 
that rinses the material OFF the patient. A special concern 
is hydrofl uoric acid. While these burns have been reported 
to cause hypomagnesemia and hypocalcemia, a review of 
35 patients with small hydrofl ouric (HF) burns (about 2 % 
TBSA) from our institution found no electrolyte abnormal-
ities. Irrigate these wounds with tap water and then treat 
with calcium gluconate gel which can be made by mixing a 
150 g tube of K-Y jelly with one ampule of calcium 
gluconate.  

69.13     Electrical Injuries 

 Electricity will follow the path of least resistance as it courses 
through the body, and typically, these burns are worse than 
they look. Be sure to examine the patient for contact points. 
They require a formal fl uid resuscitation if indicated based 
on prior mentioned criteria. Be aware that they may need an 
excess of fl uids when compared to the “normal” burn. Watch 
for rhabdomyolysis by monitoring the color of the urine and 
creatine kinase (CK) levels. Pink urine with a urinalysis 
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revealing large blood yet a small number or red blood cells, 
and creatine kinase levels >15,000 are concerning and treat-
ment for rhabdomyolysis should promptly begin. Treat with 
increasing fl uids to a urine output >100 cc/h. Mannitol and 
bicarbonate therapy may be useful. 

 Who needs cardiac monitoring following an electrical 
injury? Low voltage injuries (<1000 V) with no electrocar-
diogram (ECG) changes, no loss of consciousness, and no 
arrhythmias can be safely discharged home. All injuries with 
a witnessed loss of consciousness, EKG changes, or an 
arrhythmia either in transport or in the ER warrant cardiac 
monitoring. You can also monitor if they have another indi-
cation for admission such as high TBSA or concern for mus-
cular necrosis. CK-MB is not helpful as an indicator of 
cardiac injury. If they have had no cardiac events for 24 h 
post-injury or post-resolution of arrhythmia, you can discon-
tinue monitoring. 

 Extremity injuries are diffi cult to deal with because often 
you cannot see the injury lying beneath the skin. In the past, 
surgeons would prophylactically decompress electrically 
injured extremities. However, the literature does not support 
the use of immediate decompression in all patients. Selective 
decompression based on clinical exam leads to decreased 
amputation rates. Signs of the need for decompression are 
based on clinical exam and include progressive neurological 
dysfunction, pain out of proportion to exam, and decreasing 
pulses or Doppler signal. For these injuries, an escharotomy 
will not suffi ce and you must perform formal fasciotomies.      
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 Important Points 

•     Airway comes fi rst. In general, the indications for 
intubation in a burn patient are the same as they are 
in all trauma patients.  

•   Use a detailed burn chart to establish TBSA and 
revise after debridement.  

•   Before committing a geriatric patient to an aggres-
sive course of treatment after burn, ask yourself if 
futility of care is a consideration.  

•   Initial resuscitation fl uid is 4 cc/% second- and 
third-degree TBSA burned/kg of lactated Ringer’s, 
one half given over 8 h, and the second over the next 
16 h. Adjust rate based on patient’s urine output.  

•   Perform escharotomies if clinically warranted. This 
is based on clinical exam fi ndings such as pulse 
changes with decreasing Doppler signal of the 
extremities or increased diffi culty ventilating the 
patient with increased airway pressures.  

•   Nutrition is crucial to burn survival. Start enteral 
feeding early.  

•   Bronchoscopy is the gold standard for diagnosing 
inhalational injury. Intubation is only necessary if 
patient also has respiratory distress.  

•   High-frequency percussive ventilation and HAM 
therapy may be useful in inhalational injury. 
However, the most important therapy is good pul-
monary toilet.  

•   Treat carbon monoxide poisoning with 100 % FiO 2 .  
•   Be vigilant about the possibility of child abuse 

when dealing with pediatric burn patients.    
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      Crush Injuries                     

     Herb     A.     Phelan    

      Crush injuries represent a special challenge to the trauma 
surgeon, as they tend to present with attention-grabbing 
injury patterns that occupy the forefront of the mind. While 
one is preoccupied in dealing with the mangled extremity or 
a concomitant solid organ injury, however, other problems 
silently mount. These complications of a crush injury can 
kill your patient or endanger the ultimate salvage of their 
limb every bit as easily as the disfi guring injury pattern that 
diverts your attention as soon as they roll in the door. If you 
allow yourself to get distracted by the wound to the exclu-
sion of all else, you will be dealing with arrhythmias, hypo-
tension, and worse before long. If you take nothing else away 
from this chapter, recognize that it is vital to manage the 
metabolic and physiologic consequences of the crush syn-
drome concurrently with the anatomic aspects of the injury 
itself. 

 While the energy imparted with a crush injury obviously 
puts the patient at risk for other severe injuries, trauma to 
individual organ systems is covered eloquently in other 
chapters of this book. What this chapter is intended to be is a 
no-nonsense crash course in dealing with the local as well as 
the systemic problems you are going to potentially face when 
managing your patient who has suffered a signifi cant crush 
injury. Let us get started. 

70.1     Wound Issues 

 A young man pinned behind his dashboard after a car wreck, 
a construction worker on whom a roof collapsed, and a city 
worker struck in the fl ank by a crossbar after hydraulics 
break on his garbage truck and trapped under it when it 

comes to rest all are different mechanisms of crush injury, 
but they all have a common fi nal pathway in terms of the 
wound issues and problems that arise. 

70.1.1     The Mangled Extremity 

 These dramatic injuries get everyone’s attention when they 
arrive and are unfortunately an all too common scenario in 
our emergency room. The decision as to whether to ampu-
tate primarily or undergo heroic efforts at limb salvage is 
occasionally straightforward. It can be safely stated that 
limbs that are completely amputated after a blunt mecha-
nism (which generally involves the considerable tissue and 
bone loss) are not candidates for reimplantation (Fig.  70.1 ). 
Frequently the decision is not as clear-cut, however, and the 
trauma surgeon is left to choose whether or not to commit 
the patient to a life with a prosthesis. This decision is made 
even more diffi cult by the fact that our training as surgeons 
tends to make us feel like the decision to amputate is some-
how a failure or admission of inadequacy and that some 
unknown, unnamed surgeon out there would be able to 
have the patient back to running marathons at the culmina-
tion of their treatment course. While this is clearly not true, 
the decision to amputate is never accompanied by the feel-
ing of satisfaction that a surgeon gets in other instances 
when his or her intervention clearly helps a patient. 
Personally, it was not until I began to get more experience 
that I began to question the advisability of always adopting 
the default position of undertaking heroic limb salvage. 
Embarking on this course commits these patients to under-
going many, many operations with prolonged hospital 
stays, employment diffi culties, and considerable cost. They 
undertake this endeavor in an effort to salvage a limb which 
frequently has woefully suboptimal function and occasion-
ally will request delayed amputation anyway after a consid-
erable expenditure of energy and resources simply out of 
frustration with their fi nal outcome. So when you are stand-
ing there looking at the patient with an injury such as 
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Fig.  70.2  on the resuscitation room stretcher trying to 
decide what to do, do not delude yourself that the “easy” 
choice to always go all out carries no downside.

    The diffi culty with this decision has led to a great deal of 
research in an attempt to come up with objective scoring sys-
tems that will predict those patients who will be best served 
with early amputation. The good news is that there is no 
shortage of scoring systems from which to choose: the 
Mangled Extremity Severity Score, Hanover Fracture Scale, 
Predictive Salvage Index, Limb Salvage Index, and others. 
The bad news is that none of them are great in terms of 
answering your question as they tend to lack sensitivity in 
addressing which limbs should undergo early amputation. 
While I think that these scoring systems have limited utility 
when their quantitative scores are used, they are of some use 
if you look at them qualitatively as they will tell you the 
 variables that need to be factored into your decision. 

 Let us start with the easy part. This has nothing to do with 
the crushed extremity but with the rest of the patient instead. 
I am referring to the patient’s overall trauma burden. How 
sick are they? With how many organ systems and body cavi-
ties are you contending? Are they in shock and not resusci-
tating well? It can be unequivocally stated that for the patient 
in extremis, an expeditious guillotine amputation (i.e., rap-
idly getting the extremity off, ligating the major vasculature 
involved, and doing nothing else without any attempt at clo-
sure) is the procedure of choice at the fi rst operation. For the 
patient who is hemodynamically stable but has suffered a 
severe set of injuries, one should keep in mind the tremen-
dous amount of physiologic reserve it takes to try to heal a 
mangled extremity. Large amounts of the traumatized mus-
cle and bone exert profound immunomodulatory effects and 
can also serve as a septic source. Given that, one can see that 
in the massively injured patient, it is wise to strongly con-
sider early amputation (remember the old principles of prior-
ity in trauma training: life, the limb, function, cosmesis). I 
have had conversations with older, more experienced col-
leagues who have suggested that an Injury Severity Score 
greater than 25 is a contraindication to heroic limb salvage. 
While I think that this number may be a little on the low side, 
it gives you a frame of reference for the debate. Further, as a 
patient gets older (and consequently has less in the way of 
metabolic reserves), one’s threshold for amputation due to 
overall injury burden should lower. 

 In considering factors associated with the extremity itself, 
it is interesting to note that a plurality of trauma orthopods 
interviewed on decision-making factors for amputation in 
this scenario felt that the single biggest predictor of the need 
for early amputation was the loss of neurologic integrity and/
or plantar sensation. Clearly, undergoing limb salvage in the 
hope of ultimately leaving a patient with an insensate, 
 paralyzed extremity is a questionable course to undertake. 

  Fig. 70.2    Propellor injury after a patient fell out of a boat       

  Fig. 70.1    Blunt amputation after a patient attempted to jump onto a train and was dragged under the wheels. This illustrates why blunt amputa-
tions are generally not candidates for replantation       
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One should resist the temptation to be dogmatic about this as 
an absolute indication, however, because stretch injury, 
 compression, and ischemia can all result in transient nerve 
defi cits. In fact, half of patients who present with an 
insensate foot and undergo limb salvage will regain sensa-
tion at 2 years. If the defi cit is felt to be permanent, however 
(i.e., if the posterior tibial nerve is visualized as transected 
from a crushing injury), it is defensible to say that amputa-
tion should be undertaken early rather than late. 

 Vascular injuries and ischemia time clearly play a large 
role in limb viability. After 6 h of warm ischemia time, limb 
salvage is anecdotal. Of note, one rarely commented upon 
factor is the importance of the length of an interposition graft 
in a vascular repair. Long grafts can give rise to the phenom-
enon of “interstate syndrome.” When these high-speed, unin-
terrupted highway systems were built in the United States, 
they bypassed many small towns which had previously sur-
vived on the business brought to them by visitors passing 
through on the smaller roads. Just as many of these small 
towns withered away after potential visitors elected to use 
the interstates without ever exiting, so to do smaller muscle 
units wither away as the vascular graft bypasses them with-
out giving off perforators. 

 The muscular component of the injury is best evaluated 
by the four “Cs:” color, contracture, consistency, and circula-
tion. As a practical matter, the single best predictor of muscle 
viability is bleeding during debridement. After removing 
that muscle which is clearly nonviable, the surgeon needs to 
ask if the crush injury has left the patient with so little viable 
muscle that the resulting limb is worth continuing to attempt 
to salvage. If the answer is in the affi rmative, it must be asked 
anew each time the patient goes back to the operating room 
for further debridement. These issues are not limited to the 
extremity, as the earlier scenario involving the city worker at 
the beginning of this section will attest. This man received a 
massive blow to the right fl ank, transecting his liver and mac-
erating part of his lower right abdominal wall. His liver was 
packed, and he subsequently did well. Over a matter of days, 
however, he required more and more debridement of the non-
viable muscle wall until only the peritoneum remained. He 
then developed two enterocutaneous fi stulae (Fig.  70.3 ). He 
underwent a simultaneous fi stula resection and abdominal 
wall reconstruction several months after his initial injury.

   Surprisingly, the bony component of the injury is less 
important than the amount of soft tissue coverage that 
remains. Simply put, there is no substitute for healthy cover-
age. This will affect union rates, wound healing, and all of 
their downstream sequelae. 

 Finally, we have come to realize that there are social com-
ponents that go into the likelihood of a successful outcome. 
Patients with a low frustration threshold, low levels of moti-
vation, and poor social support tend to not do very well with 
the protracted course entailed with heroic salvage efforts. 
Before committing the patient to this undertaking, it is wise 

to have a very frank discussion with them and their family on 
what can reasonably be expected. They should be made 
aware of the sobering statistic that at 2- and 7-year follow-
 up, functional outcomes are equivalent between amputation 
and reconstruction, and they are not good. By doing so, the 
surgeon protects the patient from unrealistic expectations 
and consequently himself or herself.  

70.1.2     Compartment Syndrome 

 It has been said that paranoia is a healthy attitude in a trauma 
surgeon, and this is especially true in the diagnosis and man-
agement of compartment syndromes. They frequently pres-
ent in a subtle fashion and if missed will render the good 
technical results of an operation moot, infl ict serious morbid-
ity on the patient, and potentially serve as a source of litiga-
tion. Given the ease with which they can be overlooked, and 
the serious consequences when that happens, they are accu-
rately viewed as a bear trap by practicing trauma surgeons. 

 The fi rst step in managing a possible compartment syn-
drome is to be aware of the clinical scenarios in which they 
frequently occur. Two broad categories of insult lead to the 
increase in intra-compartmental pressures which character-
ize the condition. The fi rst is relatively straightforward and 
generally occurs after direct trauma to the injured portion of 
the extremity. Here, the lacerated muscle and fractured bone 
bleed into the unyielding fascial compartment and result in 
the characteristic increased pressure. The crushed and con-
tused muscle will accumulate some degree of hematoma, 
further exacerbating the condition. The second etiology for 
compartment syndrome and the most common one seen in 
my practice is after a limb has undergone a period of isch-
emia typically after a vascular injury. In this setting, the 
anaerobic metabolites that build up downstream from a site 

  Fig. 70.3    Abdominal wall necrosis with subsequent fi stulization after 
a blow to the right fl ank by a crossbar on a city garbage truck whose 
hydraulics broke       
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of vascular occlusion accumulate in proportion to the length 
of time for which a limb has been ischemic. When the limb 
is reperfused, these toxic by-products of anaerobic metabo-
lism wash out and cause signifi cant capillary leak and cell 
swelling. In this setting, the syndrome occurs in the compart-
ments downstream from the site of injury. The occlusion can 
also arise from extrinsic causes, such as when a cast is 
applied too tightly. Finally, the most insidious presentation 
of compartment syndrome can occur with the anasarca seen 
during and after a massive resuscitation. Here, the muscle 
compartments swell from an accumulation of third-spaced 
fl uid, frequently aggravated by systemic hypotension and 
hypoperfusion. A limb which has been ischemic for 2 h is at 
high risk for compartment syndrome, while 4 h of ischemia 
time will certainly develop a compartment syndrome after 
reperfusion. By 6 h of ischemia time, not only is a compart-
ment syndrome a certainty, but the neuromuscular defi cits 
are frequently not reversible even after fasciotomy and limb 
salvage is anecdotal. It is easy to see how a crush injury can 
put a patient at risk for any of these causes. 

 Classically, surgical trainees are taught to watch for the 
fi ve “Ps” of compartment syndrome: pain, pallor, paralysis, 
paresthesias, and pulselessness (occasionally, a sixth is 
included with poikilothermia). A point that needs to be rein-
forced is that all are not required for the diagnosis. The earli-
est sign to be seen is that of pain, particularly if it is out of 
proportion to what would normally be clinically expected. It 
is especially pronounced if the muscles within the compart-
ment in question are squeezed or stretched. All of the remain-
ing signs indicate that the condition is in a more advanced 
stage. Finally, it should be noted that a limb will be in the late 
stages of compartment syndrome before it loses a pulse. The 
occlusion of capillary perfusion and venous outfl ow occurs 
at much lower pressure levels, and the presence of a pulse in 
the extremity should not put the surgeon’s mind at ease. 

 Alright, so you have got a patient who has an injury pat-
tern that has you worried and a set of complaints and fi ndings 
that have got warning bells going off in your head. What do 
you do now? How do you proceed? Traditional surgical 
teaching states that compartment pressures should be mea-
sured in some way. Some will say that this can be done easily 
by hooking an IV needle up to a transducer, making sure that 
it is zeroed, sticking the needle directly into the compart-
ment, and reading the resulting number. This technique is 
mentioned only to be condemned, however, as the muscle 
can “cork” the end of the needle and artifi cially elevate the 
pressure reading. Another option is to use commercially 
available specialized needles which have their pressure 
 aperture slightly offset in such a manner that they avoid the 
problem of muscle plugging. This strategy yields a precise 
pressure value, albeit at the expense of extra, specialized 
equipment. If a quantitative strategy is undertaken, an 
 absolute intra-compartmental pressure of 30 mmHg is 

 diagnostic of a compartment syndrome. Additionally, a pres-
sure value which is within 30 mmHg of the patient’s diastolic 
blood pressure should also be considered to represent a com-
partment syndrome. 

 Personally, I prefer to diagnose compartment syndromes 
clinically. The specialized needles are not always available, 
and in the few times that I used them early in my training, I 
found them to be problematic (I am reminded of the wisdom 
of the esteemed surgeon, Chapman Lee, who frequently said 
such undertakings, “remember, a fool with a tool is still a 
fool.”). Further, if you do intend to use quantitative pressure 
measurements in the management of possible compartment 
syndrome, you are obligated to believe the number that you 
get (high or low) and react accordingly as it makes no sense 
to perform an invasive procedure and disregard its results 
because they are not to one’s liking. Otherwise, why do the 
test to begin with? Therefore, if I have a patient with a risk 
factor, a signifi cant pain, and a tight compartment on exam, I 
do not bother checking pressures and proceed to surgery as I 
trust my judgment more than the ability of the technology to 
yield an accurate measurement. I will state that I have a low 
threshold for fasciotomy, as it is not uncommon for these 
patients to be intubated and sedated at the time of their 
assessment. The consequences of a nontherapeutic fasciot-
omy are minimal, and it is much more common to regret not 
doing a fasciotomy than it is to regret doing one. 

 Once a diagnosis of compartment syndrome has been 
made by whatever means, immediate fasciotomy should be 
performed. Additionally, when taking a patient with a limb 
that has been ischemic for more than an hour after a vascular 
injury and external hemorrhage is not an issue, it is prudent 
to perform a fasciotomy before embarking upon the vascular 
repair. In the lower leg, a generous skin incision is made 
halfway between the tibia and fi bula (Figs.  70.4  and  70.5 ). 
While the fascial incision can be extended under the skin 

  Fig. 70.4    Lateral skin incision for fasciotomy       
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(i.e., while leaving the overlying skin intact), it is absolutely 
imperative that the skin incision be big enough that it does 
not cause any compression even in the face of adequate fas-
cial release. If this is at all in question, the skin should be 
completely opened as concerns for cosmesis are not an 
excuse for an inadequate fasciotomy. Once the skin incision 
is completed laterally, the septum between the anterior and 
lateral compartments is frequently visible as seen in Fig.  70.6 . 
If it is not, a small cross-sectional incision in the fascia and 
perpendicular to the septum will usually reveal it easily. 

Once the septum is located, the fascia is completely incised 
by a push technique with Metzenbaum scissors for the length 
of the septum (Figs.  70.7  and  70.8 ). A similar length skin 
incision is then made on the medial side of the leg one to two 
fi ngerbreadths below the edge of the tibia (Figs.  70.9  and 
 70.10 ). Care should be taken to avoid the greater saphenous 
vein if possible as the adequacy of venous outfl ow is of 
importance. Once the skin incision is made, the superfi cial 
posterior compartment is the only one which is visible, and 
its fasciotomy can be easily performed a centimeter or two 
below the edge of the tibia. The next step is a potential trap, 
however, as anatomical texts and surgical atlases underesti-
mate how easy it is to get lost in the calf and misidentify the 
fascia of the deep posterior compartment (Fig.  70.11 ). In 
order to prevent this from happening, I use the backside of 
the tibia as my landmark (Fig.  70.12 ). Since the posterior 
tibia abuts the deep posterior compartment, I dissect toward 

  Fig. 70.5    Illustration of lateral skin incision for fasciotomy       

  Fig. 70.6    Note that the intermuscular septum is visible beneath the 
fascia which separates the  anterior  and lateral compartments       

  Fig. 70.7    Anterior muscular compartment after fasciotomy       

  Fig. 70.8    Lateral muscular compartment after fasciotomy       
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this structure and it allows me to reliably identify the fascia 
of the deep posterior compartment. I have had colleagues 
who will actually strip the muscle off of the backside of the 
tibia in order to assure that the deep compartment is released.

           It is exceedingly rare to have to do thigh fasciotomies as the 
greatly increased volumes of the three thigh compartments will 
accommodate very large amounts of blood or edema. In my 
experience, when a thigh compartment syndrome does occur, it 
is usually in the setting of a concomitant vascular injury and 
will be going to the operating room anyway. If fasciotomy is 
required, the three compartments are released through two 
 incisions. The upper arm only has two compartments, and 

these are released through two incisions (Fig.  70.13 ). Finally, 
the forearm has three compartments: anterior, posterior, and 
lateral (also known as the “mobile wad”). The anterior fasciot-
omy is accomplished through a skin incision described as a 
“lazy S” which releases both the anterior compartment and the 
mobile wad (Figs.  70.14  and  70.15 ). This incision should also 
be carried through the carpal tunnel. The posterior release is 
straightforward (Fig.  70.16 ).

      Assuming that the fasciotomy is adequate, the condition 
that caused the compartment syndrome to arise generally 
abates over the course of a few days. Once this happens and 
the muscle or compartment swelling seems to be improving, 
one can begin to take steps to close the fasciotomies. This 
can be most easily accomplished by crisscrossing a sturdy, 
elastic vessel loop back and forth across the skin incision. By 
doing so, tension is maintained across the skin edges and 
slowly begins to re-approximate them. This can also be done 

  Fig. 70.9    Medial skin incision for fasciotomy       

  Fig. 70.10    Illustration of medial skin incision for fasciotomy       

Medial
incision Lateral

incision

  Fig. 70.11    Illustration of compartments released by incision type       

  Fig. 70.12    Deep posterior compartment stripped off of backside of the 
tibia       
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in conjunction with a vacuum-based dressing in order to pro-
mote granulation tissue formation. The vessel loops can be 
tightened every 48 h or so or whenever laxity is noted in the 
rubber bands. Once the skin edges are close enough, they can 
undergo a delayed primary closure. If this does not happen, 
skin grafting will be required.   

70.2     Systemic Issues 

 Up to this point, we have been discussing the issues 
 surrounding the anatomy directly affected by the traumatic 
mechanism. This is satisfying because you can see it, 
 intervene directly, and get tangible results. Now we turn our 

attention to the sinister portion of the crush syndrome. These 
interventions are cerebral rather than technical but no less 
important. The systemic manifestations of a crush injury 
present with four problems: hyperkalemia, hypovolemia 
with metabolic acidosis, nephrotoxicity and acute renal fail-
ure, and disseminated intravascular coagulation (DIC). They 
are all interrelated, and as we shall see, some of their treat-
ments overlap. The fi rst and most important step, however, is 
remembering to think about them. 

Medial
fasciotomy

Lateral
fasciotomy

  Fig. 70.13    Illustration of upper arm fasciotomy incisions       

  Fig. 70.14    The “lazy S” incision, releasing the mobile wad and 
extending through the carpal tunnel       

  Fig. 70.15    Illustration of “lazy S” incision       

  Fig. 70.16    Illustration of incision for posterior forearm fasciotomy       
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 The breakdown of the skeletal muscle releases a  multitude 
of intracellular products into the systemic circulation. The 
most immediately life threatening is potassium. Dangerous 
levels of hyperkalemia can result, and these should be antici-
pated and preempted. Serial potassium measurements are 
wise at frequent intervals in the early hours after a signifi cant 
crush injury. If you wait too long and you fi nd yourself deal-
ing with an arrhythmia, start with calcium to stabilize the 
cardiac myocytes (5 cc of 10 % calcium  chloride or 10 cc of 
10 % calcium gluconate, either one given over 2 min). That 
buys you a half hour but does nothing to fi x the underlying 
problem. My treatment algorithm for severe hyperkalemia 
consists of starting with an ampule of D50 followed by ten 
units of regular insulin, which will drive some of the potas-
sium intracellularly. Make sure you perform frequent fi nger 
sticks to assure that you do not bottom out the patient’s blood 
glucose. I then follow this up with oral kayexalate since it 
has a shorter onset of action than the rectal route. While you 
will read about other measures such as albuterol or hemodi-
alysis, I have never found them to be necessary. Typically, I 
will just readminister these agents as needed while I deal 
with the source of the rhabdomyolysis, either through 
debridement, amputation, or fasciotomy. 

 These patients can also get considerable hypovolemia as 
the damaged muscle will absorb extracellular fl uid prior to 
lysing. This sequestration of volume is frequently in addition 
to hemorrhagic sources, and as a result, patients suffering from 
a crush injury can have signifi cant volume defi cits. These fac-
tors contribute to a metabolic acidosis which is multifactorial 
in origin. Lactate released from the dying muscle or elaborated 
from noninjured tissues during hypoperfusion is frequently 
seen. Despite the complex interplay of the volume and acid/
base dyscrasias, the good news is that the treatment is the same 
and it is easy. Aggressive crystalloid (and for hemorrhagic 
sources, blood) resuscitation is a mainstay of therapy. 

 The myoglobin released by the dying and damaged muscle 
is nephrotoxic. This hit to the kidneys is further exacerbated in 
the setting of hypovolemia. Finally, acidosis favors the precipi-
tation of myoglobin in the renal tubules. Do not wait for your 
patient’s urine to start turning pink or brown (Fig.  70.17 )! You 
should already be aggressively administering volume to your 
patient with a urine output of 100 cc/h as a target if that is 
achievable. If you are worried, start them on a sodium bicarbon-
ate drip. Just inject three ampules of sodium bicarbonate into a 
liter of D5W, and start this at a rate of 100 cc/h. Your goal is a 
urine pH of 6.5 or higher, while making sure that the serum pH 
is less than 7.5. Under no circumstances, however, should alka-
linizing the patient be viewed as an adequate substitute for 
euvolemia! You will read about mannitol in this setting, but I 
hesitate to do so in a polytrauma patient in whom the volume 
status may be questionable. In my experience, these steps should 
be enough to keep your patient off of the dialysis machine.

   Lastly, muscle necrosis causes the release of tissue 
thromboplastin. This can in turn lead to DIC. I only 

 transfuse plasma products if I have concerns for surgical 
hemostasis, largely because the coagulopathy is very 
 difficult if not impossible to fix until the underlying 
 rhabdomyolysis resolves. If bleeding is not an issue and 
the patient does not have an intracranial injury, I just ride 
the lab value out while I go about fixing the source of the 
rhabdomyolysis through the previously mentioned opera-
tive options.  

70.3     Hyperbaric Oxygenation as Therapy 
for Crush Syndromes 

 Hyperbaric therapy (i.e., exposing a patient to supra- 
atmospheric pressures in order to drive hyperoxygenation) 
has never really found widespread acceptance among the 
larger surgical community. The proponents of hyperbaric 
therapy will cite its supposed benefi t for any condition that 
results from an impairment of oxygen fl ow to tissues. Critics 
in turn point to its logistical requirements (i.e., the cost and 
space of the diving chamber), safety concerns (the inacces-
sibility of the patient while being “dived,” fl ash fi re risk, 
barotrauma, anxiety on the closed space, etc.), and question-
able effi cacy. There has long been an interest in hyperbaric 
therapy for crush syndrome, as it has been thought that there 
may be a theoretical benefi t to be had from hyperoxygenat-
ing the ischemic damaged muscle with attendant possibili-
ties of decreasing muscle edema by inducing vasoconstriction, 
helping with infection control, and increasing fi broblast pro-
liferation. A review of the effects of hyperbaric therapy spe-
cifi cally on the subject of crush injury determined after 
reviewing nine pertinent studies that the therapy was not 
harmful and may be benefi cial. The scarcity of the equip-
ment and expertise in conjunction with the diffi culties with 
patient selection keep it from being a frontline therapy for 
crush syndrome, however.      

  Fig. 70.17    Urine of a patient in rhabdomyolysis       
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 Important Points 

•     Do not let the dramatic nature of wounds from 
crush injury distract you from the sinister 
 metabolic component accompanying crush 
injuries.  

•   The patient’s overall trauma burden is the fi rst and 
most important determinant in deciding whether to 
pursue heroic limb salvage.  

•   For the patient in extremis with a mangled extrem-
ity, guillotine amputation is the procedure of choice 
for the fi rst operation.  

•   Make sure the patient understands what they are 
getting into if they opt for limb salvage in a man-
gled extremity.  

•   Diagnose compartment syndromes clinically, not 
technologically.  

•   Make sure your skin incisions for fasciotomy are 
long enough.  

•   Head toward the backside of the tibia to make sure 
you release the deep posterior compartment. Strip 
the muscle off of it if necessary.  

•   The treatment for many of the systemic symptoms 
accompanying crush injury is volume.  

•   Beware of hyperkalemia.  
•   Keep your patient making urine.    
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      Blast Injuries                     
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      Blast injuries are classifi ed into four types: Primary is due to 
blast wave and is rare in survivors except for tympanic mem-
brane injury. Secondary is due to penetration of fragments 
from the blast and the most common injury seen in survivors. 
Most of the injuries are to the soft tissue, but the variability 
of damage and lethality is high. Tertiary is due to blunt 
trauma from the person being thrown by the blast wave and 
is rare. Quaternary is everything else such as inhalation 
injury and crush injury from structures falling on the casu-
alty. The extent of injury depends on the size of explosion, 
proximity to epicenter of the explosion, medium which the 
blast is transmitted, foreign body/fragmentation burden, pro-
tective gear, and open or closed space of the explosion. Some 
classic sequelae of blast injury, including blast lung injury 
(BLI) and tympanic membrane rupture, have been well 
described, but in practical experience, they are less common 
than secondary blast injuries due to fragmentation injury. 
After control of hemorrhage, all wounds should be inspected 
and examined closely, washed out, and debrided. Wounds 
should be left open as a general rule until the contamination 
is under control. Soft tissue damage underlying the skin per-
foration can be severe. A high index of suspicion for injury 
to all manner of organ systems should be maintained, and the 
aggressive utilization of comprehensive advanced imaging is 
highly encouraged. 

 Blast injuries resulting from explosions are divided into 
four types:

    Primary : injury directly from the propagated blast 
overpressure  

   Secondary : penetrating injury from the blast device fragmen-
tation or objects carried on the blast wave  

   Tertiary : injury from the patient being thrown into, onto, or 
against objects  

   Quaternary : all other injuries resulting from the explosion    

 Explosions can cause both blunt and penetrating injury; 
the vast majority of the injuries requiring medical attention 
are actually due to penetrating mechanism. While the  injuries 
are limited only by the imagination, the recent confl ict in 
Afghanistan and Iraq shows that the majority of injuries are 
straightforward. Large explosions such as nuclear explosions 
and heavy air bombings are devastating (i.e., high-order 
explosives) and can cause lethality from primary blast 
 injuries, but the vast majority of those who survive to reach 
medical care are treated for secondary blast injuries. 

 Types and severity of injury depend primarily on the 
 following variables:

    1.    Size of the explosion   
   2.    Proximity to the explosion   
   3.    Medium through which the energy is transferred   
   4.    Fragmentation   
   5.    Use of countermeasures (vehicle protection +/− body armor)   
   6.    Open- or closed-space explosion     

 Primary blast injury results from the transfer of energy 
during alternating under- and overpressurization upon  tissues 
of varied densities. Underwater explosions transmit energy 
more effectively compared to explosions above the water due 
to the medium in which the blast wave is propagated. Organs 
such as the ear, eyes, brain, lungs, and the intra-abdominal 
gastrointestinal tract are all susceptible to blast effects. Tissue 
disruption occurs mainly at the interface between  tissues of 
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variable density causing local and systemic  dysfunction. 
Patients can be killed due to primary blast injury without any 
external signs of trauma or with only  subtle fi ndings such as 
tympanic membrane rupture. In addition, secondary injuries 
typically require more immediate attention while the severity 
of primary injury may not become apparent until later. 

 Secondary blast injury results from fragmentation of pro-
jectiles contained within the blast device or objects between 
the explosion and the casualty that are carried at high veloc-
ity upon the blast wave. Bomb makers may package any 
manner of imaginable projectiles around the explosive core 
of the device. These include various sized metal balls to 
screws, nails, bolts, and nuts. These projectiles may even be 
laced with poisons such as arsenic or Coumadin. In the cur-
rent confl icts in Iraq and Afghanistan, the vast majority of 
blast injuries are due to improvised explosive devices (IEDs). 
These may be constructed from antiquated stockpile muni-
tions, modifi ed black-market high explosives, ammunition, 
or even military antipersonnel devices. They may be 
employed or concealed in various ways, either buried super-
fi cially or placed in a variety of objects including dead ani-
mals or trash. Even the detonation of IEDs has proven to be 
highly variable. Direct detonation, heat sensor activation, 
and remote control devices such as cell phones or garage 
door openers have all been utilized. Vehicle-borne IED 
(VBIED) has also proven a common utilized tactic. 

 Protecting military personnel from IED attacks remains a 
signifi cant focus with armoring of troops and vehicles, 
changes in convoy tactics, and the introduction of more effec-
tive countermeasures. Despite this, bomb makers have proven 
to be adaptable. For example, in response to initial up-armor-
ing of military vehicles, insurgents in Iraq began to employ 
the explosively formed projectile (EFP). This device consists 
of a conical charge that produces a directed blast that is capa-
ble of penetrating the up-armored components. This approach 
included the detonation of an IED to primarily disable vehi-
cles and then using small arms fi re to injure the occupants out 
of the vehicle as they attempted to escape their incapacitated 
transport. As this technique evolved, insurgents began to 
employ a second IED that is detonated in a delayed fashion, 
after medical and military personnel have secured the area 
and are attempting to treat and evacuate casualties. 

 During IED attacks upon dismounted patrols, the major-
ity of casualties have forces applied to unprotected lower 
extremities that often result in amputations (Fig.  71.1 ). The 
amputation was a result of both primary and secondary blast 
injuries, but in the survivors, secondary injury proved to be 
the most common threat to life and limb. Often the IED inju-
ries can seem alarming, but body armor can be quite protec-
tive. The main problem is that body armor does not protect 
the whole body (Fig.  71.2 ).

    Despite the increase of IED attacks in present zones of 
confl ict, rockets and mortar fi re also remain common mecha-

nisms of injury. In the author’s experience, injuries due to 
these weapons most often result in superfi cial injuries that in 
most cases require only wound debridement and local care. 
Many of these types of injuries appear horrifi c on initial 
review, with multiple fragmentation injuries covering the 
entire side of a body. Although appropriate vigilance demands 
comprehensive evaluation in all of these cases, we have found 
that in most instances, those who survived to reach treatment 
had injuries confi ned to the soft tissues and most often did not 
penetrate a body cavity. The evaluation and treatment of these 
injuries should, however, be based on careful examination of 
each and every single fragmentation injury. The use of radio-
graphs can be used to identify the multiple foreign bodies 
(Fig.  71.3 ). Determining intracorporeal penetration remains a 
challenge, and in the battlefi eld scenario, body cavities often 
have to be surgically explored. On occasion, fragmentation 
injuries are also accompanied by burn wounds. Fortunately, 
in most instances, these burns were relatively minor. Despite 
our experience, we continue to recommend that a high index 
of suspicion be exercised in all cases of fragmentation injury 
(Fig.  71.4 ). Fragments can be of all types (Fig.  71.5 ), and this 
includes dirt, rocks, and bone from other casualties.

     Tertiary blast injuries occur when the casualty is thrown 
by the blast wind. This can cause superfi cial wounds and 
fractures. Amputation from tertiary blast is not common. 
Solid organ injuries can occur but were rarely seen in the 
authors’ experience. 

 Quaternary blast injuries include fl ash burns. Although 
temperatures from explosions can reach up to 3,000 °C, the 
rise in temperature is rapid and so is the decline in tempera-
ture as the fuel is quickly expended. A common example of 
this type of injury is a propane explosion in a trailer home. 
These types of fl ash burn more commonly affect the exposed 
skin. A classic scenario is of a male patient who is minimally 
clothed in jeans or shorts attempting to light the propane 
stove after the pilot light has extinguished. Since propane is 
heavier than air, an enclosed room can fi ll with propane. If 
the smell of the accumulating gas is not detected when a 
match or lighter is ignited, disaster is likely to ensue. In con-
trast to propane, natural gas is lighter than air and will rise. 
Subsequently, in a fl ash explosion of natural gas, curtains or 
furniture may catch on fi re and contribute to the creation of 
toxic fumes. Inhalation injury occurs if the casualty is in a 
closed space and there is a concomitant fi re. Any fi re on 
clothing or surrounding structures such as parts of a vehicle 
may result in signifi cant partial or full thickness burns. 

 Quaternary blast inhalational injuries may also exacer-
bate underlying asthma or chronic obstructive pulmonary 
disease. The classic dangers of quaternary injury are from 
falling debris, from buildings, for example. Such debris can 
cause direct crush injury and cause compartment syndrome 
and myoglobinemia. These types of injuries may prove 
 common after terrorist attacks on buildings with VBIEDs. 
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 The mortality from bombings is classically triphasic. 
Immediate mortality from disruption of bodies, chest 
 injuries, head injuries, or rapid exsanguination is the most 
common. Some immediate deaths will have no external signs 
of injury, succumbing instead to catastrophic air emboli or 

fatal cardiac dysrhythmias. The mortality among casualties 
surviving to reach treatment is lower. It is also important to 
consider the environment in which the explosion occurs 
since it may  signifi cantly affect the cause of mortality. 
Explosions in open space tend to produce more secondary 
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  Fig. 71.1    ( a – c ) Lower extremity injuries from improvised explosive devices in Iraq war       
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blast injuries, whereas those occurring in enclosed spaces are 
more likely to produce primary, tertiary, and quaternary 
 injuries. This rationale likely explains the reason for the 
injury patterns observed in Iraq and Afghanistan, which are 
largely penetrating secondary blast injuries that occur in 
open spaces. Similar patterns have been observed in recent 
civilian terrorist events. 

71.1     Specifi c Injury Types 

 Evaluation of the blast injured patient mandates a compre-
hensive evaluation, with critical attention for characteristic 
injury patterns. A high index of suspicion should be utilized 
throughout this process. 

71.1.1     Head Injuries 

 Tympanic membrane rupture is commonly described as the 
 classic manifestation of blast injury. Injuries to this thin mem-
brane are typically a result of the primary blast wave creating a 
rapid overpressurization manifesting in rupture. Certainly all 
patients suspected to have sustained blast injury should have 
their tympanic membranes examined, and any positive fi nding in 
this regard must further heighten your suspicion for other over-
pressurization injuries (e.g., abdominal hollow viscous organs). 
Once considered a sensitive indicator of the burden of primary 
blast injury, recent examination has shown that tympanic mem-
brane perforation occurs in less than 20 % of victims of combat 
explosion-related injuries and likely does not correlate as well 
with other injury effects (brain injury, hollow viscous). 

 Traumatic brain injury (TBI) remains a worrisome and ill-
defi ned sequelae of blast injury. The characteristic effects of 
primary injury mechanisms and blast wave transmission 
through the cranium remain poorly understood. All patients 
in close proximity to a blast injury should be aggressively 
evaluated for evidence of TBI. The spectrum of injury may 
range from a post-concussive state to diffuse axonal injury to 
intracranial hemorrhage or infarct. This topic is among the 
most actively studied in military medicine today. It is impor-
tant to emphasize that TBI is a clinical diagnosis. Identifi cation 
of this entity is aided by the use of computed tomography 
(CT), but many with TBI will have normal imaging with con-
siderable neurologic defi cits. Conversely those with an abnor-
mal head CT scan may have normal neurologic exams.  

71.1.2     Eye Injuries 

 The human eye, a cavity fi lled with vitreous fl uid, is sensitive 
to blast overpressure events following explosions. The result-
ing rapid fl uctuation of pressure may result in both rupture of 

  Fig. 71.2    Soldier injured by a buried IED. Note the protection to the 
torso by the body armor. While the soft tissue injury was dramatic with 
expectant tissue loss, the injury was limited to the soft tissue without 
life-threatening injuries or fractures       

a b

  Fig. 71.3    ( a ) Hand injury with multiple fragmentations. ( b ) Plain x-ray of the hand       
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the globe and retinal disruption. Injury to the eye due to 
 fragmentation should also remain a strong concern. Asking 
for formal examination by an ophthalmologist is warranted 
in all cases in which injuries to the face and changes in gross 
visual acuity or imaging are suggestive of eye injury.  

71.1.3     Chest Injuries 

 Much discussion regarding blast effects on the body has 
 traditionally emphasized the dangers of blast lung injury 
(BLI). BLI is a serious, potentially fatal injury to the lungs 
hypothesized to result from the primary blast wave. A patient 
with a larger burden of injury to several regions of the body, 
suggesting more signifi cant exposure to blast forces, should 
be suspected to have suffered BLI. The clinical spectrum of 
BLI ranges from slight desaturations to pink frothy sputum 
and overt pulmonary failure. When it is identifi ed, you 

should proceed to aggressive efforts to maintain oxygenation 
and limit secondary injury due to barotrauma associated with 
the mechanical ventilation. Fortunately, if the acute phase 
can be survived, most patients surviving BLI will likely 
regain good lung function. Even more fortunately, this entity 
is very uncommon. In the extensive combined wartime expe-
rience of the two authors of this chapter, we have never seen 
a case of lung injury that we could attribute directly to blast 
effect. This includes both soldiers wearing body armor and 
civilian bombing victims that do not have the benefi t of this 
protection.  

71.1.4     Abdominal Injuries 

 Abdominal injuries following explosions may result from both 
primary overpressure events that cause distension and rupture 
of hollow viscous and tearing of solid organs due to their abrupt 
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  Fig. 71.4    ( a ) One small metal fragment from a suicide bomber that 
went transmediastinal killing the casualty 1 h after injury; ( b ) the head 
of the suicide bomber at the scene; ( c ) illustration of the type of bomb 

used by the suicide bomber which injured over 200 people; ( d ) photo of 
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motion against ligamentous attachments or as a result of direct 
fragmentation injury. Given that many patients may not prove 
evaluable due to loss of consciousness or distracting injuries 
after these events, you should have a threshold for more aggres-
sive forms of evaluation of the abdominal contents beyond 
physical exam. Focused assessment with sonography for 
trauma (FAST) exams, plain radiography, computed tomogra-
phy, and diagnostic peritoneal lavage or aspiration should be 
aggressively utilized whenever an indication exists. Operative 
exploration is an important and very necessary adjunct when 
these modalities cannot be utilized or are unavailable.  

71.1.5     Musculoskeletal and Soft Tissue 
Injuries 

 The largest burden of injury following blast events will fall 
into this category. These can occur by all of the different types 
of blast effects. The blast wave associated with the primary 
injury may shear tissues, creating signifi cant hematoma and 
laceration. Secondary and tertiary types of injury will contrib-
ute to the largest burden of injury with possible heavy frag-
mentation burden depending upon the type of device. Crush 
injuries due to falling debris may also lead to signifi cant mus-
culoskeletal injury. Finally, quaternary burns may contribute 
to the burden of musculoskeletal and soft  tissue trauma. All of 

these forces may even act synergistically to contribute to sig-
nifi cant tissue loss and non-viability of limbs. This can be the 
case in muscle compartment injuries with both fragmentation 
contamination and primary blast effects contributing to com-
partment syndrome pathology. 

 You should consider all soft tissue and musculoskeletal 
wounds as highly contaminated. In addition to shrapnel of 
unknown source (Figs.  71.2  and  71.3 ), the presence of dirt, 
clothing, and other signifi cant infectious sources should always 
be considered. Minimal skin wounds frequently portend exten-
sive underlying soft tissue and bony injury. You should com-
prehensively examine, debride, and irrigate all these wounds. 
Various imaging should be utilized to identify foreign bodies 
and underlying fractures and exclude vascular injury. 
Appropriate tetanus and antibiotic prophylaxis should be given. 
It is wisest to avoid the temptation of early wound closure or 
orthopedic internal hardware utilization until the wound has 
undergone multiple washouts to avoid subsequent infection.   

71.2     The Role of Imaging 

 Perhaps in no other mechanism of trauma is the liberal use of 
imaging work-up so important to optimal care. The forces at 
work are highly variable and unpredictable as are the  trajectories 
of the resulting projectile wounds. The classic sequelae of 
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d  Fig. 71.5    Various 
fragmentations found in patients: 
( a ) dust cover from M-4 rifl e, ( b ) 
various objects, ( c ) bolt, and ( d ) 
fracture caused by bolt in ( c )       
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 primary blast injury (BLI, hollow viscous injury, TBI) are com-
monly diffi cult to detect by exam alone. All modalities of 
imaging should be liberally utilized whenever an indication 
exists. FAST use should be routine. Plain radiography can be 
used to defi ne the shrapnel burden (Figs.  71.4  and  71.5 ), iden-
tify free air in the abdomen that can be associated with hollow 
viscous injury, and detect the presence of pulmonary contu-
sion/BLI. Thresholds for advanced imaging, including com-
puted tomography and angiography, should be low. In the 
treatment of servicemembers injured by a blast- related event, 
the authors of this chapter have routinely utilized a comprehen-
sive CT scan of the head, chest, abdomen, pelvis, and axial 
spine as soon as it was available. In cases of neck injuries or 
extremity injuries with a suspicious vascular exam, liberal use 
of computed tomography with angiography (CTA) or tradi-
tional angiography is also our practice. Using this approach we 
have identifi ed injuries to all manner of neurologic, vascular, 
thoracic, and abdominal structures that required subsequent 
intervention and that we would not have predicted by lesser 
means. The projectiles from these events simply do not behave 
the same as those from a hand gun or even a high-powered rifl e. 
We highly recommend that such injuries be respected and eval-
uated comprehensively with at least a normal CT on a routine 
basis. Ultimately, exploration is a mainstay when these tech-
nologies are unavailable or indeterminate.      
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 Important Points 

•     Blast injuries are very unpredictable – a high index 
of suspicion should always be utilized in these 
patients.  

•   Soft tissue and musculoskeletal trauma are the most 
common injuries encountered after blasts, and second-
ary blast injury is the most common mechanism of 
injury among those who survive to reach treatment.  

•   The skin wound is not a reliable indicator of the havoc 
fragments can cause to the underlying tissues – or the 
amount of contamination. Comprehensive explora-
tion, washout, and debridement are the rule.  

•   Tympanic membrane rupture is a classic fi nding of 
primary blast overpressure injury and should 
increase suspicion for hollow abdominal viscous 
injury – but is most likely not as sensitive a marker 
for TBI or other injury as once proposed.  

•   Traumatic brain injury is likely underappreciated 
after blast injuries – have a high index of suspicion.  

•   Have a low threshold for ophthalmologic 
examination.  

•   Blast lung injury is a serious but very rare sequelae 
of primary overpressure blast injuries. Supportive 
care is the rule, and most patients who survive will 
regain good lung function.  

•   Avoid the temptation to close wounds early or put 
in internal fi xation devices for orthopedic injuries 
until the wound is clean – and this will take several 
washouts.  

•   Use comprehensive CT evaluation liberally – it will 
pick up injuries that you would not have suspected 
and save you from fi nding them too late.    
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      The Elderly Patient                     

     Thomas     Lustenberger      and     Kenji     Inaba    

      The geriatric population is the fastest growing age group 
today, and geriatric trauma accounts for a signifi cant 
 proportion of admissions to trauma centers. Due to  functional 
changes with age, preexisting diseases, and pre-injury 
 medications, geriatric trauma patients have limited 
 physiological reserves and, therefore, require much more 
aggressive evaluation and treatment than their younger 
 counterparts. A low threshold for fi eld triage directly to a 
trauma center is warranted in elderly trauma patients. The 
primary and secondary survey follows ATLS guidelines; 
however, age-related conditions impact patient evaluation. 
The treatment algorithms for penetrating trauma in the 
elderly are no different. In any bleeding elderly patient, 
 consider damage control interventions early. Selective 
 nonoperative management of penetrating solid organ  injuries, 
applied in many young trauma victims, is more likely to fail 
in older patients and, in general, should be reserved for low-
grade injuries. When managed successfully, a signifi cant 
number of elderly patients sustaining penetrating trauma will 
be able to return to levels of reasonable function and thus 
justify aggressive management. 

72.1     Defi nition and Epidemiology 

 The defi nition of the elderly patient varies widely in the lit-
erature. There is even data suggesting that patients as young 
as 45 years old may have a poorer outcome than their younger 

counterparts; however, the most common age cutoff is 65 
years. 

 Currently, trauma is the ninth leading cause of death in 
the elderly. The most common mechanism is falls, followed 
by motor vehicle crashes and automobile versus pedestrian 
collisions. We analyzed the National Trauma Databank 
(NTDB), containing patient data from more than 900 trauma 
centers across the United States. Over 320,000 trauma 
patients aged 65 years and older were identifi ed, accounting 
for approximately 17 % of the trauma population during a 
6-year period. The overall mortality rate was 4.4 % with 
31 % of the deaths occurring in those 65 years or older. 
Although less common than in younger patients, penetrating 
injuries still represented 1.4 % of the geriatric trauma (GSW 
72 %; SW 3 %) with 30 % of these being self-infl icted. This 
number is even higher in urban settings. In another NTDB 
analysis, 3.2 % of all patients admitted for gunshot injuries 
were aged ≥55 years. The incidence of fi rearm-related inju-
ries stratifi ed by age groups is demonstrated in Fig.  72.1 .

72.2        Age-Related Physiology and Effect 
on Trauma: What You Should Know 

 Functional changes with age, preexisting diseases, and pre- 
injury medications result in limited physiological reserves 
and a decreased ability of the elderly patient to mount an 
adequate response to stress. A summary of anatomic and 
physiologic changes with aging is provided in Table  72.1  and 
Fig.  72.2 .

72.2.1        Cardiovascular System 

•     Cardiac function declines by 50 % between the ages of 20 
and 80 years, mainly due to increasing myocardial stiffness, 
slowing of electrophysiologic conduction, and loss of myo-
cardial cell mass. The cardiac index falls off  linearly with age 
and the maximal heart rate begins to decrease from about 40 
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years of age. The response of the aging myocardium to cir-
culating catecholamines decreases, limiting its ability to 
maintain cardiac output in the presence of hypovolemia.  
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  Fig. 72.1    Incidence of fi rearm-
related injuries stratifi ed by age 
groups (Zit.)       

   Table 72.1    Age-related anatomic and physiologic changes   

 Central nervous system 
   Brain atrophy 
   ↑ subdural space 
   ↑ tension on bridging veins in subdural space 
   Adherent epidural space 
 Cardiac system 
   ↓ cardiac function/output 
   ↓ maximal tachycardic response 
   ↓ response to intrinsic and extrinsic catecholamines 
 Vascular system 
   Thickening and calcifi cation of vessels 
   ↓ elasticity of vessels 
 Respiratory system 
   ↓ pulmonary compliance 
   ↓ vital capacity 
   ↑ residual capacity 
   ↓ surface area for gas exchange 
   ↓ cough refl ex 
   ↓ mucociliary clearance 
   ↑ chest wall rigidity 
 Renal system 
   ↓ renal mass 
   ↓ GFR 
   ↓ response to ADH/aldosterone 
   ↓ urine concentration ability 
   ↑ renal sensitivity to contrast 
   ↑ urethral outfl ow obstruction 
 Skeletal system and soft tissue 
   Osteoporosis 
   Skin atrophy 
   ↓ subcutaneous fat 
   ↓ cutaneous microcirculation 
   ↓ muscle mass 

  Fig. 72.2    Clinical consequences of age-related changes       
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•   Baseline hypertension is common in the elderly patient; 
thus, a normal blood pressure may actually indicate sig-
nifi cant hypovolemia.  

•   Medications such as β-blockers and calcium channel 
blockers limit the normal tachycardic response to shock. 
Chronic use of diuretics results in intravascular depletion 
and limited intravascular reserve.     

72.2.2     Renal System 

•     There is a progressive loss of renal mass, with a corre-
sponding decrease in creatinine clearance and urine con-
centrating ability. Although the serum creatinine level 
may remain normal because of age-related declines in 
muscle mass, there is a decreased tolerance to hypoten-
sion and nephrotoxic drugs.     

72.2.3     Respiratory System 

•     The pulmonary system demonstrates decreased compli-
ance and vital capacity. There is increased dependence on 
diaphragmatic breathing, increased work of breathing, 
impaired mucociliary clearance, and a reduced ability to 
cough, all of which decrease the ability to tolerate even 
minor chest trauma and increase the propensity for devel-
oping complications.     

72.2.4     Central Nervous System 

•     The human brain loses approximately 10 % of its weight 
between the ages of 30 and 70 years.  

•   A decrease in autoregulation of cerebral blood fl ow increases 
the vulnerability to cerebral ischemia associated with sys-
temic hypotension and decreases the tolerance to injury.  

•   Dementia and other underlying chronic CNS diseases (e.g., 
degenerative brain disease, hydrocephalus, cerebrovascular 
disease, etc.) may make the clinical evaluation diffi cult.      

72.3     The Geriatric Patient in the Field: 
Prehospital Evaluation 

 The injured geriatric patient should not be exposed to pro-
longed fi eld stabilization attempts at the expense of transport 
time. The triage process begins in the fi eld, where prehospital 
providers must decide on the basis of very little clinical infor-
mation whether a patient should bypass nearby facilities in 
favor of a designated trauma center. The American College of 
Surgeons Committee on Trauma recommends patients greater 
than 55 be considered for transport directly to a verifi ed 
trauma center, irrespective of the severity of injury. This rec-
ommendation is based on the fi nding that there is a sharp 

increase in mortality that occurs at this age independent of 
injury severity, mechanism, and body region involved. 
Unfortunately, several studies have documented that the 
opposite may actually be occurring with elderly trauma 
patients being frequently undertriaged to non-trauma hospi-
tals putting them at risk for admission to a level of care that 
may be unsuitable. In one study, trauma patients over the age 
65 were half as likely as younger patients with similar injuries 
to be transported to a designated trauma center. In another 
recent study, undertriage in patients older than 70 years was 
fi ve times higher than in those younger than 70 years old.  

72.4     The Geriatric Patient 
in the Emergency Room: Initial 
Evaluation and Management 

72.4.1     Trauma Team Activation: Be Ready! 

 On admission, geriatric trauma patients warrant rapid and 
aggressive evaluation by a trauma team. In a recent clinical 
series, traditional hemodynamic criteria for mobilizing the 
trauma team demonstrated 63 % of patients aged 70 or above 
and with an ISS >15 were missed by traditional physiologic 
criteria. In a follow-up before and after study, for patients 
older than 70 with an ISS >15, the authors examined the 
impact of including age alone (>70 years old) as a criteria for 
activation of the trauma team. This age trigger, resulting in 
the presence of an attending trauma surgeon and ER physi-
cian at patient arrival, continuous cardiopulmonary monitor-
ing, and attending or senior resident presence at the bedside 
at all times, resulted in a signifi cant decrease in mortality 
from 53.8 to 34.2 %,  p  = 0.003. So for elderly patients, have 
the trauma team ready when an elderly patient arrives.  

72.4.2     Primary Survey: The “Geriatric ABCs” 

 In general, the primary survey in the geriatric patient does 
not differ from that in the younger patient and adheres to the 
ATLS protocol. However, preexisting comorbidities and 
medications may impact patient evaluation (Table  72.2 ).

    Airway Management     The elderly have a signifi cant loss of 
protective airway refl exes, and therefore, aspiration is more 
common. Mouth opening may be limited, and immobility of 
the cervical spine, due to stiffening of the atlanto-occipital 
joint, may make visualization of the glottis during orotracheal 
intubation diffi cult. Deterioration of the gums may increase 
the chance of damage to the teeth. Additionally, many elderly 
individuals wear dentures. If these become dislodged, airway 
obstruction may result. Removal of dentures often results in 
diffi culty with mask fi t during assisted ventilation. 
Accordingly, well-fi tting dentures should be left in place to 
assist mask ventilation but should be removed for intubation.  
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  Breathing     Due to reduced pulmonary reserves, respiratory 
decompensation may occur rapidly in the geriatric patient. 
Penetrating chest injuries resulting in a pneumothorax or 
hemothorax must be ruled out early as they are less well 
 tolerated in the elderly patient. Although the prevalence of 
COPD is increased in the elderly trauma population, oxygen 
therapy should not be withheld because of the theoretical con-
cern of CO 2  retention. Intubation and respiratory support 
should be considered early in borderline cases, especially prior 
to inter- or intrahospital transportation. The doses of most seda-
tive agents used to facilitate intubation should be reduced to 
minimize the risk of cardiac depression and hypotension. The 
doses of neuromuscular blockers usually remain unchanged.  

  Circulation     Due to age-related conditions such as hyperten-
sion and medications such as β-blockers, the initial blood pres-
sure and pulse rate may be misleadingly “normal” and can give 

you a false sense of security. Elderly individuals tend to be nor-
mally hypertensive. So if they are not, your index of suspicion 
for blood loss must be high. A hypertensive elderly patient will 
decompensate far more rapidly than their younger counter-
parts. It has been shown that a signifi cant number of “clinically 
stable” geriatric patients are actually in occult cardiogenic 
shock. A narrowed pulse pressure or altered mental status may 
be the only initial signs of serious hemorrhage. In the injured 
elderly patient, any degree of hypovolemia may be potentially 
lethal. Severe coronary artery disease in combination with 
bleeding has a high likelihood of resulting in acute myocardial 
ischemia, which will exacerbate the hemorrhagic shock. Thus, 
the initial approach to the geriatric trauma patient includes 
rapid intravenous access, laboratory evaluation of baseline and 
trending hemoglobins, base defi cit, and renal function. Liberal 
usage of packed red blood cells and autotransfusion of shed 
pleural blood should be considered. To facilitate this, initiate 
the crossmatching process early. Because of the risk of potenti-
ating infl ammatory complications such as ARDS and, in the 
elderly patient particularly, the risk of overload, massive crys-
talloid resuscitation should be avoided. Although not a reliable 
marker of fl uid status in the elderly, urine output can still pro-
vide clinically relevant information and should be monitored. 
Foley catheter placement is particularly important in males 
with urethral outfl ow obstruction. At the same time as the 
resuscitation, even if hemodynamic monitoring is within nor-
mal limits, rapid assessment for hemorrhage is required.  

  Disability     It may be diffi cult to establish new neurologic 
changes from baseline. Many elderly patients have preexist-
ing focal neurologic defi cits such as residual weakness from 
a previous cerebral vascular incident or a more global defi cit 
from dementia. Additionally, glaucoma, prior cataract sur-
gery, and systemic medications can confuse the geriatric 
ophthalmologic examination. However, never assume that an 
alteration in mental status is due to chronic or age-related 
changes. Impending shock or hypoxia as possible causes of a 
pathologic neurologic examination must be considered.  

  Exposure     Take the time to obtain and monitor an accurate 
core temperature. Due to muscle loss and a decrease in sub-
cutaneous tissue, geriatric patients can drop their tempera-
ture very quickly. Appropriate steps to prevent this serious 
complication include warm blankets and warmed fl uids, as 
well as warmed, humidifi ed oxygen. Due to poorly perfused 
skin, care must be exercised with any direct contact of skin 
with external heating devices.   

72.4.3     Secondary Survey: Makes a Whole Lot 
of Difference When Done Properly! 

 The secondary survey also strictly follows ATLS guidelines. 
Expose (roll early in penetrating trauma to check the back 

   Table 72.2    Preexisting conditions and possible systemic medications 
and their clinical consequences   

 Preexisting conditions and 
comments 

 Systemic medications and 
comments 

  Dementia  
   Diffi cult neurologic assessment 

  Cholinergics, antidepressants  
   ↓ seizure threshold 
   ECG changes 

  Prior stroke  
   Neurologic defi cits 

  Aspirin, clopidogrel, warfarin  
   ↑ bleeding 

  Arterial hypertension  
   Normal BP may signify 

hypotension 
  Heart failure  
   Exclude myocardial infarction 
   Expect arrhythmias 

  β-blocker, calcium channel 
blocker, ACE inhibitor, 
diuretics, antiarrhythmics  
   ↓ tachycardic response 
   ↓ peripheral vasoconstriction 

→ ↑ bleeding 
  Peripheral vascular disease  
   Diffi cult vascular assessment 

and repair 

  Aspirin, clopidogrel, warfarin  
   ↑ bleeding 

  Chronic obstructive pulmonary 
disease (COPD)  
   Hypoxia, hypercarbia 
   Early intubation and ventilation 

  Steroids  
   ↓ PLT function → ↑ bleeding 
   ↓ wound healing 
   ↑ infection 

  Chronic renal failure  
   Fluid overload 
   Hypertension 
   Electrolyte disturbance 
   Contrast-induced nephropathy 

  Diuretics, antihypertensives  
   Exclude electrolyte 

disturbances 
   ↓ intravascular volume → ↓ 

tolerance of hypovolemia 
  Diabetes mellitus  
   Exclude hypoglycemia 
   Diffi cult neurovascular 

assessment 

  Hypoglycemics  
   Check serum glucose 

  Osteoporosis  
   ↑ fractures 
   Careful intubation (C-spine 

precautions!) 

 – 

  Rheumatoid arthritis  
   ↑ diffi culty in opening mouth → 

diffi cult intubation 

  NSAID, steroids, 
immunosuppressives  
   ↓ PLT function → ↑ bleeding 
   ↓ wound healing 
   ↑ infection 
   Monitor renal function 

closely 
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for wounds), fi nd, and catalog all penetrating injuries to 
determine which body regions are at risk of injury and 
require treatment. Any hemodynamically unstable patient 
with a penetrating injury should be taken immediately to the 
OR. If hemodynamically stable, a complete incident and past 
medical history with current medications and allergies 
should be elicited. The EMS crew may be the sole source of 
clinical information and should be interviewed thoroughly 
while still in the ED. Contact information for family mem-
bers, neighbors, or primary health-care providers should be 
obtained. When possible, advance directives and a legal rep-
resentative should be documented. Surgical scars may pro-
vide some basic information in cases where the history is 
unavailable. For example, a sternotomy scar may be a clue of 
prior surgery for valvular or coronary disease, and a longitu-
dinal surgical scar on the inner aspect of thigh may be a sign 
of harvested saphenous vein.  

72.4.4     Laboratory Studies and Corrective 
Measures 

 Blood should be sent for a complete blood count, cross-
matching, coagulation profi le, troponin, and an ABG. Patients 
on antiplatelet therapy or other anticoagulants are at high 
risk for bleeding from any given injury. Any patient on a 
platelet inhibitor with evidence of bleeding requires immedi-
ate platelet transfusion. If the patient is on warfarin, start 
infusing plasma or prothrombin complex concentrate to 
improve clotting. Additionally, fl uid and electrolyte disor-
ders are not uncommon in the elderly patient and should 
therefore carefully be screened for and corrected.   

72.5     General Management 

 During resuscitation, the geriatric patient may easily go from 
normotensive to hypotensive with cardiovascular collapse. 
On the other hand, over-resuscitation may result in overload-
ing and likewise cardiac failure. Given the geriatric patient’s 
decreased physiological reserves, close monitoring with a 
low threshold for early invasive monitoring should be 
 considered. In the EAST guidelines, based on data extracted 
primarily from blunt trauma populations, Jacobs et al. 
 recommend invasive hemodynamic monitoring using a 
 pulmonary artery catheter for any geriatric patient with 
 physiologic compromise, signifi cant injury (AIS >3), high-
risk mechanism of injury, uncertain cardiovascular status, or 
chronic cardiovascular or renal disease. Early invasive moni-
toring has been associated with improved survival in the 
geriatric trauma patient. Scalea et al. compared elderly, mul-
tiply injured blunt trauma patients who appeared clinically 
stable after initial evaluation and who underwent early inva-
sive monitoring with historical controls. Of these, 43 % were 

found to be in cardiogenic shock despite “normal” vital 
signs. With early aggressive monitoring and intervention, 
mortality was reduced by half. Consequently, at our center, 
all patients ≥70, irrespective of injury mechanism, are imme-
diately transferred to the surgical ICU for monitoring, with 
liberal use of pulmonary artery catheterization and 
echocardiography.  

72.6     Surgical Management: No Patient Is 
“Too Old” for Surgery 

 The specifi c management of penetrating injuries to the chest, 
abdomen, neck, and extremities follows the same principles 
as for younger patients. For penetrating injuries to the abdo-
men, age is not a contraindication for nonoperative manage-
ment. In the elderly patient, however, a low threshold for 
surgical intervention is required as they will not be able to 
tolerate the delayed diagnosis of clinically signifi cant inju-
ries as well. In addition, because peritonitis on clinical exam-
ination is a contraindication to nonoperative management, 
care must be taken in the elderly because altered pain percep-
tion may make peritoneal signs less prominent after hollow 
viscus or vascular injury. For penetrating injury to the 
extremity, underlying peripheral vascular disease may make 
the clinical assessment diffi cult. The examination must 
include the contralateral extremity. This includes the pres-
ence and strength of peripheral pulses, warmth of the extrem-
ity, presence of capillary fi lling and the ankle-brachial index. 
If the examination is not completely normal or is asymmet-
ric, CT angiography, duplex, or traditional angiography 
depending on local resources is mandated. Collateral fl ow is 
important in the elderly patient and, while often poorly 
appreciated, may mitigate certain injury patterns in this age 
group. 

 Despite their diminished physiological reserve and the 
greater incidence and severity of concomitant disease, no 
patient is “too old” for anesthesia or surgical intervention 
based on age criteria alone. The comorbidities and physio-
logic status may, however, make the anesthesia and surgical 
stress more challenging. In addition, previous surgeries may 
result in signifi cant anatomic distortion or adhesions. A lapa-
rotomy, sternotomy, or thoracotomy scar means that access 
may be diffi cult, especially in the bleeding patient. Vessels 
with atherosclerotic lesions may be fragile, posing an 
increased risk of intraoperative hemorrhage and iatrogenic 
injury. 

 In general, consider damage control early in any bleeding 
elderly patient! This may be lifesaving. Quick termination of 
hemorrhage and contamination, aggressive resuscitation, 
temporary closure, and normalization in the surgical ICU 
should be your algorithm by default. All elderly patients sus-
taining moderate or severe injury should be admitted to the 
surgical ICU. 
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72.6.1     The “Old, Injured Solid Organ” 
and Nonoperative Management: 
A Matter of Controversy 

 In younger evaluable trauma victims, selective nonoperative 
management (SNOM) of penetrating solid organ injuries is 
evolving after vascular and hollow viscus injuries have been 
ruled out. It has been shown that almost 30 % of penetrating 
injuries to the liver can safely be managed nonoperatively in 
the appropriate trauma center environment. Likewise, 15 % 
of penetrating injuries to the kidney can be successfully 
managed nonoperatively. Even high-grade solid organ inju-
ries (grades III–V) did not preclude nonoperative manage-
ment. However, for elderly patients, there is very little 
literature regarding the optimal management strategy for 
penetrating solid organ injuries. The elderly patient with lim-
ited reserves is most likely not an ideal candidate for SNOM 
if there is a known solid organ injury. 

 In blunt trauma, age >55 years has been demonstrated to 
be a predictor for failure of nonoperative management of 
splenic trauma. Anatomically, older spleens have a weak-
ened capsule and fragile vasculature secondary to a decrease 
in the amount of smooth muscle and elastin fi bers. A large, 
multicenter study concluded that older patients fail SNOM 
more often than their younger counterparts, and those who 
do suffer increased mortality and morbidity. Therefore, for 
penetrating trauma, we are hesitant to attempt SNOM in any-
thing but low-grade injuries.   

72.7     Diagnostic Imaging 

 In general, imaging considerations for the elderly penetrat-
ing trauma patient are similar to those for younger patients, 
driven by the injury and management plan rather than by age. 
Modalities including ultrasound, plain radiography, and CT 
are all utilized with the same indications. One issue that 
needs to be considered, however, is contrast-induced 
nephropathy (CIN). The elderly are often volume depleted, 
enhancing the impact of IV contrast administration. Well 
identifi ed risk factors for CIN include preexisting renal 
insuffi ciency, diabetes mellitus, hypotension, heart failure, 
and age greater than 75 years. Thus, if contrast is required, 
take precautions to reduce the risk of CIN with volume 
expansion, premedication with bicarbonate or 
N-acetylcysteine, minimizing the dose of contrast media, 
and maximizing the time interval between procedures. In 
selecting the imaging modality, for example, in the assess-
ment of penetrating injuries to the lower extremity, rather 
than using traditional catheter-based angiography, use CT 
angiography (CTA) whenever possible. With equivalent sen-
sitivity, the CTA allows bilateral extremity runoff views with 
less contrast and no damage to the fragile elderly groin 
 vasculature. Finally, when you send an elderly trauma patient 

to the radiology suite for multiple investigations, monitor the 
patient closely and continuously – even if it is a patient with 
“fairly minor” injuries. A sudden deterioration may occur in 
this suboptimal environment.  

72.8     Outcomes 

 Both short- and long-term outcomes after trauma are worse 
in geriatric patients when compared with their younger coun-
terparts. Their reduced physiological reserves, as well as the 
higher prevalence of preexisting medical conditions, are 
thought to account for these poor outcomes. Although the 
data is predominantly from blunt trauma patients, age itself 
seems to have some value for predicting outcome. Kuhne 
et al. observed an increase in mortality with age 56 years and 
above, independent of injury severity. In patients with gun-
shot injuries, the mortality rate increased stepwise with 
advancing age (Fig.  72.3 ). However, to date, there is not 
enough literature to support a specifi c age cutoff beyond 
which hospital mortality rises with any degree of confi dence. 
Preexisting conditions such as liver disease, renal dysfunc-
tion, malignancy, heart disease, and chronic obstructive pul-
monary disease have all been shown to increase the risk of 
death in elderly trauma patients. However, since the fre-
quency of preexisting conditions does increase with age, it is 
diffi cult to separate these two factors and determine their 
independent relationship with adverse outcomes. Although 
very little data on outcomes in penetrating trauma is avail-
able, in a study from the Cook County group, patients ≥65 
years old had a mortality rate of 8.2 % when compared to 
matched younger patients with a rate of 3.5 %.

   When looking at specifi c injuries and outcome, have these 
additional points in mind:

•    For patients that sustain both penetrating injury and a con-
comitant head injury, elderly patients with traumatic brain 
injury have an increased mortality and a worse functional 
outcome when compared to their younger counterparts 
with the same or less severe injuries.  

•   Mortality and pneumonia rates following thoracic trauma 
are high in the elderly. A retrospective analysis studying 
patients ≥65 years with rib fractures after blunt chest 
trauma demonstrated twice the mortality and thoracic 
morbidity than younger patients with similar injuries. For 
each additional rib fracture, mortality increased by 19 % 
and the risk of pneumonia by 27 %. For penetrating chest 
trauma, the collateral data from blunt patients has forced 
us to be very vigilant in the elderly patient.    

 Following penetrating trauma, it has been shown that older 
patients arriving alive at the hospital are as likely to survive as 
their younger counterparts who have injuries of similar sever-
ity. However, these results are usually achieved at the expense 
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of more resources due to longer intensive care unit and 
 hospital length of stays. The long-term outcome after trauma 
in the geriatric patient has been the subject of several studies. 
McGwin et al. showed that the increased risk of death in 
elderly trauma patients persists for up to 6 years from the time 
of hospitalization for injury. Furthermore, trauma has a sig-
nifi cant impact on long-term quality of life in geriatric trauma 
survivors. Most importantly, a loss of independence was seen 
at long-term follow-up. Nevertheless, a signifi cant number of 
elderly patients who survive their acute injury are able to 
return to levels of reasonable function, and often, the help of 
home care agencies, spouses, and family members allows 
these patients to remain living at home. Therefore, aggressive 
treatment of elderly patients after penetrating trauma with the 
goal of discharge to home is warranted.  

72.9     Clever Points 

•     Advanced age should lower the threshold for fi eld triage 
directly to a trauma center.  

•   Never underestimate the risks of seemingly insignifi cant 
trauma in geriatric patients. The geriatric trauma victim 
has limited physiological reserves, and, as such, “minor” 
injuries may prove life-threatening.  

•   Always obtain a detailed medical history from the para-
medics, the family, and the patient. Ask specifi cally about 
β-blockers, cardiac or antihypertensive medication, anti-
coagulants, and antiplatelet agents.  

•   Consider a liberal policy of endotracheal intubation and 
respiratory support in patients with severe trauma and 
“normal” respiratory function. Elderly patients often 
decompensate rapidly.  

•   Blood pressure and pulse may not be reliable hemody-
namic parameters due to preexisting heart disease and 
cardiac medications.  

•   Early aggressive hemodynamic monitoring in the geriat-
ric trauma patient is critical and can improve outcomes.  

•   The abdominal examination is more diffi cult in the elderly 
trauma patient due to a blunting of peritoneal signs. 
Consider liberal use of CT scanning with renal protection.  

•   Never underestimate the importance of “minor” head inju-
ries. There is a high incidence of intracranial pathology. 
Subdural hematomas may manifest clinically later than in 
younger patients. Consider liberal head CT scanning.  

•   Many aged patients have preexisting neurologic defi cits 
that can interfere with the physical examination.  

•   Never send a geriatric trauma patient even with fairly 
“minor” injuries, from the emergency department to the radi-
ology suite without close continuous monitoring. Sudden 
deterioration may occur in a suboptimal environment.  

•   The geriatric trauma patient is at special risk for contrast- 
induced nephropathy. Take appropriate precautions.  

•   Nonoperative management of penetrating solid organ 
injuries may be less successful than in younger trauma 
patients.  

•   Don’t give up because of age; a signifi cant proportion of 
elderly patients survive after penetrating trauma and are 
successfully discharged home.        
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      The Pediatric Patient                     

     Graeme     Pitcher    

      The landscape of penetrating pediatric injury will vary 
depending on the community in which you practice surgery. 
In developing countries, especially those characterized by 
civil strife and political change in areas such as Central 
Africa and the Middle East, children get caught up in the 
vortex of violence and are injured by bullets and shrapnel 
from explosives and blasts. The pattern of injury in these 
groups may be similar to the injuries seen in adult victims 
but are often much more severe due to the greater injuring 
capacity of weapons on such small bodies. 

 In developed countries, penetrating injuries in those under 
18 years of age generally occur in the following well- 
recognized patterns (Table  73.1 ): Adolescents are most com-
monly injured in inner city areas where they get caught up in 
the crime and drug culture or in suicide attempts which carry 
a high mortality rate, mostly involving fi rearm injuries and 
appear to be increasing in incidence in the United States.

   Younger children are typically the victims of accidental 
injury. Accidental weapon discharges can occur if children get 
unauthorized access to weapons, and hunting accidents are 
relatively common in rural areas with well-established fi rearm 
cultures. The inventiveness and curiosity of children (usually 
boys!) sometimes result in injury by a bizarre array of differ-
ent missiles, explosives, and devices, sometimes of their own 
making. An accurate history of the injuring agent is essential 
to understand and treat the patient when they present. 

 In the United States, the evolution of the so-called school 
shootings has been a disturbing trend in recent times. In such 
cases, a shooter enters a school and infl icts multiple casual-
ties on innocent and unprotected learners. Although well 
publicized, these scenarios are unusual but pose a formidable 
mass casualty challenge. 

73.1     Resuscitation 

 Resuscitation should be performed in a swift and 
 goal- oriented manner. One of the worst errors you can make 
is spending too much time with a bleeding patient in the 
emergency room and delaying operative hemostasis. In 
unstable patients, an airway should be secured, good venous 
access (Table  73.2 ) obtained by the quickest and simplest 
technique applicable, and resuscitation commenced. It is 
usually clear to an experienced surgeon that the patient is not 
responding to resuscitation, and the trip to the operating 
room should be undertaken without further delay. The patient 
must be kept warm, and packed red blood cells and other 
hematological products should be prepared for. The use of a 
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   Table 73.1    Patterns of penetrating injury in children and adolescents   

 Adolescents  Children 

 Gunshot wounds homicidal  Accidental gunshot injuries 
 Gunshot wounds suicidal  Gunshot wounds homicidal 
 Stab injuries usually with 
knives or similar 

 Penetrating stab injuries 
 Arrows and other missiles 
 Non-powder gun injuries 
 Blast injuries 
 Impalements 

   Table 73.2    Stepwise approach to venous access in a severely injured 
child   

 Stepwise approach to venous access in a severely injured child 

 Peripheral IV with the largest size needle possible 
   Long saphenous vein 
   Cephalic or basilic veins 
   External jugular vein 
 Percutaneous central line by Seldinger stick 
   Subclavian vein 
   Internal jugular vein 
   Femoral vein 
 Intraosseous access 
 Direct venous cutdown as a last resort 
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balanced  resuscitation approach with a 1:1 ratio of packed 
red cells and plasma is gaining momentum but still not 
proven to improve pediatric outcomes. The decision as to 
which body cavity or limb needs to be explored is usually 
clear after examination and initial resuscitation. Chest tubes 
can be placed with local anesthetic even in uncooperative 
children and should be used as resuscitative measures to 
avoid tension pneumothorax or hemothorax. Because of the 
thin anterior abdominal wall of most children, a large hemo-
peritoneum is usually clinically obvious. Trips to the com-
puted tomography (CT) scanner are hazardous in this 
situation, and you will almost always regret them – rarely 
will you regret the absence of imaging information!

73.2        Resuscitative Thoracotomy 

 The place of emergency department thoracotomy is an ongo-
ing controversy in the management of the injured patient. I 
prefer to think of it as a resuscitative thoracotomy (RT), indi-
cating its role as an adjunct to resuscitation when the patient 
does not respond to conventional resuscitation. Previously, 
children were assumed to have greater physiological reserve, 
and hence RT was applied liberally in an attempt to salvage 
desperate situations, but this usually failed or, even worse, 
produced survivors with neurologic compromise. Cumulative 
experience to date indicates that RT should be reserved for 
the following categories of pediatric patients after penetrat-
ing trauma:

    1.    Penetrating thoracic injury with deterioration or poor 
response despite vigorous resuscitation   

   2.    Patients with penetrating thoracic injury who present with 
no signs of life to the emergency room but with a recently 
witnessed cardiac arrest     

 Under these circumstances, salvage rates of between 
4 and 26 % can be expected, depending on the mechanism of 
injury and local circumstances. Children with penetrating 
abdominal injuries who do not respond to resuscitation 
should be transferred immediately to the operating room for 
laparotomy. It is my experience that children who receive a 
thoracotomy followed by laparotomy under these circum-
stances have a dismal prognosis and are best treated by lapa-
rotomy alone. 

73.2.1     Technique 

 The technique is essentially the same as in the adult. The 
patient is positioned in the supine position with the selected 
side (usually left to facilitate direct cardiac massage) ele-
vated on a bolster and the arm on that side elevated. After 

skin preparation, an incision is made with a cold knife as an 
anterolateral thoracotomy below the line of the nipple. The 
incision is carried through all layers, and the pleura is opened 
with a pair of scissors to avoid injury to the lung. A 
Finochietto retractor or rib spreader is placed. The pericar-
dium is picked up between hemostats, taking care to avoid 
injury to the phrenic nerve and opened with a scissor if nec-
essary to release tamponade or to allow internal cardiac mas-
sage. Aortic clamping is best achieved with a gently curved 
aortic clamp. Bleeding from hilar vessels can be controlled 
temporarily by the fi rm application of an angled vascular 
clamp. If it is necessary to cross the sternum and perform a 
clamshell incision to improve access to the heart or to enter 
the other side, this can be done quite easily in a child by 
using a pair of strong curved scissors or bone-cutting shears 
due to the incompletely calcifi ed bone.   

73.3     The Abdomen 

 Whereas one may sometimes deliberate over the decision of 
the best incision for abdominal access for other conditions, 
in penetrating trauma the answer is easy (even in small chil-
dren) – the  midline laparotomy  (Fig.  73.1 ). This will give 
you the best access to the entire abdominal cavity including 
the aortic hiatus and pelvis; can be easily extended when you 
inevitably encounter the unexpected (into a sternotomy or 
thoracoabdominal incision); and heals in a durable and 
acceptable fashion. If necessary, you can leave the incision 
open in the context of abdominal compartment syndrome, 
leaving you the easiest closure later. Remember to prepare 
and drape the patient from the knees to the chin to allow 
access to the femoral vessels, neck, and chest if required. 
Make sure that the operating room is heated to at least 

  Fig. 73.1    Midline laparotomy gives you the best access to the child’s 
abdomen       
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26–28 °C, and keep the patient warm with active warming 
devices. Mechanical retractors can make the difference 
between success and failure and should be available from the 
start. In cases of vigorous bleeding, autotransfusion appears 
to be a helpful adjunct to these patients’ care.

   In most cases, defi nitive surgery can be performed in chil-
dren with penetrating abdominal injuries as they are less 
likely to develop a systemic infl ammatory response syn-
drome (SIRS) or organ dysfunction than their similarly 
injured adult counterparts and will generally have the physi-
ological reserves to tolerate the additional time on the oper-
ating table. In cases with an established coagulopathy and 
hypothermia, damage control techniques can be lifesaving. 

73.3.1     Practical Advice and Pitfalls 
with the Abdomen 

     1.    Ensure you use an adequate-sized Foley catheter to allow 
for good drainage – not the smallest size available!   

   2.    When stomas are necessary, always ensure meticulous 
parastomal closure between the fascia and the bowel – 
the small bowel of a young child is like a puppy and can 
escape through the smallest defects!   

   3.    Drain as little as possible – only for anticipated bile, 
urine or pancreatic leak, and ongoing bleeding from 
parenchymal organs, not for bowel anastomoses.   

   4.    In most peoples’ hands and in most circumstances, 
bleeding from liver wounds is most safely treated by 
packing or by simple suture techniques (Fig.  73.2 ). 
Major liver resections in the context of hypovolemia are 
dangerous and usually unnecessary.

       5.    Splenic injury can be treated by salvage in many cases, 
but do not compromise the safety of your operation, 

 particularly in an older child (>12) who will tolerate 
 having their spleen out with a low risk of overwhelming 
infection.   

   6.    Non-expanding renal hematomas can be left alone. If 
you enter them, you will probably end up removing the 
kidney!   

   7.    Do the simplest operation to achieve your goal.   
   8.    Do not make two bowel anastomoses to preserve a short 

segment of bowel in a patient with normal length – 
resect it and do a single anastomosis.   

   9.    Close with continuous monofi lament suture of adequate 
size (1 for adolescents, 0 for 7–12 years, 2/0 for 3–7 
years, 3/0 for 0.5–3 years, and 4/0 for small infants and 
neonates).   

   10.    In patients whose abdomens are best left open, closed 
vacuum-type dressing systems such as the ABThera 
greatly enhance the nursing and wound care of these 
patients during the period of the open abdomen and 
appear to facilitate later closure.   

   11.    Use a headlight and optical magnifi cation – 2.5× loupes 
allow you a broader fi eld if you wish but also allow you 
to see exactly what you are doing.      

73.3.2     The Place for Laparoscopy 

 We (almost) all strive to treat our patients with the smallest 
incision and the least-invasive approach. The laparoscope 
can be a useful tool but  only in the stable patient ! 

 The main role in my opinion is diagnostic – to assess in 
cases  where it is clinically not clear  whether:

    1.    There has been penetration of the abdominal cavity by a 
missile or sharp object   

   2.    There has been diaphragmatic injury (with the potential 
to present many years later with strangulation in a dia-
phragmatic hernia)    

  Laparoscopy in such patients will avoid many unneces-
sary explorations and avoid the embarrassment of missed 
diaphragmatic injuries. 

 Its role as a therapeutic intervention is increasing as 
 surgeons become more practiced. You can certainly start an 
exploration of a patient with a worrisome abdomen by the 
placement of a port and laparoscopy. You can run the bowel 
to search for injury with reasonable confi dence, and you 
can even repair intestinal injuries intracorporeally or exte-
riorize them for anastomosis extracorporeally. Ultimately 
what you do will depend on how well you can visualize the 
abdominal cavity and how confi dent you are in repairing 
the injuries that you fi nd. For most surgeons, laparotomy 
remains the gold standard to deal with injuries in most 
patients.  

  Fig. 73.2    In most peoples’ hands and in most circumstances, bleeding 
from liver wounds is most safely treated by packing or by simple suture 
techniques       
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73.3.3     The Place for Selective Conservatism 

 For the vast majority of children who are shot in the  abdomen 
with a rifl e or handgun, laparotomy is mandatory, and the 
incidence of negative explorations is low once missile pene-
tration has been established. Stab wounds or other impale-
ment injuries can be managed conservatively if patients are 
stable, cooperative, and amenable to repeated examination 
and if there are no signs of peritonitis and no omental or 
intestinal evisceration. The relative large size of the wound-
ing blade in a small child makes this scenario uncommon, 
and frequently wounds will need to be closed in the operat-
ing room to repair evisceration. That is a good time to use 
laparoscopy to ensure there are no serious intra- abdominal 
injuries.   

73.4     Penetrating Thoracic Injury 

 As in adults, most children with injuries penetrating the tho-
racic cavity can be managed by tube drainage alone. The 
indications for thoracotomy are essentially the same as for 
the adult patient. Patients with gunshot injuries may require 
operation more frequently especially in the younger age 
groups. Accepted indications for thoracotomy include:

    1.    Brisk thoracic hemorrhage and ongoing hemodynamic 
instability or deterioration   

   2.    Evidence of cardiac tamponade or post-traumatic pericar-
dial effusion   

   3.    Evidence of major airway injury   
   4.    Evidence of esophageal injury     

 Ongoing bleeding requiring blood transfusion of greater 
than 50 % of blood volume or at a rate of greater than 
1–2 mL/kg/h may be an indication for thoracotomy depend-
ing on the circumstances. You need to carefully consider 
which incision to use for access. If you need to get to both 
pleural cavities or the central mediastinal structures includ-
ing the great vessels and their immediate branches, then 
median sternotomy is preferable. 

73.4.1     Technique of Insertion of a Chest Tube 

 The standard position recommended for intercostal drain 
placement is the fi fth intercostal space in the anterior axillary 
line. You can be sure that the young child will be uncoopera-
tive with regard to the drain in the recovery period! For this 
reason, the drain should be well secured by both suture and 
skin strapping to ensure that it stays put. The skin incision 
should be placed one intercostal space below the intended 
space of chest entry to ensure a tunneled subcutaneous tract. 

When the drain is removed, direct pressure on the 
 subcutaneous tract prevents iatrogenic pneumothorax in a 
crying child. The drain should be placed primarily by blunt 
dissection, and trocars are not used to avoid iatrogenic injury. 
The recommended size of intercostal drains at various ages 
is shown in Table  73.3 .

73.4.2        Practical Advice and Pitfalls 
with the Chest 

     1.    Secure tubes diligently. Even then the child can pull them 
out.   

   2.    Always create a tunneled tract to limit the risk of 
 post- removal pneumothorax.   

   3.    When removing a drain in an uncooperative child, clamp 
drain closed with a hemostat, surround exit site with 
 paraffi n gauze dressing, and pull drain swiftly while 
applying pressure with gauze on track. Apply an occlu-
sive dressing. Attempts to tie sutures will often result in 
iatrogenic pneumothorax.   

   4.    Secure chest tubes to the drainage tubing with cable ties 
(Fig.  73.3 ) or something similarly secure.

       5.    Median sternotomies give good access in small children 
and are useful if you need access to both pleural cavities 
or the mediastinal structures.   

   6.    Clamshell incisions must be closed by careful realign-
ment of the sternum with wires to ensure an acceptable 
cosmetic result.   

   Table 73.3    Recommended chest tube sizes by age   

 Age  Size (Fr) 

 0–3 months  10–12 
 3–18 months  12–16 
 18–24 months  18 
 2–4 years  20–22 
 4–6 years  22–24 
 6–8 years  24–28 
 8–12 years  28–30 
 12–16 years  30–34 

  Fig. 73.3    Cable ties used to secure chest tube to drainage tube       
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   7.    Pulmonary lacerations in children are easily controlled by 
the application of a linear cutting stapler device.   

   8.    Whenever there is an unexplained pleural collection, sus-
pect esophageal injury – you will be surprised (horrifi ed?) 
at how often you are right.       

73.5     Penetrating Neck Injuries 

 The approach to penetrating cervical injuries in children is 
essentially the same as in adults. 

73.5.1     Practical Advice and Pitfalls 
with the Neck 

     1.    Small children are more likely to experience airway com-
promise as a result of swelling or hemorrhage into the 
airway and surrounding tissues.   

   2.    If you need to place a tracheotomy, take particular care to 
select the size correctly. If you select too  large  a catheter, 
it will tend to be too  long  as well and may intubate the 
right main bronchus. Also as with all tubes in children, 
secure it thoroughly.   

   3.    The transverse collar incision can be useful for 
 transcervical injuries of Zone 2, particularly when good 
access to the larynx and pharynx are needed and when 
access to the base of the skull is unlikely to be necessary. 
The apron (vertical anterior sternomastoid bilateral 
 incision with inferior transverse bridge) incision is also 
useful in selected cases.   

   4.    Selective conservatism can be used. Suitable  investigations 
to exclude injuries include CT angiography; esophago-
gram (Fig.  73.4 ), in all cases; and esophagoscopy and 
bronchoscopy where indicated.

73.6             Peripheral Vascular Injury 

 Penetrating injuries causing major peripheral vascular injury 
are fortunately uncommon in children. The under-fi ve age 
group is challenging with poor patency rates being the his-
torical norm. If you are unfortunate to encounter these inju-
ries, best results are achieved when these tiny vessels are 
repaired with the aid of the operating microscope. 
Angiography can be a dangerous intervention in small chil-
dren with higher rates of iatrogenic injury than seen in adults. 
Use angiography sparingly – to avoid the scenario of the 
patient with a traumatic injury on one side and iatrogenic 
occlusion of the femoral artery on the other! Clinical assess-
ment of a vascular injury is suffi cient grounds for explora-
tion. Consider carefully whether to perform angiography to 
look for subclinical lesions – even if you fi nd an abnormality, 
you will probably treat these expectantly in any event. 

 Endovascular repair approaches and the medical engineer-
ing supporting such endeavors continue to improve, making 
this form of treatment an option in an increasing number of 
patients. Injuries to the axillary, subclavian, femoral and iliac, 
and more proximal arteries may be amenable to endovascular 
treatment. Multifunctional operating rooms with full radio-
logical intervention facilities are probably going to play a 
greater role in the management of multiply injured children. 

  Fig. 73.4    Suitable investigations to exclude penetrating neck injuries include CT or conventional angiography and esophagogram (as shown here) 
in all cases. Esophagoscopy and bronchoscopy can be applied where indicated       
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 You should treat all major vascular injuries in childhood 
where there are signs of ischemia or where there is ongoing 
bleeding or traumatic arteriovenous fi stula by prompt explo-
ration and repair with revascularization. In rare cases even 
when complete vascular occlusion has occurred, there may be 
no signs of acute ischemia. In these cases, effi cient collateral 
circulation is maintaining the viability of the limb (commonly 
in the axillary and brachial arteries). Some children can pres-
ent with evidence of an arterial injury but no evidence of isch-
emia or limb threat. If you operate these patients in an attempt 
to restore fl ow, you may do harm by interfering with the col-
lateral circulation and converting a stable situation to one of 
limb threats (especially in the young child where the vascular 
anastomosis is most technically challenging). These patients 
are sometimes best treated by close observation and follow-
up. The Doppler ankle brachial index (ABI) is helpful under 
these circumstances. An index of greater than 0.6 indicates 
suffi cient arterial perfusion by collaterals. If the patient devel-
ops growth retardation of the affected limb, elective vascular 
repair can be performed at a later date, but this will rarely be 
necessary. An ABI of greater than 0.90 is a useful screening 
test for the presence of signifi cant arterial injury. 

 Arterial spasm occurs more commonly in children than in 
adults. Vasospasm is thought to occur when there is a shear 
injury or contusion to a blood vessel. This results in anatomi-
cal or functional separation of the endothelium and the media. 
The constant vasodilatory effect maintained by endothelial 
production of nitric oxide is therefore lost, and the vessel goes 
into prolonged spasm. The small caliber of pediatric vessels 
makes them particularly vulnerable. The role of spasm in 
penetrating arterial trauma is not clear. Most vessels explored 
for angiographically diagnosed spasm after penetrating injury 
reveals a clearly injured vessel. Do not assume that poor arte-
rial supply is due to spasm and therefore self-limiting. This 
may delay exploration and repair of the vessel and decrease 
the chances of successful revascularization. 

73.6.1     Practical Advice and Pitfalls 
with Vascular Injuries 

     1.    Ligate all veins if repair is not possible except for the 
superior vena cava, suprahepatic inferior vena cava, and 
popliteal vein.   

   2.    Avoid prosthetic grafts if at all possible in children. Best 
patency rates are achieved by autologous vein grafts 
(Fig.  73.5 ).

       3.    Use the operating microscope in small children under 5 
years of age.   

   4.    Interrupted suturing and the use of absorbable material 
such as polydioxanone allow for growth.   

   5.    No preoperative angiography in patients with obvious 
injuries.       

73.7     Non-powder Gun Injuries 

 These are weapons which propel the missile by compressed 
air, either created by a mechanical spring or compressed air. 
The array of weapons sold as “toys” has become increas-
ingly impressive in recent years. Many of these weapons are 
capable of muzzle velocities in the 400–1,200 fps range, 
comparable to powder guns. Although the missile fi red is 
generally smaller and lighter, signifi cant injuries can occur 
especially to the globe of the eye, intracranial structures, the 
trachea in the neck, and the peripheral vascular tree. 
Penetration into the chest and abdominal cavity occurs less 
commonly, but deaths in these scenarios have also occurred. 
If you treat lots of children in a developed country, especially 
in the “gun friendly” countries such as the United States, you 
will see these injuries! Treat them with due respect – they 
can cause almost the same array of injuries that traditional 
gunpowder propelled missiles do.  

73.8     Summary 

 Children should not have to suffer penetrating injuries. When 
they do, an approach based in principle on the adult approach 
to these injuries will yield good results. The best place to 
treat a severely injured and unstable patient is the operating 
room – do not delay in getting your patient there! In general, 
selective conservatism of injuries to body cavities is less use-
ful (but still perfectly applicable) for pediatric patients 
because of the greater incidence of injuries. The operating 
microscope is an essential tool for repairing very small blood 
vessels. The pellet fi red by a “toy” gun can sometimes cause 
injuries in excess of what you might expect.      

  Fig. 73.5    Avoid prosthetic grafts if at all possible in children. Best 
patency rates are achieved by autologous vein grafts       
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 Important Points 

•     The treatment of the unstable child with a penetrat-
ing injury needs to occur in the operating room and 
not in the emergency room. Delays can be fatal!  

•   Resuscitative thoracotomy should only be used in 
the context of penetrating thoracic trauma.  

•   For trauma, a midline laparotomy affords the best 
access for all sizes and shapes of children.  

•   Laparoscopy and thoracoscopy may be very useful 
additions to your armamentarium  in stable patients .  

•   Selective conservatism of penetrating abdominal 
injuries is less useful in small children because the 
rate of organ injury is generally high and abdominal 
defects need to be repaired anyway.  

•   Tunnel all chest tubes, fi x them thoroughly, and pull 
them out under gauze to ensure that you do not 
cause pneumothorax in uncooperative children.  

•   Unnecessary angiography carries a real risk of con-
tralateral vessel injury. Request it only if it will 
change your management in a signifi cant way.  

•   Do not embark on repair of limb vessels in small 
children who have an injury but good ABIs and no 
limb threat – you could interfere with the collaterals 
that are sustaining that limb and cause limb loss if 
your anastomosis fails.  

•   If a limb is threatened due to what you assume to be 
spasm, explore it to rule out injury. You will usually 
fi nd it.  

•   Remember that endovascular approaches to vascu-
lar injuries can be an invaluable weapon in your 
armamentarium.  

•   Non-powder gun injuries are becoming more com-
mon – treat them with respect; they are powerful!    
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      The Pregnant Patient                     

     Andreas     Larentzakis      and     Dimitrios     Theodorou    

      Consider pregnancy always when dealing with a female 
trauma patient of reproductive age. The changes in anat-
omy and physiology, as well as the trauma care of two 
 individuals, represent issues that must be considered, 
beyond the well-established principles of the injured patient 
management. 

 Penetrating trauma during pregnancy is the result of gun-
shot wounds, followed by stab wounds. Gunshot wounds are 
more lethal for both mother and fetus. The subgroup that 
most likely suffers penetrating trauma is pregnant teenagers, 
between 15 and 19 years old. Mother’s and fetus’s morbidity 
and mortality are signifi cantly different. Maternal mortality 
is less than 5 %, while perinatal fetal mortality rate ranges 
between 40 % and 71 %, in the setting of maternal abdominal 
penetrating trauma. 

74.1     Alterations During Pregnancy 

 When you have to deal with an injured pregnant patient, you 
have to be aware of the changes in physiology and anatomy, 
because they alter maternal response to trauma requiring 
subsequent treatment adaptations. Most changes occur as 
early as the beginning of the 1st trimester of pregnancy but 
are evident by the end of it, while the peak effects are noted 
during the second or third trimester. 

74.1.1     Changes in Anatomy 

 When you evaluate the abdomen of a pregnant patient, it is 
important to remember that the abdominal organs are 
 displaced upward by the growing gravid uterus. The  bladder 
is also displaced superiorly along with the growing uterine 
fundus and should be no more considered as a pelvic visceral 
organ in the second trimester. This predisposes to bladder 
injury in the latter stages of pregnancy. After 20 weeks of 
gestation, the uterus can provoke aortocaval compression, 
which can reduce venous return to the heart, as well as car-
diac output. About 10 % of pregnant women will experience 
the supine hypotensive syndrome. If compensation from 
paravertebral collaterals is not suffi cient, the patient can 
experience pallor, sweating, nausea, vomiting, hypotension, 
tachycardia, and even mental status changes. So, remember 
placing the pregnant patient in the left lateral decubitus posi-
tion during the evaluation, because it maximizes blood fl ow 
to the uterus and releases aortacaval pressure. The diaphragm 
is raised approximately 4 cm, and the thoracic anteroposte-
rior diameter increases. The dextrorotation of the enlarging 
uterus produces a predilection for right-sided ureteral dila-
tion, but also bilateral ureteral dilation may be apparent, as 
bladder is displaced superiorly.  

74.1.2     Changes in Physiology (Table  69.1 ) 

74.1.2.1        Circulatory 
 The most prevalent changes during pregnancy occur in the 
cardiovascular system. Why all these alterations are impor-
tant to you when you try to resuscitate a pregnant woman 
suffering a penetrating trauma? The increase in total blood 
volume, plasma volume, heart rate, stroke volume, and car-
diac output, as well as the decrement in blood pressure, and 
central venous pressure, can interfere with assessment of the 
hemodynamic status of your patient. 

 Blood pressure is lower during pregnancy due to the 
decreased systemic vascular resistance owing to 
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progesterone- induced vasodilation and due to the low resis-
tance of the placental bed. 

 The increase in heart rate is the result of the estrogen- 
mediated increases in myocardial alpha receptors. The nor-
mal ECG changes in pregnancy include sinus tachycardia; 
left axis deviation (15°–20°); ectopic beats; Q wave in leads 
III and aVF; inverted or fl attened T waves in leads III, V1, 
and V2; and unspecifi c ST changes. 

 Volume loss may be underestimated and hemodynamic 
instability signs may not be apparent until your patient has 
lost over 30 % of her total blood volume. If blood loss 
exceeds 2,500 mL, then pregnant patient’s condition can 
deteriorate extremely rapidly. Also, uterine blood fl ow com-
prises about 20 % of cardiac output, has no autoregulation, 
and is dependent on maternal mean arterial blood pressure, 

but you have to keep in mind that the fetus may be at risk 
even with no maternal signs of hypovolemia, while after 
their appearance the fetus is in jeopardy. So, you cannot rely 
on hemodynamic stability as an indicator of maternal blood 
loss, and it is reasonable to overhydrate in order to prevent 
hypoperfusion of the uteroplacental circulation. 

 The confusion can be even greater if you do take into con-
sideration the “physiologic anemia” of pregnancy, as mater-
nal erythropoiesis increment does not keep pace with the 
increase of plasma volume. Hematocrit and hemoglobin val-
ues of 30 % and 10 g/dL, respectively, are considered nor-
mal. A smart enough approach is to compare, if available, the 
most recent laboratory exams, as a lot of pregnant women 
have hematocrit levels obtained as a part of routine care. 

 Also, colloid osmotic pressure declines progressively 
with advancing gestational age owing to the falling level of 
serum albumin.  

74.1.2.2     Respiratory 
 The respiratory system also undergoes changes. Oxygen 
consumption is increased due to the augmentation of the 
metabolic demands of the growing breasts, uterus, placenta, 
and fetus, and the partial pressure of oxygen (PaO 2 ) rises in 
order to maintain adequate oxygen delivery to all these tis-
sues and fetus. Under this hypermetabolic status, you should 
always supply supplemental oxygen to the pregnant patient, 
even before you start your evaluation. 

 The growing uterus elevates the diaphragm. Subsequently, 
the respiratory reserve and residual volumes decline and 
result to the decrease of the functional residual capacity. So, 
you do not have as much time as you may think in case your 
pregnant patient has depressed respiration or is apneic. 

 These respiratory changes lead to an increase of the tidal 
volume and a slight or no increase of the respiratory rate, 
resulting to an upgrade of minute ventilation and lowering of 
the partial pressure of carbon dioxide levels (PaCO 2 ). So, 
you must consider any PaCO 2  levels between nonpregnant 
values. The pH remains, however, between normal values, 
because of the compensatory renal excretion of bicarbonate. 
As you already know, this is called compensated respiratory 
alkalosis. Keep in mind that this means that the pregnant 
patient has, already, a component of metabolic acidosis 
before her injury.  

74.1.2.3     Renal 
 The renal perfusion is markedly increased during pregnancy, 
resulting in an increase in glomerular fi ltration rate. This 
leads to a drop in both serum creatinine and blood urea nitro-
gen levels, and values above 0.8 and 13 mg/dL, respectively, 
should be considered abnormal. Also, serum sodium is 
reduced. It is important if you want to evaluate a pregnant 
patient’s kidney function in trauma setting. Hydronephrosis, 
hydroureter, and urinary stasis are not uncommon owing to 

   Table 69.1    Alterations in physiology during pregnancy   

 Parameter  Alteration  Amount 

 Heart rate (beats/min)  ↑ a   By 10–15 
 Systolic blood pressure 
(mmHg) 

 ↓ b   By 5–15 

 Diastolic blood pressure 
(mmHg) 

 ↓  By 10–20 

 Central venous pressure 
(mmHg) 

 ↓  Up to 5 

 Stroke volume (mL)  ↑  By 5–10 
 Cardiac output (L/min)  ↑  Up to 50 % 
 Systemic vascular resistance 
(dynes cm/s 5 ) 

 ↓  Varies 

 Pulmonary vascular 
resistance (dynes cm/s 5 ) 

 ↓  Varies 

 Total blood volume (Lt)  ↑  By 30–50 % 
 Plasma volume (Lt)  ↑  By 30–40 % 
 Erythropoiesis  ↑  By 10–15 % 
 Hemoglobin (g/dL)  ↓  10 is still normal 
 Hematocrit (%)  ↓  30 is still normal 
 White blood count 
(×1,000 per mm 3 ) 

 ↑  5–25 is normal 

 Platelets  No change  No change 
 Clotting factors 
(II, VII, VIII, IX, X) 

 ↑  Varies 

 Fibrinogen (mg/dL)  ↑  Up to 400 
 Functional residual capacity  ↓  By 20 % 
 Residual volume  ↓  Varies 
 Expiratory reserve volume  ↓  Varies 
 Tidal volume (mL)  ↑  By 40 % 
 Respiratory rate  ↑  Changes minimally 
 Minute ventilation  ↑  Up to 50 % 
 PaCO 2  (mmHg)  ↓  By 5–10 
 Oxygen consumption  ↑  Up to 20 % 
 PaO 2  (mmHg)  ↑  100 or 200 
 pH  No change  No change 
 Serum bicarbonate (m Eq/L)  ↓  By 2–7 

   a Increment 
  b Decrement  
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the relaxing effects of progesterone on smooth muscle, as 
well as to the growing uterus, predisposing to urinary 
infections.  

74.1.2.4     Progesterone-Mediated Smooth 
Muscle Relaxation 

 Progesterone-mediated smooth muscle relaxation results to a 
decreased lower esophageal sphincter tone, and also the gas-
tric empting is prolonged. In addition, stomach is displaced 
cephalad. Because of these changes, the risk of aspiration 
increases in a pregnant patient who cannot protect her airway 
in case of trauma. Remember that normal confusing com-
plaints of the pregnant patient include nausea, vomiting, and 
abdominal discomfort. Bowel peristalsis is declined, too. As 
a consequence of this, there may be a prolonged period of 
postoperative ileus, nausea, and vomiting. Also, stasis of both 
gastric and gallbladder contents is common in pregnancy. 
Chronic distention of the parietal peritoneum by the expand-
ing uterine contents produces less acute symptoms in cases of 
intraperitoneal bleeding, while the stretching of the perito-
neum makes localizing pain diffi cult late in pregnancy.  

74.1.2.5     Laboratory Variants 
 Maternal white blood count increases in pregnancy. Levels 
between 5,000 and 30,000 cells per cubic milliliter (cells/
mm 3 ) are considered normal (up to 16,000 cells/mm 3  during 
1st and 2nd trimesters and up to 20,000 – 30,000 cells/mm 3  
during labor). Platelets range as in the nonpregnant status 
while at the lowest values. The levels of fi brinogen upgrade 
twofold times (normal values for pregnancy are more than 
200 mg/dL) compared with nonpregnant measurements, and 
most procoagulant factors are increased, too. This seems to 
be benefi cial for the pregnant patient in achieving hemostasis 
after trauma. But, also, you should carefully evaluate normal 
or low values of fi brinogen, with elevated fi brin degeneration 
products, and below normal values of platelets, as suggestive 
of disseminated intravascular coagulation (DIC). Another 
issue needed to be considered is that the increased procoagu-
lant factors, in addition to the venous stasis in the lower 
extremities during pregnancy, place pregnant patient at risk 
for deep venous thrombosis and pulmonary embolism (DVT/
PE). Therefore, when not contraindicated, DVT/PE prophy-
laxis should be considered.    

74.2     Patterns of Injury 

 Pregnancy alters the pattern of injury as gestation advances. 
The risk of trauma of fetus increases with gestation age. 
Fetal death is the result of direct fetal injury or preterm deliv-
ery. Before 13 weeks of gestation, the uterus is not yet an 
abdominal organ and is protected by the pelvic bones. Fetal 
loss in the fi rst trimester is the result of maternal hypotension 

or death rather than a result of direct trauma. As the uterine 
enlarges, it and its contents occupy more and more space in 
the abdominal cavity, and it displays the bowel cephalad. 
This is protective regarding the bowel, but the uterus and 
fetus are more vulnerable to injury. The incidence of visceral 
injury with penetrating trauma in pregnancy is 16–38 %, 
compared with 80–90 % in nonpregnant population. Also, 
there are a thinning of the uterine wall and relative decrease 
in amniotic fl uid volume with gestation age advancement, 
contributing to fetal vulnerability. Penetrating injuries in 
their majority involve uterine wall or uterine wall and fetus. 
The density of the uterus dissipates the energy of low- 
velocity traumas, but high-velocity ones are more devastat-
ing to mother and fetus. Maternal penetrating trauma in the 
upper abdominal area or posterior entry wounds are, how-
ever, associated with bowel or other visceral injuries; there-
fore, these injuries are explored surgically more often. 

 The bladder is displaced cephalad, too, making it suscep-
tible to direct injury. So, you have to remember that in case 
of hematuria.  

74.3     Perioperative Management 

 It is recognized that most pregnant trauma victims should be 
transported to a trauma center. Prehospital fi ndings such as 
tachycardia (>110 beats/min), chest pain, loss of conscious-
ness, and third trimester pregnancy have been independently 
associated with the need for care in a trauma center. The 
evaluation and management of these patients require a mul-
tidisciplinary approach. The trauma surgeons, the obstetri-
cians, and maternal-fetal medicine specialists, emergency 
medicine technicians, emergency room physicians and 
nurses, anesthesiologists, and pediatricians are all members 
of a large collaborating team with the same intent, the rescue 
of mother and fetus. Treatment protocols regarding penetrat-
ing injuries are the same for the pregnant patient. Between 
your treatment options are immediate laparotomy and surgi-
cal exploration, laparoscopy, local wound exploration, diag-
nostic peritoneal lavage, CT imaging, and observation in an 
intensive care setting with continuous fetal monitoring and 
serial evaluations. 

 The guidelines regarding the prehospital trauma care and 
the advanced trauma life support of the pregnant patient are 
the same with those for nonpregnant trauma victims. 

 The main principle in the care of the pregnant trauma 
patient is the resuscitation and rescue of the mother, in order 
to provide the best chance for a favorable outcome for both 
mother and fetus. While it is important to monitor both 
mother and fetus, your only way to give better chances to the 
fetus is to adequately resuscitate mother. Time is one of your 
enemies. Rapid assessment and treatment are of paramount 
importance, while patient’s management must be performed 
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under a thorough understanding of the changes in maternal 
anatomy and physiology that occur in pregnancy. 

74.3.1     Primary Survey 

 The ABCDEs of the initial assessment are the same as for the 
nonpregnant trauma patient. Life-saving procedures, medi-
cations, and diagnostic imaging are the same, too. Immediate 
administration of high-fl ow oxygen is very important. 
Remember the increased risk for aspiration of gastric con-
tent. Laryngoscopy and intubation is not an easy task in 
pregnant patients. In rapid sequence intubation, remember to 
apply cricoid pressure and that both depolarizing and nonde-
polarizing agents cross the placental-embryonic barrier, 
resulting in a transient depression of the fetus. 

 When a chest tube is needed, the insertion point has to be 
moved one or even two intercostal spaces higher than in the 
nonpregnant patient. The reasons for this are the substernal 
angle increment in about 50 %, the upward displacement of 
the diaphragm, and the augmentation of the anteroposterior 
diameter of the chest. 

 The fl uid resuscitation of the pregnant trauma patient 
must be aggressive, according to the principles of 
ATLS. Transfusion, if indicated, should be done with typed- 
cross- matched packed red blood cells; however, if you don’t 
have the luxury of time, O-Rh-(−) blood is used. 

 During the resuscitation process, particularly if gestation 
age is beyond 20 weeks, it is important to place your patient 
on her left side to displace the uterus laterally (about 30°) 
and increase the cardiac preload and output. 

 In your list of causes for altered mental status in a trauma 
patient, you should also add eclampsia.  

74.3.2     Secondary Survey 

 The head-to-toe physical examination, the search for any 
entry or exit wounds, the history regarding the injury, and 
past medical and surgical history are the same as for the non-
pregnant patient, but there are some more issues. Do not for-
get to ask about the obstetric history of the current and any 
past pregnancies. Keep always in mind the location of the 
uterine fundus according to the gestational age. A simple 
rule of thumb is that the distance of the uterine fundus from 
the pubic symphysis measured in centimeters corresponds to 
gestational age in weeks. Palpate the uterus to assess for con-
tractions, rigidity, and tenderness. However, signs might be 
absent because the gradual distention of the peritoneum pro-
voked by the growth of the uterus desensitizes patient to the 
peritoneal. You have to continue with a sterile-speculum 
vaginal examination in order to assess for rupture of 

 membranes or vaginal bleeding. The latter may indicate pre-
term labor, uterine rupture, and/or abruption, in the setting of 
 penetrating pregnant trauma patient. Digital cervical exami-
nation should be avoided in the presence of vaginal bleeding, 
until the placenta previa is excluded. Something you should 
never forget is to do a rectal examination to evaluate for 
bleeding and/or hematoma. 

 The fetus should be evaluated at this time. Fetal heart rate 
should be assessed as soon as possible during the secondary 
survey. Keep in mind that the normal range of fetal heart rate 
is from 120 to 160 beats/min. Use your stethoscope if the 
fetus is older than 20 weeks of gestation, but you are going 
to need a Doppler ultrasound between 10 and 14 weeks. 
Continuous monitoring is needed when the fetus is viable 
and gestational age is greater than 24 weeks. You must 
remember that abnormal heart rate (i.e., tachycardia, brady-
cardia, loss of beat-to-beat variability, or recurrent declara-
tions) may be the only sign of maternal hemodynamic 
instability. Another warning sign of premature labor in preg-
nant patients with trauma is uterine contractions more than 
four per hour. 

 Laboratory studies are the same as for the nonpregnant 
patient. Just remember that Kleihauer-Betke test may be 
indicated. 

 X-ray studies should be performed as for nonpregnant 
patients and be limited if possible. The uterus must be 
shielded as indicated. The accepted maximum dose of ion-
izing radiation during the entire pregnancy is 5 rad 
(0.05 Gy), while the fetus is at highest risk during fi rst and 
early second trimester. Table  69.2  shows fetal radiation 
exposure involved in diagnostic radiology. As it is evident, 
doses are much lower than the threshold and present no 
substantial risk of fetal death, malformation, or mental 
impairment.

   What other options do you have in order to evaluate a 
pregnant patient suffering penetrating trauma? You have 
focused abdominal sonography for trauma (FAST), which 
can detect intraperitoneal fl uid with an 85 % sensitivity and 
99 % specifi city, as well as pericardial fl uid with a 100 % 
sensitivity and 99 % specifi city. Also, you can use ultrasound 
to assess fetal heart rate or gestational age. Finally, diagnos-
tic peritoneal lavage (DPL) is rarely indicated.  

   Table 69.2    Fetal radiation exposure in several radiographic 
examinations   

 Examination  Fetal exposure (rad)  Fetal exposure (Gy) 

 Chest X-ray  0.000045  0.00000045 
 Pelvis X-ray  0.04  0.0004 
 Cervical spine X-ray  0.002  0.00002 
 Abdomen CT a   1–4  0.01–0.04 
 Head CT  <0.05  <0.0005 

   a Computed tomography  
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74.3.3     Emergency Cesarean Delivery 

 The indications for emergency cesarean delivery (ECD) in a 
pregnant patient suffering penetrating trauma are:

•    Unsuccessful maternal cardiopulmonary resuscitation 
after 4 min or imminent death  

•   Non-reassuring fetal heart rate with a hemodynamically 
stable mother  

•   Need for surgical interventions to the uterus    

 The ECD should be performed under the rule of “5 min,” 
which means that the fetus has to be delivered in a no more 
than 5 min time interval, after maternal death, as this is the 
time described to have the optimum fetal survival. In the set-
ting of cardiopulmonary resuscitation (CPR), this rule is 
applied as 4 min spent for CPR and 1 min for fetus delivery. 

 Even if all these are well understood, here are some more 
questions for you:

•    What is the gestational age beyond which you should 
attempt an ECD?    

 Generally, you should not perform an ECD if the gesta-
tional age is less than 24 weeks, depending on the neonatal 
intensive care facilities you have available.

•    Should you perform an ECD if you are not in the rule of 
“5 min”?    

 You must be very cautious doing this. Despite the fact that 
fetus survival has been reported in the setting of more than 
4 min CPR, Katz et al., however, reported that between 
infants born by perimortem cesarean delivery, the 70 % of 
the delivered into 5 min from maternal death survived, with-
out neurologic defi cit, while only the 13 % of the delivered 
beyond 5 min from maternal death survived, and all had neu-
rologic defi cit.

•    Should you proceed with ECD when there are no fetal 
heartbeats heard?    

 It has been reported no fetal survival in the absence of 
fetal heartbeats before the ECD. 

 Emergency delivery is performed through a vertical mid-
line incision from the xiphoid to the pubic symphysis. 
Sterility is a luxury, so do not miss time. Then you have to 
proceed with a longitudinal incision in the uterus. Care 
should be taken to avoid the bladder at the lower margin of 
the uterus. A 5- to 7-cm incision from the fundus to the mid- 
uterine level is adequate. The next step is to enter the amni-
otic membranes, and the fetus is delivered. After the fetus 

has been delivered, you have to remove the placenta from the 
uterine wall with blunt dissection using your hand. The 
uterus is then closed with continuous absorbable suture in a 
run-and-lock fashion. Do not forget to administer oxytocin, 
in order to eliminate postpartum hemorrhage from the pla-
cental implantation site.  

74.3.4     Nonoperative Management 

 Nonoperative management should be considered if the fol-
lowing criteria are satisfi ed:

    1.    Stable maternal vital signs   
   2.    No evidence of fetal distress in the case of a viable fetus   
   3.    Anterior entry wound below the level of the uterine 

fundus   
   4.    Radiographic visualization of the foreign body, if any     

 Ultrasonography can be an excellent modality for deter-
mining the location of metal projectiles owing to the acoustic 
“shadowing” created by these objects. 

 Close monitoring of both mother and fetus in an intensive 
care setting is required. A viable fetus demonstrating evi-
dence of distress is an indication for immediate cesarean 
delivery regardless of the site of injury. Such an approach 
should be carried out only in high-level trauma centers.  

74.3.5     Prophylaxis 

 Tetanus toxoid (0.5 mL) should be administered if the previ-
ously immunized pregnant patient has not received a booster 
in the 5 years prior to an episode of penetrating trauma, in 
conjunction with tetanus immune globulin if the patient has 
not been previously immunized. Broad-spectrum antibiotics 
are indicated to prevent fetal infection when conservative 
management is undertaken. 

 The American College of Obstetrics and Gynecology has 
recommended that consideration be given to administering 
D-immunoglobulin to all unsensitized Rh(D)-negative preg-
nant patients who are evaluated for abdominal trauma.   

74.4     Operative Management 

 An aggressive approach to laparotomy for the management of 
gunshot wounds to the abdomen is usually followed during 
pregnancy. Selective laparotomy may be contemplated in the 
pregnant woman with stable vital signs when the entry site is 
anterior and subfundal and when imaging techniques demon-
strate that the missile has not crossed the posterior uterine 
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wall. Laparotomy for maternal indications is not also an 
 indication to perform a cesarean section. You may, however, 
to do so if there is a fetal indication (fetal distress) or if the 
gravid uterus prevents adequate exposure for any needed and 
appropriate intra-abdominal exploration and repair of mater-
nal injuries or the uterus displays a signifi cant injury requir-
ing extensive debridement and repair. In case it is known, at 
the time of laparotomy, that the fetus has expired secondary to 
penetrating trauma, you should follow the same principles, 
regarding the cesarean delivery. It is preferable, if possible, to 
proceed with vaginal delivery with prostaglandin induction of 
labor several hours later, because cesarean delivery spends 
blood and time. If you note uterine perforations during the 
exploratory laparotomy, you should proceed with excisional 
debridement and simple closure with absorbable sutures. 

 Another issue is extreme prematurity, in order to assess 
the need of any interventions for fetal indications (distress or 
injury). You have to weigh the viability of the delivered fetus 
against the risk of retaining the fetus in utero. Keep in mind 
that fetal viability is observed with increasing predictability 
after 23 weeks of gestation. Your nonoperative option is 
close fetal surveillance.      
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 Important Points 

•     Make sure you do not miss an incidental pregnancy.  
•   Remember that some of your drugs can cause com-

plications to a pregnancy.  
•   Appropriate management of the mother will give a 

chance of survival to the fetus.  
•   But if the mother is dying because of injuries 

incompatible with life and the fetus is mature and 
still alive, consider emergency cesarean section.    
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      Anticoagulation in Penetrating Trauma                     

     David     R.     King    

      Coagulopathy after trauma remains signifi cantly associated 
with complications and death. If coexisting traumatic brain 
injury is present, there is a dramatic increase of all-cause 
mortality compared to non-brain-injured patients. As an 
extension of this concept, the use of anticoagulants following 
severe injury may be associated with worsened outcomes. 
Anticoagulation following penetrating trauma may be con-
sidered under some select circumstances; however, careful 
evaluation of these patients should be undertaken to exclude 
contraindications. Injury burden will dictate the decision to 
consider the use of anticoagulants, if they are indicated for a 
particular injury. 

 Vascular reconstruction following penetrating injury is 
commonly accomplished by either primary repair, interposi-
tion, bypass, or patch with autologous vein or interposition, 
bypass, or patch with prosthetic. The type of reconstruction 
and the patient’s existing medical comorbidities may infl uence 
the decision to use anticoagulants and antiplatelet agents. 

 In the absence of severe existing ischemic vascular dis-
ease, arterial and venous injuries repaired with autologous 
vein do not require postoperative systemic anticoagulation or 
antiplatelet therapy. Additionally, if the popliteal vein is 
ligated at time of surgery, postoperative anticoagulation does 
not infl uence rate of thrombosis or recanalization. If no con-
traindications exist (such as traumatic brain injury or existing 
trauma-related coagulopathy), intraoperative anticoagulation 
during reconstruction (regardless of conduit) may improve 
rate of limb salvage. Shunting with anticoagulation may also 
improve limb salvage if defi nitive reconstruction needs to be 
delayed. The use of intraoperative angiography (as opposed 
to preoperative CT angiogram or formal angiography) may 
also improve chances of saving a limb. 

 Reconstruction with polytetrafl uoroethylene (PTFE) has 
been shown to be effective when autologous vein is not avail-
able, especially the heparin-bonded variety. Limb salvage 
rates are comparable to autologous vein reconstruction, 
although there may be increased infection risk in contami-
nated wounds. Similar to autologous vein reconstruction, 
PTFE reconstruction after trauma does not require long-term 
postoperative anticoagulation or antiplatelet agents unless 
there is existing severe ischemic vaso-occlusive disease. 

 All penetrating trauma patients, without contraindication, 
should be placed on early pharmacologic deep venous throm-
bosis prophylaxis. This should not be confl ated with thera-
peutic anticoagulation discussed above. 

 Early, or prophylactic, fasciotomy should be carefully 
considered for traumatic vascular reconstructions, particu-
larly of the lower extremity. The military experience sug-
gests higher limb salvage rates with aggressive prophylactic 
fasciotomy although the civilian literature suggests a selec-
tive approach be utilized. Factors contributing to likely ben-
efi t from early or prophylactic fasciotomies include long 
interval from presentation to repair, prolonged operative 
time, complex reconstruction, and existing peripheral vascu-
lar disease. If the surgeon feels a limb is at particularly high 
risk for compartment syndrome, then intraoperative antico-
agulation may offer benefi t. There is some evidence that the 
use of intraoperative heparin may prevent compartment syn-
drome and obviate the need for fasciotomy. Consequently, 
this should be considered when contraindications do not 
exist. 

 In conclusion, early aggressive revascularization should 
be undertaken for penetrating vascular injuries. The use of 
intraoperative angiography is associated with improved limb 
salvage, as is the use of intraoperative anticoagulation. 
Primary lateral repair or autologous vein graft remains the 
preferred option for reconstruction; however, PTFE should 
be used liberally if autologous vein is not available, even in a 
potentially contaminated fi eld. The use of prophylactic 
 fasciotomies is controversial; however, the surgeon should 
carefully weigh the risk and benefi ts for each patient. Heparin 
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anticoagulation during surgery may help avoid compartment 
syndrome. Finally, unless there is coexisting ischemic 
 vascular disease, no postoperative or long-term anticoagula-
tion or antiplatelet therapy is required for vascular repairs 
following penetrating trauma.     

   Recommended Reading 

   1.    Allard CB, Scarpelini S, Rhind SG, Baker AJ, Shek PN, Tien H, 
Fernando M, Tremblay L, Morrison LJ, Pinto R, Rizoli SB (2009) 
Abnormal coagulation tests are associated with progression of trau-
matic intracranial hemorrhage. J Trauma 67(5):959–967  

   2.   Brown J, Lethaby A, Maxwell H, Wawrzyniak AJ, Prins MHE 
(2008) Antiplatelet agents for preventing thrombosis after peripheral 
arterial bypass surgery. Cochrane Database Syst Rev (4):CD000535  

   3.    Callcut RA, Acher CW, Hoch J, Tefera G, Turnipseed W, Mell MW 
(2009) Impact of intraoperative arteriography on limb salvage for 
traumatic popliteal artery injury. J Trauma 67(2):252–257; discus-
sion 257–258  

   4.    Daenens K, Schepers S, Fourneau I, Houthoofd S, Nevelsteen A 
(2009) Heparin-bonded ePTFE grafts compared with vein grafts in 
femoropopliteal and femorocrural bypasses: 1- and 2-year results. 
J Vasc Surg 49(5):1210–1216  

   5.    Davidovic LB, Cinara IS, Ille T, Kostic DM, Dragas MV, Markovic 
DM (2005) Civil and war peripheral arterial trauma: review of risk 
factors associated with limb loss. Vascular 13(3):141–147  

   6.    Frykberg ER (2002) Popliteal vascular injuries. Surg Clin North 
Am 82(1):67–89  

   7.    Gando S, Kameue T, Matsuda N, Hayakawa M, Ishitani T, 
Morimoto Y, Kemmotsu O (2002) Combined activation of 

 coagulation and infl ammation has an important role in multiple 
organ dysfunction and poor outcome after severe trauma. Thromb 
Haemost 88(6):943–949  

   8.    Gifford SM, Aidinian G, Clouse WD, Fox CJ, Porras CA, Jones WT, 
Zarzabal LA, Michalek JE, Propper BW, Burkhardt GE, Rasmussen 
TE (2009) Effect of temporary shunting on extremity vascular 
injury: an outcome analysis from the Global War on terror vascular 
injury initiative. J Vasc Surg 50(3):549–555; discussion 555–556  

   9.    Guerrero A, Gibson K, Kralovich KA, Pipinos I, Agnostopolous P, 
Carter Y, Bulger E, Meissner M, Karmy-Jones R (2002) Limb loss 
following lower extremity arterial trauma: what can be done proac-
tively? Injury 33(9):765–769  

   10.    Huynh TT, Pham M, Griffi n LW, Villa MA, Przybyla JA, Torres 
RH, Keyhani K, Safi  HJ, Moore FA (2006) Management of distal 
femoral and popliteal arterial injuries: an update. Am J Surg 
192(6):773–778  

   11.    MacLeod J, Lynn M, McKenney MG, Jeroukhimov I, Cohn SM 
(2004) Predictors of mortality in trauma patients. Am Surg 
70(9):805–810  

   12.    Mullenix PS, Steele SR, Andersen CA, Starnes BW, Salim A, 
Martin MJ (2006) Limb salvage and outcomes among patients with 
traumatic popliteal vascular injury: an analysis of the National 
Trauma Data Bank. J Vasc Surg 44(1):94–100  

   13.    Sagraves SG, Conquest AM, Albrecht RJ, Toschlog EA, Schenarts 
PJ, Bard MR, Powell CS, Rotondo MF (2003) Popliteal artery 
trauma in a rural level I trauma center. Am Surg 69(6):485–489; 
discussion 490  

   14.    Sala F, Hassen-Khodja R, Lecis A, Bouillanne PJ, Declemy S, Batt 
M (2003) Long-term outcome of femoral above-knee popliteal 
artery bypass using autologous saphenous vein versus expanded 
polytetrafl uoroethylene grafts. Ann Vasc Surg 17(4):401–407  

   15.    Sawamura A, Hayakawa M, Gando S, Kubota N, Sugano M, Wada 
T, Katabami K (2009) Disseminated intravascular coagulation with 
a fi brinolytic phenotype at an early phase of trauma predicts mortal-
ity. Thromb Res 124(5):608–613  

   16.    Smith LM, Block EF, Buechter KJ, Draughn DC, Watson D, 
Hedden W (1999) The natural history of extremity venous repair 
performed for trauma. Am Surg 65(2):116–120  

   17.    Talving P, Benfi eld R, Hadjizacharia P, Inaba K, Chan LS, 
Demetriades D (2009) Coagulopathy in severe traumatic brain 
injury: a prospective study. J Trauma 66(1):55–61; discussion 61–62  

   18.    Vertrees A, Fox CJ, Quan RW, Cox MW, Adams ED, Gillespie DL 
(2009) The use of prosthetic grafts in complex military vascular 
trauma: a limb salvage strategy for patients with severely limited 
autologous conduit. J Trauma 66(4):980–983  

   19.    White NJ, Martin EJ, Brophy DF, Ward KR (2010) Coagulopathy and 
traumatic shock: characterizing hemostatic function during the critical 
period prior to fl uid resuscitation. Resuscitation 81(1):111–116  

   20.    Woodward EB, Clouse WD, Eliason JL, Peck MA, Bowser AN, Cox 
MW, Jones WT, Rasmussen TE (2008) Penetrating femoropopliteal 
injury during modern warfare: experience of the Balad Vascular 
Registry. J Vasc Surg 47(6):1259–1264; discussion 1264–1265    

 Important Points 

•     Heparin anticoagulation should be used intraopera-
tively for all vascular reconstructions when contra-
indications do not exist. This will improve limb 
salvage rates and may avoid need for fasciotomy.  

•   Regardless of conduit used for reconstruction, no 
long-term postoperative anticoagulation or anti-
platelet therapy is required in the absence of exist-
ing ischemic vascular disease.  

•   Traumatic brain injury remains an absolute contra-
indication to anticoagulation even for complex vas-
cular reconstructions.    
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      Care Under Austere Conditions: 
Unlimited Restraints                     

     Matthew     B.     Singer      and     Terence     O’Keeffe    

      There are many reasons why you, as a surgeon, could fi nd 
yourself practicing under adverse or austere conditions. This 
is clearly to be expected in the case of a military deployment 
or a volunteer mission to a developing nation. Austere condi-
tions are also seen in the setting of natural disasters where 
urgent surgical care is hindered by widespread damage to 
infrastructure and other resources. Recent examples include 
the 2010 Haiti earthquake the 2011 Tohoku Earthquake and 
Tsunami off the northwest coast of Japan. Both natural 
events such as those mentioned above and man-made stress-
ors such as wars, political unrest, and terrorism can all gener-
ate large numbers of injured patients that exceed the 
capabilities of existing medical resources. 

 Some medical systems are already stressed to the break-
ing point, with extremely limited resources, unable to cope 
with even the day-to-day provision of routine surgical care. 
In these cases it does not take a very signifi cant event to tip 
the balance into crisis mode and creating a “disaster” whether 
internal or external. The events surrounding the evacuation 
of patients from Charity Hospital in New Orleans following 
Hurricane Katrina in 2005 amply demonstrate that without 
even leaving our home institutions, we can rapidly fi nd our-
selves with unanticipated problems. 

 We must also be clear in what we mean by adverse or 
austere conditions. Although the Oxford English Dictionary 
gives a total of six defi nitions of “austere,” it is in the sense 
of “severely simple in style, unadorned; without any luxury” 
that we are defi ning this term. We should also remember that 
Webster defi nes austere as “giving little or no scope for plea-
sure,” which would certainly be the case for many patients 
who fi nd themselves in these unfortunate conditions. 
Importantly, there is a reason that this chapter is subtitled 

“unlimited restraints,” as you will fi nd yourself faced with a 
myriad of limiting factors that will impede your ability to 
provide optimal surgical care. 

 This chapter aims to give broad advice to surgeons who 
have never practiced under these conditions and to help pro-
vide a framework on which to organize your thoughts and 
actions in the fi eld. 

76.1     Identify Your Resources 

 One of the fi rst priorities upon arrival to an austere environ-
ment is the identifi cation of available resources. These 
resources may be thought of in terms of personnel, medical 
equipment, structures or facilities, medications, and referral 
and transportation options, both to and from other facilities 
and patients’ homes (Table  76.1 ). These resources will deter-
mine the complexity of care that you will be able to provide. 
Many disaster relief organizations will fi rst send out a “fact- 
fi nding” team to assess what is available in the area and what 
is really needed before indiscriminately sending out ill- 
prepared teams with the wrong equipment, which could be 
of little benefi t.

   A good example of this comes from the US military with 
their forward surgical teams that were deployed widely in 
Iraq and Afghanistan, equipped with limited supplies and 
personnel. In spite of these constraints, damage control lapa-
rotomy became a standard practice due to the presence of an 
extensive onward transportation network. In-fl ight critical 
care resources allowed for the safe transfer of these patients 
to more liberally equipped fi eld hospitals where defi nitive 
care could take place. Such care would not be feasible at a 
hospital in rural Africa, for example, where referral centers 
are not immediately accessible. 

 This highlights the importance of identifying accessible 
resources that may be outside of the austere environment as 
well as transportation options. Once an accurate assessment of 
the available resources has been made, it is possible to outline 
realistic care plans with your support staff and your patients.  

  76
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76.2     What Do I Really Need? 

 In a resource-limited environment, it is critical to determine 
what you, as a surgeon, can and cannot do without. We work in 
a technologically advanced world with easy access to com-
puted tomography, laboratory testing, and readily available 
subspecialty consultants. When preparing to operate under aus-
tere conditions, you must understand that the resources avail-
able in your normal daily practice will not be present. In spite 
of this, it is clear that with a modicum of improvisation, good 
surgery can be performed without our favorite #1 PDS suture 
or a Bookwalter retractor. Consider the following examples: 

76.2.1     Peripheral Vascular Reconstruction 

 If you are performing complex vascular surgery in an indus-
trialized nation, then you will want the ability to perform 

angiography, balloon thrombectomy, and IV heparinization. 
However, providing vascular surgery in an austere environ-
ment may involve only shunting of injured vessels and trans-
ferring them to a facility that can provide defi nitive care, if 
available. In this instance, IV tubing or small-bore chest 
tubes can make for acceptable conduits.  

76.2.2     Split-Thickness Skin Grafting 

 You will probably have had experience with an electric der-
matome and a mesher, but in an austere environment, you 
may be faced with only a Humby knife or Weck blade for the 
very fi rst time. To obtain a large, uniform graft with one of 
these instruments is an acquired skill. Furthermore, meshing 
will need to be done by hand by making small incisions in 
the skin graft, a time-consuming and tedious but necessary 
process. This seemingly simple procedure takes on a whole 

   Table 76.1    Resource identifi cation at different levels   

 Resource  Prehospital  Hospital  After discharge 

 Equipment  Tourniquets 
 Topical hemostatic agents 
 Splints 

 Beds/mattresses 
 Sterile attire 
 Sutures 
 Surgical instruments 
 X-ray machines 
 Vascular shunts 
 Anesthesia machine 

 Prosthetic limbs 
 Walking aids 
 Wound care supplies 

 Facility  –  Temporary or permanent structure 
 Electricity 
 Water supply 
 OR suite 
 Wards 

 Outpatient clinic 
 Acute rehabilitation 
 Skilled nursing facility 
 Hospice facility 

 Personnel  Paramedics 
 Local healthcare workers 

 Nurses 
 Ancillary staff 
 Cleaners 
 Cooks 

 Are supportive family available? 

 Language/dialect  Communication between fi rst 
responders and patients 

 Communication between healthcare 
providers and patients 

 Communication between healthcare 
providers and family 

 Medications  Home remedies 
 Analgesics 

 Narcotics 
 Sedatives 
 Paralytics 
 Antibiotics 
 Blood products 

 Oral analgesics 
 Oral antibiotics 
 Community sources (i.e., pharmacy, 
local herbalist) 

 Nutrition  Baseline nutritional status of local 
population 

 Secure food source for patients 
(i.e., meal tray, tube feeds, infant 
formula) 

 Secure food source at home 
 Oral nutrition supplements 

 Local expertise  Understand scope of practice of 
local healthcare workers and “health 
givers” (i.e., shaman, herbalists, 
bonesetters) 

 Local healthcare workers to orient and 
assist visiting healthcare workers with 
provision of culturally appropriate care 

 Visiting healthcare workers to orient 
and assist local healthcare workers 
with recognition and treatment of 
common complications 

 Specialty and 
subspecialty care 

 –  Presence of in-house teams 
(i.e., medicine, ortho, neurosurgery, 
plastics) 

 Outside facilities to which you can 
refer 
 Outpatient follow-up 

 Transportation  Ambulance 
 Taxi 
 On foot 

 Gurneys 
 Wheelchairs 
 Stairs 
 Elevators 

 System for transporting debilitated 
patients to aftercare facility or home 
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new complexity under these conditions. If you are able to 
familiarize yourself with less commonly used instruments at 
your home institution, your adaptation to an austere environ-
ment will be much easier.  

76.2.3     Pleural Drainage 

 The placement of chest tubes is another area where it is likely 
you will have to contend with different equipment, as you 
may be using the classic “three-bottle” system to drain air or 
blood from the thoracic cavity. The self-contained dispos-
able systems that we use in everyday practice are usually not 
available in this setting. Thus, familiarity with the intricacies 
of a three-chamber system is important. Similarly, a Heimlich 
valve should be placed in the system to prevent backfl ow of 
fl uid, as the bottles may not possess one-way valves. 
Heimlich valves may also form the primary treatment for 
bronchopleural fi stulas under these conditions. 

 Keep in mind that there is no use planning an operation 
that cannot be successful because of the limitations placed 
upon you. Sometimes a short period of waiting can be bene-
fi cial for both the patient and the surgeon. For example, if a 
non-urgent operation is likely to result in signifi cant blood 
loss, it is prudent to delay surgery until a source of compati-
ble blood products can be found. Similarly, if a missing piece 
of equipment or medication can be sourced in a short period 
of time, temporizing surgical therapy may be appropriate. 
However, locating a Fogarty embolectomy catheter in the 
middle of a war zone is highly unlikely, and urgent surgery 
should not be delayed. When it comes down to it, our clinical 
judgment and surgical skill may be more important than 
suture selection and instrument availability when it comes to 
the care of patients in austere environments. Under these 
conditions, the surgeon will have little backup and needs to 
demonstrate creativity and composure in the face of signifi -
cant resource constraints.   

76.3     Improvisation 

 A wise orthopedic surgeon working in Africa once said, 
“The secret to a good surgeon is an ability to improvise,” and 
nowhere is this more true than a resource-limited environ-
ment. While it goes without saying that improvisation is 
required under these conditions, there is a substantial differ-
ence between making do with an unfamiliar brand of pros-
thetic mesh and performing surgery with the patient under a 
ketamine anesthetic without proper lighting or ventilation. 

 Physicians who are going to work in an austere environ-
ment should familiarize themselves with older editions of 
surgical textbooks including an atlas of surgical procedures, 
as they may fi nd themselves performing operations which 
have fallen by the wayside in modern surgical era. Surgery 

for peptic ulcer disease would be just one example. In places 
that lack widespread access to proton pump inhibitors and 
therapy for  H. pylori , complicated PUD may be more com-
mon and defi nitive acid-sparing procedures may be required. 
An older edition of Zollinger’s Atlas of Surgical Operations 
makes both a great reference for unfamiliar operations and a 
useful gift to the medical staff when you depart. The World 
Health Organization has a publication entitled “Surgical 
Care at the District Hospital” which, while very simple for 
the practicing surgeon, still has a number of useful tips and 
can be downloaded online. The International Committee of 
the Red Cross has also produced a downloadable book called 
“War Surgery” that may also be of use to the surgeon. In 
addition, a number of the NGOs have developed courses that 
are specifi cally designed to help broaden the expertise of sur-
geons to enable them to deal with the different management 
techniques that need to be employed for wound and burn 
management, orthopedic injuries, and neurological trauma. 

 In addition to familiarity with unconventional equipment 
and historical surgical procedures, a general surgeon operat-
ing in an austere environment would be wise to have knowl-
edge of a handful of procedures that are more commonly 
practiced by other surgical specialists. A list of recommen-
dations can be found in Table  76.2 .

76.4        Minimizing Complex 
Postoperative Care 

 Proper patient selection is an important aspect of surgical 
care and is heavily informed by the availability of particular 
resources. An important aspect of patient selection that 
should be carefully considered in an austere environment is 
the complexity of postoperative care. In many austere envi-
ronments, surgeons and support staff are present for fi nite 
periods of time. As a result, patients and family members 
who may have very little medical background will be 
required to provide postoperative care without assistance. 
This fact should be considered before committing to a surgi-
cal plan that burdens a patient with complex and long-term 
postoperative care. 

 An example of a procedure that may result in a signifi cant 
and unnecessary postoperative burden is stoma creation. The 
majority of patients suffering a colonic injury from trauma can 
be primarily repaired, and committing a patient to a stoma that 

   Table 76.2    Useful procedures for general surgeons working in austere 
environments   

 Cesarean section 
 Hysterectomy 
 Jaw wiring 
 Application of external fi xator 
 Suprapubic catheter placement 
 Vascular shunting 
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you may not be around to reverse is problematic. Stoma edu-
cation as well as the availability and cost of stoma supplies in 
an austere environment may be prohibitive. If stoma creation 
is required at the time of initial surgery, serious consideration 
should be given to early closure of a stoma during the patient’s 
hospital stay; this has been shown to be safe and effi cacious. 

 In an austere environment, thought should also be given 
to the complexity of postoperative wound care. An open skin 
incision, for example, may represent an excessive burden in 
a place where wound VACs are not feasible and gauze dress-
ings are scarce. Consideration might be given to lose primary 
closure of contaminated wounds with a brief period of daily 
wound probing or delayed primary closure. Similarly, surgi-
cal drain management by patients and family members with-
out close supervision and follow-up may result in signifi cant 
wound complications and is ill advised.  

76.5     Allocation of Scarce Resources 

 The concept of triage, thought to have originated in France in 
1792, was originally applied as a means of sorting wartime casu-
alties into immediate, urgent, and non-urgent categories. In the 
modern era and in the civilian sector, these categories have been 
modifi ed and have come to take on slightly different connota-
tions. Regardless, the availability of certain resources will 
directly infl uence our ability to provide surgical care. 

 Under austere conditions, care for a patient with a trau-
matic brain injury, for example, may be limited to basic life 
support. In the absence of computed tomography, neurosur-
gical expertise, and intensive care resources, therapeutic 
intervention cannot be undertaken. Similarly, a cervical spi-
nal cord injury may be lethal in this setting due to the lack of 
a mechanical ventilator or a reliable power supply. Severe 
burns represent another type of injury that cannot be cared 
for effectively in the absence of critical care resources. 

 One of the most challenging aspects of working in an aus-
tere environment may be the allocation of supplies and staff 
in a manner that serves the greatest number of patients, often 
at the expense of the lives of the most critically ill or injured. 
However, it is essential to make these decisions early to max-
imize the use of available resources and avoid unrealistic 
expectations on the part of patients and their families.  

76.6     Specifi c Resource Shortages: Oxygen, 
Suction, and Blood 

 Special mention should be made of three specifi c resources 
that are usually in very short supply in austere environments: 
oxygen, suction, and blood. 

 Oxygen at therapeutic concentrations may be diffi cult to 
acquire in war zones, disaster areas, and developing nations. 
Although many patients encountered in these contexts are 

young and otherwise healthy without signifi cant intraoperative 
oxygen requirements, a patient with respiratory comorbidities 
may pose an unexpected challenge. The distillation of gaseous 
oxygen into liquid form in portable canisters is a very technical 
process and the provision of this resource requires functioning 
industry. In the event of a war or disaster, this resource should 
be conserved and used judiciously. An oxygen concentrator 
can serve as a backup in certain circumstances by providing 
fl ow rates of up to 5 L/min with concentrations from 50 to 
95 %. Although semiportable, it requires a secure source of 
electricity and is relatively expensive ($400–$1,500). 

 You will fi nd even the easiest of operations diffi cult to 
perform without the ability to suction fl uid. In many places, 
wall suction does not exist and reliable electricity may be in 
short supply. If available, small electric or battery-powered 
suction devices may be useful, but the tubing length and suc-
tion strength will likely be suboptimal. Occasionally, you 
may be only equipped with a foot pump to generate suction, 
permitting the surgeon to exercise and operate at the same 
time. Keep in mind that, even if you have a reliable source of 
suction, you may need to instruct an inexperienced assistant 
which may prove to be as challenging as the absence of this 
resource. Thus, even something as basic as suction presents 
a new challenge under austere conditions. 

 With the advent of rapid HIV screening, it has been easier 
for resource-limited hospitals to provide blood for transfu-
sion. However, blood storage remains a challenge given the 
need for uninterrupted refrigeration. Both refrigerators and 
uninterrupted electricity may be hard to fi nd. When working 
with refrigerated whole blood, it is important to remember 
that the platelets will be inactive when initially transfused. 

 The US military has adopted the concept of a “walking 
blood bank” where soldiers whose blood group is already 
known donate fresh whole blood to their wounded  colleagues. 
The immediate transfusion of warm whole blood without 
storage lesions has likely contributed to the reduction in 
mortality seen in the battlefi elds of Iraq and Afghanistan. 

 In a civilian setting, this concept has been applied to vol-
unteer staff members of non-governmental organizations 
who may similarly serve as a “walking blood bank” in cases 
of severe shortage. In situations where a ready supply of 
altruistic donors may be hard to fi nd, family members may 
be approached and asked if they would consider donating 
blood to aid in the care of their loved ones. Even if their 
blood is not compatible, it can be stored for future use. In this 
way, a small blood bank can be created. Figure  76.1  shows 
an example of such a blood bank used at a hospital in Haiti.

76.7        Communication and Teamwork 

 A capable and effi cient operating team is built on a  foundation 
of mutual respect and understanding. In no place is this more 
apparent than an austere environment where the  operating 
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team may be comprised of strangers who may not speak the 
same language, who may not have extensive experience in 
their assigned role, and who may be especially stressed in the 
setting of a military confl ict or natural disaster. For these rea-
sons, patience and composure on the part of the surgeon are 
critical. Mistakes will happen. Successful teams will 
acknowledge and address these mistakes in a constructive 
manner and continue to focus on providing excellent patient 
care. 

 The surgeon must assemble a team of individuals who are 
capable of serving different roles. Anesthetists/anesthesiolo-
gists, operating room staff, nurses, and other ancillary per-
sonnel all make vital contributions to the regular function of 
a surgical unit, but under austere circumstances, individuals 
may need to assist with triage assessment if the surgeon is 
occupied in the operating room. In rare circumstances, it 
may even be necessary for the surgeon to take over the role 
of anesthesiologist during a case. It may also be a luxury to 
have both a circulating and a scrub nurse, and it is imperative 
that the surgeon be able to “think on his feet” and work well 
with the personnel that he has available. A sense of humor is 
also a valuable asset and can help knit a disparate team 
together. Learning even a few words of the native language 
of the operating room staff can be both technically useful and 
help forge team spirit.  

76.8     Critical Care 

 The provision of critical or intensive care may be one of the 
greatest challenges faced under austere conditions. There are 
two different ways in which this can be addressed. The fi rst 
is to make an accurate assessment of available resources and 
improvise. The second is to bring everything with you, a 
model more often employed by military or disaster fi eld hos-
pitals seeking to provide full critical care capabilities. This 

can be a mammoth undertaking, as described in one paper 
which detailed the assembly of a fi eld hospital with 12 inten-
sive care beds, requiring fi ve Hercules aircraft to transport 
the necessary equipment. Outside of the military, this level of 
resource mobilization is unrealistic. As a result, case selec-
tion and operative planning should be considered carefully. 
However, fi eld hospitals with limited critical care capabili-
ties have been successfully deployed in many disaster zones. 
Importantly, many authors note that a signifi cant proportion 
of their efforts were focused on patients with non-traumatic 
illnesses. 

 Depending on the accessibility of an onward transporta-
tion network and well-equipped fi eld hospitals, it may also 
be feasible and effi cient to establish mobile critical care units 
in airplanes or helicopters. This allows for simultaneous 
treatment and evacuation of the most critically ill patients.  

76.9     Be Culturally Sensitive 

 Most of us train in medical systems where the rapid through-
put of patients is seen as desirable from both the system 
standpoint and the patient care standpoint. It is important to 
realize that this cultural viewpoint is not universal. Many 
patients in different parts of the world anticipate lengthy hos-
pital stays and complete cure of their presenting problem 
prior to discharge. It can be easy for the medical staff to 
become frustrated with patients who they clearly feel are 
ready for discharge, but for some indefi nable reason do not 
want to leave the hospital. This can lead to a breakdown in 
the doctor-patient relationship as well as negative conse-
quences for the medical facility. It is not always easy to 
 reconcile what is medically appropriate with the wishes of 
the patient and/or their family. A balanced approach should 
be adopted with some degree of cultural sensitivity, based on 
the local customs and expectations. 

 Similarly, there are some parts of the world where it is 
diffi cult for male physicians to examine female patients and 
vice versa. If you are not suffi ciently aware of the local 
mores and display a lack of understanding, it will be very 
diffi cult to gain the trust of your patients. A pre-deployment 
review of the local history, customs, and tradition represents 
time well spent. Even a few words of the local dialect can be 
exceptionally useful; a well-timed joke in their language at 
the end of a long day can help lift the spirits of your operat-
ing room staff and maintain rapport.  

76.10     Knowing Your Own Limitations 

 Although it would be a cliché to claim that there is a certain 
“breed” of surgeon that wishes to practice surgery under aus-
tere conditions, it would be fair to say that not everyone 
would wish to fi nd themselves in these circumstances, even 

  Fig. 76.1    “Blood bank” in austere conditions (Photo: O’Keeffe)       
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if this is not of their own making. It is important that the 
surgeon remains humble and does not fall into the trap of 
hubris. It remains important to know one’s own limits and 
not to practice outside of this scope. The temptation will 
always exist to “have a go,” even if the surgeon has never 
previously performed a particular procedure. While this may 
indeed lead one to perform a lifesaving operation (e.g., a burr 
hole for an acute epidural hemorrhage), the potential exists 
for causing harm. We should always try to adhere to the dic-
tum of primum non nocere or “do no harm,” and this should 
not be suspended just because of the adverse circumstances 
that we may fi nd ourselves in. The patient may be better 
served by waiting to undergo a procedure, transferring to 
another facility, or foregoing the procedure altogether. This 
is where time taken to learn procedures that are not in your 
every day practice can pay huge dividends and keep you in 
your comfort zone. Some institutions now offer training 
courses for those about to practice in these environments. 

 It is a good general rule that routine day-to-day medical 
care should be followed as closely as possible, including the 
roles of medical and other personnel, even if the conditions 
are not ideal. This will ensure that all staff are practicing 
medicine in a way that they are used to, facilitating smoother 
workfl ows and ensuring continued adherence to evidence- 
based guidelines. Amid the stress of an austere environment, 
the temptation to cut corners and abandon the usual stan-
dards may be great, but this should be resisted as much as 
possible. Providing substandard medical care under the 
excuse of limited capabilities may be worse than providing 
no care at all.  

    Conclusions 

 In the last decade, much time and effort has been spent plan-
ning and practicing for medical emergencies and natural 
disasters with modest success. In all likelihood, we will con-
tinue to face austere conditions, both at home and abroad. 
Hopefully, we will learn from past mistakes and share our 
knowledge with the larger medical community in order to 
improve the care of patients in austere environments. This is 
a highly rewarding area of surgery, one that allows us to give 
of ourselves without asking for the usual compensation, but 
it must be approached with forethought and preparation.      
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      The Impact of Trauma on the Psyche                     

     Fatima   Y.     Jeenah      and     Mahomed   Y.     Moosa   

      Physical trauma refers to harm infl icted on the body by an 
injury. It is defi ned by the World Health Organization as “a 
suspected bodily lesion resulting from acute over-exposure 
to energy (mechanical, thermal, electrical, chemical and 
radiant) interacting with the body in amounts or rates that 
exceed the threshold of physiological tolerance” [ 1 ]. Many 
characteristics infl uence the nature and severity of the result-
ing effects of physical trauma, namely, mechanism of injury, 
activity and intent, location at time of injury, severity, and the 
location and extent of damage. A common acute impact on 
the psyche is the development of delirium. Delirium is a syn-
drome consisting of impairments in consciousness, arousal, 
cognition, perception, and emotion. The clinical picture 
results from disruptions of normal brain function due to bio-
chemical, electrical, or mechanical disturbances. 

 Physical trauma is often accompanied by psychological 
trauma. “Psychological trauma refers to psychological dam-
age resulting from an injury (including sexual abuse, violent 
attack, natural disaster, or act of warfare), which may over-
whelm a person’s ability to emotionally cope with the expe-
rience and/or causes the person to believe that his/her life is 
in danger” [ 2 ]. However, different people will react differ-
ently to similar events. One person may experience an event 
as traumatic, while another person would not suffer trauma 
as a result of the same event [ 3 ]. People’s reactions could be 

considered “traumatic” if their reactions include intense fear, 
helplessness, or horror, and if they develop clinically signifi -
cant impairment in social, occupational, or other important 
areas of functioning that last more than a few weeks [ 4 ]. The 
incidents would typically be unexpected and, in context, 
would be considered signifi cant enough to be associated with 
signifi cant distress in most people [ 5 ]. 

 The problems and disorders that arise in the aftermath to 
exposure to trauma have three main features. First, the onset 
of problems or disorders is clearly linked to a signifi cant and 
identifi able event (and presumably problems and disorder 
would not have developed without exposure to the event). 
Second, the problems must cause signifi cant impairment in 
functionality. Third, they share characteristic symptoms, 
which can include elevated physical and emotional reactivity 
to reminders of the event, attempts to avoid exposure to 
reminders, symptoms of depression and anxiety, and possi-
ble dissociation. Identifi ed acute trauma-related disorders 
include acute stress reaction, acute stress disorder, and post-
traumatic stress disorder [ 4 ,  5 ]. 

 This chapter attempts to provide the reader with some of 
the clinical features and emergency room management of:

    (a)    Delirium   
   (b)    Common trauma- and stress-related disorders     

77.1     Delirium 

 A delirious state should be recognized as a medical emer-
gency – it can rapidly progress to death if not managed 
appropriately. It is of paramount importance to distinguish 
this state from primary psychiatric conditions so as to avoid 
mismanagement of the patient with possible devastating 
consequences. The majority of cases are reversible with 
rapid improvement when the underlying pathology is 
remedied. 

  77
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77.1.1     Diagnostic Criteria of Delirium 

 The Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5) diagnostic criteria for delirium are as 
follows [ 6 ]:

•    Disturbance in attention (i.e., reduced ability to direct, 
focus, sustain, and shift attention) and awareness.  

•   Change in cognition (e.g., memory defi cit, disorientation, 
language disturbance, perceptual disturbance) that is not 
better accounted for by a preexisting, established, or 
evolving dementia.  

•   The disturbance develops over a short period (usually 
hours to days) and tends to fl uctuate during the course of 
the day.  

•   There is evidence from the history, physical examination, 
or laboratory fi ndings that the disturbance is caused by a 
direct physiologic consequence of a general medical con-
dition, an intoxicating substance, medication use, or more 
than one cause.     

77.1.2     Clinical Features of Delirium 

  The clinical features of delirium are as follows: 

•    Onset and course: Usually sudden and develops over 
hours or days; course is brief and fl uctuating.  

•   Impairment in:   

    (a)    Level of consciousness: This feature is universal and can 
range from lucid intervals to barely perceptible dulling 
of awareness to profound coma. Characteristically, this 
impairment fl uctuates often worsening at night, with 
fatigue and decreased environmental stimulation.   

   (b)    Arousal, alertness, and psychomotor behavior: The 
patient may be hypoactive with diminished alertness and 
appear depressed, demented, or even catatonic. In con-
trast, there may be hyperactivity with increased alertness 
The picture may be mixed – it is common to see rapid 
changes from phases of overactivity to periods of apathy 
and aspontaneity. The hyperactive restless patient may 
present with noisy disturbing behavior. Such overactiv-
ity typically consists of purposeless, repetitive behaviors 
such as groping or picking movements.   

   (c)    Cognitive function: Thought processes are slowed. The 
patient has diffi culty focusing thoughts, and mental 
fatigue occurs readily. Reasoning becomes less clear and 
coherent, logic is impaired, and thinking is concrete. 
Trains of thought become chaotic (presents as frag-
mented and incoherent speech). Comprehension of 

events is impaired – the patient may be unaware of the 
most obvious features of a situation, e.g., whether he is 
indoors or outdoors. Bizarre thoughts and fantasies 
intrude into awareness. Thought content becomes dis-
turbed – ideas of reference and delusions, involving 
themes of persecution, develop. Delusions in this con-
text are vague, poorly elaborated, transient, and incon-
sistent. There is disturbance of registration, retention, 
and recall. Recent memories are faulty; long-term mem-
ory is generally intact. The patient is clearly disoriented 
for time, often for place, and rarely for self.   

   (d)    Perception: Perceptual changes are often present, but are 
not essential to the diagnosis. There may be hallucina-
tions, most commonly in the visual modality, but audi-
tory, tactile, and olfactory hallucinations can exist. 
These may be simple or complex. Illusions are very 
common.   

   (e)    Emotions: There are clear alterations in affect and mood. 
Early there may be mild depression, anxiety, and irrita-
bility with shallow affect and later apathy, indifference, 
and emotional withdrawal. Intense anxiety and fear are 
common, often progressing to terror and panic.    

•    Associated signs: Sleep–wake cycle is characteristically 
disturbed. There is often exacerbation of symptomatology 
at bedtime – “sundowning.” Neurological – tremor, inco-
ordination, dysphasia, urine incontinence, nystagmus, ± 
focal signs.     

77.1.3     Investigations for Delirium 

 The delirious patient must be investigated as follows:

•    Blood glucose – dextrostix  
•   Urine examination – dipstix  
•   Urine toxicology  
•   Blood urea and electrolytes  
•   Serum calcium and magnesium  
•   Full blood count  
•   Liver function tests  
•   Lumber puncture, X-ray, and radio imaging if indicated     

77.1.4     Management of Aggression 
in a Delirious Patient 

 Delirious patients may be aggressive and very diffi cult to 
handle, especially to obtain a history or to physically exam-
ine them. According to the Gauteng Department of Health 
guidelines (unpublished), they must be managed as follows:
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•    De-escalating process 
 One of the fundamentals of de-escalation is not to 
approach the patient alone [ 7 ]. Miller, DC [ 7 ] recom-
mends the following approach: “you do not issue threats 
and keep comments simple. Attempt to reassure the 
patient. Be polite and calm but fi rm. Keep calm, and keep 
everyone else calm. Ask the aggressive person how you 
can help them. He/she may calm down and cooperate if 
treated with respect and given an opportunity to express 
his/her concerns. Explain who you are and what you are 
going to do, i.e., talk to the patient to fi nd out what the 
problem is. Introduce yourself courteously. Respect the 
person’s body space – do not get too close or touch the 
person unnecessarily. Ensure that there are suffi cient peo-
ple around to restrain the person if he/she fails to respond 
to talking. Encourage the person to talk. Treat him/her 
with dignity but also with fi rmness. Threatening the per-
son very often escalates the situation. You can say things 
like: “We are here to help you. Your behavior is not allow-
ing us to give you help. We cannot allow you to hurt your-
self or other people. Can you tell us more calmly what the 
problem is?”; “Why don’t you tell me how angry you feel 
rather than hitting me?”; “I am listening to you.”  

•   Physical restraint 
 Physical restraint refers to the use of physical force to 
prevent a person from taking part in an action that could 
have negative consequences [ 8 ]. It is to “place under con-
trol when necessary to prevent serious bodily harm to the 
patient or to another person, by the minimal use of such 
force as is reasonable, having regard to the physical and 
mental condition of the patient” [ 8 ]. The inclusion of the 
word “serious” requires that the risk to the patient or 
other persons not be slight, negligible, or frivolous before 
restraint is employed. “If attempts at calming the aggres-
sive person by talking fail, physical restraint of the indi-
vidual may become necessary. The goal here is to contain 
the aggressive individual by using the least amount of 
force necessary. Physical restraining should not be done 
alone. It is important to use a team approach when 
restraining an aggressive person. Ideally, fi ve people are 
needed – this would allow one person to hold each limb 
of the aggressive person, and the fi fth person to hold the 
head and direct the restraining procedure. Moreover, the 
mere demonstration of there being enough people to con-
tain him/her is often enough to calm an aggressive person 
down. Important: Beware not to use excessive force – 
one does not want to injure the ill person” [ 8 ].  

•   Chemical restraint 
 The following is the Gauteng Department of Health 
guidelines (unpublished) on the approach to sedate the 
acutely psychotic/aggressive patient. 

 If the patient has a medical condition/delirium, then lower 
doses of medication must be given:
    1.    Benzodiazepines:

•    Lorazepam (Ativan): 0.5–2 mg PO, IMI, or IVI 
(slowly)  

•   Diazepam: 5–10 mg PO, IVI (slowly) – Do not use 
IMI – poor absorption  

•   Clonazepam (Rivotril): 1–2 mg PO, IMI, or IVI 
slowly 
 A word of caution:
 –    Benzodiazepines can cause respiratory 

depression.  
 –   The safest route of administration is oral fol-

lowed by intramuscular (except for diazepam 
which has erratic absorption intramuscularly) 
with the intravenous route having the highest 
risk of respiratory depression and arrest.  

 –   The safest route should be used wherever possible.  
 –   Monitor vital signs closely during and after 

administration.         
   2.    Antipsychotics 

 If hallucinations, delusions, disorganized thought, and 
behavior are present:
•    Haloperidol: 2.5–5 mg orally, IMI, or IVI (slowly). 

This can be given in combination with Lorazepam. 
In a medically ill psychotic patient, use lower doses 
(0.5–2 mg).  

•   Risperidone (if available): 0.5–2 mg daily.  
•   Zuclopenthixol acetate (Clopixol Acuphase): 

50–150 mg IMI. The effect will last 2–3 days.    
 Caution:
•    Chlorpromazine should not be used for emergency 

situations/sedation. It can worsen the confusion 
because of its anticholinergic effects.  

•   Do not give combinations of antipsychotics (e.g., 
haloperidol+zuclopenthixol acetate. However, the 
combination of an antipsychotic and a benzodiazepine 
can be useful (as above). Avoid clotiapine (etomine) – 
causes severe hypotension and is epileptogenic.  

•   Acute, dangerous side effects: acute laryngeal dys-
tonia, hypotension, arrhythmias, and neuroleptic 
malignant syndrome.  

•   Acute dystonia is an emergency! Clinical presenta-
tion – fi xed, abnormal posture of head, neck, 
tongue, or other muscles. It could also present as 
oculogyric crisis. Breathing could be obstructed. 
Management is as follows:
 –    Akineton (biperidin) 1 ampoule= 5 mg given IMI 

or IVI – may be repeated once if ineffective.  
 –   IM benzodiazepines may be used in addition to 

achieve muscle relaxation.            
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•   Mechanical restraints 
 Mechanical restraints are any mechanical device applied 
to a person’s body for the primary purpose of restricting 
movement of any part of that person’s body [ 9 ]. 
Mechanical restraints would not be used as a planned 
intervention but rather in an emergency situation to meet 
a duty of care. In such a situation, intervention is reason-
ably required, and not intervening could be considered a 
breach of duty to care. The various types of mechanical 
restraints include anklet, wristlet, mittens, and chair or 
bed fi xation [ 9 ]. Commonly used in South Africa are the 
anklet and wristlet restraints which are used in conjunc-
tion with a stationery object. It is acceptable to use the 
specifi cally manufactured products which are the right 
size for the patient, soft, and have either a Velcro or 
buckle-type fasteners. It is dangerous and unacceptable to 
simply use bandages or pieces of material as mechanical 
restraints. It is important to make sure that the restraints 
are securely applied yet not so tight that they may com-
promise circulation (ideally, two fi ngers width should fi t 
between the cuff and the skin of the patient) [ 9 ].     

77.1.5     Management of Alcohol Withdrawal 
in a Delirious Patient 

 Often patients affl icted with trauma may be suffering from 
comorbid alcohol and drug use disorders and may present 
with nervousness, physical complications of drug use (e.g., 
ulcer, gastritis, liver disease, hypertension), and evidence of 
self-neglect (e.g., poor hygiene). During the time in the emer-
gency department, they may present with signs of withdrawal 
from alcohol (e.g., sweating, tremors, sickness, hallucina-
tions [usually visual] seizures), opioids (nausea, sweating, 
restlessness, goose bumps, diarrhea (cold turkey), hallucina-
tions), sedatives (anxiety, tremors, insomnia, hallucinations), 
and stimulants, e.g., cocaine, crack, amphetamine, ecstasy 
(depression, moodiness, irritability). The following is the 
Gauteng Department of Health guidelines (unpublished):

•    For patients with mild alcohol withdrawal symptoms, fre-
quent monitoring, support, reassurance, adequate hydra-
tion, and nutrition are suffi cient treatment without 
medication.  

•   Patients with a moderate withdrawal syndrome may require 
benzodiazepines and vitamins in addition. Most can be 
detoxifi ed, with a good outcome, as outpatients or at home. 
Community detoxifi cation should only be undertaken by 
practitioners with appropriate training and supervision.  

•   Patients at risk of a complicated withdrawal syndrome 
(e.g., with a history of fi ts or delirium tremens, very heavy 
use and high tolerance, signifi cant polydrug use, benzodi-
azepine dependence, severe comorbid medical, or psychi-

atric disorder) who lack social support or are at a 
signifi cant suicide risk may require specialist input and 
likely inpatient detoxifi cation by the physicians in liaison 
with specialist alcohol services.  

•   Diazepam is recommended. The initial dose should be 
titrated against withdrawal symptoms, within a range of 
5–30 mg four times a day. This requires close, skilled 
supervision. The following regimen is commonly used, 
although the dose level and length of treatment will 
depend on the severity of alcohol dependence and indi-
vidual patient factors (e.g., weight, sex, and liver func-
tion) (Table  77.1 ).

•      Naltrexone may decrease alcohol consumption in people 
with alcohol dependency, but their compliance with treat-
ment appears problematic.  

•   Dispensing should be daily or involve the support of fam-
ily members to prevent the risk of misuse or overdose. 
Confi rm abstinence by checking the breath for alcohol or 
using a saliva test or Breathalyzer for the fi rst 3–5 days.  

•   Thiamine (150 mg per day in divided doses) should be 
given orally for 1 month. Transfer patient immediately to 
a general hospital or clinic with appropriate resuscitation 
facilities for parenteral supplementation if anyone of the 
following is present: ataxia, confusion, memory distur-
bance, delirium tremens, hypothermia and hypotension, 
ophthalmoplegia, or unconsciousness.  

•   Daily supervision is essential in the fi rst few days, then 
advisable thereafter, to adjust dose of medication, assess 
whether the patient has returned to drinking, check for 
serious withdrawal symptoms, and maintain support.  

•   Patients requiring management of alcohol withdrawal 
with any of the following complications should be man-
aged in an inpatient setting (see Table  77.2 ).

77.2            Common Trauma-Related 
Psychological Disorders 

77.2.1     Trauma- and Stress-Related Disorders 

     (a)    Acute stress reaction 
 For acute stress reaction (ASR), symptoms develop 
within minutes of a traumatic event and last up to hours 
or days. Although ASR is identifi ed as a diagnosable dis-
order in ICD-10, it could more appropriately be consid-

   Table 77.1    Diazepam regimen   

 Days 1 and 2  20–30 mg qds 
 Days 3 and 4  15 mg qds 
 Day 5  10 mg qds 
 Day 6  10 mg bd 
 Day 7  10 mg nocte 
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ered a normal response to psychological trauma (as it 
remits naturally within hours or days), whereas acute 
stress disorder (ASD) and posttraumatic stress disorder 
(PTSD) are more abnormal responses.   

   (b)    Acute stress disorder 
 According to DSM 5 [ 6 ], “acute stress disorder is diag-
nosed when an individual has been exposed to a traumatic 
event in which both of the following were present:

•    The person experienced, witnessed, or was confronted 
with (e.g., can include learning of) an event or events 
that involved actual or threatened death or serious injury 
or a threat to the physical integrity of self or others.  

•   Though not required, the person’s response is likely 
to involve intense fear, helplessness, or horror.    

 Either while experiencing or after experiencing the dis-
tressing event, the individual has three or more of the 
following dissociative symptoms:

•    A subjective sense of numbing, detachment, or 
absence of emotional responsiveness  

•   A reduction in awareness of his or her surroundings 
(e.g., “being in a daze”)  

•   Derealization  
•   Depersonalization  
•   Dissociative amnesia (i.e., inability to recall an impor-

tant aspect of the trauma)    

 The traumatic event is persistently reexperienced in at 
least one of the following ways: recurrent images, 
thoughts, dreams, illusions, fl ashback episodes, or a 
sense of reliving the experience or distress on exposure 
to reminders of the traumatic event. 

 Acute stress disorder is also characterized by signifi -
cant avoidance of stimuli that arouse recollections of the 
trauma (e.g., avoiding thoughts, feelings, conversations, 
activities, places, and people). The person experiencing 
acute stress disorder also has signifi cant symptoms of 
anxiety or increased arousal (e.g., diffi culty sleeping, 
irritability, poor concentration, hypervigilance, exagger-
ated startle response, motor restlessness). 

 For acute stress disorder to be diagnosed, the prob-
lems noted above must cause clinically signifi cant dis-
tress or impairment in social, occupational, or other 
important areas of functioning or impair the individual’s 
ability to pursue some necessary task, such as obtaining 
necessary assistance or mobilizing personal resources by 
telling family members about the traumatic experience. 

 The disturbance in an acute stress disorder must last 
for a minimum of 3 days and a maximum of 4 weeks and 
must occur within 4 weeks of the traumatic event. 
Symptoms also cannot be the result of substance use or 
abuse (e.g., alcohol, drugs, medications), caused by or 
an exacerbation of a general or preexisting medical con-
dition, and cannot be better explained by another psychi-
atric disorder.”   

   (c)    Posttraumatic stress disorder 
 According to DSM 5 [ 6 ], the diagnostic criteria for 
PTSD “include a history of exposure to a traumatic event 
that meets specifi c stipulations and symptoms from each 
of four symptom clusters: intrusion, avoidance, negative 
alterations in cognitions and mood, and alterations in 
arousal and reactivity. The sixth criterion concerns dura-
tion of symptoms; the seventh assesses functioning; and 
the eighth criterion clarifi es symptoms as not attribut-
able to a substance or co-occurring medical condition. 

 The person must have been exposed to death, threat-
ened death, actual or threatened serious injury, or actual 

   Table 77.2    Reasons for admission to a general medical hospital/ward   

 Admission to a general medical hospital/ward 

 Complication  Specifi c element 

 Category 
 Complication obtained 
from the previous 
history 

 Previous complicated withdrawal (e.g., 
delirium tremens, alcohol hallucinosis) 
 Previous convulsions or other 
complications during withdrawal 
 Recent loss of consciousness 
 Comorbid psychoactive substance abuse 

 Complications related 
to alcohol 

 Severe state of intoxication 
 Markedly excessive alcohol use: the more 
potent the alcohol, the more frequent the 
use, and the longer it lasted, the more likely 
is complicated withdrawal 
 No or insignifi cant relief 2 h following the 
fi rst outpatient benzodiazepine dose 

 Complicating physical 
features 

 Malnutrition 
 Fever 
 Hypothermia 
 Dehydration 
 Jaundice 
 Severe tremors 
 Signs of signifi cant trauma, especially head 
trauma 
 Specifi c organ failure 
 Acute abdominal signs 
 Gastrointestinal bleeding 
 Localizing neurological features 
 Wernicke’s encephalopathy 
 Presence of other medical or surgical 
conditions or the use of medication likely 
to complicate withdrawal management 

 Complications related 
to the mental status 
examination 

 Clouding of consciousness 
 Delirium 

 Complications related 
to the fi nancial/
socioeconomic status 
of the patient 

 Patients who do not have the fi nancial/
social resources to cope with outpatient 
detoxifi cation 

77 The Impact of Trauma on the Psyche



586

or threatened sexual violence, either by direct exposure; 
witnessing, in person; indirectly, by learning that a close 
relative or close friend was exposed to trauma; or by 
repeated or extreme indirect exposure to aversive details 
of the event(s), usually in the course of professional 
duties (e.g., fi rst responders, collecting body parts, pro-
fessionals repeatedly exposed to details of child abuse). 
The persistence of symptoms in the four symptom 
clusters must be for more than 1 month duration, and 
there must be signifi cant symptom-related distress or 
functional impairment (e.g., social, occupational). The 
disturbance must not be due to medication, substance 
use, or other illness.   

   (d)    Panic disorder 
 It is very common for trauma victims to experience 
panic attacks during the traumatic experience, and trau-
matic experiences appear to increase the risk of later 
development of panic disorders. Panic attacks occur sud-
denly, with symptoms that include rapid heartbeat, feel-
ings of fear or terror, dizziness, and diffi culty breathing.   

   (e)    Depression 
 Depression is characterized by feelings of hopelessness, 
helplessness or despair, lethargy, lack of interest in for-
mer interests, diffi culty concentrating, and other symp-
toms. It often occurs as a comorbid symptom with PTSD 
but can occur on its own following a traumatic experi-
ence. Victims who are diagnosed with depression (with-
out PTSD) following a traumatic event are less likely 
than those diagnosed with PTSD to have chronic mental 
health effects.      

77.2.2     Management of Psychological Trauma 

     (a)    Early intervention strategies 
 It is essential to examine accepted principles of mental 
health early interventions that can be adapted to psycho-
logical trauma. The Australian Government Department 
of Health and Ageing (DHA) defi ne early intervention 
as: “… timely interventions which target people display-
ing the early signs and symptoms of a mental health 
problem or a mental disorder.” Early intervention also 
encompasses the early identifi cation of patients suffer-
ing from a fi rst episode of disorder [ 10 ]. Early interven-
tion overlaps between prevention and treatment and is 
part of a continuum of care, not a “stand- alone” approach. 

 Early intervention aims to prevent emerging signs 
and symptoms for people developing or experiencing a 
fi rst episode of mental disorder from progressing into 
diagnosable disorders and reduces the need for recovery 
interventions [ 11 ]. Early intervention aims to reduce the 
effect of the disorder in both its duration and the damage 
it may cause to a person’s life [ 12 ]. Early intervention 

should include three broad strategies: indicated preven-
tion, case identifi cation, and early treatment [ 11 ].   

   (b)    Indicated prevention 
 Indicated prevention strategies are “aimed at “at risk” 
individuals who are identifi ed as having “minimal signs 
and symptoms that could foreshadow or warn of a devel-
oping mental illness” [ 11 ]. In the case of psychological 
trauma, interventions are warranted when the symptoms 
are appearing and are aimed at preventing the develop-
ment of ASR and ASD. “Common indicated prevention 
strategies include ‘psychological fi rst aid,’ psychoeduca-
tion, reinforcement of coping and resilience, maximizing 
social support and cohesion, and cognitive, emotional, 
and behavior strategies to mitigate symptoms. Also 
included may be strategies to increase therapeutic alli-
ance, maximize engagement with therapy if required, 
advocate for mental health treatment, provide education 
to destigmatize, maximize assistance-seeking, create a 
positive expectation of recovery, and aid self- recognition 
of symptoms and appropriate self-referral” [ 11 ].   

   (c)    Case identifi cation 
 Case identifi cation in early intervention aims to “recog-
nize signs and symptoms of emerging disorders, even 
when the signs and symptoms are fewer, of shorter dura-
tion, or less intensive and disruptive than necessary for 
full diagnosis” [ 12 ].   

   (d)    Early treatment 
 Early treatment for ASD and subthreshold ASD aims to 
prevent the development of PTSD-Acute and to restore 
functionality. First-line treatment for ASD or PTSD-
Acute is generally psychotherapy. The basic criteria for 
the use of psychotherapeutic treatments for acute trauma 
are that they are evidence based and appropriate. 
Standardized cognitive behavioral therapy (CBT) strate-
gies for ASD are available [ 13 ,  14 ]. They show promise 
in ameliorating ASD and preventing the subsequent 
development of PTSD and should be considered as fi rst-
line options [ 13 ,  15 ,  16 ].      

77.2.3     Counseling the Family 

 Allen [ 17 ] in his article on coping with trauma states “trauma 
is not only profoundly distressing but also bewildering – to 
patients, their family members, and, at times, even mental 
health professionals. Persons in close relationships with trau-
matized patients are exposed to emotional contagion and 
vicarious trauma.” 

 He recommends that in the early stages of trauma, fami-
lies will benefi t from being informed of the seriousness of 
the trauma, management plan, and the prognosis and possi-
ble long-term outcomes of the trauma. Families need to be 
also informed of the psychological consequences of trauma. 
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When psychological disorders set it, it is usually the family 
members who notice that the traumatized person is jumpier, 
anxious, depressed, or not sleeping well and withdrawing 
from people. During these times, family members and 
friends are in a very good position to offer support and recov-
ery. Secure and stable relationships are the foundation for 
healing. Therefore, an early positive working alliance needs 
to be established between the treating physician and the fam-
ily. Providing education and an understanding of the conse-
quences of trauma to the family are platforms for future 
treatment and hope. 

 Allen also reports that “it is important to inform the family 
that trauma related problems may undermine attachments, 
often creating a vicious circle of spiraling distress wherein 
the traumatized person feels increasingly alienated from 
sources of support – and further traumatized. Family mem-
bers may be impacted by the traumatized person’s emotional 
crises. They become sensitive to small mood changes or other 
risks to stability; fi nd it diffi cult to relax and feel as if they are 
“walking on eggshells”; become fearful if their loved one is 
angry or aggressive; are reluctant to talk about the trauma or 
avoiding situations that might upset the patient; angry or 
resentful toward the patient; tired because of worry; isolated 
if the patient refuses to socialize. Eventually family members 
may become depressed or angry about the changes in family 
life, with resultant emotional distance from the patient. They 
may need to be referred for counseling and/or therapy” [ 17 ].      
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      Early Neurotrauma Rehabilitation                     

     Sara     E.     Cartwright      ,     Kate     E.     Delaney      , 
and     Ronald     E.     Hirschberg    

      Recovery and repair begin with injury. This continues during 
the acute care stay and onward to the rehabilitation fl oor or 
hospital, as the environment and surrounding expertise adapt 
to the changing medical and functional needs of the patient. 
Just as early resuscitation and treatment of trauma patients 
has advanced the fi eld of trauma surgery, early rehabilitation 
is of key importance in reducing morbidity and improving 
functional outcomes for patients with neurotrauma. Emphasis 
on early rehabilitation intervention strategies in acute care 
has been studied in traumatic brain injury (TBI), spinal cord 
injury (SCI), and stroke rehabilitation, showing the great 
need for these services following acute trauma or disease. 
The injuries and impairments that affect the trauma patient 
are of broad scope. This chapter will highlight the two main 
categories of neurotrauma rehabilitation, which include trau-
matic brain injury and spinal cord injury. 

 Following both primary and secondary injury to the brain 
and spinal cord, restoration of residual function ensues. The 
term “plasticity,” the idea that neuronal tissue is both modifi -
able and capable of recovery, is a relatively new phenomenon 
within the fi eld of neuroscience, and over the past couple of 
decades, a large collection of preclinical and human studies 
show that indeed repair, restoration, and regeneration of neu-
ronal tissue are possible. Functional reorganization (unin-
jured tissue subserving needs for injured tissue) and neuronal 
regeneration (neuronal sprouting within the traumatic lesion) 
are the two basic mechanisms by which neuroplasticity is 
proposed to occur. Environmental enrichment, practice, and 

repetition are all fundamental principles of neuroplasticity 
underlying neurotrauma restoration and thus provide ratio-
nale for physical rehabilitation. 

78.1     Acute Traumatic Brain Injury 
Rehabilitation 

 TBI is the third leading cause of death by injury in the 
United States. Each year an estimated 1.7 million TBIs 
occur in the United States, and among these, 275,000 indi-
viduals are hospitalized with TBI. Additionally, 52,000 
deaths each year are attributed to TBI. Between 2006 and 
2010 in the United States, 40 % of TBIs were attributed to 
falls, 14 % to motor vehicle accidents, 10 % to assault, 16 % 
to blunt trauma, and 19 % to other traumas. Motor vehicle 
accident is the leading mechanism for TBI-related deaths. 
There has been a 56 % increase in emergency room visits for 
TBI, which may be due to increased awareness of the risks 
of sustaining a TBI via media coverage of sports-related 
concussions. The majority of persons with TBI are male and 
less than age 30. Younger age at injury can result in devas-
tating consequences on social, fi nancial, emotional, and 
familial development. Since the advancement of earlier in-
fi eld care (i.e., “jaws of life”) and more recent neurosurgical 
guidelines, people are surviving severe TBI more than they 
were in the past. 

 The TBI rehabilitation plan begins with establishing the 
major impairments specifi c to the injury itself. The patient 
with polytrauma or concomitant spinal cord injury poses 
unique challenges for the patient and the team, which will be 
discussed within this chapter. General impairments in TBI 
encompass three main groups: cognitive, physical, and 
behavioral. Cognitive defi cits are fi rst manifested in prob-
lems with communication and comprehension which have 
profound impact on the rehabilitation plan of care. Typical 
cognitive sequelae that affect all aspects of both early and 
later rehabilitation include memory, concentration, and 
attention defi cits. Diffuse injury, commonly occurring in 
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closed head injuries from acceleration-deceleration 
 mechanism, classically results in cognitive-related language 
problems (due to executive dysfunction) rather than linguis-
tic-related problems (i.e., aphasia). Physical impairments 
range from upper and lower extremity and trunk motor dys-
function to speech and swallowing dysfunction. The behav-
ioral impairments of moderate-to-severe TBI include 
impulsivity, distractibility, aggression, and agitation as a per-
son with acute TBI emerges through the stereotypical levels 
of cognitive functioning (Ranchos Los Amigos, or RLA 
scale of Levels of Cognitive Functioning I–VIII). 1  

 The patient with moderate-to-severe TBI requires a mul-
tidisciplinary approach, including members of surgery, phys-
iatry (physical medicine and rehabilitation specialists), 
psychiatry, nursing, physical and occupational therapy (PT, 
OT), speech and language pathology (SLP), social work, and 
case management. Due to the enormous complexity of phys-
ical, cognitive, and behavioral dysfunction in the setting of 
potential premorbidity such as alcoholism, mental health dis-
orders, and/or social challenges, regular communication 
among trauma team members is paramount to optimizing 
recovery (Fig.  78.1 ). The collaboration should begin in the 
intensive care unit with carryover throughout acute care. 

1   Original Scale coauthored by Chris Hagen, PhD, Danese Malkmus, 
M.A., Patricia Durham, M.A. Communication Disorders Service, 
Rancho Los Amigos Hospital, 1972 

Admission to the inpatient rehabilitation center is a major 
step upward with respect to intensity and frequency of reha-
bilitation; however, it should ideally serve as a continuation 
of TBI rehabilitation as individuals go from “coma to com-
munity,” rather than the  initiation  of rehabilitation.

78.1.1       Projections and Prognosis 

 TBI rehabilitation is incomplete without discussions of prog-
nosis. This is begun in the initial stages of recovery and con-
tinues during acute rehabilitation, depending on the 
individual patient’s trajectory of gains. Rehabilitation plans 
with the entire team are carved out on the basis of outcome 
expectations and goals. All TBI characteristics, including 
CT and MRI fi ndings, age, Glasgow Coma Score (GCS), 
comorbidities, and premorbid psychosocial aspects, play a 
signifi cant role in realistic prognostication. 

 Interestingly, prognostic guidelines have supported use of 
“threshold values” rather than percentages of “good outcome” 
or “poor outcome,” as families have noted positive response to 
this. The three most common tools used for TBI prognostica-
tion are the Glascow Coma Scores (GCS), time to follow com-
mands (TTC), and length of posttraumatic amnesia (PTA). 
Even with twenty-fi rst century research and technology in the 
expanding fi eld of TBI, posttraumatic amnesia (PTA), or the 
time between injury and the time at which ongoing new mem-
ories are made, has actually been the strongest predictor to 
date for outcome in TBI patients. Threshold values for PTA 
include: “Severe disability is unlikely when PTA lasts less 
than 2 months” and “Good recovery is unlikely when PTA 
lasts longer than 3 months.” A recent study compared GCS, 
TTC, and PTA as prognostic tools for TBI inpatient outcomes 
upon hospital discharge, which found that duration of PTA 
was the only unique predictor of discharge functional indepen-
dence measure (FIM) scores. The trauma physiatrist collabo-
rates with the primary trauma team, neurosurgery, and 
neurology, offering caregivers and families potential expecta-
tions for outcome and explaining the dynamic course of recov-
ery and rehabilitation toward realistic goals. 

 Diffuse axonal injury (DAI), commonly seen concomitant 
with focal cerebral injuries, poses a unique challenge to the 
rehabilitation team given its classic injury pattern manifesta-
tions of arousal, behavior, and cognitive impairments. 
Deeper lesions to the brainstem or cerebellar peduncles 
(grade III DAI), middle regions to subcortical structures like 
the corpus callosum (grade II DAI), and surface regions such 
as the frontal convexity (grade I DAI) all correspond to these 
impairments, respectively (Fig.  78.2 ). Although there is no 
evidence to support the need for MRI in the hyperacute phase 
of injury, since there would be no change in medical or surgi-
cal management, these fi ndings can have rehabilitation treat-
ment and prognostic relevance.
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  Fig. 78.1    Due to the enormous complexity of physical, cognitive, 
and behavioral dysfunction in the setting of potential premorbidy 
such as alcoholism, mental health disorders, and/or social 
challenges, regular communication among trauma team members 
is paramount to optimizing recovery       
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78.1.2        Function and Participation 

 Once hemodynamically stable, the patient with acute 
moderate- to-severe TBI embarks on rehabilitation with 
increasing duration and frequency of treatments over weeks. 
PT, OT, and SLP interactions begin fi rst with assessments, 
followed by extensive work on engagement of the patient. As 
patients emerge, they generally fall into three categories with 
respect to overall function: the confused-agitated patient 
(delirious state within PTA), the low-functional-state patient, 
and the confused-participatory patient. Although some por-
tion of rehabilitation is passive, much depends on active par-
ticipation, and therefore creating both environmental and 
pharmacological plans in order to optimize daily engage-
ment for the specifi c patient is crucial. 

 The acute TBI patient can have several reasons to be agi-
tated and restless, including pain, infection, fear, confusion, 
and substance withdrawal, and therefore elucidating the pri-
mary cause is important. Interestingly, recovery following 
acute TBI, specifi cally those with DAI, will usually follow a 
natural progression through levels of cognition, and the RLA 
level IV indicates the “confused and agitated state.” This is 
usually followed by confused and non-agitated states and can 
often be both a hurdle for the patient and family to move 
beyond but at the same time a positive marker of continued 
functional gains. During this stage, nursing staff and thera-
pists strive to incorporate environmental and behavioral mod-
ifi cation tactics (controlled stimulation in the environment, 
small numbers of visitors, sleep–wake cycle adherence). 

 Medications are usually required for optimizing participa-
tion and improving safety of the patient and staff. Opiates, 
typical antipsychotics (haloperidol), and benzodiazepines 
may be required initially for severe pain, extreme agitation, 

and confounding alcohol withdrawal; however, on serial 
review of the patient, he or she should be transitioned to other 
agents. Although the data is not clear as to the negative effects 
of chronic atypical antipsychotic use, studies have indicated 
that ongoing typical antipsychotic treatment (largest amount 
of dopamine [D2] blockade) results in deleterious motor 
effects in animal models. There is evidence that haloperidol 
prolongs the duration of PTA, but long-term outcome was 
unchanged in a study conducted in 1985. Interestingly, a 
Cochrane Database Study in 2003 covering all to-date trials 
in agitation and aggression after acquired brain injury 
revealed that the only reasonable evidence for positive treat-
ment response was trials using beta-blockers (inderal and pin-
dolol). Antiepileptic drugs (AEDs) have recently gained 
popularity to control agitation and restlessness in individuals 
with TBI. Up to 26 % of TBI patients are prescribed AEDs for 
posttraumatic seizures, neurobehavioral disorders, and pain. 
Valproic acid was shown to improve agitation in 28 % of 
patients with TBI in a small retrospective analysis conducted 
in 2000. Carbamazepine has also been trialed for agitation in 
the TBI population, though in smaller non-controlled trials. 
One study showed a signifi cant decrease in combativeness, 
impulsivity, and distractibility compared to benzodiazepines, 
morphine, and haloperidol. Topiramate is another AED which 
has been trialed for agitation in the TBI population, but recent 
studies have shown that patients have diffi culty with atten-
tion, memory, executive functioning, and language. Therefore, 
it may be more harmful than helpful in the acute TBI popula-
tion. Other medications that are often used in the acute TBI 
period that may infl uence rehabilitation include gabapentin, 
which may lead to anxiety and psychomotor agitation, and 
levetiracetam, which may lead to aggression and loss of 
self-control. 

 Low-functional-state patients represent persons in coma 
(lack of wakefulness), vegetative states (VS) (unresponsive 
wakefulness), and those in minimally conscious states 
(MCS) (environmental awareness). These neurological 
stages correspond to the aforementioned recovery scale RLA 
levels I, II, and III, respectively. During these low- functioning 
states following severe TBI, rehabilitation focuses on (1) 
optimizing daily participation, (2) fostering sleep–wake 
cycles, (3) minimizing all complications of immobility, and 
(4) realistic short-term goal setting for mobility, communica-
tion, and cognition. 

 Preparedness of the patient in VS (or RLA II) and MCS 
(or RLA III) for ongoing rehabilitation efforts is of key 
importance during the initial stages of recovery. The team 
emphasizes early mobilization to encourage practice- 
dependent neuroplasticity with daily stimulation from all 
therapy and other staff modalities. As medical stability 
improves, there is a strong emphasis on nutrition, avoidance 
of infections, and tapering off all sedating medications. It is 
the job of the trauma physiatrist to always reassess what 

Grade I

Grade II

Grade III

  Fig. 78.2    Deeper lesions to the brainstem or cerebellar peduncles 
(grade III DAI), middle regions to subcortical structures like the corpus 
callosum (grade II DAI), and surface regions such as the frontal convex-
ity (grade I DAI) all correspond to arousal, behavior, and cognitive 
impairments       
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medications are potentially no longer necessary as the patient 
transitions through acute care and inpatient rehabilitation. 
Antiepileptic medication courses are monitored closely, in 
addition to other potentially neurologically deleterious medi-
cations like metoclopramide, antihistiminergic agents, ben-
zodiazepines, and others. 

 The amount of level I evidence for the use of neurostimu-
lants to augment the recovery process in TBI patients emerg-
ing from low-level states is slim. However, there is some 
evidence that the dopaminergic medication amantadine 
accounts for heightened arousal, improved cognition, and 
overall improved functional scores in several studies. In one 
study, 184 patients in a vegetative state or minimally con-
scious state 4–16 weeks after TBI were enrolled in a ran-
domized, controlled trial for a total of 6 weeks. The group 
administered amantadine showed an accelerated rate of func-
tional recovery based on the Disability Rating Scale. 
Amphetamines, such as methylphenidate, are utilized for 
arousal and attention defi cits. Another agent for arousal orig-
inally indicated for narcolepsy, modafi nil, has had reason-
able effi cacy in this population. The rationale for using these 
agents during rehabilitation and restoration is twofold: (1) 
increased arousal and attention to the environment allow for 
increased quantity and quality of physical and cognitive 
rehabilitation treatments, and (2) there are inherent positive 
properties of neuroactive medications which can affect neu-
ronal growth factors, antagonize NMDA receptors, and 
improve lipid peroxidation.  

78.1.3     Complications and Rehabilitation 
Challenges 

 The complications and sequelae of TBI directly affect opti-
mal rehabilitation of the patient and therefore overall out-
come. DAI, brainstem injury, and associated hypoxia are all 
associated with dysautonomia or “storming” which is a clini-
cal entity involving labile cardiac function, pyrexia, sweat-
ing, and decorticate or decerebrate posturing and is associated 
with prolonged acute care and rehabilitation stays and worse 
functional outcomes. Management during both acute and 
rehabilitation settings involves identifying primary triggers 
of dysautonomia, such as pain, fractures, infection, and other 
noxious stimuli, which all may be present in patients with 
polytrauma. Pharmacological treatment with beta-blockers, 
bromocriptine, dantrolene, and even intrathecal baclofen has 
been utilized during both acute care and the rehabilitation 
setting. 

 Upper motor neuron dysregulation following TBI results 
in velocity-dependent increased muscle tone (spasticity), 
which can cause pain and interfere with mobility, position-
ing, and hygiene. Initial treatment includes early mainte-
nance of passive and active range of motion, stretching 

programs, and serial casting or splinting upon collaboration 
with physical and occupational therapy. Common pharmaco-
logical treatment includes baclofen (GABA-B agonist), 
which may be less desirable due to sedating effects, and dan-
trolene, which blocks calcium release peripherally at the sar-
coplasmic reticulum and has direct effects at the muscle 
belly. Focal motor point blocks with botulinum toxin A intra-
muscularly and neurolysis with phenol offer localized treat-
ment and can also be effective with concomitant serial 
casting or bracing of the patient. 

 Some degree of immobility is unavoidable in patients 
with moderate-to-severe TBI and many organ systems are 
affected. Deconditioning results in muscle atrophy and 
weakness, osteopenia with lack of weight bearing, postural 
hypotension, dehydration, constipation, and gastric refl ux. In 
combination with various problems specifi c to the TBI 
patient such as associated polytrauma, posturing and spastic-
ity of limbs and trunk, need for tracheostomy and gastros-
tomy, dysphagia, sensory dysfunction, and communication 
impairments, the effect of deconditioning on function is 
more challenging to the patient and to rehabilitation teams. 
Attempting to attenuate and reverse the cycle with early 
mobilization is therefore of key importance in these patients. 

 As with all dramatic functional changes encountered after 
trauma, family involvement and education cannot be under-
emphasized as patients proceed through rehabilitation 
phases. The entire family is “injured” in acute TBI in many 
complex ways and is modifi ed by premorbid dynamics 
among members or caregivers. During both acute and reha-
bilitation care settings, it is essential that the rehabilitation 
team direct, educate, and counsel the family. As mentioned, 
trauma physiatrists can play a key role as “interventional-
ists,” guiding patients and families with realistic prognosti-
cation, as well as ongoing education as patients recover at 
various stages during recovery and rehabilitation.   

78.2     Acute Spinal Cord Injury 
Rehabilitation 

 Traumatic spinal cord injury (SCI) affects roughly 12,500 
persons per year in the United States, with a stable incidence 
rate of about 54 per 1 million persons between the years 
1993 and 2012. The incidence rate is decreasing in younger 
males and females and increasing in the elderly. The etiology 
of SCI in the year 2012 was about 40 % attributable to falls 
(up from 20 % in 1993), 30 % to motor vehicle accidents, and 
5 % to fi rearm injuries (though up to about 15 % in the 
16–24-year-old age group). Falls have continued increasing 
steadily over time while injury due to violence has decreased 
over the past few decades. The ratio of male to female is 
about 3–4:1 and unchanged over the years. To date, there has 
been no solid evidence for the use of medical treatments at 
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the acute stage of injury, including high-dose methylpred-
nisolone, which is now considered a “treatment option” 
rather than the standard of care. Therefore, much emphasis 
on proper recovery has been on early stabilization and mobi-
lization to begin the rehabilitation process as soon as possi-
ble. Careful attention is paid to securing the patient’s airway, 
particularly in high cervical SCI, as well as to maintaining 
adequate oxygenation and blood pressure during the acute 
phase with fl uids and pressors as needed. Some recommend 
maintaining the systolic BP >85–90 mmHg. 

 Following acute SCI, physiatry should assist with diag-
nosing injury severity and discussing functional relevance, 
management of specifi c spinal cord-related impairments, 
patient education including communication of the diagnosis 
and long-term expectations, and prevention of physical and 
medical complications associated with SCI. Classifi cation of 
injury is typically performed within 72 h from injury and 
repeated at roughly 1 month, usually during the initial stages 
of one’s inpatient rehabilitation stay. The American Spinal 
Injury Association (ASIA) has developed a reliable and stan-
dardized classifi cation system, with the most recently for-
matted classifi cation form revised in 2015, which offers 
physicians and therapists specifi c guidelines for treatment 
and rehabilitation with respect to a patient’s neurological 
level and completeness of injury. A “complete” SCI is 
defi ned by ASIA standards as SCI with no sparing of sensa-
tion and no voluntary motor activity of the sacral segments 
S4–S5 on rectal examination. 

 The initial rehabilitation of the patient focuses on preven-
tion of the complications of immobility (contractures, decu-
bitus ulcers, venous thromboembolism, infections, 
heterotopic ossifi cation), vigilant pulmonary toilet, and 
bowel and bladder management. PT and OT, as well as RN 
and family members, can incorporate plans for daily passive- 
and active-assisted range of motion to prevent contracture in 
vulnerable fl exor muscle groups at the hips, knees, ankles, 
shoulders, and elbows. To avoid atrophy and deconditioning, 
it is important to stretch and strengthen the  intact  muscle 
groups. A review of the literature on early intervention 
(within 12 weeks) of exercise on traumatic SCI AIS A–C 
patients showed no adverse effects and may decrease bone 
loss, though evidence was scant. Patients with cervical inju-
ries may require evaluation by SLP to ensure safety of swal-
lowing, especially after tracheostomy, in order to medically 
and physically treat the patient as he or she begins to partici-
pate in the rehabilitation program. 

78.2.1     The SCI Review of Systems 

 Spinal cord injury rehabilitation and medical management 
are largely dictated by the level of injury, and many of the 
“SCI review of systems” are similarly affected in both 

 tetraplegia and paraplegia. These include bowel, bladder, 
renal, skin, hematologic, nutrition, musculoskeletal, infec-
tious, and psychological manifestations. A distinction should 
be made, however, with respect to the cardiopulmonary sys-
tems, which are discussed in more detail below. 

 Cervical injuries are highly prone to pulmonary compli-
cations (atelectasis, hypoventilation, and increased secre-
tions), affecting 84 % of all C1–C4 level of injury patients 
and 60 % of all C5–C8 patients. Rehabilitation efforts at all 
stages post injury should focus on maintenance of secretion 
clearance and prevention of pneumonia with assisted cough, 
including using a mechanical insuffl ator-exsuffl ator (M-IE) 
device, which delivers positive pressure immediately fol-
lowed by negative pressure to induce cough. Patients may 
also benefi t from manually assisted cough or “quad cough,” 
with abdominal thrusts on expiration. Titration of high tidal 
volumes is encouraged during active weaning of ventilatory 
support during the recovery and rehabilitation phase for 
patients with tetraplegia. 

 Autonomic dysrefl exia (AD) can occur occasionally in 
the acute care setting and should be recognized. It will typi-
cally manifest following resolution of spinal shock. AD is 
caused by dysregulation of the autonomic nervous system 
with both unopposed sympathetic and parasympathetic 
responses to noxious stimuli and results classically in hyper-
tension and bradycardia (compensatory response to hyper-
tension) and usually with associated headache. This occurs 
in patients with levels of injury of T6 and higher and is more 
commonly associated with complete injury. The noxious 
stimulus is typically the result of urinary retention, impacted 
bowel, pain, DVT, or new fracture. Treatment includes 
addressing the underlying cause or stimulus and, if unable to 
do so, lowering blood pressure with nitrate medications, 
often topically applied so it can quickly be removed once 
symptoms have resolved. Suboptimal management of AD 
can result in decreased duration and frequency of rehabilita-
tion and is potentially harmful to the patient, with extreme 
prolonged systolic blood pressures greater than 200 posing 
risk for intracerebral hypertension. 

 Orthostatic hypotension due to loss of sympathetic tone is 
common in SCI patients of all levels of injury and initiates 
with onset of spinal shock or loss of spinal refl exes (includ-
ing sympathetic responses) below the level of injury. Initial 
management has the goal of allowing patients to participate 
in therapies without becoming symptomatic and includes ace 
wrapping the legs or thigh-high compression stockings, 
abdominal binders to decrease splanchnic vascular pooling, 
and using a tilt table or progressive postural exercises to 
gradually retrain carotid baroreceptors. Medications such as 
midodrine, fl udrocortisone, and salt tablets are used if ortho-
static hypotension is preventing mobilization of the patient. 

 Spasticity is a part of the “upper motor neuron syndrome” 
in patients with SCI and is commonly encountered during 
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recovery and rehabilitation, with the resolution of spinal 
shock. As previously defi ned, spasticity is a velocity- 
dependent increase in muscle tone and, in SCI, typically 
involves clonus, increased tendon refl exes, muscle spasms, 
and/or UMN signs such as the Babinski refl ex. Roughly 
80 % of SCI patients experience spasticity, and treating spas-
ticity is indicated when it interferes with function of the 
patient (mobility, transfers, ambulation), impedes hygiene, 
causes pain, or is leading to contractures of the joints. 

 Early rehabilitation management should include 1–2 
times per day stretching (can reduce motoneuron excitability 
for hours), posture maintenance avoiding extensor bias at the 
trunk and hips, and serial casting in a prolonged stretch. 
Medications commonly used are beta-gabaergic agonists 
(e.g., baclofen) and alpha-2-adrenergic agonists (e.g., cloni-
dine and tizanidine). Benzodiazepines are effective as well; 
however, ideally they are avoided in order to minimize seda-
tion and cognitive effects during active rehabilitation. 
Neurolysis with phenol injection and intramuscular botuli-
num toxin A are not as commonly used in SCI as in stroke 
and TBI in that the pathology is usually more diffuse; how-
ever, there are certainly cases where SCI patients benefi t 
from focal blocks, especially in patients with incomplete 
SCI.  

78.2.2     Functional Goals 

 Functional goals for motor complete tetraplegia and paraple-
gia during rehabilitation are based on the level of motor 
impairment. Motor levels of injury are defi ned as the most 
caudal key muscle group at least 3/5 strength (antigravity) 
bilaterally, with the segments cephalad to this level being of 
normal strength (5/5). Injury level, depending on confound-
ing factors such as age and comorbidities, is predictive of 
basic goals of feeding, grooming, dressing, bathing, bed 
mobility, transfers, wheelchair propulsion, and driving at 1 
year post injury. 

 The two fundamental goals for motor levels C1–C4 are to 
learn to instruct and manage one’s own care with caregivers 
and family and to learn the use of assistive technology (i.e., 
power wheelchairs with “sip and puff” and head control 
devices for controlling mobility). The majority of persons 
with C3 levels or higher will require long-term ventilatory 
support. However, with intact phrenic nerve function, these 
patients become potential candidates for diaphragmatic pac-
ing systems. Further research is being done on initiating dia-
phragmatic pacing in the acute setting, where mapping of the 
diaphragm for ideal placement of electrodes can be per-
formed laparoscopically, and patients can begin to be weaned 
from the ventilator immediately following the procedure. 
One retrospective review of a multicenter, nonrandomized 
interventional protocol involving ten sites and 29 patients 

showed that about 74 % of these patients had stimulatable 
diaphragms and had implantation of electrodes at a median 
of 33 days post injury. Of these patients, 73 % were com-
pletely weaned off the ventilator by the time of discharge 
from the acute facility or 55 % of the tested patients, com-
pared to the estimated 51 % of cervical SCI patients who 
typically still require mechanical ventilation at the time of 
discharge. The hope is that this early intervention may 
increase rates of non-ventilator-dependent cervical SCI, 
thereby improving patients’ quality of life, decreasing mor-
tality, and decreasing the time spent in long-term acute care 
(LTAC) settings. For the most part, patients with C4 levels 
will be able to wean off the ventilator. 

 Persons with both C5 and C6 levels of injury at 1 year 
have the potential for independence with respect to feeding, 
grooming, and wheelchair propulsion, as the key muscle 
groups of elbow fl exors (biceps) and wrist extensors (exten-
sor carpi radialis) are functional, respectively. Those with C7 
levels of injury possess the most signifi cant leap in indepen-
dence for tetraplegics in that the triceps muscle enables one 
to perform transfers, weight shifts, and bed mobility. Patients 
with C7–T1 tetraplegia (as well as all levels of paraplegia) 
have the potential to live  fully  independent lives. Household 
ambulation is a possibility for those initially diagnosed with 
T10–L2 levels of injury, and for those with L3–S5, ambula-
tion in the community is a realistic goal (Fig.  78.3 ).

78.3         The “Dual Diagnosis” 

 The spinal cord model systems data report that 28.2 % of SCI 
patients have at least mild TBI (loss of consciousness) and 
that 11.5 % have TBI resulting in signifi cant behavioral and/
or cognitive disturbances. Adding to the extreme functional 
challenges that follow post-SCI alone, the classic impair-
ments of memory, attention, insight, and judgment experi-
enced in TBI can greatly complicate rehabilitation for the 
patient and pose more challenges to the team. Posttraumatic 
amnesia (inability to retain new information), as one might 
imagine, can be devastating for optimal participation. 

 Clinicians should be cognizant of the low threshold of 
sedation and cognitive disturbance in those with TBI of all 
severities when treating spasticity with benzodiazepines, 
baclofen, clonidine, or tizanidine as mentioned above. Also, 
casting and splinting efforts may not be tolerated in those 
with TBI given propensity for restlessness and agitation from 
pain and sensory disturbances. There is limited work empha-
sizing outcomes for “dual-diagnosis” patients; however, clini-
cal opinion demonstrates that early identifi cation of these 
particularly challenging patients is necessary to better utilize 
proper clinicians and resources during acute care and inpa-
tient rehabilitation in hopes of better quality of the recovery 
process for the patient and family and overall cost reduction.      
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  Fig. 78.3    Patients with C7–T1 tetraplegia (as well as all levels of para-
plegia) have the potential to live  fully  independent lives. Household 
ambulation is a possibility for those initially diagnosed with T10–L2 
levels of injury, and for those with L3–S5, ambulation in the commu-
nity is a realistic goal       

 Important Points 

•     Environmental enrichment, practice, and repetition 
are all fundamental principles of neuroplasticity 
and provide rationale for physical rehabilitation.  

•   Cognitive defi cits after TBI manifest in problems 
with communication and comprehension which 
have profound impact on the rehabilitation plan of 
care.  

•   TBI rehabilitation is multidisciplinary and begins in 
the intensive care unit. Inpatient rehabilitation pro-
vides increased intensity and should ideally serve as 
a continuation “coma to community,” rather than 
the  initiation  of rehabilitation.  

•   The trauma physiatrist collaborates with other con-
sultants offering families potential expectations for 

outcome and explaining the dynamic course of 
recovery toward realistic goals.  

•   The low-functional-state patient, the confused- 
agitated patient, and the confused-participatory 
patient are the three categories of emerging patients 
with severe TBI, dictating specifi c medical and 
rehabilitative management.  

•   Dysautonomia, spasticity, and the complications of 
immobility following acute TBI are the key chal-
lenges for the rehabilitation team as the patient 
emerges and recovers.  

•   After acute SCI, physiatry should discuss func-
tional relevance of neurologic level of injury, help 
manage specifi c spinal cord-related impairments, 
and communicate long-term expectations to the 
patient and the family.  

•   The “SCI review of systems” includes the major 
organ systems affected by the injury. Managing the 
SCI-ROS optimally will provide the environment 
necessary for ongoing rehabilitation.  

•   Functional goals are based primarily on the neuro-
logic level of injury from C1 to S5. For tetraplegia, 
the levels of C7 and below implicate potential for 
full functional independence.  

•   Almost 30 % of patients sustaining SCI have con-
comitant TBI with more than 10 % having signifi -
cant behavioral or cognitive impairments, having 
large effects on the overall rehabilitation process.    
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      Rehabilitation                     

     Amy     H.     Phelan    

      For many surgeons, the role of the rehab team is somewhat 
of a mystery and the criteria for what qualifi es for transfer to 
the inpatient rehabilitation unit arbitrary and somewhat ran-
dom. This leads to confusion and frustration in dealing with 
the rehabilitation team, but it does not have to be that way. 
Ideally, rehabilitation of the trauma patient begins during the 
initial hospitalization. During the acute hospitalization, the 
rehabilitation team can initiate functional assessments and 
help prevent secondary disability. An example would be ini-
tiating proper splinting to avoid heel cord contractures that 
may delay ambulation and mobilization once the patient is 
out of the ICU. Frequently during these assessments and 
therapies, injuries or conditions that may impair recovery 
and return to function may be identifi ed. Small hand frac-
tures or traumatic rotator cuff tears that may not been 
detected during initial triage can impair the use of ambula-
tory aids and also delay return to ambulatory status. There 
may also be any number of musculoskeletal issues or condi-
tions present prior to injury as well as psychological issues 
that may impair return to function. The rehab team is 
uniquely able to assess and address these issues and thus 
expedite your patient toward the goal of disposition. Perhaps 
one of the rehab team’s most valuable contributions is the 
ability to maximize function during the acute hospitalization 
and determine and arrange appropriate disposition, whether 
that be home, skilled nursing facility, inpatient unit, or other 
venues. In short, we can make them go away once your work 
is done! In the absence of a rehab team, this responsibility 
usually falls to you and an overworked social worker, and in 
my experience, most surgeons fi nd this aspect of patient care 
their least favorite and this the rehab specialists most appre-
ciated talent. 

 In rehab, we use a team approach to patient care. The 
patient is always the most important member of the team; 
however, the rehabilitation team is led by the physiatrist, 

who coordinates and directs the other members of the team 
and consults on medical issues. Physiatrists are trained in 
neurologic/musculoskeletal evaluation and functional assess-
ment as well as the various treatment options and modalities. 
The rehab consultant is frequently called on to assist the pri-
mary team in coordination of care and addressing acute care 
issues such as spasticity and bowel/bladder management, as 
well as prevention of secondary injury including skin break-
down and contractures. Most important are the assessment of 
function and the anticipation of future needs once defi nitive 
care of the trauma team is completed. 

 All of the members of the rehab team have their roles. 
Members of the rehabilitation team include nurse, physical 
therapist, occupational therapist, speech therapist, recre-
ational therapist, vocational therapist, psychologist, and 
social worker. They each function in their own area of 
expertise, as well as in conjunction with the other team 
members. Not all patients will require treatment from all 
of the various disciplines; that is for the physiatrist to 
determine (i.e., who needs PT, who needs speech therapy, 
etc.). 

 Rehabilitation nurses function pretty much as nurses on 
other services. They are the “moms” of the team. They assist 
in care of the patient and education of the patient and family. 
This can range from education regarding medications and 
wound care to self-catheterization and bowel programs for 
neurogenic bowel and bladder injuries. They play a vital role 
in patient monitoring and prevention of secondary disability, 
specifi cally skin breakdown and pressure sores. Frequent 
position changes and hygiene are critical in these patients, 
and if not already in place, proper protocols should be in 
place for the care and monitoring of skin integrity. Physiatrists 
are experts at developing these protocols in conjunction with 
nursing staff. Pressure sores can signifi cantly impair return 
to function and may delay wheelchair training and mobiliza-
tion of any patient but especially the spinal cord patient. 
They may even be signifi cant enough to keep the patient 
from qualifying for inpatient rehab and/or require further 
surgery. 
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 Physical therapists are the gym teachers or coaches. They 
work to maintain strength, mobility, and coordination. They 
frequently function in the acute care setting in maintaining 
range of motion in the limbs, prevention of contractures, and 
ambulation, when appropriate. Initiation and progression of 
therapy are directed by the physiatrist. The therapists can 
look to the physiatrist for guidance in treatment protocols 
and advancement of therapies. This allows for continuity of 
care even if therapy personnel change. Included in the scope 
of the physical therapist is appropriate bracing of the lower 
extremities to prevent contractures and pressure sores. These 
may be an “off-the-shelf” item or custom-made item depend-
ing on the needs of the patient. 

 Occupational therapists focus on life skills. They assist 
with activities of daily living (ADLs) and self-care, such as 
eating, bathing, oral-facial hygiene, and dressing. Some 
patients may require adaptive equipment and special utensils 
to perform these tasks, and OTs are excellent at problem 
solving these issues. They also work on advanced ADLs 
such as cooking, laundry, and housekeeping. They focus on 
the skills and functions that the patient will need in order to 
achieve independent living. The OT focus is mainly on upper 
extremity/hand function in regards to these tasks. Another 
treatment they can provide is appropriate splinting to prevent 
contractures and dynamic splinting to assist with functional 
tasks. 

 Speech therapists are the communicators. Their area of 
expertise is in communication, both verbal and nonverbal. 
They are a vital team member for patients with all kinds of 
aphasia and traumatic brain injury. They also assess for dys-
phagia and cognitive/communication defi cits. In the acute 
care setting, when patients are ready to resume oral intake, 
the speech therapist can perform swallow evaluations and 
make dietary recommendations, if there is any doubt as to 
the patient’s ability to protect his/her airway. In the area of 
cognitive function, the speech therapist can assess for cogni-
tive defi cits and possible brain injury which may or may not 
be obvious, but whose diagnosis may require intervention 
and possible inpatient rehab therapies. There are many rea-
sons for cognitive impairment following trauma, both related 
to mechanism of injury and subsequent treatment, and 
assessment of these defi cits while on the acute care service 
can expedite care, lead to identifi cation of resources avail-
able and possibly speed recovery. 

 The social worker is also an important member of the 
acute care and rehabilitation team. Once the functional status 
and needs of the patient are identifi ed, the social worker 
helps to navigate the system in regard to resources and sup-
port. Their focus is on fi nancial need, funding, and disposi-
tion issues. They are experts in identifying resources and 
helping patients and families make application for various 
support programs, such as social security disability. 

 Not necessarily part of the acute rehabilitation team but 
important members of the inpatient rehabilitation team are 
the recreational and vocational rehabilitation specialists. The 
vocational rehab specialist addresses return-to-work issues 
and, if needed, job retraining. They work with the social 
worker as patient advocates with employers to assist with 
getting patient back to work as soon as possible. Then educa-
tion and job retraining are requiring for eventual placement. 
The vocational rehab specialist advocates for the patient to 
make sure that the patient’s rights to fair treatment and rea-
sonable accommodation in the workplace are upheld. 

 The recreational therapist brings the fun back in life. They 
focus on avocational activities that are important to the 
patient. Seeing the possibilities for resuming or discovering 
activities they love helps to motivate the patient during 
recovery, fi ght depression associated with loss of function, 
and help them feel “normal” again. The recreational thera-
pist is an expert in adaptive equipment for sports such as 
skiing, sailing, and just about any sport imaginable. 

 Rehabilitation psychologist addresses behavioral and 
cognitive issues, mood disorders, and adjustment to loss/
change in functional status. They carry out neuropsychology 
testing to determine any cognitive defi cits and design treat-
ment plans for adaptation and compensation for these defi -
cits. Issues such as impulsivity, aggression, and motivation 
are just some of the areas these professionals work with. In 
addition, there are frequently psychological and adjustment 
issues specifi cally related to the trauma which brought them 
to the hospital. Acute stress disorder, posttraumatic stress 
syndrome, reactive depression, and anxiety can all occur 
after penetrating trauma and subsequent loss of function. 

 For many non-physiatrist, the criteria for admission to 
inpatient rehabilitation seem mysterious and arbitrary, and it 
is true that there are variations based on insurance, region, 
and facilities as to what patients can be best served in an 
inpatient rehab unit. In general, candidates include patients 
suffering acute physical, cognitive, behavioral, and/or func-
tional defi cits that are candidates for inpatient rehabilitation. 
Although they may still require medical care, patients must 
be medically stable and have completed defi nitive care of 
their injuries before transfer. Most inpatient units can accept 
patients with tracheostomy, feeding, and chest tubes. Patients 
with ventilator dependence must be transitioned to a portable 
ventilator and be relatively stable with their settings. Medical 
issues addressed on the inpatient unit include, but are not 
limited to, DVT prophylaxis, nutritional support, bowel/
bladder management, pain control, skin/wound care, trach/
peg care, and spasticity management. In general, patients 
should demonstrate a capacity and motivation to learn and 
improve their functional status. They should be able to phys-
ically tolerate at least 3 h of therapy per day. Patients who do 
not meet these criteria may be transferred to a skilled nursing 

A.H. Phelan



599

facility until such time as they are appropriate for inpatient 
rehab. 

 This is a broad outline of the rehabilitation process in 
trauma patients with details depending on the nature of the 
injury and the individual involved. I encourage you to incor-
porate the rehabilitation team into your acute care routine. 
Early intervention can be critical in assuring a smooth transi-
tion into recovery and return to function. Once you have 

saved their life, they must return to life and that is what reha-
bilitation is all about.     

   Recommended Reading 

      Braddom RL (2007) Physical medicine & rehabilitation, 3rd edn. 
Saunders/Elsevier, Philadelphia  

      Robinson LR (2006) Trauma rehabilitation. Lippincott Williams & 
Wilkins, Philadelphia    

 Important Points 

•     The members of the rehabilitation team are physiat-
rist, nurse, physical therapist, occupational therapist, 
speech therapist, recreational therapist, vocational 
therapist, psychologist, and social worker.  

•   Think Rehabilitation Consult for acute loss of func-
tion due to neurologic and musculoskeletal injury.  

•   Think Rehabilitation Consult for assessment of 
functional status and prevention of secondary 
disability.  

•   Rehabilitation Consult can assist with disposition, 
funding issues, and return-to-work issues.  

•   In short: After you save their life, we get them get 
back to living!    
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      “Rehabilitation Matters!”: Physical 
Rehabilitation as an Essential Process 
Post-acute Trauma Care                     

     Virginia     S.     Wilson    

80.1          Defi nition of Physical Medicine 
and Rehabilitation (PM&R) 

 This speciality is known as  Physiatry  in the USA or PM&R 
elsewhere. It is a medical speciality which treats the injured 
patient following acute trauma to restore function and work 
towards reintegration of the patient into all spheres of social 
and occupational life. The terms are often used to describe 
the whole medical team caring for the patient, not only the 
Doctor.  

80.2     History of PMR 

 Frank H. Krusen, MD, was one of the fi rst pioneers. Whilst 
he had treatment for TB, he investigated physical medicine, 
making it his career. He set up a Department of Physical 
medicine at the Mayo Clinic in 1936, eventually creating the 
fi rst residency there. In 1938 he proposed the term 
“Physiatrist”. During and following the World War 2, the 
speciality developed as injured soldiers returned to the 
USA. In 1945 the American Medical Association established 
a section for PM&R and eventually in 1947 the American 
Board of Physical Medicine and Rehabilitation was incorpo-
rated into the American Board of Medical Specialities. 

 The discipline is well established in developed countries 
of the world, with special interest groups of practitioners 
focusing on areas such as spinal cord injury (SCI), traumatic 
brain injury (TBI), burns, multiple musculoskeletal injury, 
amputations, peripheral nerve trauma, and paediatric trauma. 
In developing countries formal recognition of the speciality 
has not yet been widely accepted, although the practice of 
PM&R continues in many centres in these countries.  

80.3     The Rehabilitation “Team” 

 Just as the concept in trauma resuscitation of the “team” is 
well established as per ATLS ®  principles, a similar concept 
applies to the rehabilitation process. The team members will 
include: Doctor (Physiatrist), Physical Therapist 
(Physiotherapist), Occupational Therapist, Speech Therapist, 
Social Worker, Dietician, Psychologist, Vocational Therapist 
(a subspecialty of Occupational Therapy), and possibly a 
Recreational Therapist in developed countries. The type of 
therapy each patient receives is determined according to 
their injury and physical needs and is a team decision follow-
ing a full assessment.  

80.4     Rehabilitation Starts in ICU 

 Ideally the rehabilitation of all trauma patients should com-
mence in the Intensive Care Unit (ICU), especially once the 
patient is reasonably physiologically stable.  Physical 
Therapy  (Physiotherapy) is critical in the ICU setting for 
respiratory function as well as joint mobility to prevent con-
tractures.  Occupational Therapy , particularly for hand and 
upper limb function, should also commence and is essential 
in the management of burn patients. The  Speech Therapist  
can assist in the ICU if the patient is unable to swallow and 
formally evaluate the swallowing, to advise, for example, 
whether a percutaneous gastrostomy (PEG) is required if 
swallowing is neurologically impaired. A video swallow 
examination is the ideal investigation in a cooperative patient 
to fully assess the swallowing function. The  Dietician  can 
work closely with the Speech Therapist in advising the type 
of diet to maintain optimal nutrition during the ICU stay. 
Within a few days post injury, a patient will develop malnu-
trition, and immediate attention is required by the Clinician 
as this will impact on wound healing, raise the risk of pres-
sure ulcers, and increase the risk of wound sepsis resulting in 
raised morbidity and mortality. Many trauma patients 
develop a paralytic ileus, and this will need addressing with 
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prokinetics as well as careful nutritional support.  Social 
Worker  intervention in ICU is invaluable to identify premor-
bid social issues and liaise with the  Psychologist  to provide 
support and treatment for both the patient and the family 
members. Many patients benefi t from early intervention with 
antidepressant medication commenced in intensive care. The 
role of the  Doctor (Physiatrist ) is to advise prevention of 
secondary disability as well as to guide the trauma team 
regarding management of specifi c functional impairments 
such as bladder and bowel function (particularly in spinal 
cord injured patients). It is expected that SCI patients will 
have urethral catheters upon transfer to a rehabilitation facil-
ity. Acidifi cation of the urine, using ascorbic acid (vit. C) or 
cranberry juice, may be helpful in minimising urinary tract 
infections. Urodynamic studies will only be performed after 
the “spinal shock” phase of the injury and guide on long- 
term management of bladder function. In the ICU it is criti-
cal to ensure regular functioning of the bowel, with the use of 
laxatives, especially as higher spinal injuries (above T6) are 
prone to autonomic dysrefl exia with a complication such as 
constipation. Patients frequently arrive in the rehabilitation 
facility with the rectum loaded with faeces or even impacted. 

 The  Doctor  can advise as to where the patient should be 
transferred post ICU to continue rehabilitation. TBI patients 
who are unable to follow commands or respond to therapy 
may require initial treatment post ICU in a subacute unit and 
continual assessment to evaluate their readiness for acute 
rehabilitation therapy. A patient requires assessment for suit-
ability for acute rehabilitation by a member of the team whilst 
in the ICU. Medical stability is important, although the need 
for subsequent surgery, e.g., orthopaedic or reconstructive 
plastic surgery, should not delay the process of commencing 
rehabilitation. It is essential that the acute care surgeons com-
municate their future surgical plans to allow for preparation 
of the patient whilst in a rehabilitation facility. 

 Specifi c issues which require resolution prior to transfer 
for acute rehabilitation include establishment of a colostomy 
if required. If the patient is likely to be a long-term wheel-
chair user, consideration should include site of the colostomy 
which may require placement higher up on the abdominal 
wall for ease of patient access and maintenance. 

  Nursing care in ICU to prevent pressure sores is critical, 
as pressure sores can delay the whole process of acute reha-
bilitation and result in extremely high costs for funders, 
patients, and their families.  A restless patient is not usually 
the one at high risk, but rather the immobilised patient, for 
example, in traction or on a ventilator. Occipital sores are a 
scar for life, with no hair growth. 

 Medical management in the ICU will directly impact on 
the medical care in the rehabilitation facility. For example, 
management of pain with drugs containing codeine results in 
dependency and chronic constipation. The use of a pain scale 
when administering analgesia is essential in the cooperative 

patient. Poorly controlled pain will impact negatively when 
the patient is in rehabilitation and affect the ability of the 
patient to participate in the rehabilitation process. This 
includes post-concussion headaches which cause signifi cant 
morbidity in TBI patients. SCI patients and amputees experi-
ence neuropathic pain, and many centres have clear guide-
lines for treatment of this common complication. Treatment 
and education of both the patient and the family should com-
mence as soon as the patient develops symptoms. 
Tracheostomy patients should be carefully reviewed prior to 
transfer for rehabilitation, and efforts are made to ensure 
whether the tracheostomy is still required, possibly replacing 
it with a fenestrated tube, to encourage communication.  

80.5     Outcomes-Based Rehabilitation (OBR) 

 OBR is the common method for continual monitoring and 
assessment of the progress of the rehabilitation patient and 
setting of individualised goals for various aspects of the ther-
apy as well as social and psychological goals which all aim 
to reintegrate the patient into their home, community, and 
work environment. The assessment covers physical and cog-
nitive goals and is based on the anticipated outcomes of all 
the rehabilitation therapies. 

 OBR uses a variety of standardised tools to achieve this. 
One of the most common tools used is the FIM/FAM assess-
ment (Functional Independence Measure and Functional 
Assessment Measure). This was created in 1987 and endorsed 
by the American Academy of Physical Medicine and 
Rehabilitation. It was primarily developed for measuring 
disability and rehabilitation following TBI. The use of FIM/
FAM allows the interdisciplinary team to score the progress 
of the patient in various functional “domains” and to docu-
ment the changes in a systematic and consistent manner, 
which enables a clear reporting of the patients progress to the 
referring Doctor as well as to the funder. 

 Another tool in common use, specifi c to TBI, is the 
“Glasgow Outcome Score” (GOS). This divides patients into 
fi ve categories and assists in the prediction of longer term 
outcomes in rehabilitation.

 1. Death  Severe injury or death without 
recovery of consciousness 

 2. Persistent vegetative state  Severe damage with prolonged state 
of unresponsiveness and a lack of 
higher mental functions 

 3. Severe disability  Severe injury with permanent help 
with daily living 

 4. Moderate disability  No need for assistance in everyday 
life; employment is possible but may 
require special equipment 

 5. Low disability  Light damage with minor neurological 
and psychological defi cits 

V.S. Wilson



603

   The Rancho Los Amigos Scale of Cognitive Functioning, 
developed in a rehabilitation centre of the same name in 
California, is a graded scale, assessing TBI patients with 
closed injury, on a score of 1–10, based on cognition and 
behaviour. This can be used in combination with the OBR 
assessment tools and also assists the family members to 
understand the stages of recovery in TBI. 

 In general terms, following trauma, most patients admit-
ted to an acute rehabilitation facility will be dependent for 
all or some of their needs. The goal of physical rehabilita-
tion is to maximise independence for each patient in terms 
of activities of daily living (ADLs). Most acute rehabilita-
tion facilities will accept patients with tracheostomy tubes, 
PEG tubes, and IV lines. Ventilated patients are accepted by 
some units; however the ability of the patient to follow an 
intensive therapy program may be curtailed if dependent on 
a ventilator. 

 Recent technological developments for use in the reha-
bilitation of patients, such as the Lokomat ®  (Hocoma GmBH, 
Zurich, Switzerland) (Fig.  80.1 ) and Exoskeleton (Fig.  80.2 ), 
are becoming more widespread and available in rehabilita-

tion facilities and are used in spinal cord injuries and trau-
matic brain injuries.

    Rehabilitation in a dedicated and suitable facility with 
access to a variety of supplies and equipment is the continu-
ation of the acute trauma care for the patient and is essential 
for reintegration of each trauma patient into home, commu-
nity, and workplace. 

  Fig. 80.1    Lokomat ®  in use in a paraplegic patient         Fig. 80.2    Exoskeleton in use in a paraplegic patient       

 Important Points 

•     Avoid failure to refer early, before muscle wasting 
or contractures develop.  

•   Avoid failure to communicate on weight-bearing 
status.  

•   Remember that early psychological counselling is 
an integral part of physical rehabilitation.  

•   Remember that intensive care medication is not 
always congruent with good rehabilitation therapy.    
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 A good plan executed today is better than a perfect plan executed tomorrow. – George S. Patton 

      Penetrating Injury Prevention                     

     Devon     S.     Callahan      and     David     S.     Plurad     

       Injury due to interpersonal violence is a public health issue 
and should be approached with preventative medicine strat-
egies, akin to modern approaches to heart disease and 
malignancy, as all similarly pose a signifi cant public health 
burden. As care to the injured is refi ned and subsequent 
mortality rates decrease, prevention becomes of primary 
importance in extending these gains. Identifi cation, imple-
mentation, validation, and dissemination of novel strategies 
to reduce interpersonal violence will lead to improved well-
being of the general public and a healthier environment for 
all communities. 

 In 2013, there were 33,636 deaths related to fi rearm vio-
lence in the United States. Between 2012 and 2014, there 
were 1,860 homicides in Los Angeles County. Of those, 
1,349 (72.5 %) were due to fi rearms. The recognition of gun 
violence as a health problem is the foundation to the imple-
mentation of preventative medicine techniques. An analysis 
of 753 consecutive deaths at a level I center reveals that 13 % 
were potentially preventable with changes in treatment. 
However, greater than 50 % of these deaths may have been 
avoided with preventative measures, such as reductions in 
alcohol use, the use of restraints, and helmets. Victims of 
violent assault are prime focus for preventative intervention 
due to their high rates of repeat injury, and in penetrating 
trauma, recidivism is of particular concern. Victims of pen-
etrating trauma were more likely to suffer from gun violence 
again, where the risk of mortality increases by a factor of two 
for each subsequent visit. 

 Primary prevention measures seek to avert disability and 
disease (immunizations, fl uorination of water, and vehicle 
restraint laws) and promote general good health (education 
campaigns for regular exercise and smoking cessation). 

These programs are intended for a wide dissemination to the 
general population. In contrast, the main objectives of sec-
ondary prevention are detection of disease at its earliest 
stages and before symptoms are grossly manifest. Examples 
include mammography, colonoscopy, and cervical exams. 
Early treatment can also take place in conjunction with these 
screening measures. An important but diffi cult objective of 
secondary prevention measures is to identify and preferen-
tially target populations at risk, thereby maximizing the cost- 
effectiveness of screening efforts. Identifi cation of these 
groups also grants an early opportunity to intervene and 
potentially modify risk factors, thereby reducing the inci-
dence of disease. However, reliable identifi cation of these 
groups can be complex. Tertiary prevention activities are 
intended to improve quality of life, reduce the severity or 
progression of symptoms, and if needed provide rehabilita-
tion after disease has been diagnosed. This phase is generally 
considered a part of treatment. 

 On March 30, 1981, John Hinckley Jr., having access to a 
particularly lethal type of munition, attempted to assassinate 
President Ronald Reagan outside the Park Central Hotel in 
Washington DC wherein Press Secretary James Brady sus-
tained a severe traumatic brain injury. On November 30, 
1993, President Clinton signed the Brady Bill restricting fi re-
arm purchases in states that did not have more stringent 
restrictions already in place to include the more lethal type 
bullets used in the attack. This bill, and others like it, repre-
sents an example of primary prevention. Similar measures 
include denial of fi rearm purchase for those with felony con-
victions, age restrictions, mandatory waiting periods, strict 
registration and licensing requirements, concealed weapon 
legislation, and zero tolerance for fi rearms at schools. 
Multiple series have linked the availability of fi rearms, with 
a signifi cantly higher rate of fi rearm assaults, and it stands to 
reason that laws restricting access would demonstrate 
decreases in the rates of associated injury and mortality. 
Indeed, data suggests that restrictive legislation decreases the 
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incidence of handgun-related violence, particularly suicides, 
and the effect seems to be more pronounced when high-risk 
individuals are refused purchase. And further, regardless of 
the manner of procurement, storage, type, or number of 
weapons, the presence of a fi rearm in a home signifi cantly 
increases the risk of homicide or suicide in that dwelling. 
However, data is mixed. There is insuffi cient evidence that 
these measures decrease violent fi rearms-related deaths 
overall. This lack of effect may be with reason as legislators 
are reluctant to divert public funds to specifi cally restrict gun 
control across the wider spectrum. For example, in 1996, the 
US House of Representatives added the injunction: “none of 
the funds made available for injury prevention and control at 
the Centers for Disease Control and Prevention may be used 
to advocate or promote gun control” to the fi nal budget 
appropriation for the Centers for Disease Control and 
Prevention. Additionally, after the National Institute on 
Alcohol Abuse and Alcoholism funded a study linking gun 
ownership to an increased risk of fi rearm assault, similar 
restrictive clauses were applied to all Department of Health 
and Human Services agencies, including the National 
Institutes of Health. Despite this, data after passage of the 
Brady Act appears to show a benefi t in fi rearm homicide and 
suicide rates in certain groups (i.e., age ≥55 years) but not 
uniformly across all demographics. Even so, these legislative 
measures do generally relate to decreased incidence of vio-
lent handgun acts to varying degrees and continue to be con-
sidered effective primary prevention in many communities. 

 Firearm buyback and exchange programs are thought to 
decrease the fi rearm density in high-risk areas and thereby 
decrease the incidence of violent crime. The media heavy 
aspect of these events produces visually effective messages, 
but, like the impact of handgun legislation, the results of 
buyback programs are inconclusive at best. Buyback weap-
ons tend to be older or nonfunctional, small caliber and of 
the revolver type, whereas fi rearms used in crimes tend to be 
newer and semiautomatic. In a series of persons relinquish-
ing fi rearms, almost 50 % reported the reason for participa-
tion being to prevent a child from fi nding the fi rearm and less 
so for reducing the likelihood that the weapon will be used in 
a crime. Further, 60 % of individuals relinquishing a fi rearm 
continued to be gun owners and 23 % of surrendered weap-
ons were nonfunctional. Additionally, those who remained 
gun owners were just as likely as the national average to keep 
a loaded gun in the house or carry the weapon with them. 
Despite these results, buyback programs are considered a 
highly visible form of prevention and may benefi t communi-
ties by bringing the issue of fi rearm density and gun control 
to wider public awareness. 

 An area for expansion of secondary prevention efforts is 
the retail sale of fi rearms. In a study tracing guns used in 
violent crimes, researchers found that gun retailers with a 
high rate of denied sales also have a higher rate of sales for 

guns that go on to be used in violent crime. The authors’ 
conclusions were twofold: (1) laws screening potential fi re-
arm buyers prior to sale do identify and deny sales to high- 
risk individuals, and (2) making these programs more 
restrictive might signifi cantly decrease the legal sale of fi re-
arms to individuals who would use them in commission of a 
crime. With the seemingly greater incidence of mass shoot-
ings, this discussion of supply side restrictions is renewed. 
Two years after the Sandy Hook shootings, where 20 chil-
dren and 6 adults perished, there remains strong public desire 
(gun owners and non-gun owners alike) to establish and 
maintain tighter restrictions and more vigorous tracking of 
purchases. In a study of gun violence involving juveniles 
(perpetrators and victims) in the Oakland, CA area, only 
55 % of weapons could be traced to a dealer and only 39 % 
could be traced to an owner. The authors noted the need for 
more comprehensive tracing programs, where changes in 
ownership are registered with the federal government and 
stolen weapons are mandatorily reported. 

 The massacre at Columbine High School in Littleton, 
Colorado, where 15 people died and another 23 were injured, 
ushered in a new era of awareness of mass shootings in the 
United States. School programs are designed to intervene in 
high-risk groups in hopes of reducing violence. Secondary 
prevention of violent assault is often diffi cult, since interven-
tions must identify those at risk while avoiding insensitivity 
and stereotyping with minimal disruptions to learning. The 
effects of these programs are variable. In a review of ran-
domized controlled trials of school-based prevention pro-
grams, there were a decrease in violent behavior but no direct 
assessment of violent injury. In another study of similar pro-
grams, there was little effect on rates of aggressive behaviors 
or missed classes due to violence or fear of violence. The 
Youth ALIVE! Project, started in Oakland, California, seeks 
to intervene in high-risk schools through the “Teens on 
Target” program. This advocacy group trains peer educators 
to interact with disenfranchised students to provide coping 
skills and other assistance as needed. These programs have 
demonstrated a host of positive outcomes, including 
increased graduation rates among participants compared to 
controls. They also work with community leaders to facili-
tate related legislation. Notable is their involvement with 
Oakland’s gun tracing project, which is related to signifi cant 
improvements over the prior system. 

 Trauma recidivism is the primary focus of tertiary preven-
tion of gun violence. Recidivism can be as high as 50 % in 
some series and is of particular importance since patients 
experience signifi cant increases in mortality with each re- 
injury due to penetrating mechanisms. Risk factors for re- 
injury are substance abuse (especially alcohol), mental 
illness, urban habitation, male gender, homelessness, and 
history of perpetration of or victimization by a violent act. 
Caught in the Crossfi re (CinC) is another advocacy program 
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active within the Youth ALIVE! organization. In an attempt 
to decrease retaliatory violence, this group has trained “inter-
vention specialists.” These individuals have previously been 
victims of violent crimes and advocate for young victims of 
assaults. The fi rst contact is typically during initial hospital-
ization. Clients are provided with assistance for themselves 
and their families. This includes help applying for victim-of- 
violence restitution funds, assistance with medical costs, job/
school placement services, referral to mental health treat-
ment, and transportation to court appointments. In a recent 
series, there were no readmissions and 50 % of clients who 
were not enrolled in school began or returned to coursework. 
However, while participants in these types of intervention 
programs tended to demonstrate a signifi cantly decreased 
incidence of criminal involvement of any type, there was no 
difference in recidivism rates or mortality, even in prospec-
tive randomized trials. The growth of these hospital-based 
programs has led to The National Network of Hospital-based 
Violence Intervention Programs having representation in 
over 15 states in the USA and internationally. 

 Intimate partner violence (IPV) causes over 1,300 deaths 
and 2 million injuries per year and represents another avenue 
for potential prevention programs specifi cally as it relates to 
recidivism. Thirty-three percent of fatalities from IPV were 
previously victims of IPV, and there is a 20 % 5-year mortal-
ity rate after repeat attacks. Therefore, it is a priority to 
develop hospital-based programs for identifi cation and inter-
vention of potential victims. A combination of risk identifi -
cation and legal measures seemed to be most benefi cial. In a 
program of IPV intervention, substance abuse in the perpe-
trator generally trended toward higher re-injury in the victim. 
Additionally, victims seeking legal action against perpetra-
tors were statistically less likely to experience re-injury, but, 
unfortunately, this did not result in decreased in re-injury in 
general or perpetrator incarcerations. 

 As noted in this chapter, there are a multitude of programs 
aimed at reducing gun violence; however there has been no 
strong demonstration of consistent benefi t. In contrast pre-
vention efforts related to alcohol abuse show promising 
results as 40 % of trauma patients are (+) for alcohol on 
admission and up to 60 % screen (+) for either alcohol or 
illicit substances. Substance abuse is a common theme in 
penetrating assault and can provide a focus for defi ning a 
high-risk group and subsequent prevention efforts. Chronic 
use is easily identifi ed objectively using simple survey 
instruments that can be applied on admission, and in a review 
of patients who screen positive for alcohol dependence, 40 % 
engaged in violence-related behaviors. Intervention is par-
ticularly warranted since alcohol use at initial injury por-
tends to greater mortality on re-injury in addition to the 
increased risk with recidivism alone. The brief alcohol inter-
vention is a patient oriented, non-confrontational discussion 
regarding their patterns of usage and relationship to the 

injury event. Data comparing patients who participated in the 
programs vs. those that did not demonstrated a signifi cant 
decrease in DUI arrests after discharge, while a prospective 
randomized trial demonstrates a 47 % decrease in emergency 
department visits and a 48 % decrease in hospital readmis-
sions. The American College of Surgeons Committee on 
Trauma recognizes the importance of the Alcohol Screening 
and Brief Intervention (SBI) program for trauma centers to 
reduce recidivism and provides specifi c guidance. 

 Penetrating trauma, similar to many disease states, can be 
approached using a variety of preventative medicine tech-
niques and expansion of preventative programs would likely 
represent a more effi cient deployment of resources. Similar 
to other preventative health programs, the effect of legisla-
tion is diffi cult to defi ne and complicated by a spectrum of 
issues. In addition, it is diffi cult to determine which individu-
als would benefi t most from screening, what strategies would 
be most effective, and at what time. Signifi cant gains may be 
achieved through identifi cation of associated risk factors, 
such as substance abuse, though intervention is generally 
implemented after initial trauma admission. While decreases 
in penetrating trauma are not uniform across many programs, 
the success of these strategies can be defi ned by a variety of 
metrics and not just the rates of injury or re-injury.     
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      Forensic Pathology and Trauma                     

     Shirley     F.  A.  P.     Moeng      and     Maeyane     S.     Moeng    

82.1          Introduction 

 While traumatic injury in a patient does not always have to 
involve the police, the death would defi nitely require some 
investigation from the police. They, in turn, involve the 
 services of a state accredited and employed forensic patholo-
gist; therefore, there is a tripartite alliance between the 
police, the forensic medical doctor and the courts/judiciary. 

 Forensic services remain critical in the investigation of 
unnatural causes of death. The primary objective of a foren-
sic autopsy/post-mortem examination is rendering a service 
of medicolegal investigation of a death that serves the judi-
cial process. This offers closure and understanding to the 
cause of death. It allows for a medicolegal interpretation of 
the events leading to death and may even assist to absolve 
medical practitioners from accusations of negligence, saving 
them from unnecessary malpractice costs particularly as 
medicolegal litigation is increasing globally. The suspected 
perpetrator in a criminal case might also well want to pass 
the blame of causation of death to the medical care rendered 
to the deceased. It is therefore advantageous to have an 
objective analysis of the causation of death. On the other 
hand, a forensic pathologist is expected to be the gatekeeper 
against gross medical malpractice. 

 The extent of their involvement is variable in different 
countries, with better participation in developed countries. 
For practical purposes, all trauma-related deaths are to be 

considered unnatural and therefore should be handed over to 
the forensic department for an autopsy (Figs.  82.1 ,  82.2 , 
 82.3 ,  82.4 ,  82.5 ,  82.6 ,  82.7  and  82.8 ).

82.2               How Forensic Science Has Developed 
Over the Years 

 The work of investigating criminal deaths by the police used 
to rely on very unscientifi c methods. No two investigators 
could reliably arrive at the same conclusion because of per-
sonal prejudice and bias in the process. In order to improve 
the quality of policing and give credible ethical support to 
the work they did, it was decided to use more credible and 
reproducible methods. A decision to add science to police 
work was noted to reduce or eliminate speculation, innuendo 
and partisanship and result in reproducible, factual informa-
tion that could be presented to the courts. 

 It became clear to the police that they needed someone who 
had knowledge of the human body to aid in their investiga-
tions. They chose the medical doctor as someone with special 
knowledge in anatomy and pathology of the body. In Northern 
Italy the courts as early as the thirteenth century were appoint-
ing medical experts to advise them. By the sixteenth century, 
medical evidence was being given in courts. As a result of a 
rise in violent crimes and infanticide, the Bishop of Bamberg 
ordered the compilation and publication in 1507 of  Constitutio 
Bambergensis Criminalis . In this publication, it was proposed 
that a medical doctor be involved and called in, in all violent 
deaths, to take notes on the position of wounds and their nature 
and to draw conclusions to be presented at court. 

 In 1516 Brandenberg followed suit with another publica-
tion. In 1533 the  Constitutio Criminalis Carolina  was 
ordered by the Emperor Charles V and had to be applied over 
Europe. In this publication more emphasis was put on 
 forensic psychiatry, reporting on the mental state of a perpe-
trator before trial. 

  82
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  Fig. 82.1    Confi rmation of a complex vascular injury that caused 
exsanguinations. Patient demised on arrival to the emergency depart-
ment. ERT was not successful       

  Fig. 82.2    En bloc dissection showing a fatal GSW to the arch of the aorta       

  Fig. 82.3    Missed failed ETT tube exchange contributing to death in a 
multiple stab on a short obese neck trauma patient. See airway marked 
by the probe       

  Fig. 82.4    Stab/penetrating incised wounds with clean-cut sharp edges 
to the wounds       

  Fig. 82.5    Frank pus on and in the brain complicating skull fracture 
and penetrating head injury       

  Fig. 82.6    Incidental fi nding of a renal tumour in a penetrating 
 abdominal trauma not related to the demise of the patient       
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  Fig. 82.7    Post-mortem confi rmation of a transmediastinal GSW, 
en bloc dissection       

  Fig. 82.8    Tubes and lines left in 
situ for a patient that demised 
shortly after the procedure, this 
allows for confi rmation of correct 
placement of these lines       

 Medical practitioners were extensively involved in police 
investigations and were expected to give an opinion on a lot 
of things, even outside the scope of their specifi c training, as 

long as it was in the medical fi eld. They pronounced on a 
wide range of things: medical issues, surgical issues, 
 ballistics, toxicology, genetics etc.
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 Key defi nitions 

  Forensics : for the purposes of the court, pertaining to the law 
  Forensic medicine and pathology : The investigative element of medicine, for purposes of the law. It includes both forensic pathology and 
clinical forensic medicine 
  The forensic pathologist  is a medical doctor who has specialised in forensic pathology to work on the deceased as patients, and not the living, 
the end result being to establish a cause of death, get evidentiary material from or off them, etc., to name a few 
  The clinical forensic doctor  works with the living victims of trauma and alleged perpetrators or suspects in criminal or potential criminal cases, 
primarily to document injuries and get evidentiary material from or off them etc. 
  The necropsy/autopsy/post-mortem examination  is either academic or forensic. This is the medical process of performing an examination on 
the body of a deceased in order to establish amongst others: a cause of death, disease extent, evaluate effect of therapy, confi rm identity where 
needed, etc. This is at the request of either the doctor in a clinical setting, the family for, e.g. cremation purposes or the police in the event of 
foul play 
  The forensic necropsy/autopsy/post-mortem examination  is done when there is foul play or it is suspected. The state police are involved 
 The terms autopsy and post-mortem examination are used interchangeably, implying a thorough examination of the body externally and 
internally and to retain any specimens that may aid in coming to a conclusion regarding the cause of death 
 Whenever a  partial autopsy  examination is performed, it should be stated clearly in the report and, if applicable, the reasons for it stated 
upfront 
   For example,  viewing autopsy , to denote the external examination only, was done. This is likely in the event of a natural death which was not 

sudden or unexpected, and while not forensic in nature, there was no one else available to sign the death notifi cation form.  Limited autopsy 
to  denote that the examination was hampered by, for example, an infectious disease like tuberculosis in the one or more organs, but 
elsewhere in the body, the autopsy was carried out as per usual 

    Incomplete autopsy  would be one where the examination will be completed in the following day(s), pending someone critical to the case 
arriving, a medical information report coming or police investigation report supplied relating to the body 

    High-risk limiting autopsy  is one where just the necessary specimen(s) is taken to establish or confi rm the suspected cause of death, where a 
communicable condition is suspected. If it is deemed necessary to, further examination may be done on receipt of the results 

  The forensic scientist  is generally not a medical doctor, but one trained to be a supportive team member in the police or medical side to assist 
with the medicolegal investigations 

82.3        Trauma and Clinical Forensic 
Medicine 

 Patient presentation to a health facility may be variable from 
an awake consenting adult to a moribund patient.

•    The  living forensic victim  of trauma has to consent to be 
seen by the doctor as in the usual patient-to-doctor rela-
tionship. Their full consent and participation are essen-
tial, and towards this there are trauma counselling centres 
with trauma counsellors, social workers and forensic 
nurses trained to empathise and reassure victims of acci-
dental or criminal trauma before treatments and proce-
dures. The nature of the trauma directs the examination 
and the treatment prescribed. The police are often ini-
tially or soon hereafter involved, and if there is to be a 
police case opened, the examination will help verify the 
incident, quantify the injuries and retrieve potential 
forensic evidence off the victim. Depending on the inju-
ries, the victim will either be admitted to the hospital or 
discharged.  

•   The  forensic suspect trauma  patient irrespective of the 
presentation will often be accompanied by police, in hand 
and or ankle cuffs, or shackled to the stretcher he/she is 
lying on. As the suspect is under police custody and a 
ward of the state, the request and consent for the examina-
tion will be rendered by the police. In addition to the 
medical examination, there may also be a need for collec-

tion of biological samples. Depending on the  injuries, the 
suspect will be kept in the hospital or discharged under 
police custody.  

•   The  forensic suspect  (with no obvious injuries but who 
needs to be examined for other legal reasons) is handed 
back to the police at the end of the medical 
assessment.    

 The request to examine the forensic suspect by the police 
supersedes the wishes of an unwilling suspect who may be 
trying to circumvent the investigation. The doctor is expected 
to remain impartial while serving the interest of the investi-
gation, while at the same time doing no harm to the living 
patient/suspect. 

 After the examination the patient goes back into the cus-
tody of the police. Should there be a need for urgent medical 
intervention, the suspect is fi rst treated and then released 
back into the custody of the police. 

 If in the course of examining a suspect for the purpose 
of the law, an unrelated but pressing medical condition is 
picked up, he/she will be informed thereof, and he/she will 
either be referred for treatment or, if it is not pressing or 
life- threatening, encouraged to consult a doctor of their 
own choosing at their own time, to receive the medical 
attention. 

 Meticulous notes of the interaction and fi ndings should be 
legibly and chronologically documented as you will need to 
refer back to them during judicial proceedings.  
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82.4     Processing Potential Forensic 
Material 

 Forensic evidence is anything that may be invaluable to the 
police as part of an ongoing or potential case, irrespective of 
whether the patient survives or not. Evidence found on or in 
a patient by the doctor should be preserved for the police, in 
case there is a criminal or civil court process that follows. 

 These include foreign materials found during examination 
or during surgery. Retained knives, broken bottles, bullets or 
even fragments thereof and any other relevant retained for-
eign materials should be handed over to the investigating offi -
cer. Clinical or surgical notes should indicate what is 
recovered from the patient. Label the evidence collected, give 
a description thereof and state who it was handed over to for 
safekeeping and which investigator it was fi nally delivered to. 
This should be recorded in a chronological manner to avoid 
unnecessary dispute of the evidence specimen taken. 

 The evidence collection may also involve doing blood 
work to look for any intoxicating or poisonous substances 
consumed. The timing of collection of the specimen is criti-
cal as drug serum levels change with time. At least send for 
appropriate suspected drug screen tests on admission of a 
potential case. Doing a drug screen days later at autopsy may 
yield falsely negative levels that may lead to a different 
conclusion. 

 There is critical information that should be recorded and 
summarised for the forensic pathologist. This information is 
usually made available in special forms that a treating physi-
cian must fi ll in before an autopsy can be done. This will 
include the names of all relevant medical treating physicians, 
e.g. anaesthetist, surgeon, intensivist, etc., involved in the 
care of the deceased. Proper fi lling of these forms allows for 
accurate interpretation of events surrounding the death of the 
patient.

 These legal forms usually require the following basic information 
relevant to the care of the deceased: 

 Identity of the patient 
 Name of the treating medical facility 
 Names of the treating physicians 
 Dates and length of admission/medical care given 
 Relevant preadmission information 
 Medical state of the patient upon admission 
 Diagnosis relevant to the deceased 
 Treatment that was undertaken (both medical and or surgical 
fi ndings) 
 Anaesthetist and surgeon to add additional information if procedures 
were undertaken (specify time frames for procedures and fi ndings 
during surgery) 
 Progress during medical care (even if not admitted to an institution) 
 Relate events leading to death and an opinion as to possible cause of 
death 
 Date and time of death 

   Incomplete information delays forensic processes and 
may result in an unnecessary formal inquest, where a physi-
cian will have to come for a formal court hearing as a witness 
rather than an expert witness. The formal inquest should 
really be reserved for when gross misconduct is suspected, 
not for a physician to come and clarify something that they 
should have done on a simple form. 

 Potential pitfalls for the surgeon when treating a patient:

    1.    Failing to record or document all the interactions with 
the patient, where applicable.   

   2.    Documenting poorly or not at all the condition the 
patient was received in.   

   3.    Failing to show clearly and properly the treatment plan 
of action decided upon once assessment of the patient 
had taken place.   

   4.    Taking the consent of the patient for granted, with no 
proper explanations for the consent given, and not getting 
consent for alternative procedures that may need to be done 
in theatre in case there are unexpected fi ndings, worse trau-
matic fi ndings, different fi ndings than at fi rst assessed, etc.   

   5.    Delaying to treat an emergency, especially where out-
come is well known to defi nitely or likely to result in 
death, when left untreated.   

   6.    Delaying or failing to diagnose a potentially life- 
threatening condition, where a peer or subordinate under 
similar conditions would easily identify it.   

   7.    Refusing to comply with the request to fi ll in forms for 
the police investigative process to continue regarding the 
death, when required to do so. Justice delayed is deemed 
as justice denied.   

   8.    Removing all the pipes and tubes used at the medical 
facility from the patient before sending the body for the 
autopsy. This is to confi rm placement and exclude 
potential allegations of mismanagement.   

   9.    Misrepresenting facts in the documents needed by the 
forensic pathology department.   

   10.    Losing or misplacing key forensic evidence regarding 
the patient.   

   11.    Not acquainted with the legal aspects or laws regarding 
deaths and obligations and responsibilities of the doctor. 
Ignorance of the law is no defence.   

   12.    Trying to fi t the legal practices practised in other coun-
tries or even worse, ‘CSI’ rules seen on television, to the 
ones governing the medical profession and the circum-
stances in your particular country.      

82.5     Relating to Trauma-Related Deaths 

 The surgeon is required to give information as part of an 
ongoing police investigation into the initiating trauma/insult 
that the patient suffered. This is irrespective of personal 
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 feelings and conclusions made about the cause of death in 
the case.

•    The fact that anaesthesia was given means one may have 
to fi ll in the form giving all relevant information for an 
autopsy to proceed.  

•   Information from the anaesthetist may still be required 
even if a patient had fully recovered from anaesthesia. 
The point is then the initiating traumatic insult/event 
and not always investigating the doctor or the 
anaesthesia.  

•   The post-mortem report is eventually for the court process 
and not the treating doctor; as such it is not made avail-
able for the treating doctor, unlike in the academic/medi-
cal post-mortem examination. There may be arrangements 
made via the ethics department in the facilities involved, 
for information to be given to the treating doctors during 
their regular public and interdepartmental ‘morbidity and 
mortality’ meetings. This is often in the setting of aca-
demic institutions where the point is feedback towards the 
teaching that goes on there.  

•   A treating doctor or representative may be present during 
the autopsy examination, with permission from the 
pathologist doing the case, and he/she needs to inform 
them in time.  

•   Getting complete and relevant information from the 
treating doctor often much reduces the chances of hav-
ing to appear in court to give the oral information as it 
would have been taken into consideration in the post-
mortem examination and case assessment. Any new 
treatment modalities used need to be included in the 
notes so there are no potential misunderstandings about 
the treatment given or incorrect inferences made during 
autopsy.  

•   The treating doctor may be requested to give oral evi-
dence in court regarding a case, where they failed or 
refused to give full and relevant information in the forms 
to the forensic pathologist.  

•   The forensic cases are special in that time increases the 
risk of decomposition even with refrigeration, and the 
sooner we get the information and forms sorted, the 
better.     

82.6     The Post-mortem Examination 

•     The deaths resulting from procedure-related deaths are 
deemed unnatural by law, and families may be anxious 
thinking it means foul play at hand/something untoward 
occurred to the loved ones.  

•   The forensic doctor will make a determination as to what 
is a forensic/natural/unnatural case as enabled by training, 

and in conjunction with relevant information from the 
police, in unclear cases.  

•   In cases where toxins or poisons were tested for and the 
results are available whether positive or negative, supply 
a copy of the results with the forms to the forensic 
department.  

•   The tubes and catheters at time of death should be left in 
the body as is, so position can be confi rmed.  

•   Surgical intervention in trauma cases may incorporate the 
primary injury and thereby limit the external observations 
of wound appearance. Good and brief information about 
the primary wound is important.  

•   Cleaning of wounds including debridement obscures 
external appearance of especially gunshot wounds where 
the direction of the wound is important to the court.  

•   Long-standing hospital cases tend to show healing of 
wounds, internal organ and tissue adhesions, resolved 
haemorrhages and sometimes septic complications, at the 
time of autopsy. So complete and relevant information 
about the initial presentation and treatment is crucial.  

•   Missed injuries if there are any, or iatrogenic injury if 
only discovered at autopsy, are best documented on paper 
as well as photographically as a surgeon may fi nd it hard 
to accept at times.  

•   At the time of autopsy, vascular injuries are best noted in 
big- and medium-sized vessels as a haematoma often 
looks like a solid red tissue with no easy identifi cation of 
the small vessels in it. As there is no longer an active cir-
culation, it is no longer easy to see which tiny vessel was 
involved. If it was tiny, there should not be any signifi cant 
loss of blood.  

•   The forensic cause of death may have a different empha-
sis than one a clinician is looking for. The initiating event 
is often regarded as the cause of death and not the physi-
ological derangement that eventually terminates the life. 
That will be noted as a complication or a terminal event 
and not a cause of death.    

82.6.1     Brief Summary of the Post-mortem 
Examination 

     (a)    Photographic documentation:
   This is done on all cases for identifi cation purposes, to 

record all relevant fi ndings, at the different stages of 
the autopsy examination.      

   (b)    The external and internal examination making a written 
record of:
   Clothes, marks, distinctive features  
  Recent or past scars, especially from previous medical 

interventions  
  Opening all the body cavities, irrespective of the site of 

the primary injury  
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 Important Points 

•     Forensic pathology offers closure and understand-
ing to the cause of death.  

•   Can assist to absolve medical practitioners from 
accusation of negligence.  

•   On the other hand, the forensic pathologist is also 
expected to be the gatekeeper against gross medical 
malpractice.  

•   Forensic data may show trends in deaths that are 
correctible by the health or police sectors.  

•   The family is not required to give consent as the 
body is essentially the ward of the state until the 
post-mortem examination is performed. In this 
regard the law supersedes the cultural, religious, 
personal and political considerations.  

•   There may be considerations from the family that 
need to be taken into account.
 –    Faith requirements for the timing of the burial to 

be expedited (e.g. Jewish, Muslims).  
 –   The body needs to travel across the borders. This 

needs to be communicated so that the post- 
mortem is scheduled appropriately.       

  En bloc dissection that allows for better investigation of 
the injuries      

   (c)    Special techniques and specimen collection:
   Collection of any biological tissue is legal if it aids in 

fi nding the cause of death.      
   (d)    X-rays:

   May be done at any time in the process of the post- 
mortem examination looking for foreign material 
including bullets and shrapnel        

 During autopsy there is an opportunity to evaluate injuries 
both external and internal. Undiagnosed and missed injuries 
can also be noted. Incidental fi ndings are noted from time to 
time. These may offer an explanation to the sudden demise of 
the patient. The differentiation between sharp force and blunt 
force injuries is crucial in correlating with suspected mecha-
nism of injury.   

82.7     Final Formal Post-mortem Report 

 A fi nal cause of death is supplied unless other test results are 
still pending, in which case an interim report may be given. 
Remember that hospital-related deaths need an opinion on 
negligence in an affi davit form to the courts.      
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      The Economics of Trauma Care                     

     Frederick     Millham    

      A common aphorism recited in hospital board rooms and in 
departments of public health goes something like this: “The 
answer is money, now remind me what the question is.” 
Trauma care requires highly skilled surgeons working in a 
highly technical environment in a time-constrained manner. 
This is an expensive proposition. In many areas, trauma 
patients are, on the whole, less well insured than patients in 
other surgical domains. At a time when the number of well- 
trained general surgeons appears to be diminishing, attract-
ing and retaining the best surgeons may be a formidable task. 
The success of any trauma program director requires that he 
or she have an understanding of the economics of trauma 
care. Trauma directors need an understanding of the macro-
economic issues in trauma care to justify investment in their 
programs by hospitals and governments. More importantly, 
surgeons must master the microeconomics of trauma care: 
how to design programs that have appropriate scope and 
scale to generate income both for the participants in the busi-
ness and the surgeons and for their sponsoring institution. 
This chapter will review the macroeconomic impact of injury 
and present a microeconomic approach to trauma service 
structure. Unlike the other chapters in this book, this fi nan-
cial analysis will not focus on care of penetrating trauma 
patients alone, but will assume that trauma centers and sur-
geons care for a mix of penetrating and blunt trauma 
victims. 

83.1     Macroeconomics of Trauma 

 The World Health Organization reports that 8 of the 15 lead-
ing causes of death in young people are related to injury. The 
data for the United States are even more dramatic: between 

the ages of 1 and 45, 60 % of all deaths in the United States 
are attributable to injury. Yet the tremendous burden posed 
by injury is not limited to the developed world. Though data 
are sparse, it appears trauma is an even more signifi cant pub-
lic health issue in the poorer countries, for example, it is esti-
mated that 1.6 % of the gross domestic product of Ghana is 
consumed by the care of victims of vehicular trauma alone. 
As these data illustrate, unlike heart disease and cancer, 
trauma kills at a younger age, removing wage earners and 
from the economy during or before their most productive 
years. While estimating the real cost of the death of a 
30-year-old cannot be done, one can estimate what the value 
of future earnings of a 30-year-old American, earning the 
median income for an American worker for 35 years of pro-
ductive employment. Assuming a 4 % discount rate (cost of 
capital), the death of this 30-year-old sacrifi ces $3.6 million 
in future earnings. Even if one assumes the victim will earn 
only $25,000 per year, the economic loss amounts to $1.8 
million. Considering that over 14,954 Americans of between 
the age of 25 and 34 die due to injury each year, the eco-
nomic cost, in terms of lost income, resulting from these 
deaths is between 1.8 and 3.7 billion dollars per year. Given 
that around 150,000 people die due to injury in the United 
States each year, certainly, the cost of injury in terms of lost 
income and productivity is immense.  

83.2     Microeconomics of Trauma 

 Over the past decade, the economics of trauma care at the 
hospital or group level has been a topic of a number of excel-
lent analyses. Several factors are responsible for this high 
level of academic interest; fi rst, the shift to nonoperative or 
nonsurgical management of many common traumatic inju-
ries reduced the amount of billable work per year in many 
centers. The second factor has been the increasing trend to 
specialization among general surgeons as a group. Many 
centers historically rounded out trauma call rosters with 
“non-trauma” faculty allowing for fewer core trauma 
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 surgeons to manage busy centers. The absence of these 
“FTEs” from the trauma roster means that more core trauma 
faculty have to be added to the center payroll. The third fac-
tor affecting the economic viability of trauma care has been 
the concordant dawn of the era of “in-house attending call” 
and the “80-h resident work week.” These factors further 
increase the number of faculty required to operate a service. 
Finally, the increased time trauma attending surgeons devote 
to care of nonoperative patients diminishes the time available 
to devote to elective surgical practice which is usually more 
fi nancially rewarding. These forces are all occurring at a 
time of decreasing overall reimbursement and a rising per-
centage of uninsured or underinsured patients arriving in 
ambulances. Since most trauma services in the United States 
operate in an environment of “no margin, no mission,” it is 
incumbent upon the trauma center director to fi nd ways to 
scratch out a nonnegative bottom line in spite of these forces 
arrayed to produce one. 

 Designing a fi nancially productive trauma service is, 
indeed, a challenge, but there are viable approaches. In 1994, 
Peter Drucker, a world-renowned professor of business and 
writer, proposed the concept of “the theory of business.” 
Though his subject was the predicament of failing corpora-
tions, his thesis applies well to the present economic chal-
lenges facing trauma surgeons and trauma centers. Drucker’s 
theory of business has three components which I have 
adapted to our subject:

    1.     Strategy : Trauma directors must understand the relation-
ships between the trauma service and the system in which 
it exists. The trauma surgeon must understand the sources 
of patients, potential sources of patients, and the trauma 
center’s relationship with competitors for these patients. 
What sort of patients is the center likely to receive? What 
is the mix of penetrating to non-penetrating mechanism 
among patients the center expects to receive? It also 
involves the relationship of the trauma center with its pay-
ers. Specifi cally, what is the expected reimbursement per 
relative value unit worked? Are surgeons relatively well 
reimbursed per RVU or are the surgeons relatively disad-
vantaged? The prospect of a bundle payment reimburse-
ment system in the United States dramatically changes 
the assumptions behind this part of the theory of the 
trauma service. In other countries, this part of the theory 
of business might involve providing a key resource to 
regional or national public health authorities, who have 
been educated to see trauma as a major public health 
issue.   

   2.     Tactics : The trauma director must understand the specifi c 
mission of his or her trauma service. The structure of this 
mission is, of course, informed by the assumptions that 
are made in the above strategic domain. A trauma service 

managing marginally insured blunt trauma patients will, 
inevitably, need to do more than “trauma care” to be 
fi nancially viable. This requires an understanding of the 
service mix the team will provide. Recently, many trauma 
services have added emergency surgery to their service 
offering as a way of enhancing revenue and operative 
experience. Other trauma services provide critical care 
services in their hospitals. Some trauma services provide 
both. It is essential for trauma leadership to understand 
exactly how the local environment will support or impede 
the mission of the trauma service. At the tactical level, the 
trauma director may have to choose his or her battles 
carefully, seeking to expand the scope of the service while 
maintaining key relationships with colleagues.   

   3.     Core Competencies : In order to succeed on the tactical 
level above, trauma team leadership must understand and 
deliver the core competencies necessary to accomplish 
the mission. This component includes not just clinical 
competencies such as added competency in critical care 
but also competency in documentation, medical coding, 
and billing specifi c to the mission domains the service 
will be working in.     

 It is a mistake to believe that there is one theory of the 
trauma business will work in every setting. Rather,  each 
trauma service  must develop its own theory of its business. 
This theory must be known to all members of the team and 
must be frequently reevaluated and adjusted as conditions 
demand. 

 One thing is certain; the traditional theory that trauma sur-
gery could stand alone as a clinical enterprise is no longer 
valid. There is concern in North America about an impend-
ing shortage of general surgeons. Many believe that this 
shortage will be felt most acutely in the fi eld of trauma care. 
A sustainable theory of trauma care must recognize the 
unique demands and limitation the trauma case and payer 
mix place on providers and seek to augment this activity with 
a carefully aligned palate of additional competencies.  

83.3     Developing a “Theory of Business” 
for Trauma Care 

 The design of any medical service should begin with an 
understanding of the salary market for providers in the 
 specialty and the average reimbursement per relative value 
unit this service will expect. In the United States, there are 
several national reference databases where regional  estimates 
of median, upper, and lower quartile salaries can be found. 
The American Medical Group Association is one such source 
of information about physician salaries for various regions of 
the United States. For our purposes we can start by looking 
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at the median salary for a trauma surgeon in the United States 
for 2007: $465,773. This value is slightly higher than that 
reported in the peer-reviewed literature. I will use 400,000 as 
a convenient value for the purposes of discussion. The aver-
age reimbursement per relative value unit can be calculated 
from historical performance. This value varies considerably 
across regions of the country. Medicare reimburses at around 
$36.50 per RVU. A surgical practice in New England might 
expect around $55 per RVU. Practices in other areas with 
higher indemnity insurance penetration might expect $75 per 
RVU. These data will allow the director to estimate the num-
ber of relative units per provider that will be necessary to 
cover salaries and overhead (one usually assumes a 40–60 % 
overhead rate, but again, historical performance can inform 

this assumption). This calculation will usually work out to 
7–9000 RVU per year. Looking at service volume and ser-
vice mix will then allow the director to determine if the RVU 
per year goal is reasonably achievable. In some settings grant 
support, funds from medical education, or other payment 
may reduce the total number of RVU the service must gener-
ate per year to meet its goal. 

 Figure  83.1  outlines a simplifi ed model of the sort might 
inform one’s theory of the trauma service. This makes a 
number of assumptions and vastly simplifi es the patient rev-
enue projections to assume that the 200 patients of 2000 
admissions will require surgery, and the average procedure 
will yield the number of RVU provided by a splenectomy 
(optimistic). The model assumes every admission is billable 

  Fig. 83.1    A simplifi ed model of potential trauma service revenue       
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as a critical care admission (very optimistic). Furthermore, 
the model assumes nonoperative patients stay an average of 
3 days, the second two of which are billed as mid-level hos-
pital care. An actual analysis would require a good deal more 
modeling, but this analysis is suffi cient for demonstration 
purposes. At the bottom of the fi gure, the proportion of the 
RVU required to meet the needs of the service is listed. Even 
when RVUs are reimbursed at $75 each (a utopian assump-
tion), the service is able to generate only 61 % of the required 
revenue. Clearly, in this environment either a subsidy will be 
required or the trauma service will need to do more than 
manage trauma patients. A parallel model of RVU return for 
emergency surgery and critical care for a particular hospital 
can be constructed to predict which components will be 
required to fi ll the reimbursement gap.

   This approach can be modifi ed to work in settings beyond 
the United States. All medical systems have some method of 
reimbursement, whether that is from fees for services ren-
dered, or government payments to individuals or institutions. 
Every system has rules from which one can estimate the 
fi nancial return for particular activities or services. One must 
determine what service output is required to generate the 
fi nancial return necessary to keep surgeons happily 
employed. If the math does not work out, the trauma director 
will have a good estimate of what subsidy will be required 
from either the institution or extramural funding source to 
balance the budget.  

83.4     Strategy 

 From a strategic standpoint, most hospitals, even those with 
the most unfavorable patient payer mixes, fi nd trauma care to 
be a profi table service. Trauma surgeons are not always well 
reimbursed for their care, but the hospital where the care 
occurs usually makes a reasonable margin on each admis-
sion. The trauma director can use this fact to his or her 
advantage in negotiating issues with administrators. In terms 
of the theory of the trauma business, the strategy becomes: 
“The trauma surgeons will provide 34 h, yearlong coverage 
of this profi table service line, coordinating disparate ser-
vices, managing the details of patient care and placement.” 
This service may require either a subsidy from the institution 
or, more effectively, access to alternative practice zones such 
as critical care or emergency surgery.  

83.5     Tactics 

 Most trauma directors will fi nd that there are insuffi cient RVUs 
available taking care of trauma patients alone to balance the 
books. It is this reality that has led a revolution in trauma care. 
Many trauma services now expand their focus to include non-
trauma patients: the acute care surgery model. The acute care 
surgery service, in addition to managing all the trauma 

 admissions to the institution, also manages  traditional general 
surgery emergencies such as bowel obstruction or appendicitis, 
i.e., any abdominal visceral infl ammation, obstruction, or perfo-
ration fall under the preview of the “Trauma and Acute Care 
Surgeon” [ 7 ]. Surgical critical care can be an important compo-
nent of this model as well. Since many of the patients in the 
surgical ICU “belong” to the trauma service anyway, it makes 
good sense from both a patient care and a fi nancial standpoint 
for the trauma service to manage these cases. Many trauma/
acute care surgery programs fi nd it advantageous to perform as 
much of the procedural work their patients need as possible, 
including procedures such as percutaneous gastrostomy and 
IVC fi lter placement, which may, in many institutions, “belong” 
to others.  

83.6     Core Competencies 

 To accomplish the tactical missions outlined above, the 
trauma acute care surgeon must not only be an expert vis-
ceral surgeon but also must be a skilled, fellowship trained, 
intensivist. He or she must also maintain the procedural skill 
necessary to perform all the procedures on the menu the 
director establishes. It is better to eschew procedures one 
cannot master. In fact there is some evidence of a learning 
curve in services adopting the acute care paradigm. 

 In addition to clinical excellence, the trauma acute care ser-
vice must establish impeccable and focused business prac-
tices. To maximize the team’s profi tability, and therefore its 
viability, all clinical activity must be accurately documented 
and appropriately billed. This usually requires the addition of 
skilled, nonphysician team members. Physician extenders 
such as physician’s assistants and nurse practitioners, care-
fully deployed, can multiply the work throughput of the 
trauma acute care surgeon. In addition, a business manager to 
attend to the details of coding and billing is essential for effi -
cient charge capture and compliance with billing regulations. 

 An approach to trauma care involving the addition of 
acute care surgery and critical care medicine can provide a 
“balanced portfolio” providing patients with excellent, team- 
oriented continuity of care while providing surgeons with a 
challenging and profi table work environment. Creating such 
a balanced portfolio may be the key to success for trauma 
center directors and their administrative champions.      

 Important Points 

     1.    Trauma care provides returns more years of produc-
tive life than most other medical specialties.   

   2.    Trauma care is generally profi table to the hospital.   
   3.    An effective trauma service should have a “theory 

of business” encompassing three related domains:
    (a)    Strategy: How will the trauma service fi t into its 

home institution’s mission and system needs?   
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   (b)    Tactics: How will the trauma service function 
to meet its strategic requirements? What ser-
vices will it provide? How will this plan work 
to pay the bills?   

   (c)    Core Competencies: What clinical and busi-
ness skills will the trauma service need to mas-
ter to succeed both clinically and fi nancially?       

   4.    A balanced portfolio of trauma care, management 
of acute surgical emergencies, and critical care can 
provide for a practice environment that is satisfying 
and profi table.   

   5.    With careful planning, a trauma/critical care/emer-
gency surgery service can be a fi nancially and pro-
fessionally rewarding enterprise for the general 
surgeons of the future.     
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      Organ Donation                     

     Eric     J.     Ley      and     Ali     Salim    

84.1          Identifying Donors 

 Transplanted organs are harvested from three major sources: 
cadaveric “brain-dead” donors, cadaveric “cardiac death” 
donors (donation after cardiac death), and living (related and 
unrelated) donors. Cadaveric, brain-dead donors account for 
approximately 54 % of all donors, and the most common 
causes of death in this group are cerebrovascular accident 
(CVA)/stroke, head trauma, and anoxia. Traumatic brain 
injury (TBI), once the most common cause of brain death, 
has been surpassed by CVA and this has important implica-
tions. As such, organs from younger and healthier trauma 
patients have been replaced by older, sicker stroke patients. 
Both TBI and CVA will continue to contribute a signifi cant 
number of organs as nearly 50,000 US residents die from 
TBI and nearly 142,000 citizens die from CVA per year.  

84.2     Consent 

 Consent is the single largest impediment to donation. Every 
effort should be made to assign a surrogate prior to brain 
death. In general, the typical choice for surrogate decision- 
maker starts with the appointed legal guardian and runs in 
descending order to spouse, adult children, parents, siblings, 
and then more distant relatives. The best predictor of dona-
tion success is the family’s response to the initial request by 
the healthcare provider. This initial interaction is paramount 
to the process of consent and requires emphasis in the devel-
opment of a protocol for consent. Fifty-three percent of fami-
lies that deny donation did not receive an adequate 
explanation of brain death, and the next of kin who decided 
against donation had less understanding of brain death than 
those who agreed to donation. 

 Senior physician or experienced healthcare provider 
involvement with family interactions is particularly impor-
tant. One component of these interactions is defi ning the role 
of the physician. The physician and other members of the 
healthcare team should establish themselves as allies of the 
grieving family and purveyors of information regarding 
organ donation, as opposed to de facto agents of the health-
care system or organ procurement organization. 

 Education of all healthcare providers is important, as is 
the involvement of uniquely trained and experienced indi-
viduals. Transplant coordinators, in the form of a dedicated 
physician or other specially trained healthcare provider, 
demonstrate their effectiveness in coordinating efforts to 
facilitate both consent and transition of care to aggressive 
organ preservation and harvest. These coordinators should 
be an established component of the hospital as they are 
responsible for identifying donors, managing their hospital 
course, and consenting family members. Throughout the 
process, the coordinators spend a signifi cant amount of time 
with family members, providing education and attending to 
the unique social and ethical concerns of each individualized 
situation. Implementation of in-house coordinator (IHC) 
programs has led to signifi cant improvements in conversion 
and consent rates even maintaining consent and conversion 
rates as high as 67 %. Early success was replicated in several 
Level I trauma centers throughout the United States. The use 
of IHCs has proven particularly effective in trauma centers 
with a primarily minority donor population. 

 The increased donation resulting from an IHC program 
has been attributed to several factors: a consistent donation 
process based on early and intensive family support; more 
extended interaction and support with donor families; and 
sustained relationships with key medical, nursing, and hospi-
tal leadership. By spending signifi cantly more time with 
families and ensuring that donation becomes a hospital prior-
ity, the IHC program differentiates itself from the conven-
tional OPO referral method. Not surprisingly, the total time 
spent with families was found to be signifi cantly associated 
with favorable consent.  
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84.3     Intensive Care Unit Admission 
and Protocols 

 Early intensive care unit (ICU) admission with an aggres-
sive donor management (ADM) protocol results in a 
reduced incidence of cardiovascular collapse in the donor 
and improved organ recovery and function in the recipient. 
Of note, 92 % of organs that were initially thought unac-
ceptable for transplantation were successfully transplanted 
with good results. In one center, adoption of a protocol of 
ADM was associated with an 82 % increase in the number 
of actual donors, a 71 % increase in the number of organs 
recovered, and an 87 % decrease in the number of donors 
lost from hemodynamic instability. The net result was a 
signifi cant increase in the number of organs available for 
transplantation. An ICU with an ADM protocol for invasive 
monitoring, steroids, vasopressors, fl uid restriction, and 
diuretics resulted in successful transplantation of “unac-
ceptable” lungs without a compromise of 30-day or 1-year 
graft survival. In a prospective pilot study involving ten 
organ procurement organizations and 88 critical care units, 
a 10.3 % greater number of organs recovered per 100 donors 
was observed when an ADM protocol was implemented. 
When a rapid brain death determination protocol was 
implemented and aggressive resuscitation was guided by 
invasive monitoring, a signifi cant increase in the number of 
organs per donor and a decrease in medical failures were 
observed. With the emergence of more effective noninva-
sive monitoring modalities to guide fl uid resuscitation and 
vasopressor use, newer technologies may also prove benefi -
cial in the resuscitative management of this unique 
population. 

 Preventing, or even decreasing, the number of donors lost 
from cardiovascular collapse increases the number of organs 
available for transplantation. Other proposals for interven-
tions to optimize organ function prior to potential donation 
include the use of high-frequency chest wall oscillation for 
pulmonary optimization and inhaled nitric oxide to support 
cardiopulmonary function and improve solid organ 
optimization.  

84.4     Declaration of Brain Death 

 Considerable confusion and misconceptions exist about 
 declaration of brain death. When brain death is suspected, 
discussion with family and friends needs to be caring but 
direct. In rare instances, families may not accept the 
 diagnosis. After declaration of brain death is completed, the 
physician is under no moral or legal obligation to continue 
medical support, although, reasonable requests to spend time 
with the body should be accommodated. The acceptance of 
death by neurologic criteria is accepted by every major 

 religion, with the exceptions of selected Orthodox Jewish 
sects. In New York and New Jersey, state laws do not allow 
the declaration of death by neurologic criteria if the family or 
individual previously objected to the concept of brain death 
based on religious beliefs. Under these isolated circum-
stances, the physician is required to continue medical 
support. 

 Declaration of brain death begins with a neurologic evalu-
ation that includes response to pain, pupillary response, ocu-
locephalic refl ex, corneal refl ex, cold caloric refl ex test, and 
assessment of spontaneous respirations. Bronchial suction-
ing rather than endotracheal tube movement should be used 
to assess for a cough refl ex. Painful stimuli to the extremities 
should be signifi cant because this examination must not be 
misinterpreted. 

 The apnea test is an evaluation of a brainstem refl ex. 
Apnea tests are not benign and can be associated with car-
diopulmonary death and loss of recoverable organs if not 
performed properly. Preoxygenation and normalization of 
the partial pressure of carbon dioxide (pCO 2 ) are important 
before starting the test. The examiner must be aware of any 
refl exive-type movements, which can mimic respiration. The 
examination should be discontinued if there is signifi cant 
hypotension or hypoxia during the testing. Vasopressors may 
be necessary to support a patient’s blood pressure. If the 
patient is unable to tolerate or complete the examination, a 
confi rmatory test is required. 

 Although there are slight variations in the apnea test, the 
authors favor the following guidelines which are summa-
rized from the American Academy of Neurology Practice for 
determining Brain Death in Adults. The test begins when the 
core temperature is 36.5 °C or 97 °F. Systolic blood pressure 
must be maintained above 90 mmHg with fl uid/vasopressor 
if necessary or the apnea test is ended. The patient is preoxy-
genated with 100 % oxygen for 10 min and an arterial blood 
gas (ABG) is drawn. A normal arterial pCO 2  of 35–45 mmHg 
is necessary prior to beginning the test. Slide a cut nasal can-
nula to approximately the level of the carina and deliver 
100 % oxygen at 8 L/min. Verify function of pulse oximeter 
and disconnect the ventilator. During the test, confi rm the 
lack of respiratory movements. If the patient’s pulse oxime-
ter falls below 90 % or if the systolic blood pressure falls 
below 90 mmHg, then the test is ended, ventilatory support 
is resumed, and an ABG is drawn. If the patient tolerates the 
test for 10 min, then the test is also ended and the patient is 
placed back on the ventilator and an ABG is drawn. 
Regardless of time drawn, if the ABG measures a pCO 2  
above 60 or 20 mmHg above the pCO 2  measured on the ini-
tial ABG, the apnea test result is positive, and the diagnosis 
of brain death is established. All paperwork or legal docu-
ments that need to be completed should list the time of death 
as the time of death by neurologic criteria and not the time of 
circulatory or cardiopulmonary arrest.  
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84.5     Aggressive Resuscitation 

 Brain death is associated with profound physiologic altera-
tions that result in diffuse regulatory disturbances and wide-
spread cellular injury. Severe alterations in metabolism, 
endocrine function, and coagulopathy are commonly 
observed. These disturbances frequently lead to multi-organ 
system failure, cardiovascular collapse, and asystole in up to 
60 % of patients if not appropriately managed. 

 Upon ICU admission, placement of a pulmonary artery 
catheter improves donor treatment. Donor management 
with a pulmonary artery catheter led to signifi cantly greater 
recovered organs compared to donor management without 
such a catheter. Provide fl uid resuscitation to maintain a 
mean arterial pressure greater than 70 mmHg (Fig.  84.1 ). 

Utilize vasopressors and inotropes if the mean arterial pres-
sure (MAP) remains less than 70 mmHg despite adequate 
fl uid resuscitation. Donors who require a combined vaso-
pressor need of greater than 10 mcg/kg/min (either epineph-
rine or dopamine alone, or in combination) are given a “T4 
protocol” consisting of 1 ampule of 50 % dextrose, 2 g of 
Solu-Medrol, 20 units of regular insulin, and 20 mg of thy-
roid hormone (T 4 ), followed by a continuous infusion of 
10 mcg/h. Therapeutic replacement with thyroid hormone 
has been associated with complete reversal of anaerobic 
metabolism and subsequent stabilization of cardiac function 
when applied to human brain-dead subjects. In addition, the 
use of thyroid hormone has been associated with signifi cant 
improvements in cardiovascular status, reductions in inotro-
pic support, and decreases in donors lost from cardiac insta-

Early identification of potential organ donor

ICU admission and management by dedicated ICU team

1. Pulmonary artery catheterization to monitor
    hemodynamic status and perfusion

2. Aggressive fluid resuscitation

MAP ≥ 70MAP < 70

Supportive
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Supportive
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  Fig. 84.1    Algorithm for opti-
mizing recovered organs       
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bility. Vasopressin is  associated with improved organ yield 
and therefore should also be considered in the management 
of all donors.

84.6        Brain Death-Related Complications 

 Early identifi cation and management of brain death-related 
complications such as disseminated intravascular coagula-
tion (DIC), diabetes insipidus (DI), neurogenic pulmonary 
edema (NPE), hypothermia, and cardiac arrhythmias are 
required [DIC-related coagulopathy can be corrected with 
FFP, Factor VII, and Factor XI]. DI treatment is with desmo-
pressin or vasopressin if vasopressors are otherwise required. 
NPE may require high-frequency percussive ventilation, or 
lung-protective pressure-controlled ventilator management. 
Salt replacement with hypertonic saline is helpful for 
SIADH. The complex hemodynamic, endocrine, and meta-
bolic dysfunction associated with brain death is frequently 
associated with major complications in the potential donor. 
If inappropriately treated, these complications can progress 
to cardiovascular collapse with loss of valuable organs for 
transplantation. 

 In conclusion, identify potential donors early with the 
expectation that organ recovery will primarily occur in the 
CVA and TBI population. Optimize consent for donation 
by involving senior surgical staff (Fig.  84.1 ). Early admis-
sion of critically ill patients to the ICU with aggressive 
management even in cases of terminal injury will increase 
recovered organs. Brain death is associated with profound 
physiologic alterations that result in diffuse vascular regu-
latory disturbances and widespread cellular injury. As 
such, donor management with a pulmonary artery catheter 
leads to signifi cantly greater recovered organs. Fluid 
resuscitation, vasopressors, and inotropes are utilized to 
maintain a MAP greater than 70 mmHg. With increased 
vasopressor requirements, start a “T4 protocol.” 
Aggressive management of brain death-related complica-
tions such as disseminated intravascular coagulation, dia-
betes insipidus, neurogenic pulmonary edema, 
hypothermia, and cardiac arrhythmias will increase recov-
ered organs.      
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   EFP   . See  Explosively formed projectile (EFP) 
   EGD   . See  Extraglottic device (EGD) 
   Embolization , 190  
   Emergency cesarean delivery (ECD) , 569  
   Emergency department (ED) , 318  

Index



634

   Emergency department thoracotomy (EDT) 
 clamshell thoracotomy , 81, 82  
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 vital signs , 494  
 X-ray machine , 496  

 indeterminate groin , 493–494  
   Fiber-optic thoracoscopy , 313  
   Focused abdominal sonography for trauma (FAST) , 568  

   Focussed assessment with sonography in 
trauma (FAST) , 125–126, 130  

   Forensic pathology 
 complex vascular injury , 609–610  
 defi nitions , 609  
 ETT tube exchange , 609–610  
 evidence collection , 613  
 fatal GSW , 609–610  
 forensic suspect , 612  
 forensic suspect trauma , 612  
 frank pus , 609–610  
 history , 609  
 living forensic victim , 612  
 post-mortem examination , 614–615  
 primary objective , 609  
 renal tumour , 609–610  
 transmediastinal GSW , 609, 611  
 trauma-related deaths , 613–614  
 tubes and lines , 609, 611  

   Full-thickness skin grafts (FTSGs) , 515  
   Functional residual capacity (FRC) , 95  

    G 
  Geriatric patient 

 anatomic and physiologic changes , 549–550  
 ATLS guidelines , 549  
 cardiovascular system , 549–550  
 central nervous system , 551  
 clinical consequences , 550  
 defi nition , 549  
 diagnostic imaging , 554  
 epidemiology , 549  
 general management , 553  
 initial evaluation and management 

 laboratory studies and corrective measures , 553  
 primary survey , 551–552  
 secondary survey , 552–553  
 trauma team activation , 551  

 outcomes , 554–555  
 prehospital evaluation , 551  
 renal system , 551  
 respiratory system , 551  
 SNOM , 554  

   Glasgow Coma Scale (GCS) , 12  
   Glasgow Coma Score (GCS) , 590  
   Gunshot injuries   . See  Gunshot wounds (GSW) 
   Gunshot wounds (GSW) , 288, 361  

 ballistics 
 abdominal gunshot with omentum 

protruding , 180–181  
 bowel injury , 180–181  
 bullet markers , 180  
 multiple gunshot wounds , 180  
 shotgun injury , 181, 182  

 to head 
 antiseizure prophylaxis , 215  
 barbiturates , 214  
 bihemispheric injury and bullet trajectory , 218, 220  
 bullet fragments , 217, 218  
 EMK rules , 206–212  
 encephalomalacia , 219, 221  
 GCS score , 216  
 head injury prognosis model , 206–207  
 hyperosmolar therapy , 214  
 hyperventilation , 214–215  
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 ICP monitoring , 216  
 infection prophylaxis , 215  
 initial patient management , 206  
 operative management , 215  
 perioperative management , 215–216  
 postoperative consideration , 215  
 preoperative and intraoperative management , 215  
 prophylactic hypothermia , 215  
 steroids , 214–215  
 TBI , 203  
 time is brain , 206  

 vascular repair , 235  

    H 
  Haemodynamic monitoring 

 arterial saturation (SaO 2 ) , 102  
 cardiac output (CO) monitoring , 103  
 central venous oxygen saturation , 102  
 CVP , 102  
 haemoglobin and coagulation , 103–105  
 mixed venous saturation , 102  
 peripheral arterial pressure , 103  
 permissive hypotension , 105  
 pressure and fl ow , 102  
 pulmonary arterial pressure , 102–103  
 pulse rate , 101–102  
 reversal of anaerobic metabolism , 105  
 supranormal resuscitation , 105  

   Haemostatic resuscitation , 332, 333  
   Haemothoraces management , 285  
   HAM therapy , 529  
   Hemorrhage control 

 hemostatic agents , 8  
 tourniquets , 8–9  

   Hemostatic agents , 225  
   HFPV   . See  High-frequency percussive ventilation (HFPV) 
   High-frequency percussive ventilation (HFPV) , 529  
   Hilum control , 289  
   Hypotensive resuscitation , 24–25, 330  
   Hypothermia , 329, 338  

    I 
  Iatrogenesis imperfecta , 111  
   ICU   . See  Intensive care unit (ICU) 
   Iliac vein injuries 

 complications , 413  
 exposure , 412  
 repair  vs.  ligation , 413  

   Improvised explosive devices (IEDs) , 542–544  
   Indeterminate groin wound , 493–494  
   Inferior vena cava (IVC) injury 

 complications , 409  
 exposure , 407–409  
 repair , 408, 410  

   In-house coordinator (IHC) programs , 623  
   Intensive care unit (ICU) 

 airway management 
 tracheostomy , 99  
 weaning failure , 99–100  

 monitoring 
 antipsychotics , 86  
 arterial catheterization , 85  
 decision-making ability, clinician , 86  
 delirium prevention and treatment strategies , 86  

 FOCUS , 85, 86  
 light sedation , 86  
 nonpharmacologic and pharmacologic approaches , 86  
 pain management , 86  
 patient physiology , 85  
 pulmonary arterial (PA) catheters , 85  
 volume resuscitation , 85  

 phase 
 opioid analgesia , 98  
 paralysis , 98  
 positioning , 98  
 sedation and analgesia , 98  
 ventilator settings , 98  

 principles and therapy 
 acute lung injury , 87  
 ARDS , 87  
 cardiac failure , 87  
 care management principles , 85  
 complications , 91  
 DVT and ulcer prophylaxis , 90  
 endocrine , 89  
 ethical and family issues , 91  
 fl uid, electrolytes and renal failure , 88–89  
 futility of care , 91  
 glucose control and steroids , 89  
 infectious disease , 89–90  
 metabolic response, trauma , 85  
 multiple organ failure , 90  
 neurological system , 86  
 nosocomial infections , 89–90  
 pain control , 86  
 prophylaxis , 90  
 respiratory failure , 87  
 self-extubation , 91  
 surgical nutrition , 88  
 transfusions and blood products , 89  
 traumatic brain injury , 86  

   Interventional radiology , 225  
 arterial stump , 140, 141  
 arteriovenous fi stulas , 140  
 contrast extravasation , 140, 141  
 extremities and pelvic injuries , 142  
 head and neck injuries , 141–142  
 pseudoaneurysm , 140, 141  
 technical considerations , 139–140  
 thoracic and abdominal aortic injuries , 142  

   Intimate partner violence (IPV) , 607  
   Intracranial pressure monitoring , 216  
   Intravenous (IV) fl uids 

 ATLS classifi cation , 68  
 autotransfusion , 70–71  
 blood transfusion , 69  
 blood volume , 69–70  
 coagulation effects , 71  
 colloids , 69  
 crystalloids , 69  
 elderly population , 72  
 hemorrhagic shock , 68  
 Iraq and Afghanistan experience , 70  
 massive transfusion , 70, 72  
 permissive hypotension , 72  
 physiology 

 acute hemorrhage , 67–68  
 fl uid compartments , 67  

 prehospital IV fl uid administration , 68  
 resuscitation strategy , 72  
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    J 
  Jugular injury 

 clinical signs , 258–259  
 management 

 diagnostics–CT scan/equivalent , 259–260  
 emergency department , 260  
 initial resuscitation: , 260–261, 264  

 operative technique , 261–262  
 pathophysiology , 258  
 postoperative procedure , 263–264  
 superior mediastinum and neck , 257, 258  
 surgical exposure , 262–263  
 vertebral artery injury , 263  
 vital structures , 257–259  

    K 
  Kidney injury 

 autotransplantation , 394  
 indications , 389  
 operative technique , 389  
 partial nephrectomy , 390–391  
 renal exposure , 390  
 renorrhaphy , 391  
 scale , 387, 388  
 SNOM 

 clinical fi ndings , 440–441  
 complications , 441  
 contrasted computerized axial 

tomography , 441  
 evidence , 441–442  
 management , 441  
 patient , 440  

 vascular control , 389, 390  
 vascular repair , 390  

   Kreb’s cycle , 105  

    L 
  Laparoscopy 

 and anterior abdominal wall stab wounds , 135  
 contraindications , 133  
 and defi nitive repair of injuries , 136  
 and extraperitoneal rectal injury , 135–136  
 and gunshot wounds , 135  
 hemoperitoneum , 134–135  
 intra-abdominal organ injury , 133  
 peritoneal penetration , 133  
 pneumoperitoneum , 134  
 therapeutic laparoscopy , 133  
 and thoracoabdominal trauma , 135  
 Treitz ligament, rectum , 134, 135  
 trocar positions , 134  

   Large and small bowel injuries 
 bedside re-exploration , 382–383  
 damage control , 381–382  
 laparoscopic management , 383–384  
 philosophical extension , 379  
 stable patient , 380–381  

   Laryngeal mask airway (LMA) , 16, 17, 244  
   Laryngotracheal transection , 11  
   Larynx and cervical trachea 

 airway management , 243–245  
 complications , 247  
 injury classifi cation , 246  
 injury evaluation and management , 246  
 laryngeal repair , 246  
 multiple structures , 243, 244  

 operative approach , 246  
 postoperative airway management , 247  
 tracheal repair , 246–247  
 zone I, II, and III penetrating injuries , 243  

   Left common iliac vein (LCIV) , 471–472  
   Ligation , 225  
   Limb amputation , 506–507  
   Liver 

 hemodynamic stability , 373  
 high-energy gunshot wounds , 373  
 low-energy gunshot wounds , 373  
 mechanism of injury , 373  
 nonoperative management , 373–374  
 operative management , 374–376  
 SNOM 

 clinical fi ndings , 439  
 complications , 440  
 contrasted computerized axial tomography , 439  
 evidence , 440  
 management , 440  
 patient , 439  
 plain chest radiograph , 439  
 thoracobiliary fi stulae , 440  

 stab and other low-energy wounds , 373  
   Lobectomy , 288  
   Lokomat® , 603  
   Long-term acute care (LTAC) , 594  
   Lower genitourinary injuries 

 acute scrotal and testis injuries , 397–399  
 penile injury 

 amputation , 401  
 cavernosal and spongiosum/urethral 

reanastomose , 401  
 cavernosograms , 398  
 delayed skin grafting , 401  
 eggplant penis , 398  
 false-positive studies result , 398  
 with hemostasis and dissection , 399, 400  
 mandatory exploration , 399  
 microsurgical techniques , 401  
 skin debridement , 399–401  
 surgical exploration , 400  
 tunical violation injuries , 399  
 tunica reconstruction , 401  

 urethral injury 
 antegrade urethroscopy , 403  
 anterior and posterior , 401, 402  
 catheter placement , 402, 403  
 classic “butterfl y” hematoma pattern , 401  
 diagnosis , 401  
 examination , 401  
 gunshot wounds , 401  
 immediate surgical repair , 402  
 management , 402  
 mechanism of injury , 401  
 normal mucosa , 402, 403  
 open suprapubic cystostomy placement , 403  
 RUG , 401  
 sleeve hematoma , 401  
 urinary continence , 402  
 urinary diversion , 403  

   Lung parenchyma , 286–287  

    M 
  Magnetic resonance imaging (MRI) , 314  
   Main pancreatic duct (MPD) injury , 365  
   Mass casualty incident (MCI) , 165–166  
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   Massive transfusion 
 coagulopathy , 48  
 environmental exposure , 49  
 intact perfusion , 48  
 pharmacologic coagulopathy , 49  
 reversal agents, oral anticoagulants , 49  
 room temperature , 50  
 ROTEM , 49  
 TEG , 49  
 TIC , 48  
 TXA , 49  

   Massive transfusion protocols (MTPs) , 47, 48  
   Maxillofacial bleeding 

 history and physical examination , 226  
 management 

 direct pressure , 224–225  
 hemostatic agents , 225  
 interventional radiology , 225  
 ligation , 225  
 neck stabilization , 224, 225  

   MCI   . See  Mass casualty incident (MCI) 
   Mediastinal vessels 

 aortic arch 
 branches , 297–298  
 looped innominate vein , 296  
 looped SVC , 297  

 ascending aorta 
 autologous pericardial/Tefl on felt pledget , 295  
 Curly-Semb vascular clamp , 295, 296  
 digital compression/side-biting clamp , 295  
 emergency median sternotomy , 294–295  
 umbilical tape loop , 295, 296  

 descending aorta , 298–299  
 incisions and exposure , 294  
 management strategy , 293–294  
 pulmonary arteries , 299  
 venous structures 

 azygos vein , 300  
 infl ow occlusion , 299  
 innominate vein , 300  
 IVC , 300  
 larger defects and interposition grafts , 299–300  
 major pulmonary vein , 300  
 subclavian veins , 300  
 SVC , 300  

   Medication adjuncts , 25  
   Midline sternotomy 

 in stable patient, with diagnostic imaging 
 distal subclavian and proximal axillary artery , 274–275  
 endovascular management , 275–277  
 left fi fth-interspace posterolateral thoracotomy , 273  
 left third-interspace anterolateral thoracotomy , 273  
 supraclavicular exposure , 272–273  
 surgical repair , 275  
 trapdoor thoracotomy and partial resection , 272, 275  
 upper or partial sternotomy , 271–272  

 in unstable patient, with no diagnostic imaging , 269–271  
   Missile embolism , 111–112  
   Mixed venous saturation (SvO 2 ) , 102  
   Modifi ed Glasgow Coma Scale in children , 64  
   MPD   . See  Main pancreatic duct (MPD) injury 
   MRI   . See  Magnetic resonance imaging (MRI) 

    N 
  National Trauma Databank (NTDB) , 29, 549  
   Neurogenic pulmonary edema (NPE) , 626  
   Neurotrauma rehabilitation 

 acute SCI 
 AD , 593  
 ASIA standards , 593  
 cervical injuries , 593  
 functional goal , 594  
 orthostatic hypotension , 593  
 spasticity , 593–594  

 acute TBI 
 cognitive defi cits , 589  
 complications and rehabilitation , 592  
 diffuse injury , 589–590  
 function and participation , 591–592  
 multidisciplinary approach , 590  
 projections and prognosis , 590–591  

 dual diagnosis , 594–595  
 plasticity , 589  

    O 
  OBR   . See  Outcomes-based rehabilitation (OBR) 
   Occupational therapists , 598  
   Occupational therapy , 601  
   Oesophageal injuries , 110  

 abdomen 
 defi nitive closure , 339  
 kidneys , 336–337  
 liver , 336  
 pancreas , 337  
 solid organs , 336  
 spleen , 336  

 damage control , 236  
 defi nitive surgery , 339  
 extremities , 338  
 hollow viscus injuries 

 biliary tract injuries , 337  
 rectal injuries , 337  
 small bowel and colon , 337  
 stomach and duodenum , 337  
 ureter and bladder injuries , 337  

 ICU resuscitation , 338–339  
 pelvis , 337–338  
 spine , 338  

   Onlay mesh placement , 347  
   Ontario prehospital ALS (OPALS) study , 32  
   Open pneumothorax , 319–320  
   Organ donation 

 aggressive resuscitation , 625–626  
 brain death-related complications , 626  
 consent , 623  
 declaration of brain death , 624  
 identifying donors , 623  
 intensive care unit admission and ADM protocol , 624  

   Organ Injury Scaling (OIS) classifi cation , 366, 367  
   Orotracheal intubation technique 

 bag-mask ventilation technique , 16, 17  
 Eschmann stylet (gum elastic bougie) , 18, 20  
 holding, laryngoscope , 16, 18  
 laryngeal anatomy , 16, 18  
 laryngoscopes , 16  
 scissor technique , 18, 19  

   Orthopedic injuries 
 compartment syndrome , 450–451  
 diagnostics , 449–450  
 endovascular care , 451  
 spinal injury , 451  
 vascular and bony injuries , 450  

   Orthostatic hypotension , 593  
   Outcomes-based rehabilitation (OBR) , 602–603  
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    P 
  Pancreas 

 distal pancreas , 367  
 duodenal exclusion procedures , 369  
 midline laparotomy , 365  
 minimally invasive interventions , 369  
 MPD injury , 365, 367  
 Organ Injury Scaling classifi cation , 366, 367  
 pancreatic pseudocysts , 370  
 posterior pancreaticogastrostomy , 368  
 posterior surface and bimanual palpation , 366, 367  
 postoperative complications , 369  
 primary and secondary survey , 365  
 splenectomy , 368  
 surgical site infections , 369  

   Pancreatoduodenectomy , 363  
   Panic disorder , 586  
   Partial pressure of carbon dioxide (PaCO 2 ) , 566  

 alveolar ventilation , 94–95  
 VCO 2  production , 94  

   PAWP   . See  Pulmonary artery wedge pressure (PAWP) 
   PCS   . See  Posterior component separation (PCS) 
   Pediatric patient 

 abdomen 
 laparoscopy , 559  
 midline laparotomy , 558  
 practical advice , 559  
 selective conservatism , 560  
 SIRS , 559  

 non-powder gun injuries , 562  
 penetrating injury , 557  
 penetrating neck injuries , 561  
 penetrating thoracic injury , 560–561  
 peripheral vascular injury , 561–562  
 resuscitation , 557–558  
 resuscitative thoracotomy (RT) , 558  

   Pediatric trauma resuscitation 
 breathing , 63–64  
 child abuse (non-accidental trauma) , 65  
 diagnostic modalities , 65  
 emergency medication doses, children , 63  
 epidemiology , 61  
 evaluation and treatment , 61, 65  
 exposure for secondary survey , 64  
 fl uid management, children , 63, 64  
 hemorrhage control , 63–64  
 history , 61  
 initial assessment , 61–64  
 in-line cervical stabilization , 62  
 intraosseous line placement , 63, 64  
 neurologic assessment , 64  
 primary survey , 61  
 resuscitation , 61–64  
 secondary survey , 65  
 spine immobilization , 62–63  
 stabilization , 61–64  
 vital signs , 62  

   Pelvis 
 angio-embolisation , 337  
 bleeding, control of 

 destructive complex injuries , 444  
 endovascular balloon catheter , 443  
 hematomas , 443–444  
 immediate reconstruction , 444  
 midline laparotomy , 443  
 proximal iliac vein injury , 444  

 quadrant packing , 443  
 radiographic contrast dye , 443  
 REBOA , 337, 443  

 early phase intravenous contrast CT scan , 145  
   Penetrating brain trauma 

 airway and bleeding sources , 195  
 CTA , 195  
 CT scans , 195  
 hypotension and hypoxia , 194  
 increased ICP monitoring , 194, 195  
 infection rate , 195  
 neurologic disability, evaluation of , 194–195  
 posttraumatic epilepsy , 196  
 predictors of mortality , 195  
 TBI , 194  

   Penetrating cardiac trauma 
 benign presentation , 303–305  
 cardiac tamponade , 303, 304  
 critically unstable , 303, 304  
 lifeless , 303, 304  
 operative management 

 bleeding control , 311  
 cardiac atrium , 309, 310  
 frustrating and time consuming , 311  
 heart en bloc , 307  
 horizontal mattress suture , 309, 310  
 inferior vena cava , 307  
 with infl ated balloon , 308  
 mammary artery , 305  
 myocardial defect , 307–308  
 preoperative diagnosis , 306  
 suture insertion , 308–309  

 thoracoabdominal injury , 303, 304  
   Penetrating facial trauma 

 airway management , 223, 225  
 early  versus  late management 

 debridement , 230–231  
 fracture stabilization , 230–231  
 primary closure , 230–231  
 reconstruction , 231  
 rehabilitation , 231  

 external examination 
 abnormal sensation , 226  
 bimanual palpation , 226  
 lacerations , 226  
 Le Fort I fracture , 226, 227  
 Le Fort II fracture , 226, 227  
 Le Fort III fracture , 226, 228  
 optic nerve function , 228  
 palpation , 227  
 pupil evaluation , 228–229  
 subconjunctival hematoma , 228  
 typical blunt midface injury , 225, 226  

 high-energy , 221, 222  
 history and physical examination , 226  
 imaging technique , 230  
 initial treatment , 230  
 intraoral examination , 229  
 low-energy , 221, 223  
 maxillofacial bleeding , 224–225  
 patient evaluation , 223, 224  
 restoring facial form , 221–222  
 structures at risk , 221  
 surgical strategies 

 below hairline , 196  
 delayed onset of paralysis , 197  
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 external and intraoral examinations , 196  
 lower face , 196  
 mechanism of injury , 196  
 midface , 196  
 ocular and intracranial penetration , 197  
 oral intubation , 196  
 perioperative antibiotics , 197  
 prophylactic antibiotics , 197  
 timing of repair , 196–197  

   Penetrating injury prevention 
 fi rearm buyback and exchange programs , 606  
 IPV intervention , 607  
 primary prevention measures , 605  
 SBI program , 607  
 trauma recidivism , 606  
 Youth ALIVE! Project , 606–607  

   Penetrating low-energy mechanism , 454  
   Penetrating neck trauma , 561  

 bone bleeding , 236  
 carotid artery , 240, 242  
 carotid injury , 234, 235  
 distal control , 240  
 esophageal injuries , 236  
 larynx and cervical trachea 

 airway management , 243–245  
 complications , 247  
 injury classifi cation , 246  
 injury evaluation and management , 246  
 laryngeal repair , 246  
 multiple structures , 243, 244  
 operative approach , 246  
 postoperative airway management , 247  
 tracheal repair , 246–247  
 zone I, II, and III penetrating injuries , 243  

 left innominate vein , 240, 242  
 neck incision , 234  
 operative strategies 

 bone bleeding , 236  
 carotid injury , 234, 235  
 esophageal injuries , 236  
 neck incision , 234  
 patient position , 234  
 tracheal injuries , 236  
 vascular repair , 235–236  

 patient position , 234  
 sternum , 240, 242  

 anatomic structures, at risk , 197, 198  
 direct and indirect airway obstruction , 197  
 embolization , 199  
 fi beroptic bronchoscopy , 198  
 hard and soft signs , 198  
 heterogeneity and retrospective nature , 199  
 management practices , 198  
 mandatory exploration , 199  
 patient evaluation , 197  
 preemptive defi nitive airway control , 197–198  
 principles , 198  
 superfi cial and deep cervical layers , 197  

 tracheal injuries , 236  
 “U” incision , 240, 242  
 vascular repair , 235–236  
 workhorse access , 239, 241  
 zones , 239, 240  

   Penetrating rectal injuries 
 historical perspective , 429  
 incidence , 429  

 surgical anatomy , 429  
 surgical strategies 

 antibiotic treatment , 431  
 distal rectal washout , 430  
 laparoscopy , 430, 431  
 midline laparotomy , 430  
 patient position , 430  
 presacral drainage , 430–431  
 trephine loop colostomy , 430, 431  

   Penetrating thoracic trauma , 560–561  
 pulmonary and bronchotracheal trauma 

 anterolateral thoracotomy , 286, 287  
 blood autotransfusion , 285  
 choice of incision , 285–286  
 gunshot injuries , 288, 289  
 haemothoraces management , 285  
 hilum control , 289  
 lobectomy , 288–289  
 lung parenchyma , 286–287  
 pneumonectomy , 289  
 posterolateral thoracotomy , 286  
 reconstruction procedure , 290–291  
 tracheal resection , 290–291  
 tracheobronchial injuries , 289–290  
 tractotomy , 287–288  

   Penetrating urologic trauma 
 CT , 145–146  
 cystography , 147  
 pyelography , 146–147  
 retrograde urethrogram , 147–148  

   Penile injury 
 amputation , 401  
 cavernosal and spongiosum/urethral 

reanastomose , 401  
 cavernosograms , 398  
 delayed skin grafting , 401  
 eggplant penis , 398  
 false-positive studies result , 398  
 with hemostasis and dissection , 399, 400  
 mandatory exploration , 399  
 microsurgical techniques , 401  
 skin debridement , 399–401  
 surgical exploration , 400  
 tunical violation injuries , 399  
 tunica reconstruction , 401  

   Percutaneous transtracheal ventilation , 18  
   Pericardial effusion , 153–154  
   Pericardiocentesis , 37  
   Peripheral arterial injuries , 485–486  
   Peripheral vascular injury , 561–562  
   Permissive hypotension , 50  
   Pharyngoesophageal injury 

 anatomiclandmarks , 249, 250  
 CTA , 250, 251  
 fl exible endoscopy , 250  
 hard sign , 249  
 hemodynamically stable and evaluation , 249  
 NG tube , 253–254  
 odynophagia/dysphagia , 249  
 postoperative care , 253–254  

   Physical medicine and rehabilitation (PM&R) 
 defi nition , 601  
 history , 601  
 ICU , 601–602  
 OBR , 602–603  
 rehabilitation “team,” 601 
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   Physical therapists , 598  
   Physical therapy , 601  
   Physical trauma 

 counseling , 586–587  
 defi niton , 581  
 delirium 

 alcohol withdrawal management , 584  
 clinical features , 582  
 diagnostic criteria , 582  
 investigations , 582  
 management of aggression , 582–584  
 mechanical restraints , 584  

 management of , 586  
 trauma-and stress-related disorders , 584–586  

   Plain diagnostic x-rays 
 abdominal radiography , 111  
 chest radiography , 108–111  
 limitations , 107–108  
 missile embolism , 111–112  
 penetrating injuries , 107  
 plain fi lm , 107  

   Pleura and lung parenchyma 
 large right hemothorax , 109  
 opacifi ed hemothorax , 109  
 parenchymal injuries , 109  
 subcutaneous emphysema , 108  
 thoracic injury , 108  
 visceral-pleural line , 108, 109  

   Pneumonectomy , 288  
   Pneumothoraces , 108  
   Pneumothorax , 126, 129, 131  
   Point-of-care ultrasonography (POCUS) , 85–86  
   Polytetrafl uoroethylene (PTFE) , 571–572  
   Popliteal artery injury , 504–505  
   Popliteal vein injury , 505  
   Popliteal vessels 

 active hemorrhage , 506  
 anatomy , 499–500  
 associated fractures , 506  
 battlefi eld/high-velocity penetrating leg injuries , 507  
 complete/near-complete transection , 503  
 diagnosis , 500  
 distal control , 502  
 endovascular techniques , 507–508  
 limb amputation , 506–507  
 local  vs.  systemic heparinization , 506  
 operating room 

 medial approach , 501–502  
 posterior approach , 502, 503  
 preoperative checklist , 501  

 partial lacerations , 502  
 popliteal artery injury , 504–505  
 popliteal vein injury , 505  
 post-repair checklist , 505  
 prehospital and initial in-hospital management , 500–501  
 saphenous vein or prosthetic interposition graft , 504  
 standard repair options , 503  
 three-suture triangulation technique , 504  
 unstable patient , 505–506  

   Portable ultrasound 
   Portal vein injuries 

 complications , 410  
 exposure , 409–411  
 repair  vs.  ligation , 410  

   Posterior component separation (PCS) 
 advantages , 346  
 mesh placement 

 bridge mesh placement , 347, 348  

 onlay , 347  
 underlay placement , 347–348  

 postoperative complications , 348  
 principles , 345  
 TAM , 346  
 with TAR , 345  

   Posterolateral thoracotomy , 286  
   Posttraumatic stress disorder (PTSD) , 585  
   Pragmatic Randomized Optimal Platelet and Plasma Ratios (PROPPR) 

trial randomized clinical trial , 189  
   Pregnant patient 

 altered maternal response , 565  
 anatomical , 565  
 gunshot wounds , 565  
 operative management , 569–570  
 perioperative management 

 ECD , 569  
 nonoperative management , 569  
 prehospital trauma care , 567  
 primary survey , 568  
 prophylaxis , 569  
 secondary survey , 568  

 physiological changes , 565–566  
 cardiovascular system , 565–566  
 laboratory variants , 567  
 progesterone-mediated smooth muscle relaxation , 567  
 renal perfusion , 566–567  
 respiratory system , 566  

   Prehospital care 
 ALS  vs.  BLS care , 4–5  
 evidence-based fi eld triage schema , 5  
 management , 3  
 resources dispatch , 3  
 time of injury , 3  
 and transport 

 adverse event prevention , 36  
 aggressive volume resuscitation , 37  
 air transport programs , 35  
 blind insertion , 36  
 EMS management , 36  
 endotracheal intubation , 36  
 fl uid resuscitation , 36  
 invasive therapies , 35  
 life support techniques , 36  
 mature trauma systems , 37  
 medical transportation , 35  
 on-scene advanced life support care , 35  
 optimal system development , 37  
 out-of-hospital elements, trauma system , 35  
 pericardiocentesis , 37  
 prevention of adverse events , 37  
 procedural success , 36  
 resource utilization , 37  
 ST-elevation myocardial infarction , 37  
 tourniquet placement , 37  
 trauma guidelines , 36  
 traumatic injury , 36  
 vascular injuries , 36, 37  
 verifi ed trauma systems , 37  

 trauma system , 3  
 treatment 

 airway management , 5–6  
 breathing , 6  
 circulation , 6–8  
 hemorrhage control , 8–9  

   Prehospital monitoring 
 ALS techniques , 41  
 rural trauma care 
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 airway, defi nitive control , 45  
 blood administration , 45  
 endotracheal (ET) tube placement , 45  
 end-tidal CO 2  (ETCO 2 ) monitoring , 45  
 monitoring , 45  
 pulse oximeter , 45  
 transportation , 44  

 urban environment 
 ACS-COT , 43  
 cardiac pacemaking , 43  
 EMS participation , 41–42  
 hemodynamic assessment , 42–43  
 initial assessment, patient , 42  
 internal hemorrhaging, signs , 43  
 monitoring principles , 43  
 patient transportation , 44  
 RSI , 44  
 tension pneumothorax , 44  
 transportation mode , 42  
 triage , 44  
 wound assessment , 42  

   Prospective, Observational, Multicenter, Major Trauma Transfusion 
(PROMMTT) study , 189  

   Prosthetic olytetrafl uoroethylene (PTFE) graft , 490  
   Psychologist , 602  
   PTFE   . See  Polytetrafl uoroethylene (PTFE) 
   Pulmonary artery catheter (PAC) , 102–103  
   Pulmonary artery wedge pressure (PAWP) , 102–103  
   Pulmonary trauma , 151, 152  

 anterolateral thoracotomy , 286, 287  
 blood autotransfusion , 285  
 choice of incision , 285–286  
 gunshot injuries , 288, 289  
 haemothoraces management , 285  
 hilum control , 289  
 lobectomy , 288–289  
 lung parenchyma , 286–287  
 pneumonectomy , 289  
 posterolateral thoracotomy , 286  
 reconstruction procedure , 290–291  
 tracheal resection , 289–290  
 tracheobronchial injuries , 289–290  
 tractotomy , 287–288  

   Pulse oximetry , 12  
   Pyelography , 146–147  

    R 
  Rapid sequence intubation (RSI) , 14–16, 44, 62  
   Recreational therapist , 598  
   Rehabilitation 

 non-physiatrist , 598  
 nurse , 597  
 occupational therapists , 598  
 patient care , 597  
 physical therapists , 598  
 psychologist , 598  
 recreational therapist , 598  
 speech therapists , 598  

   Resuscitation 
 anaerobic metabolism , 101  
 defi nition , 101  
 haemodynamic monitoring , 101–102  
 haemostatic , 332, 333  
 hypotensive , 332  
 in ICU , 338–339  
 tissue ischaemia , 101  

   Resuscitative balloon occlusion of the aorta (REBOA) , 443  

   Resuscitative thoracotomy (RT)   . See  Emergency department 
thoracotomy (EDT) 

   Retrograde urethrogram , 147–148  
   Retroperitoneal hematomas 

 anatomical vascular regions , 417  
 celiac axis , 418  
 SMA , 418–419  
 supraceliac aortic control , 417–418  
 zone II , 419–420  
 zone III , 421  

   Rotational thromboelastometry (ROTEM) , 49  
   Rretrograde urethrogram (RUG) , 401  
   RSI   . See  Rapid sequence intubation (RSI) 

    S 
  Saphenous vein or prosthetic interposition graft , 504  
   Scissor technique , 18, 19  
   Seldinger technique , 18  
   Selective nonoperative management (SNOM) , 554  

 kidney 
 clinical fi ndings , 440–441  
 complications , 441  
 contrasted computerized axial tomography , 441  
 evidence , 441–442  
 management , 441  
 patient , 440  

 liver 
 clinical fi ndings , 439  
 complications , 440  
 contrasted computerized axial tomography , 439  
 evidence , 440  
 management , 440  
 patient , 439  
 plain chest radiograph , 439  
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