Chapter 12
Source Control in Sepsis

Michael Connolly and Charles Adams

Introduction

Source control is generally accepted to be a key component in the treatment and
reversal of sepsis. It is comprised of the physical efforts to remove or contain a focus
of invasive infection in order to restore normal function [1]. The principles of source
control for sepsis have been known for centuries, but only recently have prioritizing
and achieving source control in sepsis become more recognized due to the height-
ened awareness of sepsis as a result of the Surviving Sepsis Campaign [2]. The
majority of research in sepsis has focused on early diagnosis, resuscitation, antibiot-
ics, and other therapies, and despite source control being the cornerstone of therapy
for sepsis for centuries, it has not been widely studied. Due to this lack of evidence,
source control is often overlooked or underutilized much to the detriment of septic
patients.

Definition

Source control is generally defined as an intervention designed to eradicate or limit
a focus of infection and is achieved in one of three ways: drainage, debridement, or
definitive control via resection or device removal [3]. Traditionally source control
was achieved through surgical intervention, but due to technological advancements,
source control is increasingly achieved via less invasive measures such as
radiological-directed percutaneous drainage. Regardless of the method, source
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control must provide a prompt, effective means to allow egress of infection from the
infected site or complete removal of the offending source (necrotic organ, dead
tissue, or infected foreign body).

Diagnosis

Patients with evidence of infection should be thoroughly evaluated for the source of
infection. The Surviving Sepsis Campaign urges routine screening of potentially
infected seriously ill patients for severe sepsis in order to provide earlier therapeutic
interventions [2]. Despite increases in technology, the key to detecting patients with
severe infections remains a thorough history and physical exam. A majority of
infections requiring source control can be identified early on with this simple evalu-
ation alone. Laboratory testing should then be undertaken to narrow the differential
diagnosis and alert the clinician to significant physiologic derangements requiring
intervention. Finally, multiple radiographic modalities are available to aid in diag-
nosis with the choice of study determined by the clinical suspicion of the treating
provider. Although modern radiographic techniques deliver exceptional quality
images and frequently identify the source of infection, there are some disease pro-
cesses in which obvious emergent source control should be undertaken and radio-
graphic imaging omitted to avoid delays to definitive therapy. The best example of
this is the patient with florid peritonitis who needs no further diagnostic imaging
and should be taken to the operating room for exploration. In this setting, further
diagnostic workup only delays source control and sets the stage for worsened
outcomes.

Drainage

Drainage is the evacuation of infected fluid from a closed abscess space. Drainage
may be achieved via a surgical incision, or for infections not requiring operative
intervention, with placement of a percutaneous catheter. The goal of drainage pro-
cedures is to convert an uncontrolled, closed-space infection under pressure into a
controlled sinus or fistula that freely drains the infection. Frequently, the systemic
manifestations of sepsis are abrogated by draining the infection, and this serves as
the physiological basis of the clinical axiom that “pus under pressure” kills patients.

Superficial abscesses that can be easily accessed should be opened surgically;
however, deeper space infections frequently require an intervention using radio-
graphic guidance. Using ultrasound or CT guidance, a catheter can be inserted into
the abscess to achieve decompression and drainage of the abscess. Percutaneous
drainage using radiographic imaging has been demonstrated to be a safe and effective
method of controlling sepsis in both intra-abdominal and thoracic abscesses [4, 5].
Percutaneous drainage techniques are most effective when the abscess is uniloculated.
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Cinat et al. demonstrated that a successful outcome following percutaneous drainage
is most likely when abscesses are postoperative, not pancreatic, and not infected with
yeast [6].

Despite significant advances in radiographic techniques and percutaneous
catheters, deep-space infections, particularly those with a large burden of necrotic
tissue, cannot always be treated with percutaneous drainage. In patients with multi-
loculated abscesses, in patients with anatomically inaccessible abscesses, or in
patients who have failed percutaneous drainage, open drainage is often required to
achieve adequate drainage. The failure to recognize unsuccessful drainage or delays
in operative drainage frequently lead to worsened outcomes in septic patients.
It should be noted that a partially effective drainage procedure may be an effective
temporizing maneuver that allows correction of severe physiologic derangements
such that definitive, operative intervention may be performed in a more stable
patient.

Debridement/Device Removal

Infected or necrotic tissue incites a vigorous inflammatory response in patients and
should be excised when possible. Necrotizing soft tissue infections can spread
rapidly and require early and extensive debridement to control the infection. Other
necrotizing processes without infection, such as necrotizing pancreatitis, may be
debrided after demarcation of the necrotizing tissue provided that the patient is stable
enough to undergo surgical exploration. In fact, delayed debridement of necrotizing
pancreatitis may lead to improved outcomes, but this remains controversial [7, 8].

Medical devices are frequently the source of infection in septic patients.
Infections of these foreign bodies are difficult to eradicate due to the bacteria’s abil-
ity to generate a biofilm that promotes adherence to the foreign body and prevents
effective penetration of host defenses and antibiotics. Due to these factors, device
removal is recommended whenever possible. Attempts to “eradicate” infection from
an infected foreign body are rarely successful, and the infection typically flares as
soon as the suppressive effect of antibiotics is removed.

Definitive Control

The ultimate source control frequently requires operative intervention to remove the
focus of infection and repair the affected organ. This category includes resection for
appendicitis or cholecystitis, repair of intestinal perforations, and resection of non-
viable bowel or organs. Although these interventions frequently require the most
invasive procedure, the operations result in the most definitive source control and
frequently eliminate the need for any further interventions. For example, cholecys-
tectomy for gangrenous cholecystitis completely removes the source of sepsis,
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unlike decompression with a cholecystostomy tube which only drains the infection,
leaving the infected wall of the gallbladder to drive the host’s septic response and
may ultimately require future cholecystectomy for definitive restoration of normal
function.

Indications for Source Control

Early goal-directed therapy increases survival in patients with severe sepsis or sep-
tic shock, but fluid resuscitation and antibiotics may not be sufficient therapy for
patients with infections requiring source control [9]. As outlined in the Surviving
Sepsis Guidelines [2], a specific anatomical diagnosis of infection should be sought
as quickly as possible. In many cases, the identification of the infectious source of
sepsis is frequently delayed or overlooked as the clinician focuses on the resuscita-
tion of the critically ill patient. In fact, patients may be admitted to the intensive care
unit with a diagnosis of sepsis, without a differential diagnosis of the source of
sepsis and often without a clear-cut diagnosis other than “sepsis.” All patients with
severe sepsis or septic shock should have an attempt at identifying the source of
infection because emergent source control is as important, if not more important, as
the early recognition of sepsis and resuscitation in patients.

When source control is deemed necessary, interventions aimed to obtain it should
be made as soon as possible. Invariably some procedures can be delayed for a lim-
ited period of time as the necessary institutional resources are mobilized and per-
sonnel become available, but it is imperative that patients are closely monitored
during these inevitable delays. Additional therapies such as fluid and blood admin-
istration and antibiotics should be given during this period of preparation. Thus, the
timing of source control depends on the severity of the patient’s illness and can be
broadly divided into emergent or urgent interventions.

Emergent source control is required in patients with severe, life-threatening
infections or in those patients with poor premorbid physiological reserve who will
not tolerate the sequelae of the septic response. These patients typically present
with extensive physiologic derangements and organ failure. Patients in this group
should be quickly identified, and immediate resuscitation and antibiotic therapy
should be initiated. Source control should then be obtained, even if the patient has
not been fully resuscitated, as the resuscitation can be continued in the operating
room or interventional radiology suite. Although surgeons have classically per-
formed emergent source control as part of their standard care of septic patients,
there is a paucity of data on the effect of timing on patient outcomes. Nonetheless,
some examples of infections requiring immediate source control include diffuse
peritonitis, necrotizing soft tissue infections, and infections causing hemodynamic
instability [10-12]. In patients requiring emergent source control, time is critical,
and delays in obtaining source control in this patient group are associated with
worsened outcomes [13].
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For those patients whose physiological derangements are less severe or in those
patients who have greater physiological reserve and less medical comorbidities,
delayed source control may be desirable. In these patients, the risk of emergent
intervention may be unnecessarily high and may be lessened by a brief period to
allow adequate fluid resuscitation, correction of electrolyte abnormalities, reversal
of coagulopathy, etc. A short delay in order to maximize surgical and anesthesiolo-
gist technical ability, operating room preparedness, and other resources may also be
acceptable. Finally, image-guided drainage of an abscess is frequently the initial
intervention of choice, but this may necessitate a delay until the interventional radi-
ology team is available. While the concept of an “acceptable delay” seems counter
to the expressed concept of emergent source control, this delay should only be
undertaken if the cost in terms of time delay will be offset with a significant reduc-
tion in risk to the patient, or added benefit. In essence, a brief delay that favorably
alters the risk to benefit ratio to the patient is worth undertaking, but any delay that
does not yield reduced risk or added benefit must be avoided.

The appropriate delay to source control in non-emergent cases remains contro-
versial because there is limited evidence. One consensus of experts accepts a delay
of up to 24 h for patients with intra-abdominal sepsis in hemodynamically stable
patients without peritonitis [14]. Appendicitis is the best-studied disease process
looking at delays in source control. Although there is still some debate over delay-
ing appendectomy, it appears that for most patients an in-hospital delay of less than
24 his acceptable [15, 16]. However, in all cases of delayed source control, patients
must be carefully monitored to ensure no deterioration in their clinical status. If they
do worsen, immediate source control should be undertaken. Additionally, if there
are no barriers to early source control, intervention should be undertaken as soon as
possible to minimize complications.

Method of Source Control

The method used to obtain source control will vary depending on multiple factors,
but ideally the method that results in adequate source control through the least inva-
sive means is generally the most desirable. The clinician must weigh the risks and
benefits of less or more invasive methods of source control to determine the appro-
priate modality. Integral to this decision process is an understanding of the natural
history of each proposed therapy, as well as an understanding of limitations, com-
mon pitfalls, and complications since all of these factors must be considered in the
decision analysis process. Often, the most invasive intervention must be performed
in order to achieve rapid, effective source control.

Traditionally source control required surgical intervention to drain or remove the
source of infection. The advent of advanced radiographic imaging and access tech-
niques has allowed many infections to be controlled with less invasive procedures.
Gerzoff et al. demonstrated that percutaneous drainage of intra-abdominal abscesses
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could be done safely and effectively using radiographic guidance [4]. The use of
percutaneous drainage of both intra-abdominal and intra-thoracic infections is now
commonplace [5, 17]. Successful percutaneous drainage of deep space infections
controls the source of sepsis and delays or even eliminates the need for surgical
intervention. Generally, percutaneous drainage procedures minimize the anatomic
and physiologic derangements compared with surgical intervention, but the efficacy
of drainage may be less definitive than surgical methods.

Despite significant advances in imaging and drainage techniques, treatment fail-
ures with percutaneous drainage still occur. Success rates for percutaneous drainage
range from 70 to 90% depending on the source (location) of the infection [4, 6, 18, 19].
Multiple factors have been identified that predict failure of percutaneous drainage,
including size of the abscess, poorly defined abscess, abscess that is not postopera-
tive, abscess with yeast infection, residual collection after first drainage attempt, and
increased number of drainage attempts [4, 17-19]. Patients being managed with
percutaneous source control require frequent reassessment of the adequacy of
source control, and if the patient clinically deteriorates, then more aggressive, and
typically more invasive, source control is warranted.

Operative intervention is often required to obtain the best source control. Surgery
facilitates drainage of abscesses and has the added benefit of removal of the offend-
ing source of the infection. Surgical therapy may employ resection (appendix,
gallbladder, ischemic bowel, necrotizing soft tissue infection) or repair (duodenal
ulcer, intestinal perforation). This intervention frequently controls the source of sep-
sis more completely, which may ultimately shorten the duration of physiological
derangement and generally decreases the need for future interventions. It is notable
though that once multisystem organ failure has occurred, surgical source control of
the infection may not result in reversal of organ failure [20, 21].

Severe intra-abdominal infections resulting in sepsis are frequently complicated
by postoperative abdominal compartment syndrome (ACS). ACS is defined as intra-
abdominal hypertension resulting in multisystem organ failure driven by the accu-
mulation of fluid within the abdomen and its contents restricted by the noncompliant
abdominal fascia. The fluid may be tissue fluid or blood that exceeds the capaci-
tance of the abdominal cavity leading to increased pressure. A planned open-
abdomen approach, in which the abdomen is closed with a temporary abdominal
dressing, is an accepted method of preventing ACS. Recurrent ACS may occur even
in the setting of an open abdomen and portends a dismal prognosis. The open abdo-
men may facilitate repeat laparotomy and washout of intra-abdominal sepsis; how-
ever, there has been no convincing data that planned re-laparotomy improves
outcomes in these patients [22]. The benefits of an open abdomen must be balanced
against the complications since these patients have higher rates of anastomotic leak,
entero-cutaneous fistula, and massive hernia [22-24]. Therefore, a planned open
abdomen should be reserved for cases requiring a second look (bowel ischemia), to
restore intestinal continuity after an abbreviated laparotomy in a critically ill patient
or in patients with abdominal compartment syndrome. At present time there is
insufficient data to recommend that the abdomen be left open in order to enhance
source control [25].
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Treatment of Selected Diseases

Gastrointestinal Tract

The gastrointestinal tract frequently is a source of severe sepsis and septic shock,
with appendicitis ranking as the most common source of infection [26]. Although a
short delay in appendectomy appears reasonable, patients with appendicitis should
undergo appendectomy as soon as feasible in order to eliminate the infectious
source. Like many surgical infectious diseases, the severity of the infection is on a
continuum from mild physiological derangements extending all the way up to florid
septic shock and multisystem organ failure. Accordingly, the optimal timing of
intervention also spans a continuum, but it is critical that surgical source control not
be deferred in patients manifesting clinical deterioration. In contrast to appendicitis,
patients with intestinal perforations generally require emergent operative interven-
tion to control the source of sepsis. The site of perforation will determine the extent
of surgery required. The goals of therapy in these patients are to physically clear the
infection as well as restore normal function if possible.

Sepsis from small and large bowel perforations requires an operation to control the
perforation. Traditionally, control was obtained via resection of the diseased intestine,
and in cases of severe sepsis and septic shock, bowel resection with a diverting ostomy
remains the preferred method of source control. If the patient’s physiology and comor-
bidities allow, lesser operations may suffice in obtaining some degree of source con-
trol without the additional burden of more invasive or definitive surgery. For example,
in diverticulitis, an option may be laparoscopic drainage and lavage of the infection
with definitive resection and anastomosis delayed until the sepsis and inflammation
have resolved. A procedure such as this allows creation of a controlled fistula and
avoidance of a colostomy while still draining the abscess in most patients [27].

Intestinal ischemia resulting in bowel compromise is a feared source of
intra-abdominal sepsis. In some cases of intestinal ischemia, patients can be treated
non-operatively with resuscitation and correction of the underlying cause of the
ischemia; however intestinal infarction requires emergent operation to resect the
segment of bowel affected. The diagnosis of intestinal ischemia can be challenging
as physical exam, laboratory testing, and radiography can lack sensitivity; therefore,
if suspected in a critically ill patient, operative exploration should be performed.
Patients undergoing resection of necrotic bowel due to vascular catastrophe are best
managed with a planned open abdomen and “second look™ laparotomy to assure
viable bowel prior to restoring bowel continuity [28].

Biliary Tract

The biliary tract is another frequent source of intra-abdominal sepsis, and the spec-
trum of illnesses ranges from simple non-complicated cholecystitis all the way up
to ascending cholangitis and septic shock. Acute cholangitis is caused by biliary
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obstruction and systemic spread of the bacterial infection from the biliary tree into
the liver and beyond. Obstruction of the biliary tree results in an increase in intra-
ductal pressure leading quickly to translocation of bacteria into the bloodstream,
resulting in severe sepsis and shock, with a high rate of mortality if not treated
promptly. Acute cholangitis is often diagnosed based on the presence of three clas-
sic findings: right upper quadrant abdominal pain, fever, and jaundice. The mortal-
ity rate for this disease entity has traditionally been very high; prior to 1980, the
mortality rate was 50 %, but this rate has dropped significantly in recent years with
the rise of endoscopic decompression [29].

Treatment of acute cholangitis requires early diagnosis, prompt antibiotic ther-
apy, and decompression of the biliary tree for source control. In severe cholangitis,
antibiotics alone are insufficient, and emergent decompression must be performed.
Decompression of the biliary tree can be accomplished via endoscopic, percutane-
ous, or surgical methods. The use of endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is effective in controlling sepsis and has been shown to have a lower
morbidity and mortality than surgical approaches [30]. Delays in performing ERCP
for cholangitis result in increased mortality, length of hospital stay, and readmission
rates [31, 32].

Acute cholecystitis is a more common source of biliary sepsis, but usually causes
less severe sepsis and shock than cholangitis. Laparoscopic cholecystectomy is the
preferred method of source control when possible; however, in patients that are poor
operative risk candidates, percutaneous drainage with a cholecystostomy tube is
adequate to control the infection. A notable exception may be the previously noted
condition of emphysematous cholecystitis in which bacterial invasion of the gall-
bladder wall by gas-forming organisms results in a gangrenous cholecystitis. In this
setting, drainage procedures alone may be inadequate in controlling the source of
infection, and extirpation of the infected organ may be necessary.

Pancreatitis

Pancreatitis, like many surgical infections, spans a range from chemical pancreatitis
marked by mild elevations of laboratory tests to severe necrotizing pancreatic infec-
tions leading to death. Pancreatitis follows a variable and unpredictable course both
in timing of disease progression and disease severity, making this a particularly dan-
gerous and difficult disease to treat for clinicians. Patients with pancreatic infarction
or necrosis are at risk of developing infected necrosis; however, the diagnosis is
difficult to make on clinical grounds alone because the findings of fever, leukocyto-
sis, and worsening organ failure are nonspecific and frequently occur in patients
with severe pancreatitis with and without infection. Abdominal computed tomogra-
phy is helpful in identifying pancreatic necrosis as well as the stigmata of infected
pancreatic necrosis and is particularly helpful in guiding therapy. When infected
pancreatic necrosis is identified, prompt drainage of the infection is required.
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The timing and method of this drainage has been contested, but delayed surgical
debridement appears to decrease the morbidity and mortality of pancreatic necrosec-
tomy [7, 33, 34]. Therefore, initial control of infected pancreatic necrosis with per-
cutaneous drainage should be considered in most patients with open necrosectomy
reserved for only the sickest patients or those developing ACS. Percutaneous pan-
creatic drainage controls the liquid component of the infection and is a temporizing
maneuver, but true source control requires surgical debridement of the solid, necrotic
debris. Utilizing this “step-up” approach, true source control may be obtained in a
way that has been shown to significantly reduce the mortality associated with opera-
tion for infected pancreatic necrosis [8].

Necrotizing Soft Tissue Infection

Necrotizing soft tissue infections have a mortality rate of 25-35% and an even
higher rate of significant morbidity [35]. One of the most feared types of necrotizing
soft tissue infections is necrotizing fasciitis. This rapidly progressive form of soft
tissue infection can spread in a matter of hours, resulting in death of the patient.
Source control via surgical debridement must be performed emergently if there is
any hope of patient salvage, and the most important factor in preventing morbidity
and mortality is time to surgical debridement. Indeed, multiple series have demon-
strated that the only factor predictive of survival in the setting of necrotizing soft
tissue infection is time to operative intervention [36, 37]. Patients with necrotizing
soft tissue infections should be taken emergently to the operating room for wide
excision and debridement. The extent of excision should extend beyond the obvi-
ously affected areas and frequently results in large open wounds. Although these
wounds may result in significant morbidity, the risk of mortality increases substan-
tially when debridement is incomplete [37]. After the initial debridement, wounds
should be inspected within hours to ensure control of the infection, as many patients
require serial debridement. In extreme cases, amputation of an extremity may be
necessary because of rapidly spreading infection or worsening muscle necrosis due
to bacterial invasion.

Infected Devices

The use of invasive medical devices is commonplace. Medical devices can range
from simple devices used almost daily in the intensive care unit (urinary catheters,
central venous catheters) to complex, life-saving devices (valve replacements, left
ventricular assist devices). Unfortunately, medical devices frequently provide the
nidus for infection in septic patients. Microbes are able to bind to these medical
devices based upon the cell surface characteristics of the microorganisms and the
type of foreign body material [38]. Once the device is colonized, the organisms
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produce a biofilm that protects the organisms from antibiotic therapy and results in
persistent or difficult to eradicate infections [39].

The optimal treatment of an infected medical device is removal. Any patient with
severe sepsis or septic shock related to a medical device should have prompt removal
of the device and antibiotic therapy. Similarly to other infections, the urgency of
removal depends on the clinical condition of the patient, but should be performed
soon after identifying the device as the source.

Patients with implanted medical devices often have other potential sites for
infection, making definitive diagnosis challenging. However, when possible or if a
high degree of suspicion exists, the device should be removed. Additionally, the
device should be removed if there is local skin infection, metastatic infective com-
plications, or recurrence of infection after cessation of antibiotics [38]. Removal of
the device can carry significant morbidity, such as in a patient with difficult vascular
access or infected mesh from a hernia repair. Salvage therapy with antibiotics can
be performed in stable patients in an attempt to avoid removal of the device; how-
ever, the presence of the foreign body and biofilm makes salvage attempts unsuc-
cessful. Contingency plans should be arranged in the meantime in case of treatment
failure, and salvage should not be attempted in patients with severe sepsis or shock.

Conclusion

Source control is a critical element in managing patients with sepsis, yet it is often
overlooked by clinicians as they focus on fluid resuscitation, timing and selection of
antibiotics, etc. In certain disease processes, such as necrotizing fasciitis or ascend-
ing cholangitis, source control is the most important step; therefore, early consider-
ation of the source and prompt intervention are imperative. The timing of source
control should be determined by the severity of the patient’s condition, the expected
course for that disease process, and the overall condition of the patient. The optimal
method of source control is determined by evaluating the risks and benefits of the
invasiveness of the therapy versus the need for partial or complete eradication of the
source. In general, the method that provides the most complete control with the least
disruption of anatomy is preferred.
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