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Foreword to the Series

Research is fundamentally altering the daily practice of acute care surgery (trauma, 
surgical critical care, and emergency general surgery) for the betterment of patients 
around the world. Management for many diseases and conditions is radically differ-
ent than it was just a few years ago. For this reason, concise up-to-date information 
is required to inform busy clinicians. Therefore, since 2011 the World Society of 
Emergency Surgery (WSES), in partnership with the American Association for the 
Surgery of Trauma (AAST), endorses the development and publication of the “Hot 
Topics in Acute Care Surgery and Trauma,” realizing the need to provide more edu-
cational tools for young in-training surgeons and for general physicians and other 
surgical specialists. These new forthcoming titles have been selected and prepared 
with this philosophy in mind. The books will cover the basics of pathophysiology 
and clinical management, framed with the reference that recent advances in the sci-
ence of resuscitation, surgery, and critical care medicine have the potential to pro-
foundly alter the epidemiology and subsequent outcomes of severe surgical illnesses 
and trauma.

Cesena, Italy Federico Coccolini 
Riverside, USA  Raul Coimbra 
Calgary, Canada  Andrew W. Kirkpatrick 
Cambridge, UK  Salomone Di Saverio  
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Preface

 A Multidisciplinary Approach to Infections in Surgery

According to the World Health Organization (WHO), the simplest definition of 
patient safety is the prevention of errors and adverse effects to patients associated 
with health care. While health care has become more effective it has also become 
more complex, with greater use of new technologies, medicines and treatments, and 
estimates show that in high- income countries, as many as one in 10 patients is 
harmed while receiving hospital care, with nearly 50% of them considered 
preventable.

Improving patient safety in hospitals worldwide requires a systematic approach 
to combating healthcare-associated infections (HAIs) and antimicrobial resistance 
(AMR). The two go together.

The occurrence of HAIs, such as central line-associated bloodstream infections, 
catheter-associated urinary tract infections, surgical site infections, hospital- 
acquired/ventilator associated pneumonia, and C. difficile infection, continues to 
escalate at an alarming rate. These infections develop during health care and result 
in significant patient illnesses and deaths (morbidity and mortality); prolong the 
duration of hospital stays; and necessitate additional diagnostic and therapeutic 
interventions, which generate added costs to those already incurred by the patient’s 
underlying disease. HAIs are considered an undesirable outcome, and as many are 
preventable, they are considered an indicator of quality of patient care, an adverse 
event, and a patient safety issue.

Patients in hospitals are often exposed to multiple risk factors for infection by 
multidrug-resistant bacteria. Acute care facilities are important sites for the devel-
opment of antimicrobial resistance (AMR). The intensity of care, associated with 
populations highly susceptible to infection, creates an environment that facilitates 
both the emergence and transmission of resistant organisms.

Moreover, the surgical department represents one of the most critical challenges 
to infection prevention and control. Patients with medical devices (central lines, 
urinary catheters, ventilators) or who undergo surgical procedures are at risk of 
acquiring health care-associated infections (HAIs). Surgical site infections are the 
most common type of hospital-acquired infections in surgical departments 
worldwide.
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Optimal infection control programs have been identified as important compo-
nents of any comprehensive strategy to tackle AMR, primarily through prevention 
of HAIs and by limiting transmission of resistant organisms among patients.

The successful containment of AMR in acute care facilities requires also appro-
priate antibiotic use.

A growing body of evidence demonstrates that hospital-based programs dedi-
cated to improving antibiotic use, commonly referred to as “Antibiotic Stewardship 
Programs” (ASPs), can both optimize the treatment of infections and reduce adverse 
events associated with antibiotic misuse.

Such programs significantly improve patients’ outcomes by reducing the inci-
dence of infections with antibiotic-resistant bacteria and C. difficile infections in 
hospitalized patients, making antimicrobial stewardship an important synergistic 
HAI prevention and control strategy. Infection prevention and antimicrobial stew-
ardship share the common goal to keep patients safe and to improve clinical 
outcomes.

Leading international organizations, such as the WHO, acknowledge that a col-
laborative and concerted practice approach is essential for providing care that is 
bound to be the most appropriate to patients’ needs, thus optimizing individual 
health outcomes and overall health care delivery services.

Collaborative, multidisciplinary efforts can help not only prevent HAIs, but also 
manage them more appropriately by making optimized antibiotic choice, at the 
right time, at the right dosing, with the right duration.

To be a champion in preventing and managing infections in surgery means creat-
ing a culture of collaboration in which infection prevention, antimicrobial steward-
ship and correct surgical management of infections are all crucial.

Macerata, Italy Massimo Sartelli 
Bolzano, Italy  Leonardo Pagani 
Kocaeli, Turkey  Kemal Rasa 
Moreno Valley, CA, USA  Raul Coimbra  
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The Burden of Surgical Site Infections: 
Pathophysiology and Risk Factors—
Preoperative Measures to Prevent 
Surgical Site Infections

Francesco Di Marzo

A semantic approach to “the burden of surgical site infections” could give us an 
interesting and wide point of view on the topic.

A straight definition of burden is: a load, typically a heavy one, carried by some-
one or something.

In the context of Healthcare associated infections the use of this word is con-
stantly rising, involving a wide group of “carriers” sharing the load with a different 
level of implications.

A very explicative figure is a trunk of pyramid with the number of patients 
affected by HAI at the lower base (high load in terms of morbidity-mortality-quality 
of life) and all the stakeholders in the upper part (reduced and different kind of load: 
professional responsibility, legal/insurance implications).

A relevant part, hidden and not even quantifiable, is under the pyramid and rep-
resents all the caregivers (part of social costs).

The smallest and actually missing part is the highest one representing the apex: 
politics, lawmakers, and industries’ strategists.

The semantic and etymology of surgical site infections aids us in understanding 
almost everything in three words: to work with hands (from ancient Greek χειρ 
εργον) creating the opportunity for pathogenic microorganisms to spread into tis-
sues and organs.

F. Di Marzo (*) 
UOC Chirurgia Generale, Ospedale Valtiberina - Sansepolcro, Azienda Usl Toscana Sud-est, 
Sansepolcro, Italy

1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62116-2_1&domain=pdf
https://doi.org/10.1007/978-3-030-62116-2_1#DOI


2

1.1  History of Surgical Site Infections in a Nutshell

• Before the mid-nineteenth century fever, wound pus, sepsis, and death were rou-
tine sequelae of surgical procedures. Ignaz Semmelweis and Joseph Lister were 
the pioneers in infection control by introducing the principles of antisepsis and 
contributing to the clear reduction of post-surgical complications.

• In the 1980s, an infection increased the hospitalization period by approximately 
10 days with an additional cost of 2000 dollars; in 1992, each SSI determined 7.3 
additional days of hospitalization after the operation, with an additional charge 
of 3152 dollars.

• In the decade 1986–1996, the data of the National Nosocomial Infections 
Surveillance (NNIS), showed 15,523 SSI on 593,344 surgical operations (CDC). 
The SSIs were the most common HAIs (38% of the total): the two-thirds super-
ficial or deep, one-third organ/space. 77% of deaths were attributable to infection 
most (93%) of which were organ/space.

1.2  Results Below Expectations

• In the last 30 years progress in the control of SSI has affected every aspect of 
assistance (from sterilization to the architecture of operating rooms) and the 
interventions applied are recognized as effective at the level of literature, yet the 
SSI remain a source of morbidity and mortality.

Why

• The reasons are similar to those, more general, of HAI: antimicrobial resistant 
pathogens, increase in surgical patients, their age and comorbidities.

• Multiple factors have been identified in a patient’s surgical path that contribute to 
the development of the infection.

• The prevention of surgical site infections is complex and requires a strategy that 
integrates a wide range of interventions before, during and after surgery, relating 
the different professionals involved in patient management.

• The implementation of these interventions is not standardized. National guide-
lines are available but there are discrepancies in the interpretation of scientific 
evidence, recommendations and in the application of good practices.

1.2.1  Burden

SSI data (and HAI’s) are not included in the list of diseases for which the global 
burden is regularly evaluated by WHO or other international organizations working 
on global health.

The incidence of SSI varies worldwide (160,000 to 300,000 in the US and lead-
ing HAI reported in low-medium income countries) but numbers are understated, 

F. Di Marzo
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given the surveillance challenges. Despite the presence of robust data in some coun-
tries or regions, we lack accurate SSI rates and numbers about the economic effect 
(direct and indirect).

Use of SSI rates as a pay-for-performance metric, a target of quality- improvement 
efforts, a quality indicator and comparison benchmark for health-care facilities, 
countries and the public, is strictly linked to robust numbers to ensure valid com-
parisons. It’s mandatory to have unique SSI definitions, strength and valid SSI data 
and to conduct sheer economic studies.

Surgical site infections (SSIs) are the most common and costly of all hospital- 
acquired infections (HAI), accounting for 20% of HAI. SSIs are associated with 
increased length of stay and morbidity, a 2- to 11-fold increase in the risk of mortal-
ity (77% of this is due to the infection itself); sequelae include prolonged antimicro-
bial treatment, redo-surgeries, reduced quality of life, post-hospital rehabilitation, 
lost work, and productivity [1].

The financial burden of SSI is considerable; it ranks as the third most costly of 
the hospital-acquired infections (doubled since 2005). The annual cost of SSI in the 
US is estimated at $3.5 to $10 billion.

Increased direct costs from SSIs are driven by prolonged length of stay, intensive 
care unit stay, reoperation, surgical techniques, emergency department visits, risk of 
readmission and medical resources erosion (diagnostic test, medical staff, operative, 
and treatment costs). Indirect costs are related to patients’ quality of life, work 
absence, and earnings loss.

In addition to the economic burden, the development of an SSI and the subse-
quent prolonged hospitalization will likely have a negative impact on patient physi-
cal and mental health; patients who require absence from work constitute an 
economic cost in terms of lost income and reduced work productivity; infected 
patients diagnosed after their discharge from hospital may not have the same access 
to treatment with more distress than for in hospital diagnosed patients.

Furthermore infections detected after discharge may result in an underreporting, 
as well as the costs associated with community healthcare visits.

Medical costs, given variations across the globe, have been estimated to range 
from 15,800 to 43,900 $ per SSI.

SSI (in the US) extends hospital length of stay by 9.7 days and increases the cost 
of hospitalization by more than $20,000 per admission. More than 90,000 readmis-
sions annually are attributed to SSIs, costing an additional $700 million per year. 
We have to consider that up to 60% of SSIs were estimated to be preventable with 
the use of evidence-based measures.

In a recent Centers for Disease Control and Prevention (CDC) report on the rates 
of national and state (US) HAIs based on data from 2018, 3345 acute care hospitals 
reported 21,265 SSI among 2,808,659 surgical procedures (all National Healthcare 
Safety Network—NHSN) performed in that year and an overall Standardized 
Infection Ratio (SIR) of 0.954 (95% CI 0.941–0.967) [2].

Of note, between 2017 and 2018, there was no significant change in overall SSI 
related to the 10 select procedures tracked in the CDC report (no changes in 336,585 
performed abdominal hysterectomy and in 329,729 performed colon surgery). 

1 The Burden of Surgical Site Infections: Pathophysiology and Risk…
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Applying two different consumer price index adjustments to account for the rate of 
inflation in hospital resource prices, the CDC estimated that the attributable patient 
hospital costs for SSI is between $1087 and $29,443.

SSI is considered (using the consumer price index for urban consumers and inpa-
tient hospital services) as the HAI with the largest range of annual costs (US$ 
3.2–8.6 billion and US$ 3.5–10 billion, respectively).

The estimated economic costs of SSIs in Europe (in 2004) range between € 
1.47–19.1 billion. It predicted also that the average patient stay would increase by 
approximately 6.5 days and cost three times as much. The analysis suggested that 
the SSI-attributable economic burden at that time was likely to be underestimated.

In 2017, 12 EU Member States and one EEA country reported SSIs for nine 
types of surgical procedure to ECDC. During this period, 10,149 SSIs were reported 
from a total of 648,512 surgical procedures. The percentage of SSIs varied from 
0.5% to 10.1%. The incidence density of in-hospital SSIs per 1000 postoperative 
patient-days varied from 0.1 to 5.7. From 2014 to 2017, a statistically significant 
increasing trend was observed for both the percentage of SSIs and the incidence 
density of in-hospital SSIs following laparoscopic cholecystectomy (CHOL) [3].

Overall, 648,512 surgical procedures from 1639 hospitals were reported in 2017. 
Of these procedures, 622,999 were reported using patient-based surveillance, and 
25,513 used the unit-based surveillance. The most frequently reported types of sur-
gical procedure were HPRO operations, followed by KPRO operations and CSEC 
operations. 10,149 SSIs were reported using patient-based or unit-based surveil-
lance. Of these, 4739 (47%) were superficial, 3088 (30%) deep, and 2274 (22%) 
organ/space SSIs. In 48 (0.5%) SSIs, the type of SSI was unknown. The proportion 
of deep or organ/space SSIs was 19% in CSEC operations, 42% in laparoscopic 
CHOL operations, 46% in open CHOL operations, 50% in open COLO operations, 
53% in CABG operations, 54% in LAM operations, 61% in laparoscopic COLO, 
71% in KPRO operations, and 77% in HPRO operations. Thirty-four per cent of the 
SSIs were diagnosed in hospitals, whereas 52% were detected after discharge; for 
14% the discharge date was unknown. The proportion of SSIs diagnosed in hospital 
varied from 12% in KPRO operations to 67% in open COLO operations.

Detailed costs from five European countries (France, Germany, Italy, Spain, and 
the UK) were recently reviewed and published:

• France—following head and neck cancer surgery, patients who developed an SSI 
constitute a total per-patient medical cost €17,434 higher than those patients who 
did not develop an SSI

• Germany—matched case–control study demonstrated that total medical cost per 
patient was significantly elevated in SSI patients [$49,449 vs $18,218 (€36,261 
vs €13,356)] and that intensive care unit (ICU) and ward-care costs accounted 
for the largest part (27.7% and 24.7%, respectively)

• Italy—in orthopedic and trauma surgery patients, SSI was associated to an aver-
age cost of €9560 ranging from 3411 to 22,273 (without specifications of 
resources and costs)

F. Di Marzo
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• Spain—across multiple surgical specialties, the sum of all costs (hospital, tem-
porary and permanent incapacity for work, premature deaths and caregivers 
costs) per SSI patient is $97,433; healthcare costs only accounted for about 10% 
of the total financial burden

• UK—in general surgery an SSI constituted an additional financial burden of 
£10,523 per patient (operating theater and medical staff costs accounted for 11% 
and 18% of the total) [4].

1.3  Pathophysiology

Microbial contamination of the surgical site is a necessary precursor of SSI. The 
risk of SSI can be conceptualized according to the following relationship Dose of 
bacterial contamination x virulence / resistance of the host patient  =  Risk of 
SSI. Quantitatively, it has been shown that if a surgical site is contaminated with 
>105 microorganisms per gram of tissue, the risk of SSI is markedly increased [5]. 
However, the dose of contaminating microorganisms required to produce infection 
may be much lower when foreign material is present at the site (i.e., 100 staphylo-
cocci per gram of tissue introduced on silk sutures or mesh or prosthesis). 
Microorganisms may contain or produce toxins and other substances that increase 
their ability to invade a host, produce damage within the host, or survive on or in 
host tissue.

Pathogens’ source is the endogenous flora of the patient’s skin, mucous mem-
branes or hollow viscera [6].

When mucous membranes or skin are incised, the exposed tissues are at risk for 
contamination with endogenous flora (aerobic gram-positive cocci, anaerobic bac-
teria, and gram-negative aerobes from fecal flora when incisions are close to the 
perineum or groin). When a gastrointestinal organ is opened during an operation 
and is the source of pathogens, gram-negative bacilli (e.g., E. coli), gram-positive 
organisms (e.g., enterococci), and sometimes anaerobes (e.g., Bacillus fragilis) are 
the typical SSI isolates.

Another SSI source is seeding from a distant focus of infection in patients who 
have prosthesis or other implant placed during the operation. Any device provides a 
nidus for attachment of the organism.

Exogenous sources include surgical personnel (members of the surgical team), 
the operating room environment (including air), tools, instruments and materials 
brought to the sterile field during a procedure. Exogenous flora are primarily aer-
obes (gram-positive organisms). Anal, vaginal, or nasopharyngeal carriage of group 
A streptococci by operating room personnel has been implicated as a cause of sev-
eral SSI outbreaks. Carriage of gram-negative organisms on the hands has been 
shown to be greater among surgical personnel with artificial nails. Rarely, outbreaks 
or clusters of surgical site infections caused by unusual pathogens have been traced 
to contaminated dressings, bandages, irrigants, or disinfection solutions. Fungi 
(particularly Candida albicans) have been isolated from an increasing percentage of 
SSIs. This trend probably is due to the widespread use of prophylactic and empiric 

1 The Burden of Surgical Site Infections: Pathophysiology and Risk…
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antibiotics, increased severity of illness, and greater numbers of immunocompro-
mised patients undergoing surgical procedures.

Bacteria contaminate all surgical wounds; a minority of wounds actually demon-
strates clinical infection. In most patients, infection does not develop because innate 
host defenses are efficient against contaminants at the surgical site.

Surgical incision activates 5 critical initiators of the human inflammatory 
response:

• Coagulation proteins and platelets (hemostatic mechanism)
• Mast cells and complement proteins
• Bradykinin (produced from its ubiquitous protein precursor).

The effect is vasodilation and increased local blood flow with velocity reduction 
in order to aid the margination of phagocytes. The increasing vascular permeability 
and local vasodilation facilitates the formation of edema, creating more space 
between endothelial cells and providing phagocytic access to the injured soft tissue 
and aqueous conduits for their navigation through the normally condensed extracel-
lular tissues.

After this phase we have both nonspecific chemoattractant signals and specific 
chemokine signals (from mast cells) that “draw” neutrophil, monocyte and other 
leukocyte populations into the area of the surgical site.

“Phagocytes’ recruitment” into the wound before bacterial contamination actu-
ally occurs from the procedure itself (innate host defenses) and gives the patient an 
advantage against infection as an outcome.

Chemoattractant signaling proteins bind to local vascular endothelial cells and 
upregulate selectin proteins on their endothelial surface.

Neutrophils move on the endothelial surface within the post-capillary venule. 
Further interaction between neutrophil and endothelial cell adhesion proteins link 
the neutrophil to endothelial cell’s surface and the chemoattractant gradient leads 
neutrophil to the site of injury inducing systematic ingestion and digestion of any 
microbial contaminants.

During the first 24 h monocytes enter the surgical site. If microbial contamina-
tion has been minimal and the early arriving neutrophils have been able to ade-
quately control the bacteria, then monocytes produce local chemical signals to 
regulate the wound-healing process. Myofibrocytes migrate into the fibrin matrix of 
the wound and collagen deposition displaces its fibrin latticework.

Otherwise, if microbial contamination and proliferation overwhelm the initial 
neutrophil infiltration, the monocyte becomes a proinflammatory cell with cyto-
kines’ release (Tumor necrosis factor—TNF—alpha). The effects are:

• Potent paracrine signal to upregulate neutrophil activity
• TNF-alpha-stimulated neutrophils consume microbes, and lysosomal vacuoles 

may release reactive oxygen intermediates and acid hydrolases into the extracel-
lular space from its lysosomal vacuoles.

F. Di Marzo
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• The extracellular release of reactive oxygen intermediates and the acid hydro-
lases results in lipid peroxidation of the local environment, with further tissue 
injury and further activation of the initiator signals.

• The inflammatory response is further intensified.
• Interleukin (IL)-1, IL-6, and other proinflammatory signals are released by the 

activated monocyte and serve as endocrine signals responsible for fever, stimula-
tion of acute-phase reactants, and other responses.

• The wound is, actually, a host-pathogen battlefield, filled with necrotic tissue, 
neutrophils, bacteria, and proteinaceous fluid that together constitute pus.

The viable tissues around exhibit the classic signs of inflammation:

• Rubor reflects local vasodilation.
• Calor is the warmth of the vasodilated tissues resulting in increased heat 

conduction.
• Tumor is due to edema.
• Dolor occurs from stimulation of nerve nociceptors by the numerous products of 

the inflammatory cascade and tissue injury and distension.
• Functio Laesa is the unavoidable inhibition of normal anatomical function.

Four different determinants lead to either uneventful wound healing or SSI: (1) 
inoculum of bacteria, (2) virulence of bacteria, (3) adjuvant effects of microenviron-
ment, and (4) innate and acquired host defenses.

Contaminants may enter the wound from the air in the OR, from the instruments 
or surgeon(s). Skin bacteria are always present. The largest inoculum occurs when 
the operation involves a body structure heavily colonized by bacteria, such as the 
bowel (103–104 bacteria/mL distal in small bowel, 105–106 bacteria/mL in right 
colon, and 1010–1012 bacteria/g of stool in rectosigmoid colon). Bacteria are also 
present in the stomach of older patients who have hypo or achlorhydria. Significant 
concentrations of bacteria are encountered in the biliary tract (patients older than 
70 years of age, obstructive jaundice, common bile duct stones, acute cholecystitis). 
Procedures involving the female genital tract will encounter 106–107 bacteria/
mL [7–9]

The more virulent the contaminant, the greater the probability of infection. 
Coagulase-positive staphylococci require a smaller inoculum than the coagulase- 
negative species. Uncommon but virulent strains of Clostridium perfringens or 
Group A streptococci require only a small inoculum to cause an especially severe 
necrotizing infection at the surgical site. Escherichia coli has endotoxin in its outer 
cell membrane that gives it a particular virulence. Bacteroides fragilis and other 
Bacteroides species are ordinarily organisms of minimal virulence as solitary patho-
gens, but when combined with other oxygen-consuming organisms, they will result 
in microbial synergism and cause very significant infection following operations of 
the colon or female genital tract. Due to the intrinsic features of this variable (related 
to procedure and patient’s colonizing bacteria) it’s difficult to control it by preven-
tive strategies.

1 The Burden of Surgical Site Infections: Pathophysiology and Risk…
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Adjuvant factors (secondary to the surgical procedure) in the microenvironment 
of the wound may result in clinical infection:

• Hemoglobin by the release of ferric iron during the degradation of red blood 
cells and stimulation of microbial proliferation

• Necrotic tissue can act as a haven for contaminants avoiding phagocytic action
• Foreign bodies (braided sutures)
• Dead space

Impaired host defenses could be innate or acquired.
In the first case is difficult to elaborate strategy based on the measure of differ-

ences between groups of patients (more or less “competent” against infections).
Otherwise, acquired impairment is linked to increased rates of SSI. Shock and 

hypoxemia are positively associated with SSI, especially in trauma patients. 
Transfusion appears to be immunosuppressive. Chronic illnesses, hypoalbumin-
emia (is the most robust predictor of infectious complications after major abdomi-
nal surgery) and malnutrition are significant factors. Hypothermia and hyperglycemia 
are also responsible.

Medications (especially corticosteroids) may also adversely affect the host and 
increase SSI rates.

The pathophysiology of SSI is complex, even more if we consider all the deter-
minants in a common context focusing on specific causes of an infection (the so 
called “Aggregate Effect”).

1.3.1  Risk Factors

Numerous risk factors have been identified for the development of an SSI and we 
can identify two broad categories affecting the outcome at three different levels:

intrinsic (patient related level, modifiable, or non-modifiable) factors
extrinsic (operative level and institutional level) factors

Patient related factors are:

• Individual characteristics (sex, age, frailty, dependence, socioeconomic status)
• Lifestyle (smoking, alcohol)
• Comorbidities (diabetes, chronic obstructive pulmonary disease, congestive 

heart failure, acute myocardial infarction, renal insufficiency, hypertension, 
osteoporosis, Charlson comorbidity score)

• Medications (immunosuppression)
• Prior environment (preoperative length of stay, admission from a long-term 

facility)
• Risk calculators—scoring system (NNIS, ASA)
• Operative level

F. Di Marzo
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• Procedure
 – Incision class
 – Type of surgery
 – Elective vs emergency procedure
 – Case complexity
 – Surgery duration
 – Blood loss / Transfusions
 – Medical device implant

• Institutional level
• Current environment

 – Safety culture
• Hospital

 – Size
• Experience

 – Physician
 – Facility

Potentially modifiable patient risk factors include glycemic control and pre- 
surgery diabetic evaluation, alcohol and smoking abuse, preoperative albumin 
<3.5  mg/dL, total bilirubin >1.0  mg/dL, obesity, and immunosuppression. Non- 
modifiable patient factors include increasing age, recent radiotherapy, and history of 
skin or soft tissue infection.

Procedure-related factors include emergency and more complex surgery and 
wound classification.

Facility risk factors include inadequate ventilation, increased operating room 
(OR) traffic, and appropriate sterilization of equipment. Preoperative risk factors 
include presence of a preexisting infection; inadequate skin preparation; hair 
removal; and antibiotic choice, administration, and duration. Intraoperative risk fac-
tors include duration of surgery, blood transfusion, maintenance of asepsis, poor- 
quality surgical hand scrubbing and gloving, hypothermia, and poor glycemic 
control.

Different surgical sites may contribute to the risk of developing clinical infec-
tion. Stratification into groups that have similar risks for infection is crucial to 
implement preventive strategies among similar patients and to identify infection 
rates variation from benchmark within an institution. Assessment of gross SSI rates 
without stratification is likely to be a reflection of patient risk rather than quality of 
performance. SSIs are a significant healthcare quality issue, resulting in increased 
morbidity, disability, length of stay, mortality, resource utilization, and costs. 
Identification of high-risk patients may improve preoperative counseling, inform 
resource utilization and allow modifications in perioperative management to opti-
mize outcomes.

Many risk factors are beyond practitioner control, but optimizing perioperative 
conditions can certainly help decrease infection risk.

1 The Burden of Surgical Site Infections: Pathophysiology and Risk…
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High-risk surgical patients may be identified on the basis of individual risk fac-
tors or combinations of them. In particular, statistical models and risk calculators 
may be useful in predicting infectious risks, both in general and for SSIs. These 
models differ in the number of variables; inclusion of preoperative, intraoperative or 
postoperative variables; ease of calculation and specificity for particular procedures. 
Furthermore, the models differ in their accuracy in stratifying risk.

Although multiple strategies exist for identifying surgical patients at high risk for 
SSIs, no one strategy is superior for all patients, and further efforts are necessary to 
determine if risk stratification in combination with risk modification can reduce 
SSIs in this patients’ population [10].

Early evaluation of perioperative SSI risk factors and patient risk stratification 
could be of great value in the development of predictive risk models. Predictive risk 
models could, in turn, assist surgeons and their patients in the clinical decision- 
making process (e.g., counseling patients on the appropriateness and risks of sur-
gery). In addition, risk models could be used to develop targeted perioperative 
prevention strategies and diagnostic care process models and improve risk adjust-
ment for risk modeling used in the public reporting of SSI as a quality metric.

However, a study reviewing SSIs in patients undergoing colorectal resections 
(C-SSIs), identified from an institutional ACS-NSQIP dataset (2006–2014), showed 
that risk prediction models do not accurately predict C-SSI in their own independent 
institutional dataset.

Published C-SSI risk scores: the National Nosocomial Infection Surveillance 
(NNIS), Contamination, Obesity, Laparotomy, and American Society of 
Anesthesiologists (ASA) class (COLA), Preventie Ziekenhuisinfecties door 
Surveillance (PREZIES) and NSQIP-based models were compared with receiver 
operating characteristic (ROC) analysis to evaluate discriminatory quality.

There were 2376 cases included, with an overall C-SSI rate of 9% (213 cases). 
None of the models produced reliable and high quality C-SSI predictions. For any 
C-SSI, the NNIS c-index was 0.57 vs 0.61 for COLA, 0.58 for PREZIES, and 0.62 
for NSQIP: all well below the minimum “reasonably” predictive c-index of 0.7. 
Predictions for superficial, deep, and organ space SSI were similarly poor.

Published C-SSI risk prediction models do not accurately predict C-SSI in their 
independent institutional dataset. Application of externally developed prediction 
models to any individual practice must be validated or modified to account for insti-
tution and case-mix specific factors. This questions the validity of using externally 
or nationally developed models for “expected” outcomes and interhospital 
comparisons.

1.3.2  Preop Measures

Thirteen recommendations (made by the WHO) were published on Lancet in 2016 
covering the preoperative path of surgical patients and taking into account evidence 
quality, cost and resource use implications, patient values and preferences.

F. Di Marzo
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1.3.3  Perioperative Discontinuation 
of Immunosuppressive Agents

It’s not indicate to discontinue immunosuppressive medication before surgery to 
prevent SSI (conditional recommendation, very low quality of evidence). The deci-
sion should be made on an individual basis, involving the prescribing physician, the 
patient, and the surgeon.

1.3.4  Enhanced Nutritional Support

It’s possible to consider the administration of oral or enteral multiple nutrient- 
enhanced nutritional formulas to prevent SSI in underweight patients who undergo 
major surgical operations (conditional recommendation, very low quality of evi-
dence). Multiple nutrient-enhanced formulas can be used to prevent SSIs in adult 
patients undergoing major surgery. However, it is expensive and requires additional 
work for clinical staff, including expertise from dietitians and pharmacists. When 
considering this intervention in the context of a priority assessment approach to 
reduce the SSI risk, resources and product availability should be carefully assessed, 
particularly in settings with limited resources.

1.3.5  Preoperative Bathing

Good clinical practice requires that patients bathe or shower before surgery. Both a 
plain or antimicrobial soap can be used for this purpose (conditional recommenda-
tion, moderate quality of evidence. Evidence was insufficient to formulate any rec-
ommendation on the use of chlorhexidine gluconate-impregnated cloths for the 
purpose of reducing SSIs.

Decolonization with mupirocin ointment with or without CHG body wash in 
nasal carriers of Staphylococcus aureus undergoing cardiothoracic and orthopedic 
surgery / other types of surgery

Patients undergoing cardiothoracic and orthopedic surgeries, who are known 
nasal carriers of S. aureus, should receive perioperative intranasal applications of 
mupirocin 2% ointment with or without a combination of chlorhexidine gluconate 
body wash (strong recommendation, moderate quality of evidence). It’s to consider 
the use of the same treatment in patients with known nasal carriage of S. aureus 
undergoing other types of surgery (conditional recommendation, moderate quality 
of evidence). S. aureus is one of the most common health-care-associated pathogen 
worldwide with increased mortality when it has methicillin-resistance patterns.

S. aureus nasal carriage is a well-defined risk factor for subsequent infection in 
various patient groups. Mupirocin nasal ointment (usually applied twice daily for 
5  days) is an effective, safe, and fairly cheap treatment for the eradication of 
S. aureus carriage and is generally used in combination with a whole body wash. A 
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meta-regression analysis showed that the effect on the S. aureus infection preva-
lence did not differ between different types of surgery (p = 0.986). To avoid unnec-
essary treatment and resistance spread, this intervention should be done only on 
known S. aureus carriers. Therefore, these recommendations apply to facilities 
where screening for S. aureus is feasible, and indeed, studies were done mostly in 
high-income countries. There is no recommendation on the role of screening for 
S. aureus carriage or the surgical patient population that should undergo screening.

1.3.6 MBP with/without the Use of Oral Antibiotics

Preoperative oral antibiotics combined with mechanical bowel preparation (MBP) 
should be used to reduce the risk of SSI in adult patients undergoing elective colorec-
tal surgery (conditional recommendation, moderate quality evidence) and MBP alone 
(without administration of oral antibiotics) should not be used (strong recommenda-
tion, moderate quality evidence). There is no recommendation on the preferred type 
of oral antibiotic, including the timing of administration and dosage, but an activity 
against both facultative Gram-negative and anaerobic bacteria should be guaranteed 
and non-absorbable antibiotics should be used preferably. The choice should be made 
according to local availability, updated resistance data within institutions and the vol-
ume of surgical activity. This intervention is for preoperative use only and should not 
be continued postoperatively. The use of oral antibiotics in association with MBP does 
not replace the need for intravenous surgical antibiotic prophylaxis.

1.3.7  Hair Removal

In patients undergoing any surgical procedure, hair should either not be removed or, 
if absolutely necessary, it should be removed only with a clipper. Shaving is strongly 
discouraged at all times, whether preoperatively or in the operating room (strong 
recommendation, moderate quality of evidence).

When hair is removed, clipping significantly reduces SSIs compared with shav-
ing (OR 0.51; 0.29–0.91). Because they have similar potential to cause microscopic 
skin trauma, no hair removal and clipping were combined in an additional meta- 
analysis, which showed that they are associated with significantly reduced preva-
lence of SSIs compared with shaving (combined OR 0.51; 0.34–0.78). No 
recommendation regarding the timing of hair removal could be formulated as only 
one study assessed this question with no relevant results, but the panel suggested 
that removal by clipping shortly before surgery is the safest approach, if required.

1.3.8 Optimal/Precise Timing for Administration of SAP

Is suggested the administration of SAP before surgical incision, if indicated, depend-
ing on the type of operation (strong recommendation, low quality of evidence); it 
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should be done within the 120 min before the incision, while considering the half-life 
of the antibiotic (strong recommendation, moderate quality of evidence).

Successful SAP requires delivery of the antimicrobial agent in effective concen-
trations to the operative site through intravenous administration at the appropri-
ate time.

On the basis of the available evidence, a more precise timing of less than 120 min 
before incision cannot be defined, and the widely implemented recommendation of 
within 60 min before incision is not supported by evidence. The half-life of the agent 
used, the underlying condition(s) of the individual patient (e.g., body-mass index, or 
renal or liver function), the time needed to complete the procedure, and the protein 
binding of the antibiotic should be taken into account to achieve adequate serum and 
tissue concentrations at the surgical site at the time of incision and up to wound clo-
sure—in particular to prevent incisional SSI. Administration should be closer to the 
incision time (<60 min before) for antibiotics with a short half-life (cefazolin, cefoxitin, 
and penicillins in general). Most available guidelines recommend a single preoperative 
dose; intraoperative redosing is indicated if the duration of the procedure exceeds two 
half-lives of the drug, or if there is excessive blood loss during the procedure.

1.3.9  Surgical Hand Preparation

Surgical hand preparation should be done either by scrubbing with a suitable anti-
microbial soap and water or using a suitable alcohol-based hand rub (ABHR) before 
donning sterile gloves (strong recommendation, moderate quality of evidence).

Is crucial to maintain the least possible contamination of the surgical field, espe-
cially in the case of sterile glove puncture during the procedure. Appropriate surgi-
cal hand preparation is recommended in the WHO guidelines on hand hygiene in 
health care issued in 2009 and in all other existing national and international guide-
lines for the prevention of SSIs.

When selecting an ABHR, health-care facilities should procure products with 
proven efficacy according to international standards and position no-touch or elbow- 
operated dispensers in surgical scrub rooms. In LMICs in which ABHR availability 
might be low, WHO strongly encourages facilities to undertake the local production 
of an alcohol-based formulation (feasible and low-cost).

Alternatively, antimicrobial soap, clean running water, and disposable or clean 
towels for each health-care worker should be available in the scrub room.

1.3.10  Surgical Site Preparation

Alcohol-based antiseptic solutions (based on chlorhexidine gluconate) should be 
used for surgical site skin preparation in patients undergoing surgical procedures 
(strong recommendation, low to moderate quality of evidence).

The aim is to reduce the microbial load on the patient’s skin as much as possible 
before incision. The most common agents include chlorhexidine gluconate and 
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povidone-iodine in alcohol-based solutions, but aqueous solutions are also widely 
used in LMICs, particularly those containing iodophors.

Operating room staff should be trained and informed about the potential harms 
associated with the solutions used for surgical site preparation. Alcohol-based solu-
tions should not be used on neonates or come into contact with mucosa or eyes and 
caution should be exercised because of their flammable nature. Chlorhexidine glu-
conate solutions can cause skin irritation and must not be allowed to come into 
contact with the brain, meninges, eye or middle ear. Alcohol-based solutions might 
be difficult to procure and expensive in LMICs, particularly when combined with an 
antiseptic compound. Local production could be affordable and feasible in these 
settings, provided that adequate quality control is in place.

1.3.11  Antimicrobial Skin Sealants

Antimicrobial sealants should not be used after surgical site skin preparation for the 
purpose of reducing SSI (conditional recommendation, very low quality of 
evidence).

Antimicrobial skin sealants are sterile, film-forming cyanoacrylate-based seal-
ants commonly applied as an additional antiseptic measure after using standard skin 
preparation on the surgical site and before skin incision. They are intended to remain 
in place and block the migration of flora from the surrounding skin into the surgical 
site by dissolving over several days postoperatively. To avoid unnecessary costs, 
antimicrobial sealants should not be used after surgical site skin preparation for the 
purpose of reducing SSIs.
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Antibiotic Prophylaxis: When, How, 
and How Long?

Patrick Bishop O’Neal and Kamal M. F. Itani

2.1  Introduction

Surgical site infections (SSI) are common, morbid, and costly. SSI affects approxi-
mately 300,000 surgical patients annually in the United States thus affecting 2–5% 
of all patients undergoing inpatient surgery. Representing 20% of all hospital- 
acquired infections, SSIs are the most common of all hospital-acquired infections. 
In addition to increasing the length of stay by an average of about 10 days, surgical 
site infections are associated with a twofold to 11-fold increase in mortality. 
The annual cost of SSI in the United States is estimated between $3.5 billion and 
$10 billion [1].

The proper use of perioperative antibiotic prophylaxis has been shown to reduce 
the risk of SSI. In this chapter, we review evidence and recommendations for the use 
of perioperative antibiotic prophylaxis including indications and proper administra-
tion. We also explore trends and challenges to typical recommendations within spe-
cial populations and with specific operations.
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2.2  General Principles and the Surgical Care 
Improvement Project

In an effort to encourage the proper use of perioperative antibiotic prophylaxis, 
Mangram, et al., outlined in 1999 four general principles that should guide the prac-
titioner in the use of perioperative antibiotics:

• Antimicrobial agents should be used for all operations in which they have been 
shown to reduce SSI rates based on evidence from clinical trials or for those 
operations after which incisional or organ/space SSI would represent a 
catastrophe.

• Use an antimicrobial agent that is safe, inexpensive, and bactericidal with an 
in vitro spectrum that covers the most probable intraoperative contaminants for 
the operation.

• Time the infusion of the initial dose of antimicrobial so that a bactericidal con-
centration of the drug is established in serum and tissues by the time the skin is 
incised.

• Maintain therapeutic levels of the antimicrobial agent in both serum and tissues 
throughout the operation and until, at most, a few hours after the incision is 
closed in the operating room [2].

Given the high impact of SSI on patient safety and the overall associated health-
care costs, SSI has been a focus of the Surgical Care Improvement Project (SCIP). 
Formalized in 2006, SCIP set out to standardize care with the goal of reducing the 
incidence of multiple postoperative complications including SSI. Initially driven by 
the Centers for Medicare and Medicaid, SCIP draws from the expertise of numerous 
national health care organizations including the American College of Surgeons and 
the Joint Commission on Accreditation of Healthcare Organizations. The measures 
outlined by SCIP have served as metrics to quantify the quality of surgical care.

Although SCIP measures are not currently tracked for the purposes of influenc-
ing hospital reimbursement, they continue to be the foundation for SSI prevention. 
One of the most important measures in preventing SSI is the appropriate use of 
perioperative antibiotic prophylaxis. As such, three measures were established by 
SCIP for the appropriate use of perioperative antibiotic prophylaxis.

• SCIP Inf-1: Prophylactic antibiotic should be received within one hour prior to 
surgical incision.

• SCIP Inf-2: Appropriate choice of prophylactic antibiotic.
• SCIP Inf-3: Prophylactic antibiotics should be discontinued within 24 h of sur-

gery end time.

Updates from the 2017 Centers for Disease Control and Prevention Guideline 
for the Prevention of Surgical Site Infection also clearly state that:
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• For clean and clean-contaminated procedures, additional prophylactic antimicro-
bial agent should not be administered after the surgical incision is closed in the 
operating room, even in the presence of a drain [3].

2.3  Choice of Perioperative Antibiotic

In choosing the appropriate perioperative antibiotic, one must consider the classifi-
cation of the wound, i.e., clean vs. clean-contaminated, the organisms likely to be 
present, and the typical microbial burden of the region or hospital. In considering 
clean cases, the predominant organisms present are skin flora including staphylo-
coccus species. For these cases, a first-generation cephalosporin such as cefazolin is 
generally considered the agent of choice for perioperative antibiotic prophylaxis. 
This agent is effective against most Gram positive and many Gram-negative organ-
isms and generally covers microorganisms in normal skin flora. Additionally, in the 
spirit of the principles outlined by Mangram, it is generally safe, inexpensive, and 
bactericidal. In patients with penicillin allergy, clindamycin is a good alternative for 
clean cases. Again, it covers normal skin flora, is inexpensive, and is generally safe. 
The accepted initial perioperative dose for clindamycin is 900 mg rather than the 
600 mg typically given as maintenance doses for other purposes. In considering 
patients who are known to be colonized with methicillin-resistant Staphylococcus 
aureus (MRSA), vancomycin should be administered. Again, vancomycin is a rela-
tively inexpensive drug compared to other MRSA-effective agents and is a rela-
tively safe medication in most populations. One should note, however, that there is 
an increase in risk of acute kidney injury when vancomycin is used rather than 
cefazolin for perioperative antibiotic prophylaxis. One should weigh the risks and 
benefits when choosing this agent [4]. Cefazolin may be added with vancomycin as 
combination therapy, particularly in cardiac surgery, as it exhibits better tissue pen-
etration and improved bactericidal effect on a host of organisms including 
methicillin- sensitive Staphylococcus aureus than does vancomycin. However, this 
combination therapy should be judiciously used as it has been shown to increase 
risk of perioperative acute kidney injury [5]. Clean-contaminated operations, par-
ticularly those involving enteric organisms, require anaerobic organism coverage. 
Although other agents such as second generation cephalosporins (i.e., cefoxitin and 
cefotetan) as well as ampicillin-sulbactam were commonly used in the past, their 
effectiveness has decreased with the emergence of resistant organisms. The combi-
nation of cefazolin and metronidazole remains efficacious and is generally the pre-
ferred perioperative antibiotic regimen for those clean-contaminated cases likely to 
require coverage for anaerobic organisms. This combination also honors the require-
ments of safety and cost-effectiveness. A list of common prophylactic antibiotics 
and dosing parameters is presented in Table 2.1.
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2.4  Is the 60-Minute Timing Important?

It is important to ensure that adequate serum and tissue concentrations of antibiotic 
have been reached at the time of incision. This entails administration of periopera-
tive antibiotic within one hour of incision. This is particularly true given the phar-
macokinetics of most widely used prophylactic antibiotics including cefazolin. A 
two-hour infusion window is required for vancomycin and the quinolones in order 
to avoid the side effects of rapid administration of these agents. This principle of 
dosing within a one-hour window is the result of a sentinel study by Classen, et al., 
who reviewed 2847 patients that underwent a wide range of clean and clean- 
contaminated general, gynecologic, and orthopedic operations from which the tim-
ing of antibiotic administration was electronically reported. In this study, patients 
received antibiotic prophylaxis at a wide range of time points from several hours 
prior to incision to several hours after incision. It was noted that the frequency in 
which surgical wound infection was the lowest was in patients who received pro-
phylaxis within an hour of incision [6]. A more recent study by Hawn and col-
leagues [7] suggests that the 60-min timing window may not be as critical and may 
be variable based on surgical specialty. Nonetheless, observing the 60-min metric 
facilitates standardization of care within a healthcare system and remains a good 
goal to achieve.

Table 2.1 Suggested initial dose and time to redosing for antimicrobial drugs commonly utilized 
for surgical prophylaxisa

Antimicrobial Standard doseb

Weight-based dose 
recommendationc

Recommended redosing 
interval,d in hours

Cefazolin 1–2 g iv 20–30 mg/kg (if <80 kg, use 
1 g; if >80 kg, use 2 g)

2–5

Cefoxitin 1–2 g iv 20–40 mg/kg 2–3
Cefotetan 1–2 g iv 20–40 mg/kg 3–6
Ciprofloxacin 400 mg iv 400 mg 4–10
Clindamycin 900 mg iv If <10 kg, use at least 37.5 mg; 

if >10 kg, use 3–6 mg/kg
3–6

Erythromycin 
base

1 g po 19, 18, and 
9 h before surgery

9–13 mg/kg NA

Neomycin 1 g po 19, 18, and 
9 h before surgery

20 mg/kg NA

Metronidazole 0.5–1 g iv 15 mg/kg initial dose (adult); 
7.5 mg/kg on subsequent doses

6–8

Vancomycin 1 g iv 10–15 mg/kg (adult) 6–12

The intervals in the table were calculated for patients with normal renal function
aAdapted from Bratzler [26]
bDose may vary with renal function
cData are primarily from published pediatric recommendations
dFor procedures of long duration, antimicrobials should be readministered at intervals of 1–2 times 
the half-life of the drug
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2.5  Weight-Based Dosing

Achieving minimal inhibitory concentrations within the serum and tissues may be a 
challenge in obese patients. For this reason, weight-based dosing of antimicrobials 
should be instituted to achieve optimal serum concentration in these patients. 
Studies as far back as the 1980s recognized that blood and tissue levels of cefazolin 
are consistently below the minimal inhibitory concentrations of the common patho-
gens responsible for causing surgical site infections in obese patients who received 
a 1 g versus a 2 g cefazolin dose [8]. In a 2016 study of bariatric operations that 
evaluated serum and tissue concentrations of perioperative antibiotic, it was found 
that weight-based dosing showed improved attainment of target concentrations than 
did fixed doses of antibiotic [9]. These data highlight the risk of under-dosing peri-
operative antibiotics in the obese patient and should raise awareness about proper 
dosing of each prophylactic antibiotic used. It should be noted as well that under- 
dosing perioperative antibiotics places patients at risk for the emergence of resistant 
organisms. Guidelines for weight-based dosing of common perioperative prophy-
lactic antibiotics is presented in Table 2.1.

2.6  Importance of Redosing as a Function 
of Operative Duration

Not only is it important to achieve the minimum inhibitory concentration of the 
perioperative antibiotic at the time of incision, but it should also be maintained for 
the duration of the operation. As one would anticipate, during long cases, the serum 
and tissue concentration of perioperative antibiotic decay based on half-life. For this 
reason, it is recommended that the prophylactic antibiotic be redosed every two 
half-lives. The time for repeat doses should be measured from the time of initial 
dose and not from the time of incision [10]. To illustrate this principle, Zanetti, 
et al., retrospectively evaluated 1548 patients who received cefazolin as periopera-
tive antibiotic prophylaxis during cardiac surgery. It was found that, in patients 
whose operations were over 400 min, antibiotic redosing had a beneficial effect. 
Surgical site infection occurred in 16.0% of patients who did not have their antibi-
otic redosed, whereas those who did have a repeat dose only had a 7.7% incidence 
of surgical site infection [11]. The half-life of the most common perioperative anti-
biotic, cefazolin is about 1.2–2.2 h. One should expect to redose cefazolin approxi-
mately every 3–4 h. Further guidelines for redosing intervals of various antibiotics 
can be found in Table 2.1.

2.7  Importance of Redosing as a Function of Blood Loss

Not only is it important to redose antibiotics as a function of operative time, it 
should also be recognized that operative cases with heavy blood loss or administra-
tion of a large amount of intravenous fluids are expected to have a more rapid 
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decrease in serum and tissue concentrations of antibiotic. As such, antibiotics 
administered to patients under those circumstances should be redosed at earlier 
intervals. In support of this principle, Swoboda et al., evaluated serum and tissue 
samples from patients undergoing spinal surgery. Although serum concentrations of 
cefazolin were nonlinearly affected by blood loss, tissue concentrations were 
directly related to blood loss. Based on the pharmacokinetics of this decrease in tis-
sue concentration, it was advised that cefazolin be redosed in patients with over 
1500 ml intraoperative blood loss [12]. This recommendation has been further sup-
ported through joint guidelines created by American Society of Health-System 
Pharmacists, the Infectious Diseases Society of America, the Surgical Infection 
Society, and the Society for Healthcare Epidemiology of America [10].

2.8  Avoid Additional Antibiotic Once the Wound Is Closed

Over time, recommendations regarding the duration of perioperative antibiotic 
administration have become progressively shorter. Older guidelines recommended 
that perioperative antibiotic prophylaxis should not exceed 24 h. The Centers for 
Disease Control and Prevention Guideline for the Prevention of Surgical Site 
Infection 2017 no longer supports the administration of perioperative antibiotics for 
clean and clean-contaminated cases once the incision is closed [3]. Evidence in sup-
port of this more restrictive pattern of antibiotic prophylaxis include the lack of 
benefit of repeated postoperative dosing, the emergence of drug resistant bacteria, 
increased risk of Clostridium difficile infection with prolonged dosing regimens, 
and increased risk of acute kidney injury with prolonged dosing regimens [10, 13].

2.9  Perioperative Antibiotic Use in Special Populations

With the increasing concern about emergence of resistant organisms, Clostridium 
difficile infections, and side effects of antimicrobials, the universal use of prophy-
lactic perioperative antibiotics, particularly in the setting of clean cases, has under-
gone scrutiny. The surgical community has identified various subgroups of clean 
cases that may not fit the mold and which may be better managed with less aggres-
sive or even entire avoidance of perioperative antibiotic prophylaxis. On the other 
hand, other cases might be better served by a more aggressive perioperative antibi-
otic prophylaxis regimen.

2.9.1  Inguinal Hernia Repair

In 2018, The HerniaSurge Group, an international consortium of experts in the field 
of hernia repair surgery issued the International Guidelines for Groin Hernia 
Management [14]. One of the focuses of this Group was to outline 
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recommendations regarding the appropriate use of perioperative antibiotics in 
inguinal hernia repair with mesh. The recommendations, which were based largely 
on data from a 2012 Cochrane Database meta-analysis [15], concluded that, in open 
inguinal hernia repair, administration of prophylactic antibiotics should be avoided 
in average- risk patients undergoing surgery in a low-risk environment. Conversely, 
the Group concluded that the use of perioperative antibiotic prophylaxis is war-
ranted in high- risk patient undergoing open inguinal hernia surgery in a low-risk 
environment and in any patients undergoing open inguinal hernia surgery in a high-
risk environment. They also acknowledge an increased risk of SSI in patients under-
going bilateral open inguinal hernia repair and in patients undergoing repair of 
recurrent inguinal hernias. The Group does not recommend perioperative antibiotic 
prophylaxis for patients undergoing laparoscopic inguinal hernia repair in any 
environment.

2.9.2  Breast Surgery

In 2014, prophylactic antibiotic use in the setting of surgery for breast cancer was 
analyzed and reported in a Cochrane review. This study concluded that periopera-
tive antibiotic prophylaxis reduced the rate of surgical site infection in breast sur-
gery [16].

2.9.3  Endocrine Surgery

Endocrine surgeons have long questioned the utility of perioperative antibiotics in 
open thyroid and parathyroid surgery often citing increased risk of antibiotic related 
complications such as Clostridium difficile infection, increased cost, and lack of 
efficacy in reducing surgical site infection. Although, practice patterns continue to 
vary, Fachinetti, et al., concluded in their 2017 literature review that antibiotic pro-
phylaxis is not indicated in standard transcervical thyroid and parathyroid surgery. 
Rather, they highlight the importance of proper patient preparation, observation of 
strict sterile technique, and management of patient comorbidity as paramount in 
reducing perioperative surgical site infection [17].

2.9.4  Cardiac Surgery

Patients undergoing cardiac surgery have often received prolonged periods of anti-
biotic prophylaxis, often until all drains and chest tubes have been removed. 
Justification for this practice refers to the unique characteristics of cardiac surgery 
including the use of cardiopulmonary bypass and systemic cooling procedures, the 
use of invasive devices remaining after surgery, and the seriousness of complica-
tions associated with cardiac surgery resulting in substantial morbidity and 
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mortality. For this reason, cardiac surgeons have advocated for 48 h of antibiotic 
prophylaxis in cardiac surgery. However, an extensive body of work challenges this 
practice, showing that periods of antibiotic prophylaxis past 48 h and often even 
past 24 h do not decrease the risk of surgical site infection and can often lead to an 
increase risk of antibiotic complications including Clostridium difficile and the 
emergence of resistant organisms. This has resulted in newer recommendations and 
consensus guidelines by multiple professional societies [18].

• The Society of Thoracic Surgeons
• There is evidence indicating that antibiotic prophylaxis of 48-hours duration is 

effective. There is some evidence that single-dose prophylaxis or 24-hour pro-
phylaxis may be as effective as 48-hour prophylaxis, but additional studies are 
necessary before confirming the effectiveness of prophylaxis lasting less than 
48 h. There is no evidence that prophylaxis administered for longer than 48 h is 
more effective than a 48-hour regimen even with tubes and drains in place.

• Paul-Ehrlich Society for Chemotherapy (Germany)
• Prophylaxis for 24 h or less may be appropriate for cardiothoracic procedures. 

This recommendation is based on consensus of the expert panel as no definitive 
data is available about the optimal duration of prophylaxis.

• Surgical Infection Prevention Guideline Writers Workgroup
• The consensus of the workgroup is that administration of prophylaxis for <24 h 

is acceptable and that there is no evidence that providing antimicrobials for lon-
ger periods will reduce surgical site infection rates.

• American College of Cardiology/American Heart Association Task Force
• Data suggest that a 1-day course of intravenous antimicrobials is as efficacious 

as the traditional 48-hour (or longer) regimen.
• American Society of Health-System Pharmacists Commission on Therapeutics
• Prophylaxis for 24 h or less may be appropriate for cardiothoracic procedures.

2.9.5  Joint Arthroplasty

Joint arthroplasty represents another field in which a surgical site infection would 
result in a devastating complication, often requiring extensive additional surgery 
and even removal of hardware. For this reason, it is recommended that prophylactic 
antibiotics, generally cefazolin (or vancomycin in MRSA colonized patients), be 
administered within 1 h of incision and tourniquet placement and be redosed as 
appropriate given the length of the operation and in response to unusual blood loss 
[19, 20]. Previous recommendations suggested that prophylaxis be administered for 
24  h after surgery; however, current guidelines by the U.S.  Centers for Disease 
Control and Prevention now recommend that, even in prosthetic joint arthroplasty, 
in clean and clean-contaminated cases, additional antimicrobial should not be 
administered after the incision is closed, even in the presence of a drain [3].
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2.9.6  Tunneled Central Venous Catheter Placement

Historically, perioperative antibiotics have often been given to patients undergoing 
tunneled central venous catheter placement given the concern for implantation of a 
foreign body and the risk for catheter infection often requiring catheter removal. In 
2011, a Cochrane Review was performed to evaluate this practice. The authors eval-
uated tunneled line placements performed in oncology patients and found that it is 
not beneficial to administer perioperative antibiotics prior to insertion of the 
 catheter [21].

2.9.7  Colorectal Surgery

In addition to parenteral antibiotic prophylaxis, it is important to acknowledge the 
use of oral bowel preparation in colorectal surgery when considering reduction in 
SSI rates. Although the use of mechanical and oral antibiotic bowel preparation has 
seen variations over the decades, there is extensive literature supporting the use of 
bowel preparation in colorectal surgery. In 2012, data from the Veterans 
Administration revealed that oral antibiotic use resulted in a 67% decrease in SSI 
occurrence (OR = 0.33, 95% CI 0.21–0.53) [22]. After extensive literature review, 
guidelines by the American Society of Colon and Rectal Surgeons were released in 
2019 with a strong recommendation endorsing the combined use of mechanical and 
oral antibiotic bowel preparation. In these guidelines, the use of antibiotic or 
mechanical bowel preparations alone as well as no preparation at all are not recom-
mended [23]. See Table 2.1 for recommended dosing of erythromycin and neomy-
cin oral bowel preparation combination.

2.10  Bundles

Despite some controversy between traditional guidelines such as SCIP and various 
evolving societal guidelines, it should be recognized that general antibiotic steward-
ship should be observed in an effort to reach the right balance of reducing surgical 
site infection while minimizing the adverse effects of antibiotic administration. In 
doing so, one cannot neglect other interventions that may also mitigate patient risk 
of surgical site infection. The use of care bundles is well recognized to decrease the 
risk of surgical site infection, and the synergistic effect of these interventions may 
decrease this risk better than perioperative antibiotic prophylaxis alone [24]. 
Keenan, et al., for example, evaluated 559 patient undergoing colorectal surgery. In 
addition to parenteral antibiotic prophylaxis and oral antibiotic bowel preparation, 
preventative measures observed included maintenance of strict normoglycemia and 
normothermia, wound dressings left in place for 48 h, changing of gown and gloves 
prior to fascial closure, dedicated wound closure tray, and minimizing superfluous 
operating room traffic. After implementation of the bundle, surgical site infection 
incidence decreased from 19.3% to 2.4% [25].
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2.11  Conclusion

Appropriate use of perioperative antibiotic prophylaxis is paramount in the reduc-
tion of SSI. When appropriate, perioperative antibiotic prophylaxis should be used 
with the goal of achieving therapeutic serum and tissue levels while the incision is 
open. In order to achieve this, (1) the antibiotic must be administered at the appro-
priate time, traditionally within one hour of surgery, (2) the dose of antibiotic may 
need to be adjusted based on patient weight, (3) the antibiotic should be redosed at 
approximately every two half-lives, and (4) antibiotic should be redosed based on 
large volume resuscitations and heavy blood loss. The antibiotic used should be 
relatively safe, inexpensive, and efficacious against the probable organisms present 
at the time of surgery. The duration of perioperative antibiotic use has become pro-
gressively shorter and is sometimes not recommended at all. When used, most 
guidelines suggest stopping antibiotic prophylaxis once the incision is closed. A 
paradigm shift based on evidence and consensus is evolving toward no antibiotic 
usage in certain clean surgeries.
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Intraoperative Measures to Prevent 
Surgical Site Infections

S. W. De Jonge

3.1  Introduction

The intraoperative period is of great importance to surgical site infection (SSI) pre-
vention. The period is characterized by the performance of the surgical procedure. 
This inevitably involves breach of the barrier function of the skin and, depending of 
the type of surgery, that of potentially contaminated hollow viscera. As a conse-
quence, the patient is exposed to in- and external micro-organisms that may cause 
infection of the surgical site. In addition, consequences of general anesthesia and 
surgical stress such as hypothermia, hypovolemia, hypoxia, and hyperglycemia may 
compromise defense mechanisms against these microorganisms and further increase 
the risk of infection. Arguably the most importvant innovation in intraoperative sur-
gical infection prevention remains the introduction of sterile technique or antisepsis 
as developed in the nineteenth century by Semmelweis, Lister, and Pasteur [1–3]. 
Since then, a range of innovations have contributed to further reduction of SSI. As 
with other innovations in medicine, marketing may precede evidence of effective-
ness. Surgeons should therefore strive to stay up to date with scientific develop-
ments to ensure adequate resource allocation and optimal use of evidence-based 
practices. Guidelines issued by the World Health Organization, The Center for 
Disease Control and others summarized the current state of the art between 2016 
and 2018 [4–6]. In this chapter, we will summarize the most important components 
of intraoperative SSI prevention measures at present time. Preoperative antibiotic 
prophylaxis is discussed seperately. Broadly, intraoperative measures can be catego-
rized as aimed to minimize exposure to microorganisms, or to support the physio-
logical response against these micro-organisms. Some of the intraoperative 
preventive measures require other expertise than that of a surgeon and close 
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collaboration with anesthesiologists and microbiologist is strongly recommended 
for an effective intraoperative infection prevention strategy.

3.2  Measures to Minimize Exposure to Micro-Organisms

3.2.1  Surgical Hand Preparation

Surgical hand preparation is of vital importance to minimize contamination of the 
surgical field and is strongly recommended by professional organizations around 
the world [7]. The use of sterile gloves does not dismiss the need for surgical hand 
preparation as they regularly puncture unnoticed during surgery [8]. This leaves 
bodily fluids and other contamination free to transfer from surgeon to patient, and 
the other way around. Although the requirement of surgical hand preparation has 
never been proven by randomized controlled trials, there is an abundance of obser-
vational research and indirect evidence for its effect [9]. Surgical hand preparation 
can be performed either by classical scrubbing, using clean water and antimicrobial 
soap, or by rubbing with an alcohol-based hand rub [6, 7].

3.2.2  Surgical Site Preparation

There is no evidence that routine hair removal helps reduce the risk of SSI. If hair is 
removed for any other reason, a clipper should be used [6, 10]. Razors increase the 
risk SSI and should be avoided [6, 10]. To minimize the bacterial load before skin 
incision, the surgical site should be prepared with an alcohol-based chlorhexidine 
gluconate solution [6]. Alcohol alone is highly effective in the immediate period after 
application [11]. The addition chlorhexidine ensures longer antiseptic activity [11]. 
Povidone iodine in alcohol is a reasonable alternative when chlorhexidine gluconate 
in alcohol is unavailable or intolerable [6]. Care should be taken that the solution has 
completely dried before proceeding to surgery as diathermia may ignite the flam-
mable solutions. There is no evidence that (antimicrobial) plastic adhesive skin 
drapes contribute to a reduction of the incidence of SSI [6]. In open abdominal sur-
gery, a wound protector device may be installed after incision to create a barrier 
between the clean wound edge and potential contamination from the surgical field [6].

3.2.3  Prophylactic Wound Irrigation

Prophylactic wound irrigation is the application of a flow of solution across the 
surface of an open wound to remove or dilute bacteria and debris to help prevent 
infection. Antiseptic additives may provide a further bactericidal effect. As many as 
97% of surgeons commonly use prophylactic wound irrigation [12, 13]. However, 
enormous heterogeneity exists in the solutions used, the surfaces irrigated and the 
technique of application [14]. There is very limited evidence on the effectiveness of 
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these practices. Only irrigation of the incisional wound with an aqueous povidone 
iodine solution has been proven effective to help reduce the incidence of SSI in 
meta-analysis [14]. Notably there is no evidence of effectiveness of irrigation with 
antibiotic solutions [14]. Considering this, and the contribution to selective  pressure, 
antimicrobial resistance, and other adverse effects, the use of antibiotic solutions for 
wound irrigation should be avoided [6].

3.2.4  Antimicrobial Coated Sutures

Sutures are used to approximate the skin and aid natural wound healing. However, 
they also form a potential nidus for infection [15]. Inspired by listers antisepsis, 
sterile sutures have been in use since the nineteenth century. To prevent colonization 
and further reduce the risk of SSI, sutures with an antimicrobial coating have been 
developed in recent years. Sutures with several different coatings are available [16–
18]. Of these, triclosan-coated sutures have been studied most extensively. Although 
there remains controversy on the risk of bias of some of these studies, triclosan- 
coated sutures were proven effective in a recent meta-analysis of randomized con-
trolled trials [6, 14]. Meta-regression indicated this effect was generalizable across 
wound contamination and suture types [6, 14].

3.2.5  Laminar Airflow Ventilation Systems

In an effort to reduce contamination from aerosols and other airborne particles, 
advanced ventilating systems have been developed for operating rooms. Conventional 
ventilation systems pass fresh air with a mixed or turbulent flow into the operating 
room. Laminar air flow systems create zones of steady, approximately parallel, 
streamlines of fresh air through which particles and aerosols are driven out of the 
operating field. Although these systems have shown to reduce bacterial and particle 
counts in the air, there is no evidence of a benefit in reducing SSI when compared to 
conventional ventilation systems [19]. Considering the substantial cost involved, and 
the lack of evidence of effect, the use of laminar air flow systems is not  recommended [6].

3.3  Measures to Support Physiological Protection 
to Micro-Organisms

3.3.1  Perioperative Oxygenation

Perioperative low tissue oxygen tension is associated with a high risk of SSI [20]. This 
may be explained by the dependency of neutrophils on oxygen availability for bacteri-
cidal superoxide production in oxidative killing [21]. Conversely, increasing tissue ten-
sion has been shown to reduce the risk of SSI [22]. Increasing the fraction of inspired 
oxygen during anesthesia is a relatively easy intervention to achieve this, and early 
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trials showed promising effects on SSI [22]. More recently, the practice became topic 
of debate due to concerns on potential harms, and doubts on the effectiveness on SSI 
after negative trials emerged [23]. To address this, the World Health Organization 
issued two separate systematic reviews; one into potential harms and one into the effect 
on SSI. The investigators found no evidence of harm of the perioperative use high frac-
tion of inspired oxygen, but also no evidence of benefit overall [24, 25]. However, there 
was evidence that high perioperative FiO2 helped reduce the risk of SSI in surgical 
patients under general anesthesia with tracheal intubation [24]. This effect was not seen 
in patients under neuraxial anesthesia who were awake, breathing normally or through 
a facemask [24]. Much has changed since the early promising results, and more vari-
ables than administration of oxygen alone are likely at play [26]. While additional 
research is needed to fully understand the effect of supplemental oxygen on SSI pre-
vention, it remains a cheap and safe intervention worth considering [6].

3.3.2  Maintenance of Adequate Circulating 
Volume (Normovolemia)

Adequate circulating volume is an essential component of tissue perfusion and thus 
oxygenation [27]. Delivery of oxygen, but also immune cells and antibiotics, all rely 
on adequate circulation to be transported to the wound. However, patients undergo-
ing surgery are prone to both hypovolemia and fluid overload due to preoperative 
fasting, bowel preparation, blood loss, evaporation from the wound surface, or exces-
sive intravenous infusion [28]. Comorbidity may exacerbate these conditions. Both 
hypo- and hypervolemia lead to poor postoperative outcomes [29, 30]. Trends toward 
both restricted and aggressive hydration regimens have led to disappointment [31, 
32]. Goal directed fluid therapy is a promising new approach that individualizes fluid 
regimen and titration of vasopressors and inotropics based on dynamic hemody-
namic parameters [33]. A wide variety of algorithms using a range of hemodynamic 
parameters have shown to help reduce the risk of SSI and other adverse events [33]. 
This broad effectiveness indicates that having a goal-directed algorithm at all may be 
more important for the reduction of SSI than any specific algorithm in particular [6, 
33]. Local expertise and available resources should be taken in to consideration when 
selecting an algorithm for goal-directed fluid therapy to help prevent SSI [6].

3.3.3  Maintaining Normal Body Temperature (Normothermia)

Adequate body temperature is of vital importance for wound healing and coagula-
tion but unintended perioperative hypothermia is common [34–37]. Patients are 
inevitably exposed to cold during the operative procedure. Even when the operating 
room is thoroughly heated to 26 degrees Celsius, this is still 11 degrees colder than 
the patient’s body. In addition, general anesthesia impairs thermoregulation by lead-
ing to vasodilatation, redistribution of circulating volume, and eventually acceler-
ated heat loss [38]. In addition to the immediate effects, hypothermia also leads to 
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postoperative peripheral vasoconstriction when patients regain autonomous thermo-
regulation [38]. This vasoconstriction in turn impairs tissue oxygen tension and 
transport of immune cells and antibiotics to the wound site. Active pre-, intra-, and 
postoperative warming is an easy and effective intervention to help prevent hypo-
thermia and reduce the risk of SSI [6]. Active warming may include the use of 
forced air heating devices, warming mattresses, warming of intravenous fluids, or 
ordinary warm blankets depending on resources and availability [6]. Although a 
target temperature > 36 is generally accepted, no clear evidence exists on the opti-
mal target temperature or the preferred warming method [6].

3.3.4  Use of Protocols for Intensive Perioperative Blood 
Glucose Control

Surgical stress results in a rise in blood glucose and potentially hyperglycemia 
through the release of catabolic hormones, impaired insulin production and inhibi-
tion of insulin function [39]. Hyperglycemia impairs wound healing through a host 
of negative effects on normal immune function and consequently increases the risk 
of SSI [40–42]. Observational research indicates that both diabetic and non-diabetic 
patients suffer from these perioperative hyperglycemic episodes and the corre-
sponding increased risk of SSI [41, 42]. Glucose control and treatment when indi-
cated may mitigate these risks but concerns on the risk of hypoglycemic episodes 
have caused controversy about this practice [43, 44]. In particular on the ideal glu-
cose target to balance the risks and benefits. A recent systematic review sought out 
to identify the optimal perioperative glucose target and found that intensive proto-
cols with glucose target levels <150 mg/dl (8.3 mmol/L) where most effective in 
reducing SSI with an inherent risk of hypoglycemic events but without an increase 
in serious adverse events [45].
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Infection in Surgery: How to Manage 
the Surgical Wound

Domitilla Foghetti

A proper postoperative management of surgical wound can reduce Surgical Site 
Infection (SSI) rate, when preoperative and intra-operative measures have been 
applied. The aim of the surgical team should be to protect surgical incision from 
external environment contamination, to remove any obstacle to the completion of 
the healing process and to identify precociously any sign of complications, accord-
ing to patient comfort and a good aesthetic result.

4.1  Surgical Wounds Healing Process

Surgical wounds are considered acute wounds that heal through primary intention. If 
dehiscence occurs, healing will be reached by secondary intention, through granula-
tion and epithelization process, or tertiary intention, if advanced topical treatment or 
closure with approximation, grafting or flaps are chosen [1]. The healing process 
includes three overlapping phases: the inflammatory phase, the proliferative phase 
and the remodelling phase that culminates to scar formation, and four physiological 
events: haemostasis, inflammation, repair and scar remodelling. While the inflamma-
tory and proliferative phases are faster than a standard process of wound healing 
when there is a suture, as in the surgical wounds, the remodelling phase takes 1 to 
2 years to be completed. In a surgical scar, the maximal tensile strength is only 80% 
of the original skin and it can be reached after 2 months after the surgical operation.

In a surgical wound, after the achievement of haemostasis, during the inflamma-
tory phase, the wound bed venules dilate and inflammation cells migrate to promote 
healing. A correct moisture balance atmosphere favours migration and matrix for-
mation, leading to a complete healing 40% faster than a wound exposed to air. A 
moist wound healing can also reduce tenderness and pain and can produce better 
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cosmetic outcomes, so dressing that offer protection and a balanced moisture envi-
ronment can be suggested [1].

4.2  Surgical Wounds Dressing

At the end of surgical intervention, the incision created with a scalpel or other cut-
ting device, is closed by suture, staple or glue and usually protected with a dressing. 
Wound dressing applied after skin closure can absorb exudate, maintaining the skin 
dry, can provide physical support and can protect wound from contamination from 
the external environment [2, 3].

Dressing should be sterile and should  be applied with an aseptic technique. 
Traditionally the wound is covered with gauze and tape or gauze and a transparent 
dressing. The dressing should be left on the wound a minimum of 48 h: during this 
time a natural barrier is formed and the protective role of the dressing from the 
external environment can be considered completed. A 2015 Cochrane Review 
showed no significant differences between dressing removing within or beyond 48 h 
on surgical site infection from clean or clean-contaminated surgical wounds, even if 
the quality of evidence is low [4]. Early dressing removal may result in significant 
reduced costs and a shorter hospital stay.

Dressing should be changed if wet or saturated with blood or serum before 48 h: 
it allows to evaluate the surgical wound, to prevent bacterial contamination from 
environment and to avoid the gauze sticking to the suture line [1]. It is necessary to 
evaluate surgical wound even if patients have signs or symptoms of infection, as 
unusual pain or fever or if there is evidence of dehiscence, excessive exudate, leak-
age or peri-wound skin blisters [5].

A particular care is needed also for peri-wound skin: if an excess of drainage 
occurs, moisture associated damage could happen, when not highly absorbent gauze 
or transparent dressing is applied over surgical wound.

To manage particular situations many different dressing types are available but it 
is still not clear whether one type of dressing is better than any other for surgi-
cal wound.

An ideal dressing for acute and chronic wounds should possess these following 
attributes:

• ability to absorb and to contain exudate;
• impermeability to external environment (fluids, microorganism);
• thermal insulation;
• comfort and lack of trauma or pain on dressing removal;
• cosmesis and effect on scar formation;
• lack of dressing particulate contaminants left in the wound;
• transparency for visualizing the wound.

In 2016, a Cochrane Review examined RCTs comparing standard dressing 
(absorbent gauze) with different interactive dressing (films, hydrocolloids, 
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polyurethane matrix, hydroactive dressing, antimicrobials as silver-containing or 
polyhexamethylene biguanide (PHMB) dressing, topical skin adhesives) [3]. The 
evidence to support that advanced dressings are more advantageous than standard 
dressings and that one dressing is better than others in preventing SSI, is insuffi-
cient. The use of any type of advanced dressing on primarily closed surgical wounds, 
with the aim to prevent infection, can’t be suggested. However, the low quality of 
evidence of RCTs made the strength of the recommendation conditional [2].

National Institute for Health and Care Excellence (NICE) guideline (2019) sug-
gests covering surgical incisions with an appropriate interactive dressing at the end 
of operations [6]. An interactive dressing promotes the healing process through the 
creation and maintenance of a moist environment. Some advanced dressings include 
the term “surgical” in their name: they usually contain long active antimicrobials, 
provide greater absorption than standard gauze (containing a hydrofiber/alginate or 
foam layer) and are designed to stay several days (from 5 to 7 days) on surgical 
wounds, protecting them from trauma and external contamination (Figs. 4.1 and 
4.2). Their borders are made of hydrocolloid or silicone, to minimize surrounding 
skin damage. Some surgical dressings are semi-transparent, to consent surgical 
wound inspection without removing the dressing (Fig. 4.3).

Fig. 4.1 Postsurgical 
dressing: hydrocolloid 
protective and waterproof 
barrier is joined with an 
hydrofiber soft absorbent 
material layer with ionic 
silver, that transforms into 
a gel on contact with 
wound fluid. It can be use 
with a contemporary 
ostomy to protect wound 
from environment 
contamination
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Other outcomes can be evaluated during the choice of different types of advanced 
dressing on surgical wound, as patient comfort and desire for wound coverage, cos-
metic result, reduction of frequency of dressing change, protection from external 
contamination when the wound is near to a stoma. Other items to be considered are 

Fig. 4.2 Postsurgical 
dressing: atraumatic 
conformable contact layer, 
easy to remove without 
damaging the skin, joined 
with flex technology 
absorbent pad that can 
reduce peri-wound 
blistering

Fig. 4.3 Postsurgical 
dressing: waterproof and 
conformable, this 
semi-transparent 
honeycomb dressing 
can manage exudate and 
consents a constant 
monitoring on the wound 
and peri-wound area
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availability and cost of advanced dressings, ease of application and nursing time 
consuming.

Patients’ experiences and feelings about surgical wounds and dressings begin to 
be considered by surgical team too, even if data produced from patient interviews 
need to be supplemented and integrated by further randomized controlled trials 
(RCT) [7].

4.3  Topical Antibiotics and Antiseptics

NICE 2019 guidelines suggest do not use topical antimicrobial agents to reduce the 
risk of surgical site infection, for surgical wounds that are healing by primary inten-
tion [6].

Topical antibiotics use may increase antibiotics resistance, may cause additional 
skin injuries and tend not to be broad spectrum, so they shouldn’t be used routinely 
to prevent SSI (1). A Cochrane Review (2016) has analyzed the role of topical anti-
biotics in the form of ointments, creams, lotions, solutions, gels, tinctures, foams, 
pastes and powders applied with or without a dressing, and impregnated dressings, 
applied after the wound closure by primary intention, with single or multiple appli-
cations in the postoperative period, in reducing SSI. Antibiotics irrigation and wash-
outs, antibiotic-coated sutures, subcutaneous infiltration of antibiotics and any 
topical treatment applied only prior to closure of the wounds were excluded. The 
type of topical antibiotic applied varied: chloramphenicol, neomycin, bacitracin, 
rifamycin, soframycin, fusidic acid and neomycin/bacitracin/polymixin B were 
considered. The selected studies involved clean, clean-contaminated and contami-
nated surgery (class 1 to 3); in clean surgery (class 1) the absolute SSI risk reduction 
is probably smaller, so the instruction for topical antibiotics use is weaker. The 
review concluded that the use of topical antibiotics on surgical wounds, healing by 
primary intention, may reduce the risk of SSI if compared with no antibiotics and 
no topical antiseptics use (moderate quality of evidence) [8]. The relative effects of 
different antibiotics are unclear and definitive data are not available about topical 
antibiotics on adverse outcomes, as allergic contact dermatitis or their impact on 
antibiotic resistance development. Rationalizing the use of antibiotics is important 
in order to reduce the risk of antibiotic resistance and the evidence for use of topical 
antibiotics on surgical close wound is still conflicting. A cost analysis should be 
conducted in further studies, too.

4.4  Prophylactic Negative Pressure Wound Therapy

There is a rapidly emerging literature on the effect of incisional Negative Pressure 
Wound Therapy (iNPWT). The evidence from single-use NPWT device applied on 
closed surgical wound for preventing surgical site events (infection and dehiscence) 
is accumulating [9].

4 Infection in Surgery: How to Manage the Surgical Wound
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Single-use NPWT system is an evolution of standard device: the pump is smaller, 
lighter and more portable and the dressing system is easier to apply and remove and 
less painful, allowing greater utilization [10]. The device is composed of a closed 
sealed system connected to a battery-powered vacuum pump, which maintains a 
level of negative pressure between 75 mmHg and 125 mmHg on the wound surface. 
Exudate can be managed predominantly by evaporation (approximately 80%), 
through a multilayer easy-to-place dressing: the wound contact layer is a perforate 
flexible silicone, bonded to a lower airlock layer and a upper fluid absorption layer 
that delivers negative pressure, removes wound exudate and aids evaporation of 
fluid through the highly breathable film layer [10]; this kind of device is canister- 
free (Fig. 4.4). Another type of device is connected to a multilayer layer dressing, 
peel-and-place or customizable, made of a non-adherent interface layer with silver 
and a foam layer [11]; it is equipped with a small canister (range from 45 to 150 ml) 
(Fig. 4.5). The application time range is between 1 and 14 days. Ideal properties of 

Fig. 4.4 IncisionalNPWT: 
canisterless single- 
use device

Fig. 4.5 IncisionalNPWT: 
single-use device with a 
small canister
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iNPWT system are: single-use/disposable, safe, affordable and cost-effective device, 
from 5 to 14 days use. As far as dressing features they include good adhesivity, 
hypoallergenicity, flexibility, a good range of sizes and shapes and readiness of 
removing without damage to skin. NPWT device should possess an imperfect seal 
or leak detector and low battery indicator [12].

Animal studies and clinical experiences reported that iNPWT can reduce lateral 
tension on incision line (the breaking strengths of wounds is increased), increase 
blood flow [13], decrease oedema (increasing the activity of lymphatic drainage) 
and risk of haematoma and seroma [9–14]. The reduction of collections of blood 
and serum in sub-incisional tissue, may reduce the risk both infection and dehis-
cence of surgical wound and improve the speed, strength and quality of scarring [9]. 
INPWT has also a positive effect on oxygen saturation and tissue perfusion, which 
are both associated with the wound healing process [15].

Incisional NPWT has been used on a variety of different type of closed surgical 
wounds, including abdominal, vascular [16], cardiothoracic, obstetric, orthopaedic, 
plastic/breast and trauma surgery [12]. Even if the clear benefits of standard NPWT 
are described in literature, the evidence for iNPWT compared with standard dress-
ing is still low or very low, due to studies at high risk of bias [17]. Several recent 
studies [18, 19] and a 2019 Cochrane Review claim that the role of iNPWT remains 
uncertain about reduction of incidence of seroma or haematoma, wound dehiscence 
and wound-related readmission to hospital within 30 days [17], even if there is an 
association between NPWT and reduction in SSI rates [13–20], especially in gen-
eral and colorectal surgery [21, 22].

World Health Organization (WHO) global guidelines for the prevention of surgi-
cal site infection (2016) suggest the use of prophylactic NPWT on primarily closed 
surgical incisions only in high-risk wounds, for the purpose of preventing SSI, con-
sidering available resources (2) (conditional recommendation, low quality of evi-
dence), because NPWT devices are expensive and may not to be available in 
low-resources settings.

Incisional NPWT should be considered preoperatively when major patient- 
related risk factors are identified (BMI < 18 or > 40 kg/m2, uncontrolled insulin 
dependent diabetes mellitus, renal dialysis, smoking) or when surgery has a higher 
risk (prolonged surgical time, high perioperative blood loss, hypothermia, reopera-
tion, emergency operation) and/or a higher consequence of surgical site complica-
tions or when patient have two or more other patient-related or procedure-specific 
major or moderate risk factor for SSI [23, 24]. Surgical team can also reconsider 
iNPWT application if risk factors arise during surgery.

Surgical risk calculators were developed to identify high-risk patients basing on 
the results of preoperative assessment (ASA score), surgical wounds classification 
(from clean to dirty-infected) and duration of operation (National Nosocomial 
Infection Surveillance-NNIS, Risk Index) [24]. A limitation of NNIS risk Index 
score is that it does not consider details of different surgical procedures, as far as the 
placement of implant. A risk calculator should be developed for every different 
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surgical speciality and it should be used for preoperative patient education and 
counselling and to identify the required interventions to reduce SSI risk [12]. Some 
calculators may be accessed via internet as www.riskcalc.sts.org by Society of 
Thoracic Surgeons (STS), www.brascore.org by Breast Reconstruction Risk 
Assessment (BRA) Score and www.riskcalculator.facs.org by American College of 
Surgeons (ACS).

When the decision to apply iNPWT is taken preoperatively, the aim and method 
of use of the device can be described to patient or caregiver. During surgery there 
are some tips that must be considered for an effective application of iNPWT:

• Consider placement of incision, ostomy (colostomy, ileostomy, urostomy) and 
surgical drains to accommodate NPWT dressing. The dressing should not be 
placed over drains or wires.

• Ensure drains are placed in a lower position; iNPWT does not replace the need 
for surgical drains were indicated.

• Consider placing of the port and tubing to avoid pressure damage.
• Ensure patient’s skin is dry and hair free before dressing application to reach a 

good adhesion and sealing. In difficult areas gel or hydrocolloid strips may 
be used.

• Apply the dressing under aseptic condition and according to the manufacturer’s 
instruction.

After surgery:

• Inspect the dressing, canister (if present) and power unit regularly.
• Leave the dressing in place for 5–7 days, unless there are concerns about the inci-

sion or dressing change is required. If a dressing changing is required, an aseptic 
technique must be used.

• If surgical wound is closed and dry when the dressing is removed, there is no 
need to reapply iNPWT or any other standard dressing.

• If patient is discharged from hospital with iNPWT dressing, written information 
about NPWT system care and when and how to contact a healthcare professional 
are required [12].

It is necessary to find health economic evidence to show that investing in preven-
tion delivers advantages for patients and healthcare systems. To verify the cost 
effectiveness of iNPWT, the cost analysis can’t be carried out just with a compari-
son with standard dressing unit cost and iNPWT device, but it should be performed 
regarding the SSI treating costs that can be avoided (further dressings, laboratory or 
diagnostic exams, length of hospital stay or readmission rate, antibiotic and analge-
sic drugs, etc.), without considering the human suffering costs, social costs and 
delate in adjuvant therapies in oncological patients. Studies regarding economic and 
organizational sustainability of iNPWT for SSI prevention are in progress [25].
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4.5  Incisional NPWT in High-Risk Surgical Wounds

Incisional NPWT may be considered in high-risk surgical wounds as far as sternoto-
mies or vascular surgical operations (to prevent the risk of wound infection that 
remains a devastating complication, decreasing short-term and long-term survival 
[26, 27]), ventral hernia repair [28] or major limb amputation [29], surgical opera-
tions associated with significant wound complication rates. In general surgery, some 
types of contaminated surgical wound have a high risk of surgical site infection, as 
far as perineal wound in abdominoperineal resection for rectal cancer [30], or in 
reversal of temporary ileostomy [31] or colostomy, or after pilonidal cyst removal. 
The application of surgical technical tips, as a projected incisional wound finalized 
to easier iNPWT application, and the position of a subcutaneous drainage that can 
be cut and covered by iNPWT dressing, could reduce the rates or the severity of 
wound infections (Figs. 4.6, 4.7, 4.8, and 4.9).

4.6  Surgical Wounds Healing by Secondary  
Or Tertiary Intention

When surgical wounds are left open to heal by secondary intention, i.e. abscesses or 
contaminated-dirty wounds or when dehiscence occur, proper and gentle dressings 
are required. Standard gauzes can cause trauma to healthy granulation tissue and 
pain when removed, can leave remnants in wound bed and, if the absorption power 

a b

Fig. 4.6 (a) Perineal wound in abdominoperineal resection for rectal cancer. (b) IncisionalNPWT
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is not sufficient, peri-wound skin damage may occur. Interactive dressing or NPWT 
may be chosen considering the wound bed and the exudate characteristic (quantity 
and density). A surgical wound that is left open with the intent to be closed by ter-
tiary intention, also requires interactive dressing or standard NPWT with foam or 
gauze filler as a bridge to subsequent closure [1].

4.7  Postoperative Care of Surgical Wound

As far as caring for a patient with a postoperative wound, international guidelines 
[3, 4] suggest:
• to avoid unnecessary touching of the postoperative wound site, including by the 

patient;
• don’t touch dressing for at least 48 h after surgery, unless leakage or other com-

plications occur;
• wear gloves if contact with body fluids is anticipated;
• to use aseptic non-touch technique for removing or changing wound dressing 

and for any wound-related procedures;

a b

Fig. 4.7 (a) Colostomy reverse. (b) IncisionalNPWT over subcutaneous drain

Fig. 4.8 IncisionalNPWT: 
major lower limb 
amputation
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• to use sterile saline for wound cleansing up to 48 h after surgery; tap water can 
be used after 48  h. Antiseptic agents are considered unnecessary for general 
wound cleansing, they can be considered in case of infected wound [5].

• to advise patients that they may shower safely 48 h after surgery.

b

c

a

Fig. 4.9 (a) Surgical wound closed by primary intention after pilonidal cyst removal, with subcu-
taneous aspirative drain. (b) Surgical drain cut 1 cm from skin. (c) INPWT applied over surgical 
wound and drain for 7 days
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As far as hands hygiene during postoperative wound care, WHO defines 5 
moments:
 1. Before touching a patient.
 2. Before clean/aseptic procedure, immediately before touching the postoperative 

wound dressing/site:
• 2a before physically examining the postoperative wound site, including 

before taking wound samples for microbiological investigations, if required;
• 2b before touching the wound to remove stitches/clips;
• 2c before preparing the necessary items for replacing the wound dressing;
• 2d before replacing the actual postoperative wound dressing.

 3. After body fluid exposure risk, immediately after any task involving potential 
body fluid exposure:
• 3a after postoperative wound examination/sample collection;
• 3b after removing stitches/clips;
• 3c after undertaking a postoperative wound dressing change.

 4. After touching a patient.
 5. After touching patient surroundings.

4.8  Monitoring Surgical Wounds for Infection After 
Hospital Discharge

As a consequence of the reduction of postoperative hospitalization, the number of 
post-discharge SSI diagnosed continues to rise. A large study in US identified SSI as 
the most common reason for readmission to hospital (19.5%) [12]. The improvement 
of post-discharge surveillance and the development of a high-quality homecare pro-
gramme can contribute to achieve an accurate and efficient system to better measure 
surgical outcomes and to estimate the human, social and financial impact of compli-
cations [32]. To improve the quality of education and discharge instructions, a simple 
leaflet with information for patients regarding surgical wound infection, monitoring 
and symptoms, may be delivered [33]. Patients with suspected SSI may contact the 
hospital, allowing a timely diagnosis. A direct patient contact, with a telephone sur-
vey or questionnaire at 30  days, can be used to collect data prospectively [12]. 
Collecting data may be used to calculate rates of surgical wound infection and to 
improve standard of care. A specialist wound care service should be useful to guar-
antee a structured approach to improve management of surgical wounds [6].
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Guidelines for the Prevention of Surgical 
Site Infections. How to Implement Them

Massimo Sartelli

5.1  Introduction

Healthcare-associated infections (HAIs) are infections that occur while receiving 
health care. Patients with medical devices (central lines, urinary catheters, ventila-
tors) or who undergo surgical procedures are at risk of acquiring HAIs [1, 2]. HAIs 
continue to be a tremendous issue today. Surgical site infections (SSIs) are the most 
common healthcare-associated infections among surgical patients. SSIs remain a 
major clinical problem in terms of morbidity, mortality, length of hospital stay, and 
overall direct and not-direct costs in all regions of the world.

Both the World Health Organization (WHO) [3, 4] and the Centers for Disease 
Control and Prevention (CDC) [5] have published guidelines for the prevention of 
SSIs. However, knowledge, attitude, and awareness of infection prevention and con-
trol (IPC) measures among surgeons are often inadequate and a great gap exists 
between the best evidence and clinical practice with regards to SSIs prevention.

5.2  The Global Guidelines for the Prevention of Surgical 
Site Infections

The 2016 WHO Global guidelines for the prevention of surgical site infections are 
evidence-based including systematic reviews presenting additional information in 
support of actions to improve practice [3, 4]. The guidelines include 13 recommen-
dations for the preoperative period, and 16 for preventing infections during and after 
surgery. They range from simple precautions such as ensuring that patients bathe or 
shower before surgery, appropriate way for surgical teams to clean their hands, 
guidance on when to use prophylactic antibiotics, which disinfectants to use before 
incision, and which sutures to use. The proposed recommendations are as follows:
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• “Strong”—Expert panel was confident that benefits outweighed risks, consid-
ered to be adaptable for implementation in most (if not all) situations, and 
patients should receive intervention as course of action.

• “Conditional”—Expert panel considered that benefits of intervention probably 
outweighed the risks; a more structured decision-making process should be 
undertaken, based on stakeholder consultation and involvement of patients and 
healthcare professionals.

Importantly, the guidelines recommend that antibiotic prophylaxis should be 
used to prevent infections before and during surgery only. Antibiotics should not be 
used after surgery, as is often done. Antibiotic prophylaxis should be administered 
for operative procedures that have a high rate of postoperative surgical site infec-
tion, or when foreign materials are implanted. Antibiotic prophylaxis should be 
administered within 120 min prior to the incision. However, administration of the 
first dose of antibiotics is dependent on its pharmacological characteristics. 
Underlying patient factors may also affect drug disposition (e.g., malnourishment, 
obesity, cachexia, and renal disease with protein loss may result in suboptimal anti-
biotic exposure through increased antibiotic clearance in the presence of normal or 
augmented renal function). Additional antibiotic doses should be administered 
intraoperatively for procedures > 2–4 h (typically where duration exceeds two half- 
lives of the antibiotic). There is no evidence to support the use of postoperative 
antibiotic prophylaxis. The key evidence-based recommendations outlined in these 
guidelines should be adopted by all healthcare staff that care for surgical patients 
throughout all stages of that patient’s surgical care.

5.3  How to Improve Healthcare Workers’ Behavior 
in Preventing SSIs

Despite clear evidence and guidelines to direct SSIs prevention strategies, compli-
ance is uniformly poor and major difficulties arise when introducing evidence and 
clinical guidelines into routine daily practice. Improving practices frequently 
implies modifying healthcare workers’ (HCWs) behavior. There are generally three 
primary levels of influence related to behavior modification and infection control in 
healthcare facilities [6]:

 1. Intrapersonal factors.
 2. Interpersonal factors.
 3. Institutional or organizational factors.

Intrapersonal factors are individual characteristics that influence behavior such 
as knowledge and skills. Knowledge can be taught formally in the classroom and 
informally on the job. Skills are practical tasks, ranging from very simple proce-
dures to complex investigative techniques. Training and development in healthcare 
has historically focused on development of knowledge and competency in skill 
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delivery. However, increasing knowledge and skills alone may not be sufficient to 
effect sustained change especially considering the multifactorial nature of HAIs.

HCWs can be influenced by or are influential in their social environments. 
Behavior is often influenced by peer group pressure. Peer-to-peer role modeling, 
and champions [7] on an interpersonal level have been shown to positively influence 
improvement of best practice in infection control practices. Many practitioners use 
educational materials or didactic continuing medical education sessions to keep up- 
to- date. However, these strategies might not be very effective in changing practice, 
unless education is interactive and continuous, and includes discussion of evidence, 
local consensus, feedback on performance (by peers), making personal and group 
learning plans, etc.

Identifying a local opinion leader to serve as a champion may be important 
because the “champion” may integrate best clinical practices and drive the col-
leagues in changing behaviors, working on a day-to-day basis, and promoting a 
culture in which infection prevention and control is of high importance. Surgeons 
with satisfactory knowledge in surgical infections may provide feedback to the pre-
scribers, integrate the best practices among surgeons and implement change within 
their own sphere of influence interacting directly with IPC team [6].

Organizational obstacles may influence infection prevention and control 
implementation.

The institutional administration should openly support the creation of a multidis-
ciplinary task force within the hospital. By this, it mandates representative members 
of the multidisciplinary institutional team to come together to identify the problem 
and to develop strategies to resolve it, endorses the choices and options taken, and 
mobilizes the hospital resources needed to implement the strategies.

Many different hospital disciplines are typically involved in IPC, making col-
laboration, coordination, communication, teamwork, and efficient care logistics 
essential [8]. IPC teams have been shown to be both clinically effective improving 
patient outcome, and cost-effective providing important cost savings in terms of 
fewer HAIs, reduced length of hospital stay, less antimicrobial resistance and 
decreased costs of treatment for infections. Raising awareness of IPC to stakehold-
ers is a crucial factor in changing behaviors. Probably clinicians are more likely to 
comply with guidelines when they have been involved in developing the recommen-
dations. One way to engage health professionals in guideline development and 
implementation is to translate practice recommendations into a protocol or pathway 
that specifies and coordinates responsibilities and timing for particular actions 
among a multidisciplinary team. There is now a substantial body of evidence that 
effective teamwork in health care contributes to improved quality of care. Leading 
international organizations, such as the WHO [8], acknowledge that collaborative 
practice is essential for achieving a concerted approach to providing care that is 
appropriate to meet the needs of patients, thus optimizing individual health out-
comes and overall service delivery of health care. The use of such approaches rein-
forces the concept that each one brings with them their particular expertise and is 
responsible for their respective contributions to patient care. In this context the 
direct involvement of surgeons may be crucial.
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5.4  Conclusion

The occurrence of HAIs continues to escalate at an alarming rate. However, the 
perception of the phenomenon is not yet sufficiently high both among healthcare 
workers and among patients, thus resulting in a low level of intervention request and 
relative adequate responses.

Guidelines for the prevention of SSIs can support healthcare workers to develop 
or strengthen infection prevention and control programs, with a focus on surgical 
safety, as well as antimicrobial resistance action plans. We recommend that all 
healthcare workers adopt evidence-based recommendations in their clinical practice.

Successful strategies to improve best practice in infection control practices result 
from their multidimensional aspect. Based on behavioral theories and reported 
experiences, multimodal intervention strategies have more chance of success than 
single approaches or promotion programs focusing on one or two elements alone.
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The Infected Mesh: How to Treat it

Ines Rubio-Perez and Estibaliz Alvarez-Peña

6.1  Introduction

Both primary hernia repair and ventral hernia repair are some of the most common 
operations performed by surgeons. In the United States over 350,000 ventral hernia 
repairs are performed each year, with increasing numbers [1]. The repair of the 
defect with a prosthetic mesh has demonstrated to be the most cost-effective treat-
ment. Despite multiple techniques have been historically described for hernia repair, 
mesh reinforcement is now considered the gold standard [2]. However, it implies the 
introduction of a foreign material that must be integrated by the patient’s tissues. In 
ventral hernia repair, this also implies the manipulation of previous scar tissue, as 
the defect is the consequence of a previous operation. The risk of infection in 
abdominal hernia repair seems higher than other clean interventions, with published 
incidence ranging from 1–10%, depending on the type of mesh, surgical technique 
and patient’s characteristics [3].

The use of mesh can lead to a series of complications that have recently been 
classified by the Ventral Hernia Working Group (VHWG) as Surgical Site 
Occurrences (SSO). These include seromas, hematomas, wound dehiscence, mesh 
migration, infection or fistulas [4]. The VHWG proposes a classification of risk fac-
tors that can lead to these SSO in 4 categories, later simplified by Berger et al. [5] in 
3 main risk groups, as can be seen in Table 6.1. Among them, the most relevant is 
surgical infection that can present in up to 1–8% of cases (depending on published 
series). As all surgical infections, they can have an important impact in patient’s 
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quality of life, morbidity and increased costs. As in other prosthetic-related infec-
tions, the presence of mesh can perpetuate the local infection, leading to a pro-
longed treatment, reoperations and even fistulisation and other major complications, 
that can have a great impact on the patient. An important effort must be made in the 
prevention and early treatment of any mesh-related complications to avoid poten-
tially severe consequences.

6.2  Risk Factors for Mesh Infection

There are numerous risk factors for mesh infection that would be the same for any 
surgical infection, but some have been associated specifically with mesh infection 
in recent meta-analyses [3, 6]. A way of classifying them would be as (a) preopera-
tive: mainly patient’s comorbidities and other factors, some of them potentially 
modifiable; (b) intraoperative factors: dependant on surgical technique and inci-
dents during the intervention or on the type of mesh used; and (c) postoperative: 
related to early complications of the wound that can lead to an infection. Some of 
these risk factors for mesh infection are presented in Table 6.2.

One of the main strategies to try and reduce complication rates after ventral her-
nia repair is to act on preoperative factors [3]. In many cases, the operation can be 
performed electively, so patients may be asked by the surgeon for smoking cessa-
tion, weight loss (achievable goals) an exhaustive glycaemic control in case of dia-
betics and the optimization of any other chronic conditions, in order to perform a 
safer operation. These preoperative modifications have shown to have the most 
impact on patient’s outcomes and costs.

Table 6.1 Ventral Hernia Working Group classification of risk based on patient and wound char-
acteristics, and the modified grading system from VHWG (2010) and Berger et al. (2013)

VHWG classification
Grade 1 Grade 2 Grade 3 Grade 4
Low risk Comorbid Potentially 

contaminated
Infected

  •  Low risk of 
complications

  •  No history of 
wound infection

  •  Obesity
  •  Smoking
  •  Diabetes
  •  Immunosuppression

  •  Previous wound 
infection

  •  Presence of 
ostomy

  •  Violation of the 
GI tract

  •  Grossly 
infected mesh

  •  Septic 
dehiscence

Modified VHWG grading system
Grade 1 Grade 2 Grade 3
Low risk Comorbid Contaminated
  •  Low risk of 

complications
  •  No history of 

wound infection

  •  Obesity
  •  Smoking
  •  Diabetes
  •  Immunosuppression
  •  Previous wound 

infection

  A.  Clean-contaminated
  B.  Contaminated
  C.  Active infection
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Another important strategy is to confirm that adequate infection prevention prac-
tices are observed across the entire surgical pathway. It is important to do a correct 
preoperative skin preparation, administer antibiotic prophylaxis and maintain an 
adequate tissue oxygenation and sterile conditions with careful management of 
prosthesis throughout the surgical procedure.

In the postoperative period, unnecessary wound manipulation should be avoided, 
and the patient should be instructed for proper wound care and have an adequate 
support system for follow-up and early detection of complications. All preoperative 
factors (smoking, diabetes, etc.) should continue to be properly controlled after the 
procedure.

A useful tool for risk factor identification and assessment is Carolinas equation 
for the determination of associated risks (CeDAR) [7]. It is available as a smart-
phone application and can help surgeons inform patients appropriately about their 
individualized risk, and institute preoperative interventions (weight loss, smoking 
cessation, etc.). Factors most significantly associated with wound complications are 
preoperative HbA1c >7.2 with an odds ratio (OR) of 2.01, prior hernial repair (OR: 
2.64), enterotomy (OR: 2.65), or an infected surgical field (OR: 2.07).

6.3  Presentation of Mesh Infection

A superficial SSI or wound infection may not (or not yet) involve the underlying 
mesh. If treated timely, contamination of the mesh can be avoided.

The contamination of the mesh may occur:

 1. At the time of surgery (non-sterile conditions, patient’s flora, caregivers).
 2. Secondary hematogenous contamination of a residual fluid collection.
 3. Contiguous contamination (direct extension from an adjacent focus).

Acute presentations happen in the early postoperative period, usually related to 
wound infections or other surgical site occurrences. The infection can present with 

Table 6.2 Classification of risk factors for mesh infection

Preoperative Intraoperative Postoperative
  •  Active smoking
  •  Diabetes (poor glucose 

control)
  •  Obesity
  •  Skin conditions
  •  Reintervention (previous 

scar tissue)
  •  Advanced age
  •  ASA score > 3
  •  Chronic obstructive 

pulmonary disease
  •  Immunosuppression, 

steroids

  •  Type of surgical approach
  •  Increased dissection
  •  Operative time
  •  Emergency operation (vs 

elective)
  •  Grade of contamination
  •  Type of mesh
  •  Concomitant intestinal 

surgery/enterotomy/stoma
  •  Location of mesh (plane of 

placement)

  •  Poor wound 
management

  •  Wound complications, 
including dehiscence

  •  Mesh exposure
  •  Surgical site infection
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the classical signs of tenderness, erythema, warmth or drainage. If a deep SSI occurs 
or there is an undrained collection, systemic symptoms such as fever, chills, mal-
aise, pain and blood test alterations can appear.

In more chronic presentations, the infection can result from an incision that 
doesn’t heal, an open wound with fibrin or chronic discharge or the formation of 
sinuses. Deep prosthetic infections are more frequent in ventral hernias (1–4%) 
compared to inguinal hernias (0–3.5%). In many cases, infection can present 
remotely from the initial operation site. Up to 50% of cases can present after 
6 months of the operation, and even one third of infections can present >1 year after 
the operation [8].

Considering the surgical approach, minimally invasive techniques have shown a 
lower rate of infection when compared to open (3.6% vs 10%) in published litera-
ture. However, this must be considered with caution, as there can be complications 
of laparoscopic repairs that have late presentations or are not detected by examina-
tion (deep collections) and only visualized by imaging. Imaging techniques such as 
Ultrasound and CT tomography may be essential to study deep set fluid collections 
and their relationship with the mesh, rule out intra-abdominal complications or fis-
tulas and help to plan the best treatment approach [9].

6.4  Biofilm

The pathogenesis of mesh infection can be a complex process. Apart from the 
patient’s risk factors that can facilitate infections, there are other important factors 
such as virulence of the infective bacterial species, biomechanical and chemical 
properties of the mesh itself and host-pathogen interactions. Biofilms are one of the 
great concerns regarding mesh infections [10].

Biofilms develop rapidly, in just hours. Free unattached bacteria reach a surface 
(the mesh) where they attach and start growing in a single layer. If they are not 
eradicated by antibiotics or the host’s immune system, they continue growing into a 
colony, where bacteria secrete extracellular polymeric substances and create a gel-
like protective barrier around them, becoming inaccessible for antibiotics or host’s 
immune cells (Fig. 6.1). Staphylococcus aureus and Enterobacteriaceae are some 

Bacteria

Mesh

Colonization &
Surface growth Single-layer growth microcolony

Biofilm

Fig. 6.1 Process of biofilm formation
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of the most common bacteria found in mesh infections, and some have the capacity 
of producing biofilms [11].

Early antibiotics and mechanical scrubbing or irrigation to remove the biofilm 
are both important treatment strategies when the mesh is infected.

6.5  Types of Mesh and Infection Rates

Different types of prosthetic mesh are used for repairing hernias, the selection of 
which depends on the size and characteristics of the hernia, surgical technique and 
approach (open or laparoscopic). To date, there is no gold standard or “ideal” 
mesh [12].

Amid [13] proposed a classification of abdominal wall prosthetic mesh into four 
categories:

• Type I: Macroporous (Prolene).
• Type II: Microporous (expanded PTFE).
• Type III: Macro-microporous woven (Mersilene).
• Type IV: Impermeable (Silastic).

Synthetic meshes (usually polypropylene) are the most commonly used meshes: 
they are easily handled, cost-effective and usually well tolerated, but being com-
pletely prosthetic they can be contaminated and lead to chronic infections. The pos-
sibilities of salvaging a mesh are very different depending on material, porosity and 
structure. Pore size plays a major role in the integration of the prosthesis. 
Macroporous meshes allow for fibroblast migration and host defences to act if bac-
teria contaminate the mesh. Woven fibres or braided sutures may favour bacterial 
colonization. PTFE meshes have the highest reported infection rates (up to 10%) in 
published series [14]. Biological meshes can increase costs and have less favourable 
long-term results regarding hernia recurrence, but they have the benefit of a better 
tissue integration and a higher resistance to infections. Type II (microporous) 
meshes allow bacteria to penetrate the pores, but the host’s macrophages cannot 
penetrate to dislodge them. Bacteria can nest in woven fibre meshes and remain 
inaccessible to the host’s defences; this would also apply for braided suture material 
used for mesh fixation [8].

Mesh placement is also important: the more superficial (onlay) the mesh is 
located, the higher risk of infection.

Figure 6.2 shows different examples of mesh complications.

6.6  Treatment Options for the Infected Mesh

There are no clear guidelines on the management of infected mesh. Some studies 
have reported success of mesh salvage in selected cases, by using debridement and 
Negative Pressure Wound Therapy (NPWT). In other cases, complete mesh removal 
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seems the only curative option, with the open question of when to perform repair 
(immediate or staged) [15].

Figure 6.3 shows a proposal for a treatment algorithm for mesh infection 
management.

6.7  Mesh Excision

There are some cases of acute infection where the mesh detaches completely from 
the surrounding tissue with abundant suppuration, as there has not been time for 
integration (for example in Type II or III meshes) and removal is easily performed. 
However, the most common scenario is a chronic infection where the mesh is par-
tially integrated and only some of it is exposed or conditions persistent suppuration 
of a wound. Chronic sinuses or wounds with intermittent suppuration and fibrosis 
can be challenging and difficult to manage [8].

Surgical removal of the mesh involves opening the previous incision (or else-
where in the abdomen), followed by extirpation of the mesh and any fixations 
(sutures, tacks, etc.) trying to respect as much tissue as possible to avoid a big 

a b

c d

Fig. 6.2 Different examples of mesh-related complications: (a) chronic granulating open wound 
in an obese patient (mesh at the bottom), (b) rejected and completely detached mesh protruding 
from surgical wound, (c) surgical field after debridement of infected wound, partially integrated 
large-pore mesh, (d) NPWT treatment of partially opened wound after evacuation of hematoma
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defect. In some cases, where the mesh is partially exposed in a determined area but 
the rest of the wound seems established, a partial removal can be attempted, fol-
lowed by adequate wound care. The worst-case scenario is when the infection 
affects a large area and the whole mesh must be explanted, including the already 
established fibrosis with the tissues and conditioning a large abdominal wall defect 
that must be repaired.

In some cases, after the mesh removal, liberation of surrounding tissue, fascial 
release or component separation can suffice to achieve closure of the fascia. This 
repair might be enough to avoid recurrence. In other cases, a staged approach, with 
a new repair after 6–9 months is necessary. If the mesh explant is not followed by 
any repair, recurrence rate may be as high as 23% for ventral hernias [16].

The removed mesh might be replaced by a synthetic or biologic mesh. In a study 
by Birolini et al. [17] explanted polypropylene (PP) meshes were replaced with a 
new one, also PP. Despite being a small series of only 41 patients and the onlay 
position of the mesh, short-term results showed around 20% of infections that could 
mostly be managed conservatively and 95% of patients were considered cured from 
the chronic infection in a 74 months follow-up.

Finally, the use of biologic mesh, considering its resistance to infection has been 
advocated. There is evidence supporting that bridging of the defect is the one factor 
significantly associated with hernia recurrence [18]. Despite previous recommenda-
tions of the possibility of biologic meshes for immediate repair in infected or con-
taminated fields, recent findings are controversial. In a recent meta-analysis by 
Atema et al. [19] evaluating the repair of potentially contaminated and contami-
nated abdominal wall defects, biologic mesh repair of contaminated defects showed 

SSO or Surgical
infection

Early treatment to
avoid mesh
involvement

SSI controlled
No mesh infection

Open wound care,
NPWT, other

options

Failure

Mesh removal and
delayed repair (if

hernia recurrence)

Single stage approach:
mesh removal and

new repair

Deep SSI or mesh
involvement

Mesh removal
(partial/total)

Conservative
treatment

Failure

Fig. 6.3 Proposal for a treatment algorithm for mesh infection management
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considerable higher rates of surgical site complication rates and a hernia recurrence 
rate of 30%. There was only one study on the use of synthetic mesh on contaminated 
fields, so conclusions cannot be drawn yet, as quality evidence is limited.

An interesting proposal for a partial and controlled mesh excision in case of 
infections with a chronic sinus or fistula tract was proposed by Boullenois et al. 
[20]. Indigo-carmine blue is injected in the fistula tract with a small catheter, and an 
oval incision is made, following the coloured areas until the mesh is reached. A 
“blue-ectomy” is performed, removing all the mesh stained blue, and leaving the 
rest in place (already embedded). If an underlying intestinal fistula is found, resec-
tion and repair are mandatory. The remaining abdominal wall can be either closed 
primarily, repaired with Vicryl mesh and interrupted sutures (placed retromuscu-
larly) and a NPWT device is used for second-intention wound healing.

6.8  Mesh Salvage

Conservative management of mesh infection can consist of different approaches:

 1. Percutaneous drainage of pus/fluid collections.
 2. Drainage and instillation of saline and/or antiseptics.
 3. Opening of the wound with local debridement and wound dressings.
 4. Application of different NPWT devices (foam of sponge).

The studies reporting mesh salvage are limited and usually include a small num-
ber of patients. In a recent systematic review by Shubinets et al. [21] reporting stud-
ies on mesh salvage, limited conclusions could be obtained. Overall, polypropylene 
or other synthetic or composite meshes were more likely to be salvaged than PTFE 
meshes. Also, partially absorbed or incorporated meshes seemed to respond better 
(Greenberg 2010; [22]), and limited infections could be better controlled than 
meshes that were completely infected (Paton 2007; [23]). Berrevoet et al. [24], in a 
prospective observational study of 63 patients treated with NPWT for superficial 
and deep mesh infections after ventral hernia repair, reported that all meshes in the 
retromuscular mesh group were salvaged with a median of five dressing changes. 
Intraperitoneal meshes needed complete or partial excision in three cases. Mean 
duration to complete wound closure was 44 days.

Novel NPWT instillation systems and the development of new sponges and 
foams have proven to be effective in the management of contaminated wounds in 
other settings, including some preliminary studies with mesh infections, so could be 
a promising option for infected mesh treatment in the near future [25].

Successful prosthetic salvage also depends on an adequate management of the 
wound by specialized personnel, with adequate dressing changes and strict follow-
 up that can be time consuming and long to achieve, requiring patience from both the 
patient and the medical and nursing team.
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6.9  Intestinal Fistulas

Mesh infection can affect deep tissues and result in a communication with the peri-
toneal cavity. Infection or the mesh itself can erode viscera and increase complica-
tions. Also, partial mesh removal and repeated manipulation and dressings of the 
wound can lead to a weakened abdominal wall, contact with the bowel and eventu-
ally fistula formation. Early diagnosis is essential to achieve a good control of the 
infection and avoid the involvement of bowel. Also, management of these complex 
wounds must be performed by a specialist team and trained surgical nurses to avoid 
complications. An underlying undetected fistula can also be the cause of a chronic 
infection, and diagnostic investigation or imaging should be performed accordingly 
to rule out this complication. If an intestinal fistula is diagnosed, treatment should 
be performed by specialized surgeons and abdominal wall reconstruction together 
with the fistula repair might be feasible in one stage [26].

Figure 6.4 shows a chronic PTFE mesh infection and rejection secondary to an 
undetected underlying intestinal fistula.

a b

c d

Fig. 6.4 Chronic PTFE mesh infection and rejection secondary to an undetected underlying intes-
tinal fistula: (a) exposed mesh with chronic suppuration, (b) surgical removal of exposed mesh, (c) 
removed mesh, (d) underlying intestinal fistula
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Hospital-Acquired Pneumonia 
and Ventilator-Associated Pneumonia

Massimo Sartelli

7.1  Introduction

Nosocomial pneumonia is the second most common nosocomial infection and the 
leading cause of death from nosocomial infections in critically ill patients. Its inci-
dence ranges from 5 to more than 20 cases per 1000 hospital admissions [1]. 
Approximately one-third of nosocomial pneumonia cases, with the majority being 
VAP, are acquired in the Intensive care unit (ICU). US epidemiological studies 
report an incidence of VAP of 2–16 episodes per 1000 ventilator-days [2].

In recent years, two different sets of guidelines for the management of hospital- 
acquired pneumonia (HAP) and ventilator-associated pneumonia (VAP) were pub-
lished: 2016 Clinical Practice Guidelines by the Infectious Diseases Society of 
America (IDSA) and the American Thoracic Society (ATS) [3] and 2017 Guidelines 
of the European Respiratory Society (ERS), European Society of Intensive Care 
Medicine (ESICM), European Society of Clinical Microbiology and Infectious 
Diseases (ESCMID) and Asociación Latinoamericana del Tórax (ALAT) [4].

Nosocomial pneumonias are generally classified into hospital-acquired pneumo-
nia (HAP) and ventilator-associated pneumonia (VAP).

Hospital-acquired pneumonia (HAP) is defined as pneumonia occurring at least 
48  h after hospital admission, excluding any infection incubating at the time of 
admission.

Ventilator-associated pneumonia (VAP) is defined as a pneumonia occurring in 
patients under mechanical ventilation for at least 48 h. It is a frequent issue in inten-
sive care units, with a great impact on morbidity, mortality, and cost of care. Treating 
VAP is a difficult task, as initial antibiotics have to be appropriate and prompt.

The term healthcare-associated pneumonia (HCAP) was included in the previous 
guidelines to identify patients coming from community settings at risk for multidrug- 
resistant (MDR) bacteria. HCAP referred to pneumonia acquired in healthcare 
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facilities including nursing homes, hemodialysis centers and outpatient clinics or 
acquired in patients with previous hospitalization within the past 90 days. However, 
HCAP was not included in recent guidelines because there is increasing evidence 
that etiology in HCAP patients is similar to that of community-acquired pneumonia 
and that many patients with HCAP are not at high risk for multidrug-resistant 
(MDR) bacteria with the highest rates in immunocompromised, surgical, and elderly 
patients [3, 4].

7.2  Risk Factors

The pathogenesis of nosocomial pneumonia is multifactorial [5]. The concomitant 
illnesses of hospitalized patients may be a risk for nosocomial infections. in hospi-
talized patients, alterations in immune function make patients more susceptible to 
invasive infections that would not occur in healthy individuals. Many hospitalized 
patients are in poor nutritional status, increasing their risk of infection. Severe ill-
ness and hemodynamic compromise are associated with increased rates of nosoco-
mial pneumonia. Aspiration of oropharyngeal secretions may play a significant role 
in the development of nosocomial pneumonia. In hospitalized patients, the combi-
nation of altered immune function, impaired mucocilliary clearance of the respira-
tory tract, and oropharynx colonization by enteric gram-negative pathogens make 
aspiration an important contributor to pneumonia. Moreover, supine positioning 
contributes greatly to the aspiration risk.

Risk factors are also prolonged hospital length of stay, cigarette smoking, 
increasing age, uremia, alcohol consumption, coma, major surgery, malnutrition, 
multiple organ-system failure, and neutropenia. Importantly, the use of stress ulcer 
prophylaxis, such as proton pump inhibitors commonly used in critically ill patients, 
is associated with risk of nosocomial pneumonia. Finally, foreign bodies, such as 
endotracheal and nasogastric tubes, may provide a source for further colonization 
allowing migration of pathogens to the lower respiratory. Specifically, the endotra-
cheal tube is a foreign body that forms a direct conduit from the heavily colonized 
oropharynx to the normally sterile trachea. The presence of an endotracheal tube 
allows biofilm formation and promotes entrapment and adherence of bacteria to the 
biofilm, where antibiotics are not able to penetrate.

7.3  Diagnosis

The method of establishing the diagnosis of HAP remains controversial and no 
method has emerged as the gold standard.

The Centers for Disease Control and Prevention and the National Healthcare 
Safety Network have developed criteria for the diagnosis of nosocomial pneumonia, 
taking into account clinical factors, such as fever and leukocytosis, as well as radio-
logical criteria, including persistent new findings on chest radiograph [5, 6].
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7.3.1  Radiology

Two or more serial chest radiographs with at least one of the following:

New or progressive and persistent infiltrate.
Consolidation.
Cavitation.

7.3.2  Signs/Symptoms/Laboratory

At least one of the following:

• Fever (>38C or > 100.4F) with no other recognized cause.
• Leukopenia (<4000 white blood cell count per microliter [WBC/mL] or 

leukocytosis).
• (>12,000 WBC/mL).
• For adults 70  years old or older, mental status changes with no other recog-

nized cause.

And at least two of the following:

• New onset of purulent sputum, or change in character of sputum, or increased 
respiratory.

• Secretions, or increased suctioning requirements.
• New onset or worsening cough, or dyspnea, or tachycardia.
• Rales or bronchial breath sounds.
• Worsening gas exchange (PaO2/fraction of inspired oxygen [FIO2] %240), 

increased oxygen.
• Requirements, or increased ventilation demand.

In clinical practice, it is difficult to determine the likelihood of pneumonia, and 
antibiotics are frequently used when pneumonia is not present. These results call 
into question the physician’s ability to diagnose pneumonia based solely on clinical 
findings. The Clinical Pulmonary Infection Score (CPIS) was developed by Pugin 
et al. [7, 8] to help quantify clinical findings and minimize either the initiation of 
antibiotic therapy or to influence its duration.

CPIS scoring was based on measurement of six clinical parameters: 
Temperature, total leucocyte count, quality of tracheal aspirate, oxygenation, 
radiographic findings, and semiquantitative culture of the tracheal aspirate. Point 
values are assigned to each criteria and a sum is calculated. Traditionally, a thresh-
old score of more than six has been used to diagnose pneumonia. Obtaining cul-
tures of respiratory secretions and blood cultures from all patients with suspected 
HAP or VAP in order to guide antibiotic treatment are always recommended. 
Noninvasive techniques such as endotracheal aspiration can be done more rapidly 
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than invasive sampling, with fewer complications and resources, however may led 
to an over-identification of bacteria by initial direct examination of samples. 
Invasive bronchoscopic techniques such as bronchoalveolar lavage (BAL) or pro-
tected specimen brush (PSB) require the participation of qualified clinicians, may 
compromise gas exchange during the procedure and may be associated with 
higher direct costs.

Microbiology can be confirmed by both semiquantitative culture results [4] (with 
growth of microorganism(s) reported as light/few, moderate, or abundant/many) 
and quantitative culture results [5] (growth thresholds considered significant at 103 
colony-forming units [CFU]/mL for PSB or 104 CFU/mL for BAL). However, there 
is no still consensus in the clinical microbiology community as to whether these 
specimens should be cultured quantitatively, using the aforementioned designated 
bacterial cell count to designate infection, or by a semiquantitative approach.

7.4  Antibiotic Therapy

The most important factor influencing the mortality of HAP is prompt and adequate 
empiric treatment. Multiple studies have demonstrated that delays in appropriate 
antibiotic therapy are associated with increased mortality.

Once HAP or VAP is suspected clinically, antibiotic therapy should be started. In 
patients with sepsis or septic shock, antibiotics should be started as soon as possible 
(within 1 h).

Delaying empiric antibiotic treatment and failing to give an appropriate regimen 
are both associated with higher mortality rates.

Choice of a specific regimen for empiric therapy should be based on:

• Patient’s clinical conditions,
• Knowledge of the prevailing pathogens within the healthcare setting, and,
• The individual patient’s risk factors for multidrug resistance.

Knowledge of the predominant bacteria, and particularly their susceptibility pat-
terns, should greatly impact the choice of empiric therapy. Awareness and knowl-
edge of local resistance patterns is critical to decide empiric antibiotic therapy for 
HAP and VAP.

A narrow-spectrum empiric antibiotic therapy with activity against non-resistant 
gram-negative and methicillin-sensitive S. aureus (MSSA) is suggested in low risk 
patients and early-onset HAP/VAP. Low risk patients are those who present HAP/
VAP without septic shock, with no other risk factors for MDR bacteria and those 
who are not in hospitals with a high background rate of resistant pathogens.

Conversely, broader-spectrum initial empiric therapy covering resistant gram- 
negative bacteria and include antibiotic coverage for MRSA is suggested in high- 
risk patients. High-risk patients are those with septic shock and/or who have the 
following risk factors for potentially resistant bacteria including hospital settings 
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with high rates of MDR bacteria, previous antibiotic use, recent prolonged hospital 
stay, and previous colonization with MDR bacteria.

The traditional intermittent dosing of each agent for VAP may be replaced with 
prolonged infusions of certain beta-lactam antibiotics to optimize pharmacokinetic/
pharmacodynamic principles, especially in critically ill patients with infections 
caused by gram-negative bacilli and overall for those patients with infections caused 
by gram-negative bacilli that have elevated but susceptible MICs to the chosen agent.

Longer treatment course increases the risks of both Clostridium difficile infec-
tions and antimicrobial resistance. A 7–8 day course of antibiotic therapy in patients 
with HAP/VAP without immunodeficiency, cystic fibrosis, empyema, lung abscess, 
cavitation, or necrotizing pneumonia and with a good clinical response to therapy is 
generally suggested. In these patients prolonged regimens do not improve patients’ 
outcome.

7.5  Conclusions

Hospital-acquired pneumonia (HAP) is an infection of the pulmonary parenchyma 
caused by pathogens that are present in hospital settings. It develops in patients 
admitted to the hospital for >48 h. Ventilator-associated pneumonia (VAP) develops 
in intensive care unit (ICU) patients who have been mechanically ventilated for at 
least 48 h.

HAP and, most prominently, VAP increase duration of hospitalization and 
healthcare costs.

To best prevent and treat HAP and VAP, it is important to have an understanding 
of the risk factors and pathophysiology causing them and to know the varying diag-
nostic and treatment regimens leading to improvements in patient care and outcomes.
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8.1  Background

Urinary tract infections (UTI) are one of the most common hospital-acquired 
infections (HAI), representing up to 40% of all HAIs. Seventy–80% of these 
infections are attributable to an indwelling urethral catheter and as many as 95% 
of UTI in intensive care units (ICU) are associated with catheters [1–3]. In 2011, 
there were an estimated 93,000 cases of CAUTI in US acute care hospitals [3]. 
CAUTIs can lead to more serious complications such as sepsis and endocarditis, 
and it is estimated that over 13,000 deaths each year are associated with health-
care-associated UTI [4].

The Centers for Disease Control and Prevention defines CAUTI as an UTI that 
develops in a patient who had an indwelling catheter in place at the time of infection 
onset or within 48 h before [5]. An indwelling catheter is specifically defined as a 
drainage tube inserted into the urinary bladder through the urethra, left in place, and 
connected to a closed collection system. As such, it excludes straight catheters, 
suprapubic catheters, nephrostomy tubes, and condom catheters. In addition to 
infection, catheter use is associated with nonbacterial urethral inflammation, ure-
thral strictures, mechanical trauma, and mobility impairment. Genitourinary trauma 
events are reported to occur in 1.5% of catheter days [6].

The estimated rates of CAUTI vary by service: in an analysis of 15 hospitals in 
the Duke Infection Control Outreach Network, the rates were 1.83 per 1000 catheter 
days for patients in intensive care, compared with 1.55 per 1000 catheter days for 
other patients [7].

Specifically among surgical patients, rates of UTI range from 1.8% to 4.1% 
based on surgery type, and development of UTI has been associated with increased 
duration of hospital stay, increased incidence of surgical site infections, increased 
incidence of prosthetic infections, and increased mortality [8].

The risk of UTI with catheterization varies only slightly by catheter type but no 
study showed a statistically significative difference [9].

CAUTI are associated with increased morbidity, mortality, and costs. Hospital- 
associated bloodstream infection from a urinary source has a case fatality of 32.8%. 
Risk factors for developing hospital-acquired urinary tract–related bloodstream 
infection include neutropenia, renal disease, and male sex [10].

Each episode of CAUTI is estimated to cost $600; if associated with a blood-
stream infection, costs increase to $2800. Nationally, CAUTIs result in an estimated 
$131 million annual excess medical costs in US [11].

An estimated 17% to 69% of CAUTI may be preventable with recommended 
infection control measures, which means that up to 380,000 infections and 9000 
deaths related to CAUTI per year could be prevented and prevention has become a 
priority [11].

The most important risk factor for CAUTI is the prolonged use of the urinary 
catheter as summarized in Table 8.1. Reducing unnecessary catheter placement and 
minimizing the duration the catheter remains in situ are the primary strategies for 
CAUTI prevention (Table  8.2). Additional risk factors include female sex, older 
age, and not maintaining a closed drainage system.
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8.1.1  Key Points of the Problem

• Approximately 20% of patients have a urinary catheter placed at some time dur-
ing their hospital stay, especially in ICUs, in long-term care facilities, and 
increasingly in home care settings [1].

• The daily risk of acquisition of bacteriuria varies from 3% to 10% when 
an indwelling urethral catheter remains in situ, approaching 100% after 
30 days, which marks also the definition between short and long-term 
catheterization.

• Approximately 10–25% patients with bacteriuria progresses to symptomatic 
UTI and 1–4% develops urosepsis [12].

• Every single episode of catheterization in hospitalized patients represents a risk 
for CAUTI with high costs for health care systems.

• Inappropriate treatment of catheter-associated asymptomatic bacteriuria pro-
motes antimicrobial resistance and Clostridium difficile infection in acute care 
facilities.

8.1.2  Definitions

UTIs are classified as:

• Lower that is UTI confined to the bladder;
• Upper that is pyelonephritis;
• Uncomplicated when UTI occurs in a normal host who has no structural or func-

tional abnormalities, not pregnant, or who has not been instrumented (for exam-
ple, with a catheter).

• Complicated is UTI that occurs in a host with predisposing conditions such as a 
catheter, regardless of the presenting clinical features or severity of illness. There 
is a wide spectrum of conditions represented in patients with complicated UTI, 

Table 8.1 Simple main 
statements to prevent 
catheter-associated urinary 
tract infections

Simple main statements to prevent catheter-associated urinary 
tract infections
Sterile catheter insertion
Avoid unnecessary urinary catheters
Maintain urinary catheters based on recommended guidelines
Minimal duration of catheter placement

Table 8.2 Risk factors for catheter-associated urinary tract infections (CAUTI)

Risk factors for CAUTI modifiable Risk factors for CAUTI non-modifiable
Duration of catheterization Female sex
Non-aseptic catheter care Aged>50
Lower professional training of inserter Diabetes mellitus
Catheter insertion outside operating room Serum creatinine >2 mg/dL

Severe underlying disease
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including those with CAUTI, such as simple cystitis, pyelonephritis, pyelone-
phritis with abscess, prostatitis, and bacteremia [13].

8.2  Etiology, Microbiology, and Pathogenesis of CAUTIs

UTI develops from bacteriuria. In patients with indwelling urinary catheter or in 
patients with a recent history of urinary catheterization, the catheter represents the 
most common route of access for pathogens into the bladder [13].

The incidence of febrile UTI and bacteremia is relatively low since colonization 
of urethral catheters is caused mainly by less virulent organisms and a non-
obstructed catheter effectively drains the infection [14].

The bacterial spectrum reflects the locally prevailing flora (e.g., community, hos-
pital). Most microorganisms causing CAUTIs are from the endogenous microbiota 
of the perineum, that ascend the urethra along the external surface of the catheter. A 
smaller proportion of microorganisms (34%) come from the intraluminal contami-
nation of the collection system from exogenous sources, such as frequently the 
health care personnel’s hands [15].

Biofilm formation (that is a rapid process taking 1–3 days from contamination) 
is the first step for development of bacteriuria. Standard latex urinary catheters 
display a high propensity for biofilm formation owing to a favorable mix of hydro-
phobic and hydrophilic surface regions that allow for microorganisms’ attachment. 
Biofilms are a dynamic collection of microbial organisms with continuing turnover 
that organize in a polysaccharide matrix on the extraluminal or intraluminal sur-
face of the catheter. Patients continue to acquire new organisms at a rate of about 
3–7% per day; up to 66% of extraluminal biofilms originate from the bacteria on 
the surrounding tissues in particular from gastrointestinal tract. Formation of bio-
films on the intraluminal surface of the catheter occurs mainly through contamina-
tion of the closed-system urine collection bag, in fact pathogens identified on the 
intraluminal surface are often the same identified on the hands of health care per-
sonnel [16]. Over time, the urinary catheter becomes colonized with microorgan-
isms living in a sessile state within the biofilm, rendering them resistant to 
antimicrobials and host defenses and virtually impossible to eradicate without 
removing the catheter [17].

The most frequent pathogens associated with CAUTI in hospitals reporting to 
National Healthcare Safety Network (NHSN) between 2006 and 2007 were E. coli 
(21.4%) and Candida spp. (21.0%), followed by Enterococcus spp. (14.9%), 
P. aeruginosa (10.0%), K. pneumoniae (7.7%), and Enterobacter spp. (4.1%), and 
Acinetobacter baumannii (1.2%). A smaller proportion was caused by other gram- 
negative bacteria and Staphylococcus spp. Moreover at one US tertiary care aca-
demic center, Enterococcus spp. (28.4%) and Candida spp. (19.7%) were reported 
to be the most common pathogens [18–20].

The persistence of E. coli in the urinary tract is related to the presence of Type 1 
pili, an adhesin for uroepithelium as well as the Tamm–Horsfall protein [21]. 
Enterococcus faecalis and Enterococcus faecium are among the leading causes of 
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hospital-acquired UTIs. Many enterococcal isolates can produce biofilms. Catheter 
implantation results in bladder inflammation and fibrinogen release and accumula-
tion onto the catheter. E. faecalis takes advantage of the presence of fibrinogen and 
uses it as a resource through the production of proteases [22].

P. mirabilis is an organism of unique importance for CAUTIs. It is not typical in 
patients undergoing short-term catheterization, however the longer a catheter is in 
place the more likely P. mirabilis will be present. It was found in about 40% of urine 
samples collected from patients with chronic indwelling catheters. P. mirabilis has 
a strong biofilm forming activity compared to other uropathogens, and it is also a 
very potent urease producer. It hydrolyzes urea several times faster than other patho-
gens with urease activity. Organisms producing urease may cause a crystalline bio-
film, which is similar to struvite stones, and it is associated with catheter encrustation 
and obstruction. Other urease producing species include P. aeruginosa, K. pneu-
moniae, Morganella morganii, other Proteus species, some Providencia spp. and 
some strains of Staphylococcus aureus and coagulase negative staphylococci 
[22–26].

Patients with urinary catheter also have an increased risk of UTI due to 
Pseudomonas spp. that is an opportunistic human pathogen, causing infections 
through biofilm formation on the surface of indwelling catheters. It uses a distinct 
mechanism to form biofilms, independent of exopolysaccharides during 
CAUTIs [27].

Another organism gram-negative bacillus involved in CAUTI is Providencia stu-
artii [25] and Acinetobacter Baumannii. Outbreaks of Acinetobacter urinary infec-
tions typically occur in healthcare settings treating very ill patients and rarely occur 
outside [22, 23].

Candiduria develops in 3–32% of patients with short-term catheterization. In 
case of long-term catheterization the reported incidence of candiduria was 
17% [20].

Candida albicans with a growing incidence of C glabrata and C tropicalis readily 
causes a clinical UTI via the hematogenous route, but it can also cause ascending infec-
tion if an indwelling catheter is present, or after a long-term antibiotic therapy [18].

8.3  Clinical Features and Diagnosis of CAUTI

Patients presenting CAUTI can be symptomatic or bacteremic asymptomatic.
Diagnosis of symptomatic UTI requires both the presence of symptoms and pos-

itive urine culture that is obtained either while the indwelling catheter is in place or 
within 48 h of catheter removal [10, 15].

CAUTI is defined by the presence of symptoms or signs compatible with UTI, 
with no other identified source of infection, along with ~103 CFU/mL of ~1 bacte-
rial species in a single catheter urine specimen or in a midstream voided urine speci-
men or a urine culture between 103 and 105 CFU/mL with a positive urinalysis 
(positive urinalysis includes the presence of nitrates, leukoesterases, pyuria, or 
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microorganisms on gram stain) from a patient whose urethral, suprapubic, or con-
dom catheter has been removed within the previous 48 h [28].

Symptoms considered signs of UTI are: fever, suprapubic tenderness, or costo-
vertebral angle tenderness and systemic symptoms such as altered mentation, hypo-
tension, or evidence of a systemic inflammatory response syndrome, when they are 
not attributable to another source. In patients with catheter removal in the previous 
48 h, the presence of dysuria, urgency, and urinary frequency are considered clinical 
signs of UTI [12–18].

Diagnosis of asymptomatic catheter-associated bacteriuria and candiduria are 
defined as a urine culture of at least 108 colony forming units (CFU)/L and 106 
CFU/L, respectively, of an identified microorganism(s) in the absence of signs and 
symptoms of UTI and a positive blood culture with at least one matching uropatho-
gen to the urine culture [12–18].

Patients affected by pyelonephritis may complain nonspecific symptoms such as 
malaise, fever, flank pain, anorexia, altered mental status, and signs of sepsis 
[12–18].

Biochemical tests, such as urinary dipstick testing for nitrite and leukocyte ester-
ase, can be performed quickly at the point-of-care with little cost. However, several 
factors affect the reliability and validity of these tests including the patient’s intake 
of certain substances, urine color, the type of catheter materials used, and the strain 
of microorganism present in the urine [12–18].

Microbiological tests, such as quantitative urine culture, are considered to be the 
“gold standard” for determining significant bacteriuria. However, the diagnostic cut-
point for significant bacteriuria remains unclear and can vary between populations 
[12–18]. Culture specimens from the urine bag should not be obtained. It is recom-
mended to obtain urine specimens through the catheter port using aseptic technique 
or, if a port is not present, puncturing the catheter tubing with a needle and syringe in 
patients with short-term catheterization. In long-term indwelling catheterization, the 
ideal method of obtaining urine for culture is to replace the catheter and collect the 
specimen from the freshly placed catheter. In a symptomatic patient, this should be 
done immediately prior to initiating antimicrobial therapy. Urine sample can be col-
lected from suprapubic puncture also. Biofilm can be cultured directly from the cath-
eter by a swab [12–18].

8.4  Management of CAUTIs

The aim of the antibiotic treatment in CAUTI is:

• The resolution of symptoms;
• The achievement of microbiological eradication;
• The prevention of microbiological relapse or reinfection.

The increasing antimicrobial resistance against different antimicrobials is an 
alarming problem with urinary pathogens. Chronic indwelling catheters are an 

B. De Simone et al.



79

important reservoir of different multiresistant gram-negative organisms, such as 
extended-spectrum beta-lactamase (ESBL) producing Enterobacteriaceae or car-
bapenem-resistant Enterobacteriaceae (CRE). As a consequence microorganisms 
may become almost impossible to eradicate and removing the catheter is the first 
step of treatment. While the catheter remains in situ, the spectrum of free- floating 
microorganisms and bacteria in the biofilms shows a dynamic turnover [29].

An early infection after short-term catheter placement (<1 month) is commonly 
asymptomatic and characterized by a monocolonization with the most frequently 
occurring bacteria such as E. coli, Pseudomonas aeruginosa, Klebsiella pneu-
moniae, Proteus mirabilis, Staphylococcus epidermidis, Enterococcus spp. and 
Candida spp.; it may be polymicrobial in up to 15% of case.

In long-term catheterized patients, polymicrobial bacteriuria occurs in up to 95% 
of the cases, with usually 3–5 isolated organisms: the commonest isolated bacteria 
is E. coli; associated with Providencia stuartii, Pseudomonas, Proteus, Morganella 
and Acinetobacter, Enterococcus, and Candida spp. [30–33].

In the annual summary of data reported to the National Healthcare Safety Network 
at the Centres for Disease Control and Prevention (2006–2007), 24.8% of E. coli 
isolates and 33.8% of P. aeruginosa isolates from CAUTIs were fluoroquinolone- 
resistant. Against ceftriaxone, resistance reported rate of E. coli and K. pneumoniae 
are 5.5% and 21.2%, respectively. Resistance reported rates for E.Coli, K. Pneumoniae, 
P. Aeruginosa and A.baumannii against Carbapenems are 4%, 10%, 25%, 25.6% 
respectively. Significant resistance was found against vancomycin (6.1%) and ampi-
cillin (3.1%) in case of E. faecalis as well [17, 31].

The proportion of organisms that were multidrug-resistant, defined by nonsus-
ceptibility to all agents in 4 classes, is 4% in P. aeruginosa, 9% in K. pneumoniae, 
and 21% in Acinetobacter baumannii [31].

The increasing incidence of resistant microorganisms is related to the increased 
antimicrobial exposure. Moreover the urinary catheter and bladder biofilm is a con-
stantly evolving and dynamic environment with new organisms being continually 
incorporated in the biofilm [12].

Pyuria alone is not diagnostic of catheter-associated infection [33]. Pyuria and 
bacteriuria are common in catheterized patients and are not indicators for antibiotic 
treatment unless the patient is symptomatic. In the absence of symptoms, treatment 
of bacteriuria may contribute to inappropriate antimicrobial use and increased 
selection of antimicrobial-resistant uropathogens. Routine screening and treating 
catheterised patients with bacteriuria is not recommended in the absence of symp-
toms [33].

Treatment is only needed for symptomatic CAUTI. One exception is in pregnant 
women. RCTs involving non-catheterized women presenting with asymtomatic 
bacteriuria have shown that eradication of asymptomatic bacteriuria reduces the risk 
of pyelonephritis and the risk of low birth weight [34].

Another exception is in patients with cather-associated asymptomatic bacteriuria 
(CA-ASB) who undergo traumatic genitourinary procedures associated with muco-
sal bleeding, for whom studies have shown a high rate of post-procedure bacteremia 
and sepsis [30].
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In clinical practice, consider removing or changing the catheter before treating 
the infection if it has been in place for more than 7  days. Catheters should be 
removed rather than changed when it is possible. An urine sample should be 
obtained  from the sampling port of the catheter using an aseptic technique and 
sent for culture and susceptibility testing [35].

A meta-analysis was carried out to determine whether antibiotic prophylaxis at 
the time of removal of a urinary catheter reduces the risk of subsequent symptom-
atic UTI. Seven controlled studies (6 RCTs and 1 non-RC intervention study) had 
symptomatic UTI as endpoint were included in the analysis and authors reported 
that antibiotic prophylaxis was associated with benefit to the patient, with an abso-
lute reduction in risk of UTI of 5.8% between intervention and control groups. The 
risk ratio was 0.45 (95% confidence interval 0.28 to 0.72). Nevertheless these out-
comes, authors didn’t recommend antibiotic prophylaxis for patients admitted to 
hospital who undergo short-term urinary catheterization at the time of removal of 
the urinary catheter because of the potential disadvantages of side effects and cost 
of antibiotics, and, above all, the development of antimicrobial resistance. They 
claimed the needing of identifying patients at risk for UTI who may benefit from 
this approach [31].

Women with CA-ASB after 48 h of a short-term catheter removal may be con-
sidered candidates for prophylactic treatment with trimethoprim/sulfamethoxazole. 
Methenamine salts may be used as prophylaxis in patients who require catheter 
placement for less than 1 week after gynecologic surgery [28].

8.4.1  Antimicrobial Selection for CAUTI

Antimicrobial agent selections for CAUTI depend on the gram stain and culture 
results. Routinely, 60–80% of CAUTIs have gram (−) origins, including Escherichia 
coli, Klebsiella, Pseudomonas, Proteus, and Enterobacter species. The other 
20–40% are gram (+), with Enterococcus and Staphylococcus species being the 
most common.

Empirical antimicrobial treatment should be guided by considering factors that 
increase the risk of drug resistance, including the duration of hospital stay, prior 
antimicrobial treatments, residence at a long-term care facility, and local resistance 
patterns [36].

For acute uncomplicated cystitis, IDSA guidelines recommend treatment with tri-
methoprim-sulfamethoxazole (TMP-SMX) or trimethoprim (TMP) alone for 3 days 
as standard therapy. Other recommended treatments include a shorter course, such as 
a 3-day regimen of fluoroquinolones (e.g., ciprofloxacin, norfloxacin, and ofloxacin) 
that is reasonable for younger women under 65 years with mild CAUTI after catheter 
has been removed [28, 36] or a 7-day regimen of nitrofurantoin or a single-dose treat-
ment with fosfomycin tromethamine. Nitrofurantoin has led to little resistance among 
E. coli, but it may have lower cure rates (85%), compared with those of other first-line 
agents (90–95%), and more side effects, especially acute and chronic pulmonary syn-
dromes [30–36]. After a meta-analysis of 27 RCTs (fosfomycin versus other 
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antibiotics), it was reported that fosfomycin may provide a valuable alternative option 
for the treatment of cystitis in non-pregnant and pregnant women and in elderly and 
pediatric patients. Fosfomycin is an old, broad-spectrum antibiotic with pharmacoki-
netic and pharmacodynamic aspects that favor its use for the treatment of UTIs. 
Specifically, after a single 3 g oral dose of fosfomycin tromethamine, the peak urine 
concentrations (above the minimal inhibitory concentrations of the common uro-
pathogens) are achieved within 4 h and persist for 48 h [37]. Fluoroquinolones are not 
recommended as initial empirical therapy unless the prevalence of TMP-SMX or 
TMP resistance among local strains of E. coli exceeds 10–20% [30–36].

In patients suspected of having pyelonephritis, a urine culture and susceptibility 
test should always be performed, and initial empirical therapy should be tailored 
appropriately on the basis of the infecting uropathogen.

In treating pyelonephritis, a once-daily oral fluoroquinolone, including cipro-
floxacin (1000 mg extended release or 500 mg twice daily, for 7 days) with or with-
out an initial 400-mg dose of intravenous ciprofloxacin, or levofloxacin (750 mg for 
5 days), is an appropriate choice for therapy in patients not requiring hospitalization 
where the prevalence of resistance of community uropathogens is not known to 
exceed 10% [30–36].

If the prevalence of fluoroquinolone resistance is thought to exceed 10%, an 
initial intravenous dose of a long-acting parenteral antimicrobial, such as 1 g of 
ceftriaxone or a consolidated 24-h dose of an aminoglycoside, is recommended 
[30–36].

Oral trimethoprim-sulfamethoxazole (160/800  mg [1 double-strength tablet] 
twice daily for 14 days) is an appropriate choice for therapy if the uropathogen is 
known to be susceptible. If trimethoprim-sulfamethoxazole is used when the sus-
ceptibility is not known, an initial intravenous dose of a long-acting parenteral anti-
microbial, such as 1 g of ceftriaxone or a consolidated 24-h dose of an aminoglycoside, 
is recommended [30–36].

Oral β-lactam agents are less effective than other available agents for treatment 
of pyelonephritis. If an oral β-lactam agent is used, an initial intravenous dose of a 
long-acting parenteral antimicrobial, such as 1 g of ceftriaxone or a consolidated 
24-h dose of an aminoglycoside, is recommended.

Recommended duration of therapy is 10–14  days for pyelonephritis with a 
β-lactam agent.

Women with pyelonephritis requiring hospitalization should be initially treated 
with an intravenous antimicrobial regimen, such as a fluoroquinolone; an aminogly-
coside, with or without ampicillin; an extended-spectrum cephalosporin or extended- 
spectrum penicillin, with or without an aminoglycoside; or a carbapenem. The 
choice between these agents should be based on local resistance data, and the regi-
men should be tailored on the basis of susceptibility results [32].

In cases of CA-ASB with Candida, catheter removal should be a sufficient treat-
ment. If symptomatic candiduria is identified, blood cultures should be drawn to 
assess for systemic infection. Rather than ascending from the kidneys, Candida often 
descends from a systemic blood infection. Systemic treatment with oral fluconazole 
200  mg/day for 2  weeks is recommended for cystitis. For pyelonephritis, oral 
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fluconazole 200 mg/day to 400 mg/day for 2 weeks may be administered for suscep-
tible strains. Alternatives for resistant strains of Candida include flucytosine 25 mg/kg 
four times daily or amphotericin B 0.3 mg/kg/day to 0.7 mg/kg/day systemically [33].

Shorter duration of treatment is preferred in appropriate patients to limit devel-
opment of resistance.

8.4.2  Practical Considerations for Treatment

• Nitrofurantoin is a key oral antibiotic stewardship program option in the treat-
ment of acute uncomplicated cystitis due to multidrug-resistant gram (−) bacilli 
but is not is not recommended for people with an eGFR<45 ml/minute;

• Trimethoprim should only be prescribed if there is a lower risk of resistance. 
There is a higher risk of trimethoprim resistance with recent use and in older 
people in residential facilities.

• Amoxicillin is recommended only if culture results are available and bacteria are 
susceptible because resistance rates are high.

• Where nitrofurantoin, trimethoprim, or amoxicillin are not suitable, second 
choice oral antibiotics for people with no upper UTI symptoms are pivmecilli-
nam or fosfomycin.

• For people with upper UTI symptoms, nitrofurantoin, trimethoprim, amoxicillin, 
pivmecillinam and fosfomycin are not appropriate and co-amoxiclav, ciprofloxa-
cin or levofloxacin are recommended.

• In people unable to take oral antibiotics, co-amoxiclav or ciprofloxacin, ceftriax-
one, gentamicin or amikacin in patients with severe infection or sepsis can be 
given intravenously.

• For pregnant women with CAUTI, cefalexin as the first-choice oral antibiotic for 
pregnant women who don’t need intravenous antibiotics, and cefuroxime as the 
first-choice intravenous antibiotic are recommended [35].

• Regimens should be adjusted as appropriate depending on the culture and sus-
ceptibility results and the clinical course.

• Treatment may need to be extended to 10–14 days if the patient’s response to 
therapy is delayed; an abdominal computed tomography and a urologic evalua-
tion may need to be performed if the patient does not have a prompt clinical 
response with defervescence by 72  h and presents signs of shock (Abnormal 
anatomy? Obstructive uropathy? Other causes of abdominal sepsis?).

8.4.3  Adverse Events Related to Antimicrobial Treatment

• Nitrofurantoin should be used with caution in those with renal impairment. It 
should be avoided at term in pregnancy because it may produce neonatal hemo-
lysis. Adults (especially the elderly) and children on long-term therapy should be 
monitored for liver function and pulmonary symptoms;

• Trimethoprim has a teratogenic risk in the first trimester of pregnancy (folate 
antagonist), and the manufacturers advise avoidance during pregnancy;
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• Quinolones are generally not recommended in children or young people who are 
still growing;

• Aminoglycosides doses are based on weight and renal function and whenever 
possible treatment should not exceed 7 days [28, 35].

8.5  Prevention of CAUTI

The clinical components of reducing CAUTI consist of three parts [35, 38–40]:

 1. Avoid unnecessary urinary catheter.
 2. Insert urinary catheter using aseptic technique.
 3. Maintain urinary catheter based on recommended guidelines.
 4. Review urinary catheter necessity daily and remove promptly: the duration 

of catheterization is the most important risk factor for development of 
infection.

Appropriate indications for indwelling urinary catheters are [38–40]:

• Acute urinary retention or obstruction.
• Urinary output monitoring in critically ill patients.
• Perioperative use in selected surgeries such as urologic surgery or surgery on 

contiguous structures of the genitourinary tract; prolonged surgery; large volume 
infusions or diuretics during surgery; intraoperative monitoring of urine out-
put needed.

• Assistance with healing of stage III or IV perineal and sacral wounds in inconti-
nent patients.

• Hospice/comfort/palliative care as an exception, at patient request to improve 
comfort (e.g., end-of-life care).

• Required immobilization for trauma or surgery.

Alternatives to indwelling catheters include [38–40]:

• External condom catheters for male patients without urinary retention or bladder 
outlet obstruction have lower risk of bacteriuria or symptomatic UTI.

• Intermittent catheterization several times per day may have the same or lower 
risk of infection, yet provide the patient with greater mobility and ensure an 
indwelling catheter is not left in place longer than necessary.

Inserting urinary catheters using aseptic technique requires trained personnel 
[38–40]. Both CDC and SHEA-IDSA note the following basic elements for inser-
tion [35, 38]:

 1. Utilize appropriate hand hygiene practice immediately before insertion of the 
catheter.

 2. Insert an urinary catheter using aseptic technique and sterile equipment, specifi-
cally using:
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• Gloves, a drape, and sponges; Standard precautions, include the use of gloves 
also during manipulation of the catheter site or apparatus.

• Sterile or antiseptic solution for cleaning the urethral meatus;
• Single-use packet of sterile lubricant jelly for insertion.

 3. Use a small size catheter when it is possible, consistent with proper drainage, to  
minimize urethral trauma.

Catheter maintenance provides [38–40]:

• To maintain a sterile, continuously closed drainage system,
• To keep catheter properly secured to prevent movement and urethral traction,
• To keep collection bag below the level of the bladder at all times,
• To maintain unobstructed urine flow,
• To empty collection bag regularly, using a separate collecting container for 

each patient, and avoid allowing the draining spigot to touch the collecting 
container.

Practices to avoid during catheter maintenance include:

• Irrigating the catheter, except in cases of catheter obstruction;
• Disconnecting the catheter from the drainage tubing;
• Replacing catheter routinely (in the absence of obstruction or infection);
• If the collection system must replaced, use an aseptic technique.

Some approaches that should not be considered a routine part of CAUTI preven-
tion, consequently [38–41]:

 1. Do not routinely use antimicrobial/antiseptic-impregnated catheters.
 2. Do not screen for asymptomatic bacteriuria in catheterized patients except in 

pregnant women and patients who undergo urologic procedures for which visi-
ble mucosal bleeding is anticipated.

 3. Do not treat asymptomatic bacteriuria in catheterized patients except before 
invasive urologic procedures.

 4. Avoid catheter irrigation: do not perform continuous irrigation of the bladder 
with antimicrobials as a routine infection prevention measure and if continuous 
irrigation is being used to prevent obstruction, maintain a closed system.

 5. Do not use systemic antimicrobials routinely as prophylaxis.
 6. Do not change the catheter routinely.

There are no clear clinical evidences about the use of antiseptic solution versus 
sterile saline for metal cleaning before catheter insertion, the use of urinary antisep-
tics (e.g., methenamine: the antimicrobial mechanism of methenamine is due to its 
hydrolysis in the body to form ammonia and formaldehyde that is bactericidal and 
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broad spectrum; cranberry products: proanthocyanidins are the active ingredient in 
cranberries that acts as an antiadherent for bacteria within the urinary tract due to 
their tannin molecules containing irregular A-type linkages, which prevents adhe-
sion of bacteria to the inner walls of the bladder) to prevent UTI, the use of catheters 
with valves (Table 8.3).

8.6  Conclusions (see below flowchart)

CAUTI represents a common hospital-acquired condition with potentially devastat-
ing clinical and economic consequences.

Urinary catheters should only be used for appropriate indications and should be 
removed as soon as they are no longer needed.

Antimicrobial resistance among urinary pathogens is an ever increasing prob-
lem. Inappropriate treatment of catheter-associated asymptomatic bacteriuria pro-
motes antimicrobial resistance and Clostridium difficile infection in acute care 
facilities.

Antimicrobial treatment is only needed for symptomatic CAUTI. One excep-
tion is pregnant women and patients with catheter-associated asymptomatic bac-
teriuria who undergo traumatic genitourinary procedures associated with mucosal 
bleeding.

In the selection of antimicrobial agents consider the local epidemiology for anti-
microbial resistance and the results of urine cultures.

If patient does not have a prompt clinical response or presents signs of shock, ask 
for an abdominal computed tomography and urologic evaluation.

Table 8.3 Principles of a good management of catheter-associated urinary tract infections; CT: 
Computed Tomography

Principles of a good management of catheter-associated urinary tract infections
Consider removing (better) or changing the catheter before treating the infection if it has been 
in place for more than 7 days.
Obtain a urine sample from the sampling port of the catheter using an aseptic technique.
Take account of the severity of symptoms: If patient is hemodynamically stable, consider 
waiting until urine culture and susceptibility results are available before prescribing an 
antibiotic.
If patient presents signs of shock, offer an empiric antibiotic therapy to review according to 
susceptibility results, using narrow-spectrum antibiotics wherever possible.
Give oral antibiotics first-line if the person can take oral medicines, and the severity of their 
condition does not require intravenous antibiotics.
Review intravenous antibiotics by 48 h and consider stepping down to oral antibiotics where 
possible.
Ask for urological evaluation and CT scan if patient doesn’t improve after 48–72 h of antibiotic 
therapy.
Optimal therapy duration is not well established but 7–14 days is reasonable in patients who 
had a satisfactory clinical response, including resolution of systemic manifestations.
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Catheter associated urinary tract
infections-CAUTI 

presence of symptoms or signs compatible with UTI with no other identified source
of infection along with ³ 103 colony-forming units (cfu)/mL of  ³ 1 bacterial species
 in a single catheter urine specimen or 
in a midstream voided urine specimen from a patient whose urethral, suprapubic, 
or condom catheter has been removed within the previous 48 h

symptomatic patients:  

• uncomplicated cystitis
• mild-moderate pyelonephritis
• severe pyelonephritis

 

asymptomatic bacteriuria 

do not treat with antimicrobial
agents excepted for pregnant
women and patients who undergo
traumatic genitourinary
procedures associated with
mucosal bleeding 

hemodynamically stable patient hemodynamically unstable patient

delayed treatment
with cultures

results

Empirical antimicrobial
treatment considering

epidemiology of antimicrobial
resistance

Ask for urological evaluation and CT scan  
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How to Prevent and Treat  
Catheter- Related Bloodstream 
Infections

Cristian Tranà

9.1  Introduction

Central venous catheters (CVCs) are integral to the modern clinical practices and 
are inserted for the administration of fluids, blood products, medication, nutritional 
solutions, hemodialysis, and for hemodynamic monitoring [1]. They are the main 
source of bacteremia in hospitalized patients and therefore should be used only if 
they are really necessary.

About half of nosocomial bloodstream infections occur in intensive care units, 
and the majority of them are associated with intravascular device. Central-venous- 
catheter-related bloodstream infections (CRBSIs) are an important cause of 
healthcare- associated infections [1].

The 2010 United States National Health-care Safety Network (NHSN) report 
that covered 2473 hospitals reported nearly 11,000 cases of laboratory-confirmed 
CRBSI, with estimated CRBSI rates of up to 3.5% [2]. A study involving four 
European countries (France, Germany, Italy and the UK) estimated there were 
between 8400 to 14,400 episodes of CRBSI per year in these countries, with associ-
ated annual costs of between EUR 35.9 and EUR 163.9 million [3].

In the setting of CRBSIs, prevention is a cornerstone and the clinician must well 
know risk factors to develop a CRBSI.

9.2  Risk Factors

Risk factors for CRBSI include patient-, catheter-, and operator-related fac-
tors [4–9]:
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• Prolonged hospitalization before catheterization.
• Prolonged duration of catheterization.
• Heavy microbial colonization at the insertion site.
• Heavy microbial colonization of the catheter hub.
• Internal jugular catheterization.
• Femoral catheterization in adults.
• Neutropenia.
• Prematurity (i.e., early gestational age).
• Reduced nurse-to-patient ratio in the ICU [10, 11].
• Total parenteral nutrition.
• Substandard catheter care (e.g., excessive manipulation of the catheter).
• Transfusion of blood products (in children).

The catheter itself can be involved in 4 different pathogenic pathways [1]:

• Colonization of the catheter by microorganisms from the patient’s skin and occa-
sionally the hands of healthcare workers,

• Intraluminal or hub contamination,
• Secondary seeding from a bloodstream infection, and, rarely,
• Administration of contaminated infusate or additives.

9.3  Strategies to Prevent CRBSIs

Shea/IDSA recommendations divide strategies to prevent CRBSIs into several cat-
egories [12, 13].

Before Insertion
The use of a clear and evidence-based list of indications for CVC use to minimize 
unnecessary CVC placement is useful. Is also mandatory to require education of 
healthcare personnel involved in insertion, care, and maintenance of CVCs with 
periodic re-training also using simulation programs and with a credentialing pro-
cess. Preoperative bathing with chlorhexidine preparation seems to reduce CRBSIs 
in ICU patients over 2 months of age. In children under 2 months chlorhexidine 
gluconate based topical antiseptic products can be used with care because they may 
cause irritation or chemical burns. There is also a risk of systemic absorption. 
Alternative agents, such as povidone-iodine or alcohol, can be used in this age 
group. Do not administer systemic antimicrobial prophylaxis routinely before inser-
tion or during use of an intravascular catheter to prevent catheter colonization 
or CRBSI.

At Insertion
It is mandatory to have in the hospital a written guideline with a checklist for CVC 
insertion in ICU and non-ICU settings with a special effort to the use of aseptic 
technique. There must be a strict observation of these recommendations. The 
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performing of hand hygiene with alcohol-based waterless product or antiseptic soap 
and water is very important. Remember that use of gloves does not obviate hand 
hygiene.

Another important item is the choose of the right insertion site. Avoid the use of 
femoral vein for central venous access especially in obese adult patients when the 
catheter is placed under planned and controlled conditions. Only in emergency set-
tings is allowed the use of femoral vein. In children, the femoral site has not been 
associated with an increased risk of infection. Do not use peripherally inserted 
CVCs (PICCs) as a strategy to reduce the risk of CRBSIs: they present the same risk 
of internal jugular or subclavian CVCs.

The use of ultrasound guidance for internal jugular catheter insertion and maxi-
mum sterile barrier precautions during CVC insertion (such as mask, cap, sterile 
gown, and a sterile drape over the patient) with the use an alcoholic chlorhexidine 
antiseptic for skin preparation can minimize the risk of CRBSIs.

After Insertion
It is important to maintain the appropriate nurse-to-patient ratio (at least 1 to 2), 
to reduce the incidence of CRBSIs in ICU. Catheter hubs, needleless connectors, 
and injection ports before accessing the catheter must be disinfected with vigor-
ously apply mechanical friction for no less than 5 sec with an alcoholic chlorhex-
idine preparation, 70% alcohol, or povidone-iodine. Alcoholic chlorhexidine 
may have additional residual activity compared with alcohol for this purpose.

Non-essential catheter, also without signs of infections must be removed. The 
dressing of CVC insertion site has to be transparent. Insertion site care must to be 
performed with a chlorhexidine-based antiseptic every 5–7 days or immediately if 
the dressing is soiled, loose, or damp; change gauze dressings every 2 days or earlier 
if the dressing is soiled, loose, or damp. If there is drainage from the catheter exit 
site, use gauze dressings instead of transparent dressings until drainage resolves.

Antimicrobial ointments can be used for hemodialysis catheter-insertion sites. 
Polysporin “triple” (where available) or povidone-iodine ointment should be applied 
to hemodialysis catheter insertion if compatible with the catheter material. Avoid 
mupirocin ointment the risks of facilitating mupirocin resistance and the potential 
damage to polyurethane catheters.

Last but not least the surveillance for CRBSIs: Measure the unit-specific inci-
dence of CRBSIs (CRBSIs per 1000 catheter-days) and report the data on a regular 
basis to the units, physician and nursing leadership, and hospital administrators 
overseeing the units; Compare these data with historical for individual units and 
with national rates and perform audit with multidisciplinary involvement.

A special issue: catheter impregnation, coating, or bonding for reducing central 
venous catheter-related infections in adults [14].

Currently, modifications of the CVC itself, in the form of antimicrobial impreg-
nation, coating, or bonding, have also been used to prevent CRBSI. two major types 
of antimicrobial agents are used as CVC coatings: antiseptics and antibiotics. 
‘Antiseptic’ refers to an agent that destroys or inhibits the growth of a range of 
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microorganisms that are present in or on living tissues (e.g., hand washes or surgical 
scrubs), while ‘antibiotic’ refers to an agent that acts in similar fashion to an anti-
septic, but targets selected micro-organisms, especially bacteria, and works gener-
ally in low concentrations [15]. Various forms of antiseptic and antibiotic catheter 
impregnation have been introduced since the late 1980s, including chlorhexidine- 
silver sulphadiazine (C-SS) and minocycline-rifampicin (MR) impregnation, which 
are the most commonly used and studied [16, 17]. Impregnation was only applied at 
the external surface of the first C-SS-impregnated catheters, but MR impregnation 
is applied to both external and luminal surfaces. More recently, second generation 
C-SS-impregnated catheters have been introduced, with both the external and lumi-
nal surfaces of the catheters impregnated [18]. Several other compounds that have 
demonstrated antibacterial activities in vitro, like silver, platinum, carbon and hepa-
rin have also been evaluated as CVC-impregnation materials in clinical studies 
[19–21]. Silver and platinum were found to inhibit bacterial cell growth and divi-
sion [22, 23], while heparin was thought to reduce bacterial growth via a prevention 
of fibrin deposition and thrombus formation in the catheters [19]. Carbon nanotubes 
were seen to cause cell wall damage to bacteria that were in direct contact with them 
[24], and combining these with platinum and silver enhanced their overall antibac-
terial properties [25].

About this topic a Cochrane Systematic Review [14] demonstrate that there is 
significant benefits with impregnated CVCs for catheter-related outcomes, such as 
catheter colonization, in trials conducted in intensive care units (ICUs) only. There 
is also a high-quality, but smaller body of evidence that shows no significant benefit 
of these catheters in reducing mortality, and moderate-quality evidence shows no 
difference in clinically diagnosed sepsis. Therefore, there remains uncertainty about 
the value of these modified catheters in improving overall patient mortality and 
morbidity.

9.4  CRBSIs Diagnosis

The diagnosis of CRBSI is often suspected clinically in a patient using a CVC who 
presents with fever or chills, unexplained hypotension, and no other localizing signs 
[1]. Diagnosis of CRBSI requires establishing the presence of bloodstream infec-
tion and demonstrating that the infection is related to the catheter. Blood cultures 
should not be drawn solely from the catheter port as these are frequently colonized 
with skin contaminants, thereby increasing the likelihood of a false-positive blood 
culture.

According to IDSA guidelines [26] a definitive diagnosis of CRBSI requires 
culture of the same organism from both the catheter tip and at least one percutane-
ous blood culture. Alternatively, culture of the same organism from at least two 
blood samples (one from a catheter hub and the other from a peripheral vein or 
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second lumen) meeting criteria for quantitative blood cultures or differential time to 
positivity. Most laboratories do not perform quantitative blood cultures, but many 
laboratories are able to determine differential time to positivity. Quantitative blood 
cultures demonstrating a colony count from the catheter hub sample ≥ three-fold 
higher than the colony count from the peripheral vein sample (or a second lumen) 
supports a diagnosis of CRBSI.  Differential time to positivity (DTP) refers to 
growth detected from the catheter hub sample at least two hours before growth 
detected from the peripheral vein sample.

Quantitative blood cultures and/or DTP should be done before initiation of anti-
microbial therapy and with the same volume of blood per bottle. Evidence is insuf-
ficient to recommend that blood cultures be routinely obtained after discontinuation 
of antimicrobial therapy for CRBSI.

In Fig. 9.1 you can see a proposed algorithm for diagnosis of CRBSIs.

9.5  CRBSIs Therapy

The CVC and arterial catheter, if present, should be removed and cultured if the 
patient has unexplained sepsis or erythema overlying the catheter-insertion site or 
purulence at the catheter-insertion site.

Antibiotic therapy for catheter-related infection is often initiated empirically. 
The initial choice of antibiotics will depend on the severity of the patient’s clinical 
disease, the risk factors for infection, and the likely pathogens associated with the 
specific intravascular device. Resistance to antibiotic therapy due to biofilm forma-
tion also has an important role in the management of bacteremia. In fact the nature 
of biofilm structure makes microorganisms difficult to eradicate and confer an 
inherent resistance to antibiotics.

As soon as possible, a target therapy is mandatory based upon the microbiologi-
cal data. Nowadays there is the possibility from a blood sample to know after few 
hours if the patient has gram positive or gram negative bacteria with the precise 
identification of the pathogen. There is also the possibility to detect the main mecha-
nisms of antimicrobial resistance. So we can give the right antibiotic to the right 
patient in the right time to fight CRBSIs.

Prophylactic antimicrobial or antiseptic lock solution should be considered for 
the following: Patients with long-term hemodialysis catheters, Patients with limited 
venous access and a history of recurrent CLABSI and Pediatric cancer patients with 
long-term catheters [27].

Figure 9.2 shows a therapeutical algorithm for short-term CVC related infections 
or arterial catheter-related infections.
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9.6  Lock Therapy

Antibiotic lock therapy, a method for sterilizing the catheter lumen, involves instill-
ing high concentrations of antibiotics into the catheter lumen for extended periods 
of time. Results from in  vitro studies demonstrate stability of antibiotics while 
maintaining high concentrations for prolonged periods of time. In vivo studies show 
antibiotic lock technique as an effective and safe option for both prevention and 
treatment of CRBSIs [28].

However, removal of an infected catheter in combination with antimicrobial 
therapy is the most reliable method of eradicating infection. Retention of the CVC 
may result in failure to clear the organism from the catheter with subsequent relapse 
of infection. In some cases it may nevertheless be desirable to consider catheter 
salvage, for example:

• High risk of replacing catheter e.g., coagulopathy.
• Alternative vascular access sites limited or not available.

While a decision to salvage a catheter requires careful consideration of the risks 
and benefits, in general catheter salvage should not be attempted in the following 
circumstances [29]:

• Organisms known to be difficult to eradicate e.g., Staphylococcus aureus, fungi 
including Candida spp., P. aeruginosa, mycobacteria, environmental non- 
fermenting gram-negative bacilli e.g., Stenotrophomonas maltophilia.

• Severe sepsis and hemodynamic instability resulting from the CVC-associated 
infection.

• Bacteremia persisting despite 72 h of antimicrobial therapy.
• Metastatic complications e.g., infective endocarditis, osteomyelitis.
• Relapse of infection following a previous course of antimicrobial therapy.

Indications for lock therapy [28].

• Antibiotic lock is indicated for patients with catheter-related bloodstream infec-
tions involving long-term catheters with no signs of exit site or tunnel infection 
for whom catheter salvage is the goal.

• For CRBSI, antibiotic lock therapy should not be used as monotherapy; It should 
be used in conjunction with systemic antimicrobial therapy.
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• Dwell times for an antibiotic lock solution should not exceed 48 h before rein-
stallation of lock solution; preferably reinstallation should take place every 
12–24 h.

• Catheter removal is generally recommended for CRBSI due to S.aureus and 
Candida species instead of treatment with antibiotic lock and catheter retention.

The evidence base to support the use of antibiotic line locks is poor [29]. The 
majority of the trials are open-label or observational case studies with unclear par-
ticipant allocation to the control and intervention groups. The trials lacked statistical 
power and the confidence intervals were too large to allow reliable conclusions to 
be drawn.

In most of the randomized controlled trials the method of blinding was unclear 
and none of the trials were done with an intention to treat analysis, increasing the 
likelihood of ‘chance’ findings. The definitions of a CRBSI varied between trials 
and some trials did not perform peripheral blood cultures to confirm a CRBSI. The 
primary outcome in some trials was a blood stream infection rather than a CRBSI, 
this may have overestimated the response rate with antibiotic line locks. Most of the 
randomized controlled trials looked at prevention rather than treatment of a 
CRBSI. Furthermore, some trials used antibiotic flush solutions rather than antibi-
otic line locks.

Two controlled trials showed successful treatment with antibiotic line locks in 
comparison to the control groups, however they lack statistical power. Recurrent 
bacteremia was more likely if the catheter wasn’t removed.

All trials used different types of antibiotics at different concentrations. However, 
the majority of the trials used vancomycin antibiotic line locks. One trial reported 
immediate precipitation of Ciprofloxacin with heparin and significant absorbance 
changes with heparin and the following: Ceftazidime and Gentamicin.

Short-term and long-term adverse effects of antibiotic line locks were not 
assessed and are unknown. Furthermore, an increase in antibiotic resistance is a 
concern. None of the trials that used Vancomycin as an antibiotic line lock, showed 
an increase in vancomycin-resistant enterococci.

The Infectious Diseases Society of America (IDSA) recommends the use of anti-
biotic lock therapy in uncomplicated CRBSI with the use of systemic antibiotics, 
where catheter salvage is considered the best option for the patient [26].

In Fig. 9.3 you can see a proposal algorithm for treatment of long-term CVC 
infections or port-related infections.

9 How to Prevent and Treat Catheter-Related Bloodstream Infections



98

Lo
ng

 te
rm

 C
V

C
 o

r 
P

or
t

re
la

te
d 

ba
ct

er
em

ia
 o

r
fu

ng
em

ia

C
om

pl
ic

at
ed

T
un

ne
l i

nf
ec

tio
n

P
or

t a
bs

ce
ss

es

R
em

ov
e 

ca
th

et
er

 a
nd

an
tib

io
tic

 th
er

ap
y 

7-
10

da
ys

  

S
ep

tic
th

ro
m

bo
si

s
E

nd
oc

ar
di

tis
O

st
eo

m
ye

lit
is

R
em

ov
e 

ca
th

et
er

 a
nd

sy
st

em
ic

 a
nt

ib
io

tic
s 

4-
6

w
ee

ks
 

6-
8 

w
ee

ks
 fo

r
os

te
m

om
ye

lit
is

U
nc

om
pl

ic
at

ed

C
oa

gu
la

se
ne

ga
tiv

e
st

ap
hy

lo
co

cc
us

M
ay

 r
et

ai
n 

ca
th

et
er

w
ith

 s
ys

te
m

ic
 th

er
ap

y
an

d 
lo

ck
 th

er
ap

y 
 1

0-
14

da
ys

  

R
em

ov
e 

ca
th

et
er

 if
cl

in
ic

al
 d

et
er

io
ra

tio
n 

or
re

la
ps

in
g 

ba
ct

er
em

ia

S
ta

ph
yl

oc
oc

cu
s

A
ur

eu
s

R
em

ov
e 

ca
th

et
er

 a
nd

sy
st

em
ic

 th
er

ap
y 

4-
6

w
ee

ks

E
nt

er
oc

oc
cu

s

M
ay

 r
et

ai
n 

ca
th

et
er

w
ith

 s
ys

te
m

ic
 th

er
ap

y
an

d 
lo

ck
 th

er
ap

y 
 1

0-
14

da
ys

R
em

ov
e 

ca
th

et
er

 if
cl

in
ic

al
 d

et
er

io
ra

tio
n 

or
re

la
ps

in
g 

ba
ct

er
em

ia

G
ra

m
-n

eg
at

iv
e

ba
ci

lli

R
em

ov
e 

ca
th

et
er

 a
nd

sy
st

em
ic

 th
er

ap
y 

 7
-1

4
da

ys

F
or

 c
at

he
te

r 
 s

al
va

ge
sy

st
em

ic
 a

nd
 lo

ck
 

th
er

ap
y 

7-
14

 d
ay

s

C
an

di
da

 S
pp

R
em

ov
e 

ca
th

et
er

 a
nd

tr
ea

t  
14

 d
ay

s 
af

te
r

ne
ga

tiv
e 

cu
ltu

re

Fi
g.

 9
.3

 
A

pp
ro

ac
h 

to
 th

e 
tr

ea
tm

en
t o

f 
a 

pa
tie

nt
 w

ith
 a

 lo
ng

-t
er

m
 C

V
C

 o
r 

a 
po

rt
-r

el
at

ed
 b

lo
od

st
re

am
 in

fe
ct

io
n 

[2
6]

C. Tranà



99

References

 1. Sartelli M.  Central-venous-catheter-related bloodstream infections. In: Global Alliance for 
Infections in Surgery. http://www.infectionsinsurgery.org

 2. Dudeck M, Horan T, Peterson K, Allen-Bridson K, Morrell G, Pollock D, et  al. National 
Healthcare Safety Network (NHSN) report, Data Summary for 2010, Device-associated 
Module. National Healthcare Safety Network (NHSN) annual reports 7 July 2011.

 3. Tacconelli E, Smith G, Hieke K, Lafuma A, Bastide P. Epidemiology, medical outcomes and 
costs of catheter-related bloodstream infections in intensive care units of four European coun-
tries: literature- and registry-based estimates. J Hosp Infect. 2009;72(2):97–103.

 4. Mermel LA. Infections caused by intravascular devices. In: Pfeiffer JA, editor. APIC text of 
infection control and epidemiology. 2nd ed. St. Louis: Mosby; 2000. p. 30–8.

 5. Almuneef MA, Memish ZA, Balkhy HH, Hijazi O, Cunningham G, Francis C. Rate, risk fac-
tors and outcomes of catheter-related bloodstream infection in a paediatric intensive care unit 
in Saudi Arabia. J Hosp Infect. 2006;62(2):207–13.

 6. Alonso-Echanove J, Edwards JR, Richards MJ, et al. Effect of nurse staffing and antimicrobial- 
impregnated central venous catheters on the risk for bloodstream infections in intensive care 
units. Infect Control Hosp Epidemiol. 2003;24(12):916–25.

 7. Lorente L, Henry C, Martin MM, Jimenez A, Mora ML. Central venous catheter–related infec-
tion in a prospective and observational study of 2,595 catheters. Crit Care. 2005;9(6):R631–5.

 8. Rey C, Alvarez F, De-La-Rua V, et  al. Intervention to reduce catheter-related bloodstream 
infections in a pediatric intensive care unit. Intensive Care Med. 2011;37(4):678–85.

 9. Lorente L, Jimenez A, Naranjo C, et  al. Higher incidence of catheter-related bactere-
mia in jugular site with tracheostomy than in femoral site. Infect Control Hosp Epidemiol. 
2010;31(3):311–3.

 10. Fridkin SK, Pear SM, Williamson TH, Galgiani JN, Jarvis WR. The role of understaffing in 
central venous catheter–associated bloodstream infections. Infect Control Hosp Epidemiol. 
1996;17(3):150–8.

 11. Cimiotti JP, Haas J, Saiman L, Larson EL. Impact of staffing on bloodstream infections in the 
neonatal intensive care unit. Arch Pediatr Adolesc Med. 2006;160:832–6.

 12. Marschall J, Mermel LA, Fakih M, et al. Strategies to prevent central line–associated blood-
stream infections in acute care hospitals: 2014 update. Infect Control Hosp Epidemiol. 
2014;35(7):753–71. Cambridge University Press on behalf of The Society for Healthcare 
Epidemiology of America

 13. O’Grady NP, Alexander M, Burns LA, et al. Guidelines for the prevention of intravascular 
catheter-related infections. Clin Infect Dis. 2011;52(9):e162–93.

 14. Lai NM, Chaiyakunapruk N, Lai NA, O’Riordan E, Pau WSC, Saint S. Catheter impregnation, 
coating or bonding for reducing central venous catheter-related infections in adults. Cochrane 
Database Syst Rev. 2016;(3):CD007878. https://doi.org/10.1002/14651858.CD007878.pub3.

 15. McDonnell G, Russell AD. Antiseptics and disinfectants: activity, action, and resistance. Clin 
Microbiol Rev. 1999;12(1):147–79. [PUBMED: 9880479]

 16. Falagas ME, Fragoulis K, Bliziotis IA, Chatzinikolaou I.  Rifampicin-impregnated central 
venous catheters: a meta-analysis of randomized controlled trials. J Antimicrob Chemother. 
2007;59:359–69. [PUBMED: 17255143]

 17. Mermel LA.  New technologies to prevent intravascular catheter-related bloodstream infec-
tions. Emerg Infect Dis. 2001;7:197–9. [PUBMED: 11294705]

 18. Ramritu P, Halton K, Collignon P, Cook D, Fraenkel D, Battistutta D, et  al. A systematic 
review comparing the relative effectiveness of antimicrobial-coated catheters in intensive care 
units. Am J Infect Control. 2008;36:104–17. [PUBMED: 18313512]

 19. Abdelkefi A, Achour W, Ben Othman T, Ladeb S, Torjman L, Lakhal A, et al. Use of heparin- 
coated central venous lines to prevent catheter-related bloodstream infection. J Support Oncol. 
2007;5(6):273–8. [PUBMED: 17624052]

9 How to Prevent and Treat Catheter-Related Bloodstream Infections

http://www.infectionsinsurgery.org
https://doi.org/10.1002/14651858.CD007878.pub3


100

 20. Hanna H, Bahna P, Reitzel R, Dvorak T, Chaiban G, Hachem R, et al. Comparative in vitro 
efficacies and antimicrobial durabilities of novel antimicrobial central venous catheters. 
Antimicrob Agents Chemother. 2006;50(10):3283–8. [PUBMED: 17005806]

 21. Khare MD, Bukhari SS, Swann A, Spiers P, McLaren I, Myers J. Reduction of catheter-related 
colonization by the use of a silver zeolite-impregnated central vascular catheter in adult critical 
care. J Infect. 2007;54(2):146–50. [PUBMED: 16678904]

 22. Jung WK, Koo HC, Kim KW, Shin S, Kim SH, Park YH. Antibacterial activity and mecha-
nism of action of the silver ion in Staphylococcus aureus and Escherichia coli. Appl Environ 
Microbiol. 2008;74(7):2171–8. [PUBMED: 18245232]

 23. Rosenberg B, Van Camp L, Grimley EB, Thomson AJ. The inhibition of growth or cell divi-
sion in Escherichia coli by different ionic species of platinum (IV) complexes. J Biol Chem. 
1967;242(6):1347–52. [PUBMED: 5337590]

 24. Kang S, Pinault M, Pfefferle LD, Elimelech M. Single-walled carbon nanotubes exhibit strong 
antimicrobial activity. Langmuir. 2007;23(17):8670–3. [PUBMED: 17658863]

 25. Narayan R, Abernathy H, Riester L, Berry C, Brigmon R. Antimicrobial properties of diamond- 
like carbon-silver-platinum nanocomposite thin films. J Mater Eng Perform. 2005;14:435–40. 
https://doi.org/10.1361/105994905X56197.

 26. Mermel LA, Allon M, Bouza E, et al. Clinical practice guidelines for the diagnosis and man-
agement of intravascular catheter-related infection: 2009 update by the Infectious Diseases 
Society of America. Clin Infect Dis. Jul 1 2009;49(1):1–45.

 27. Ling, et al. APSIC guide for prevention of Central Line Associated Bloodstream Infections 
(CLABSI). Antimicrob Resist Infect Control. 2016;5:16. https://doi.org/10.1186/
s13756-016-0116-5.

 28. Mui E. Antibiotic lock therapy guideline. Stanford Hospital and Clinics Pharmacy Department 
Policies and Procedures. Issue Date: 06/2011.

 29. Nottingham Antimicrobial Guidelines Committee. Antibiotic line lock guideline. Nottingham 
University Hospital. October 2017.

C. Tranà

https://doi.org/10.1361/105994905X56197
https://doi.org/10.1186/s13756-016-0116-5
https://doi.org/10.1186/s13756-016-0116-5


101© Springer Nature Switzerland AG 2021
M. Sartelli et al. (eds.), Infections in Surgery, Hot Topics in Acute Care Surgery 
and Trauma, https://doi.org/10.1007/978-3-030-62116-2_10

Clostridium difficile Infection in Surgical 
Patients

John Woods, Nikita Bhatt, and Raul Coimbra

10.1  Introduction

A marked increase in the incidence and severity of Clostridium difficile infection 
(CDI) has been observed in the last 30 years. CDI is the most common cause of 
diarrhea in hospitalized patients.

Age, comorbidities, drug-induced immunosuppression, immunosuppressive dis-
eases, hypoproteinemia, inflammatory bowel disease, and previous use of antibiot-
ics in the hospital setting all constitute known risk factors for the development of the 
disease [1–3]. Additionally, surgical procedures not only predispose patients to CDI 
but it can also be used as a treatment modality in cases of very severe CDI (toxic 
megacolon).

In this chapter we will review the etiology, pathophysiology, clinical manifesta-
tions, and the most modern treatment options for different stages of CDI.
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10.2  Etiology

Clostridioides difficile, formerly known as Clostridium difficile, is a gram-positive, 
obligate anaerobe capable of producing spores which allow it to survive in aerobic 
conditions then contributing to transmission in healthcare settings [4]. Although 
historically C. difficile has not been found to be a normal commensal organism of 
the human gastrointestinal tract, it now colonizes 4–15% of the adult population [5]. 
Colonization typically occurs via the fecal-oral route and the disruption of micro-
bial ecosystem with antibiotics leads to clinical disease. Awareness and prevention 
of risk factors for infection is of paramount importance as C. difficile is one of the 
most common causes of hospital-acquired infections with half a million annual 
cases and more than 29,000 deaths occurring annually in the United States [6].

The organism is spread among humans by the fecal-oral route, and when trans-
formed to its spore state, it is difficult to eradicate with alcohol-based and other 
traditional surface cleaners. The spores, which can be shed by both symptomatic 
and asymptomatic patients, can remain on contaminated surfaces for up to 5 months 
[7]. This puts patients at risk for infection from contact with the healthcare environ-
ment or healthcare workers’ hands. Implementation of infection control measures 
such as the use of personal protective equipment, hand washing with soap and water, 
use of sporicidal agents for cleaning surfaces, and isolation of patients are key in 
preventing hospital-acquired infections caused by C. difficile.

10.3  Pathophysiology

Disease severity can range from mild diarrhea to pseudomembranous colitis which 
was identified as caused by C. difficile over 40 years ago [8]. Both host factors (age 
>65 years, previous CDI episode, and immunocompromised status) and environ-
mental risk factors (antibiotic and proton pump inhibitor exposure) play a role in the 
development of C. difficile-associated diarrhea (CDAD).

Upon transmission via the fecal-oral route, the vegetative cells are killed by the 
acidic environment of the stomach while the acid-resistant spores are able to pass to 
the small bowel where they are converted to the vegetative form under favorable 
conditions leading to toxin production. It is important to note that only toxin- 
producing strains cause clinical disease. The prime conditions for infection with 
C. difficile occur when the commensal bacterial population of the colon has been 
altered and exposure to C. difficile toxins alters the gut epithelium invoking an 
immune response which is responsible for CDAD symptoms [9].

There are two main toxins responsible for the disease course, Toxin A (TcdA) 
and Toxin B (TcdB). Both toxins work synergistically to promote recruitment of 
macrophages, and monocytes which in turn promote release of inflammatory mark-
ers resulting in neutrophil recruitment. When the colonic lining becomes inflamed 
with infiltration of macrophages and neutrophils, frequent watery diarrhea results 
[10]. The manifestations of the disease can vary from mild diarrhea to 
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pseudomembranous colitis based on age, immune response, and virulence of the 
strain of C. difficile to which a host is exposed.

Some C. difficile strains, particularly BI/NAP1/027, may produce a binary toxin 
called C. difficile transferase (CDT). This hypervirulent strain causes more toxin 
production, higher rates of recurrence, and higher mortality rates than other strains 
and is a result of resistance acquired in C. difficile due to increase in use of fluoro-
quinolones. Given that certain antibiotics can select for resistance in C. difficile it is 
even more important to focus on antimicrobial stewardship strategies as a way to 
slow down the C. difficile epidemic.

10.4  Clinical Manifestations

The spectrum of disease produced by toxic strains of C. difficile is variable, ranging 
from asymptomatic infection or mild diarrhea to severe disease that may result in 
toxic megacolon, multisystem organ failure, and death. Up to 30% of patients may 
develop recurrent CDI [6, 11–13]. Symptoms of CDI can present after the first day 
of antibiotic use or up to six weeks after completion of an antibiotic course. Most 
commonly, symptoms develop within the first 5 to 10 days after exposure to antibi-
otics. Though diarrhea is the hallmark symptom of CDI, it may not be present ini-
tially. This can be secondary to colonic dysmotility from previous underlying 
pathology or from the disease process itself. This is especially important in surgical 
patients who may have a concomitant ileus. Thus, in surgical patients it is critical to 
have a high index of suspicion for the diagnosis of CDI.

Mild disease is defined as diarrhea without any systemic symptoms, such as 
fever, renal failure, or hemodynamic instability. Diarrhea can be accompanied by 
mild abdominal pain and cramps. If symptoms are prolonged, this can result in 
electrolyte imbalance and volume depletion. If this occurs in patients with multiple 
or severe comorbidities, particularly after surgery, non-severe CDI can lead to 
increased morbidity.

Moderate disease can result in profuse diarrhea, abdominal distension, abdomi-
nal pain, fever, tachycardia, and/or oliguria. This readily responds to fluid resuscita-
tion. It is important to recognize that C. difficile colitis can present without diarrhea; 
usually severe leukocytosis and abdominal distension will be present.

Severe or fulminant disease may result in occult bleeding, renal failure with oli-
guria, hemodynamic instability requiring vasopressor support, and/or cardiopulmo-
nary failure requiring mechanical ventilation. Severe CDI is relatively infrequent 
and only develops in 1 to 3% of cases [14–18]. Severe CDI can lead to ileus, toxic 
megacolon, intestinal perforation, multisystem organ failure, and death. The first 
warning sign can be diminishing diarrhea due to decreased colonic muscle tone. 
Other signs that can lead to the diagnosis include fever without obvious cause, 
severe leukocytosis, abdominal distension with or without tenderness, recent or cur-
rent antibiotic use, and obtundation of the patient. The clinician must maintain a 
high level of suspicion for diagnosing CDI in the at-risk population. Important pre-
dictors of severe CDI are; WBC >15 × 103cells/mL, increase in serum creatinine 
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level >1.5 times the baseline level, temperature >38.5 °C, and albumin <2.5 g/dL 
[14–19].

Mortality in this group of patients remains high due to the development of toxic 
megacolon with colonic perforation, peritonitis, and septic shock with subsequent 
multisystem organ failure. Systemic symptoms arise from toxin induced inflamma-
tory mediators released locally in the colon as well as toxins being released into the 
bloodstream.

There has been a significant rise in the number of cases of severe CDI associated 
with multisystem organ failure and increased mortality in the last several years. This 
has been associated with the hypervirulent 027 strain of C. difficile [14, 20, 21]. 
Early diagnosis and treatment are important in reducing the mortality associated 
with severe CDI. Patients who present with organ failure including increased serum 
lactate or vasopressor requirements, should be assessed immediately with regard to 
early operative intervention.

Recurrence of symptoms after initial treatment for CDI develops in 10–30% of 
patients. For patients with 1–2 previous episodes of CDI, the risk of recurrence can 
be as high as 40–65% [6, 12–15]. Recurrence of CDI (RCDI) is associated with an 
impaired immune response to the C. difficile toxins and/or alterations of the colonic 
flora. RCDI is a result of germinating resident spores that remain after treatment 
with antibiotics, or due to reinfection from an environmental source. Distinction 
between recurrence and reinfection can only be achieved if the strain of C. difficile 
is identified using molecular techniques. Recurrent episodes are less severe com-
pared to the first episode.

Patients who develop CDI have increased hospital length of stay, increased medi-
cal costs, increased readmission rates, as well as higher morbidity and mortality 
rates. The same is true of surgical patients with CDI [6, 22, 23].

10.5  Diagnosis

The diagnosis of CDI should be based on clinical signs in conjunction with labora-
tory testing. Stool testing should only be performed on diarrheal stools from at-risk 
patients that have >3 loose stools in a 24-h period and no alternative reason for signs 
and symptoms, such as stool softener use or enteral nutrition. This is especially 
relevant in patients with known risk factors, like recent antibiotic use, hospitaliza-
tion, and advanced age. In patients with ileus who are unable to produce a stool 
specimen, performing polymerase chain reaction testing of perirectal swabs pro-
vides an acceptable alternative [14].

C. difficile strains with hypervirulent traits, have been described in the last 
decade. Particularly, C. difficile strain 027, has been associated with increased dis-
ease severity, recurrence, and high mortality rates [20–26].

In order to effectively manage CDI, it is important to have a prompt and precise 
diagnosis to initiate treatment in a timely manner. Identifying CDI as early as possi-
ble allows for earlier treatment and improved outcomes. Rapid isolation of infected 
patients is key in controlling the potential transmission of CDI in the hospital setting.
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C. difficile has been shown to colonize the intestinal tract of healthy individuals. 
Therefore, diagnostic testing for CDI should only be performed on diarrheal stools 
of patients presenting with symptoms concerning for CDI. The testing of formed 
stools can result in false positive tests, which can result in unnecessary antibiotic 
treatment.

Radiographs of the abdomen in CDI may be normal, or they may show ileus, 
colonic dilation, thumb printing, or haustral thickening. CT imaging is suggested 
for patients with clinical manifestations of severe CDI. However, due to the low 
sensitivity of CT it is not recommended for screening purposes alone. CT imaging 
can assist with an early diagnosis and can help determine the severity of the disease 
in patients with CDI. CT findings of CDI include colonic wall thickening (pancoli-
tis), dilation of the colon, pericolonic stranding, “accordion sign” (high-attenuation 
oral contrast in the colonic lumen alternating with low-attenuation inflamed 
mucosa), “target sign” (IV contrast displaying varying degrees of attenuation caused 
by submucosal inflammation), and ascites. The most common finding on CT, 
colonic wall thickening, is non-specific and can be found in other etiologies of coli-
tis. CT diagnosis of CDI has a sensitivity of 52%, specificity of 93%, and positive 
and negative predictive values of 88% and 67%, respectively [14, 27, 28].

CDI can also be detected endoscopically by the presence of ulcers, plaques, and 
pseudomembranes. These lesions will be present in 90% of fulminant colitis cases 
versus 23% in mild cases. The pathognomonic lesion in CDI is the pseudomem-
brane, which is characteristically raised, yellowish, with skipped areas of normal 
appearing mucosa. Endoscopy can be hazardous in the setting of fulminant colitis, 
as there is an increased risk of colonic perforation. For this reason, endoscopy 
should be used sparingly, as the diagnosis can be made readily via laboratory testing.

10.6  Medical Management

Metronidazole and oral vancomycin have been the mainstay of CDI for the past 
30 years with vancomycin being reserved for severe infections. However, recent 
evidence and the availability of newer agents has brought a shift in the manage-
ment of CDI.

Several randomized controlled trials [29, 30] have shown that oral vancomycin 
is superior to metronidazole, even in mild to moderate disease. Given the recent 
evidence, metronidazole has fallen out of favor in the updated 2017 Infectious 
Diseases Society of America (IDSA)/Society of Healthcare Epidemiology of 
America (SHEA) guidelines and is no longer recommended as first-line treatment.

Treatment should be guided by whether the episode is initial or recurrent, as well 
as by the severity of the infection (Table 10.1).

The first step in approaching treatment is to discontinue unnecessary antibiotics 
whenever possible as this may influence the risk of recurrent CDI. Supportive mea-
sures include correcting electrolyte disturbances, discontinuation of unnecessary 
proton pump inhibitors as these have been associated with the development of CDIs, 
and the use of antiperistalic agents. Probiotics have been used to recolonize the GI 
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Table 10.1 Management of adult patients with C. difficile infection

Episode type 
and disease 
severity Clinical parameters Treatment Considerations
Initial 
episode, 
non-severe

Leukocytosis with a 
white blood cell count 
of ≤15,000 cells/mL 
and a serum creatinine 
level <1.5 mg/dL

VAN 125 mg PO 4 times 
daily × 10 days, OR
FDX 200mg PO twice 
daily × 10 days
If above agents are 
unavailable, metronidazole 
500mg PO three times a 
day × 10 days

Treatment may be 
extended up to 14 days in 
patients who have delayed 
resolution of symptoms, or 
those are treated with 
metronidazole

Initial 
episode, 
severe

Leukocytosis with a 
white blood cell count 
of >15,000 cells/mL 
or a serum creatinine 
level >1.5 mg/dL

VAN 125 mg PO 4 times 
daily × 10 days, OR
FDX 200mg PO twice 
daily × 10 days

Treatment may be 
extended up to 14 days in 
patients who have delayed 
resolution of symptoms

Initial 
episode, 
fulminant

Hypotension or shock, 
ileus, megacolon

VAN 500 mg 4 times per 
day orally or by 
nasogastric tube.
For ileus:
  •  Consider rectal 

instillation of VAN
  •  Add intravenous 

metronidazole 500 mg 
every 8 h to oral or 
rectal VAN

Consider early surgical 
consultation, and consult 
ID or GI

First 
recurrence

VAN 125 mg PO 4 times 
daily × 10 days if 
metronidazole was used 
for the initial episode, OR
Vancomycin in a taper and 
pulsed-dose regimen if a 
standard VAN regimen was 
used for the initial episode:
125 mg PO 4 times/
day × 10–14 days, then
125 mg PO 2 times/
day × 1 week, then
125 mg PO daily for 1 wk, 
then
125 mg PO every 2 or 
3 days for 2–8 weeks, OR
FDX 200 mg PO 2 times a 
day × 10 days if VAN was 
used for the initial episode

Consider ID or GI consult
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tract, but the data is limited by size and quality of studies along with inconsistency 
in the type of formulations that have been used leading to a lack of consensus in 
recommending their use.

10.7  Treatment of Initial Episode of CDI

Either oral vancomycin 125 mg four times daily, or fidaxomicin 200 mg oral twice 
daily is recommended over metronidazole for an initial episode of CDI in adults, 
regardless of severity (Table 10.1). Cost and availability may limit fidaxomicin use. 
Oral metronidazole is recommended only if vancomycin or fidaxomicin are unavail-
able or contraindicated.

Typical treatment duration is 10 days, but may be extended up to 14 days in 
patients who have not had resolution of symptoms by 10 days [31].

There has been variability in the factors that determine severity of disease, but 
the IDSA/SHEA guidelines recommend using leukocyte count of >15,000 cells/mL 
or a serum creatinine level >1.5 mg/dL as indicators of severe disease. The recom-
mended dosage of vancomycin is 125 mg given 4 times daily regardless of disease 
severity because this dose achieves adequate bactericidal concentration in the intes-
tinal lumen and a higher dose does not confer any additional benefit. When compar-
ing vancomycin to fidaxomicin the clinical cure rate with fidaxomicin is non-inferior 
to vancomycin, but the rate of recurrence is significantly lower with fidaxomicin use 
thus fidaxomicin may be reserved in patients at an increased risk of CDI recurrence.

Table 10.1 (continued)

Episode type 
and disease 
severity Clinical parameters Treatment Considerations
Second or 
subsequent 
recurrence

Vancomycin in a taper and 
pulsed-dose regimen, OR
VAN 125 mg PO 4 times a 
day × 10 days followed by 
rifaximin 400 mg PO 
3 times a day for 20 days, 
OR
FDX 200 mg PO 2 times/
day for 10 day, OR
Fecal microbiota 
transplantation (generally 
reserved for >2 recurrent 
episodes [i.e., >3 CDI 
episodes])

Consider ID or GI consult

Van Vancomycin, FDX Fidaxomicin, PO Orally, ID Infectious diseases, GI Gastrointestinal
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10.8  Fulminant CDI

Fulminant CDI may be characterized by hypotension or shock, ileus, or megacolon. 
Treatment is higher dose vancomycin 500 mg orally four times daily for 10 days. If 
ileus is present, rectal instillation of vancomycin 500 mg in 100 mL normal saline 
every 6 h as a retention enema can be considered (Table 10.1). Intravenous metroni-
dazole 500 mg every 8 h is recommended as an addition to oral or rectal vancomy-
cin if ileus is suspected since ileus may interfere with the distribution of orally 
administered vancomycin in the gut lumen. In patients with an inadequate response 
to vancomycin and metronidazole, tigecycline or intravenous immunoglobulins 
may be used, but studies have provided limited evidence [31]. Studies have shown 
that a rising WBC count (>25,000 cells/mL) or rising lactate level (>5 mmol/L) is 
associated with higher mortality and early surgical intervention is key for survival, 
hence expert surgical consultation must be sought earlier in the course of fulminant 
CDI with ileus [21].

10.9  Treatment of Recurrent CDI

Approximately 25% of patients will experience recurrent CDI.  Risk factors for 
recurrent CDI are administration of antibiotics during or after treatment of previous 
CDI, increased severity of underlying disease, advanced age, and immune compro-
mise. Recurrent CDI can result from the same strain (relapse) or a different C. dif-
ficile strain (new infection), but the management of this infection is the same 
regardless of etiology.

Treatment of the first recurrent episode varies based on the agent used to treat the 
initial episode of CDI (Table 10.1). Patients who received metronidazole for their 
initial episode must be treated with a standard 10-day course of oral vancomycin 
125 mg four times daily. Patients who received a standard course of oral vancomy-
cin as initial treatment must be treated with a tapered, pulse-dose regimen of vanco-
mycin, or a 10-day course of fidaxomicin. Metronidazole is not recommended for 
recurrent CDI.  Patients with multiple recurrent CDIs may receive an extended 
course of oral vancomycin (tapered or pulse regimen), or oral vancomycin followed 
by rifaximin, or fidaxomicin. There is no additional benefit in extending the treat-
ment duration.

Fecal microbiota transplantation (FMT) has been used successfully to correct the 
antibiotic-related dysbiosis in the gut microbiome which contributes to the develop-
ment of CDIs. Reported FMT success rates have been higher in non-randomized 
trials than randomized controlled trials. Success rates are high regardless of route of 
installation of feces and range from 77% to 94% with the highest success rates with 
colonic instillation [32–37]. Data in severe, refractory CDI is limited. There is no 
consensus on the number of antibiotic treatment courses for recurrent CDI before 
using FMT, but IDSA/SHEA recommends appropriate antibiotic treatment of at 
least 2 recurrences, or a total of 3 CDI episodes, before initiating FMT. Complications 
of FMT are limited and may be related to infectious complications or physical com-
plications from instillation, long-term consequences are unknown at this time.
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Bezlotoxumab, a Toxin B binding monoclonal antibody, was approved in 2016 
to reduce the risk of recurrence in adult patients concomitantly receiving antibiotics 
for CDI treatment and shows significant promise.

10.10  Consultation

Gastroenterology or infectious diseases consultation must be considered in patients 
with an inadequate response or recurrent infection. Surgery must be consulted in 
patients with a rising WBC count and lactate levels or with fulminant CDI associ-
ated with ileus.

10.11  Surgical Management

Patients with fulminant colitis (FC) who progress to systemic toxicity require surgi-
cal intervention. Predictive clinical and laboratory findings included: age (>70 years), 
prior CDI, profound leukocytosis (>18,000/mm3), hemodynamic instability, use of 
anti-peristaltic medications, and clinical findings of increasing abdominal pain, dis-
tension, diarrhea, and change in mental status [6, 12–14]. Patients with severe CDI 
who progress to systemic toxicity are likely to have multiple comorbidities. Delaying 
surgery in this group leads to an increased likelihood of poor outcomes. There is 
some evidence that shows a short period of medical optimization can improve out-
comes before colectomy [38].

There is no reliable clinical or laboratory findings that can predict those patients 
who will respond to medical management and those who will require surgery. In the 
setting of severe CDI emergency colectomy provides a survival benefit compared to 
continuing antibiotics [16–18]. Patients presenting with organ failure (acute renal 
failure, cardiopulmonary compromise, or change in mental status) also need prompt 
intervention since the timing of surgical intervention is crucial for survival of these 
patients. There is a decrease in mortality associated with surgery performed before 
the onset of cardio/pulmonary failure or vasopressor requirements, especially in 
patients <65  years of age. Mortality rates rise when surgical exploration is per-
formed after the development of respiratory failure and the use of vasopressors. 
Optimal timing for surgery remains controversial in CDI, but most studies support 
surgical intervention 3–5 days after diagnosis in patients who are worsening or not 
clinically improving. It is strongly recommended that patients with severe CDI 
undergo early surgery prior to developing shock and requiring vasopressors [1, 14, 
19, 39–43].

Resection of the entire colon with end ileostomy should be considered to treat 
patients with fulminant colitis. Diverting loop ileostomy with antegrade colonic 
lavage is a potential useful alternative to resection of the entire colon [44, 45]. The 
most commonly performed operation for the treatment of fulminant colitis is total 
colectomy with end ileostomy. When deciding for colonic resection, if total colec-
tomy is not performed, reoperation to resect further bowel is usually required. Once 
a decision has been made to operate for FC a total abdominal colectomy should be 
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performed. The surgeon should not be deterred by the external appearance of the 
colon, as it may appear relatively benign. Almost universally, the colon will be 
extremely edematous and boggy, containing liters of fluid. Pericolic inflammation 
and sterile inflammatory ascites is commonly encountered as well. Sometimes, 
especially if surgery has been delayed, the colonic wall may be necrotic with or 
without perforation.

Given the severity of illness in these patients, surgery should be performed in an 
expeditious manner. The operation should be performed open, ligating the mesen-
teric vessels before they branch, to facilitate a quick resection. The intraperitoneal 
portion of the colon should be removed and the rectum divided at or near the peri-
toneal reflection.

A diverting loop ileostomy with antegrade colonic lavage can be a colon preserv-
ing alternative to total colectomy. Patients with FC are managed by a loop ileos-
tomy, intraoperative colonic lavage with warmed polyethylene glycol 3350/
electrolyte solution via the ileostomy and postoperative antegrade instillation of 
vancomycin flushes via the ileostomy. The operation can be performed laparoscopi-
cally in the hemodynamically stable patient. Pre-procedure predictors of mortality 
for colonic lavage include age, elevated serum lactate levels, timing of operation, 
vasopressor use, and presence of acute renal failure [44, 45].

10.12  Outcomes

The outcomes of patients with fulminant colitis due to C. difficile are dependent on 
their selection and the timing of surgical intervention. Patients with age >65 years, 
cardiopulmonary failure, vasopressor requirements, renal failure, and severe leuko-
cytosis have a mortality rate that exceeds 50%. When these predictors are not pres-
ent the majority of patients survive with good recovery.

Physiologic support including invasive monitoring in an intensive care unit and 
aggressive resuscitation is often necessary in fulminant colitis. The diarrhea from 
CDI results in significant volume depletion and electrolyte abnormalities; therefore, 
fluid and electrolyte imbalances should be corrected. Early detection of shock and 
aggressive management of underlying organ dysfunction are essential for improved 
outcomes in patients with fulminant colitis. Supportive measures, such as intrave-
nous fluid resuscitation, albumin supplementation and electrolyte replacement, 
should be provided to all patients with severe C. difficile infection.
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11.1  Definitions

Source control in surgery is the act of eliminating or reducing foci of infection con-
tributing to physiologic derangement of the human host, allowing the host defenses 
to control the remainder of the infection. In combination with appropriate and tar-
geted antibiotic therapy, source control is one of the two pillars of care of the patients 
with intra-abdominal infections. Such intra-abdominal infections (IAI) include 
appendicitis, cholecystitis, diverticulitis, gastroduodenal perforations, necrotizing 
pancreatitis, salmonella, tuberculosis, trauma, urinary tract pathology, gynecologic 
pathology, and iatrogenic injury, among others [1]. Terms including IAI, peritonitis, 
and abdominal sepsis are often used interchangeably in vernacular conversation, but 
should be used to define similar but distinct clinical states.

The distinction between an uncomplicated and a complicated IAI has fluctuated 
over time. Historically, infections limited to, and contained within, a hollow viscus 
were considered uncomplicated. When infections breached their native anatomic 
boundaries and entered normally sterile areas of the abdomen, they were termed 
complicated IAI [2–4]. Functionally, to satisfy regulatory bodies such as the FDA, 
complicated IAI have been defined as those that have required source control inter-
ventions [2]. Yet there are clearly conditions that are contained to a lumen that 
require source control, fulminant Clostridioides (Clostridium) difficile infection 
being but one. The 2017 Surgical Infection Society/Infectious Disease Society of 
America Revised Guidelines on the Management of Intra-Abdominal Infection 
updated the definition of complicated IAI to reflect the range of pathology—
“Patients with complicated IAI may be characterized as manifesting secondary or 
tertiary peritonitis, single or multiple intra-abdominal abscesses, or an intra- 
abdominal phlegmon” [2].
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Localized peritonitis is peritoneal inflammation resulting from loss of integrity 
of the gastrointestinal tract or from infected viscera, at the site of infection. When 
a patient develops localized peritonitis, there are three potential outcomes 
(Fig. 11.1). In the first outcome, the patient’s host response can clear the infection. 
In these cases, it is possible the patient may never even seek care. In the second 
outcome, the body is able to contain, but not clear the infection. Mechanisms for 
controlling more widespread spillage include migration of inflammatory cells 
including neutrophils and macrophages, local fibrin production by fibroblasts, 
complement activation, and walling off sites of inflammation with omentum or 
small bowel [5]. In the third outcome, rapid or persistent contamination, an expand-
ing localized infection, or free rupture of a hollow viscus can overwhelm intrinsic 
localizing mechanisms. In such cases, widespread bacterial contamination results 
in generalized peritonitis.

Traditionally, peritonitis has been divided into primary, secondary, and tertiary 
peritonitis [5, 6]. Primary peritonitis includes infection of the peritoneal cavity that 
occur without breakdown of normal anatomic barriers to infection, as in the case of 
spontaneous bacterial peritonitis in patients with cirrhosis, or among patients under-
going peritoneal dialysis [6]. Offending pathogens tend to be isolated to a single 
species, with the main pathogens in adults being coliform bacteria [5]. Secondary 
peritonitis occurs as a result of infections arising from alimentary tract microbes 
contaminating an otherwise sterile peritoneal cavity [6, 7]. This definition clearly 
has overlap with historic definitions of complicated IAI. These infections are more 
commonly multi-species, and involve coliform bacteria [5]. Finally tertiary perito-
nitis refers to patients who require more than one operation for IAI, or who develop 
treatment failure after initial source control attempts [6, 7]. However, the terms 
secondary and tertiary peritonitis lack specificity or consistency, and do not contain 
specifics of chronicity or extent [2]. Given these constraints, the more functional 
localized or generalized, acute or chronic, complicated, or uncomplicated terminol-
ogy has been used in this chapter.

Peritoneal contamination

Localized peritonitis

Resolution

Abscess formation

SIRS & MOF

Generalized peritonitis

Fig. 11.1 Natural history 
of three clinical outcomes 
that can occur with 
intra-abdominal infections. 
(Adapted from Cheadle 
et al. In: Cheadle WG, 
Spain DA. The continuing 
challenge of intra- 
abdominal infection.  
Am J Surg. 
2003;186(5A):15S–22S: 
16S; Figure 2)
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11.2  Epidemiology

Acute abdominal pain is one of the most common indications for surgical consulta-
tion in the emergency department (ED) and hospital, and intra-abdominal infections 
are a common cause of acute abdominal pain. Acute abdominal pain is responsible 
for 10% of emergency department visits annually in the US, and approximately 
10% of these cases have abdominal pathology requiring surgical intervention [8–
10]. Sepsis frequently accompanies intra-abdominal infection. Among patients pre-
senting with sepsis worldwide, 15–43% had intra-abdominal sources and among 
patients who develop sepsis in-hospital, more than 60% were the result of an inva-
sive procedure [11, 12].

In the early 1900s, mortality of an intra-abdominal infection was near 90% [5]. 
By the 1950s mortality rates had been reduced to 50% and by the 1970s mortality 
rates were less than 30–40% [5]. Modern understanding of physiology, a wide range 
of antibiotics, intensive care, and improved diagnostic capability have reduced the 
mortality rates associated with intra-abdominal infections to <30% [5]. A recent 
international multicenter observational study among high-, middle- and low-income 
countries, conducted in 132 centers over 4 month period enrolled 4553 patients with 
complex intra-abdominal infections and observed an overall 9.2% (416/4533) mor-
tality rate [13]. This mortality rate is similar to 30-day mortality rate (8%) and 
operative mortality rate (6%) observed among patients undergoing emergency gen-
eral surgery for abdominal pathology in the US, England, and Australia [14].

Patients with sepsis as a result of an intra-abdominal infection may be at particu-
larly high risk of an untoward outcome. The overzealous immune response seen in 
sepsis can lead to shock, multiple organ system failure, and death. Patients with 
severe sepsis secondary to complicated intra-abdominal infection have reported 
mortality rates ranging from 20–60% [15–18]. In the US, a postoperative diagnosis 
of septic shock was associated with 30% and 40% mortality rate for elective and 
emergency general surgery patients, respectively [19]. Addressing both the underly-
ing intra-abdominal infection and the subsequent sepsis are critical to increase 
chances of a positive outcome.

11.3  Initial Resuscitation

Once an IAI is suspected, antibiotic administration, appropriate volume resuscita-
tion, and restoration of normal physiology should be the goal prior to performing an 
operation. Resuscitation priorities have been eloquently depicted in the Surviving 
Sepsis Campaign bundle [20]. Among patients with sepsis and septic shock, blood 
cultures should be obtained, broad-spectrum antibiotics should be administered, 
lactate levels should be measured, a 30 ml/kg crystalloid bolus should be given for 
patients with hypotension or a lactate ≥4  mmol/L, and vasopressors should be 
started if a patient is hypotensive during or after fluid bolus administration with a 
goal to maintain a mean arterial pressure ≥65 mmHg [20]. Initial empiric antibiotic 
therapy should be broad but account for likely sources of infection and the host risk 
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factors [2]. Ideally blood cultures should be obtained prior to initiating antibiotic 
therapy as sterilization of cultures can occur within minutes of appropriate antibi-
otic therapy [21, 22]. But obtaining blood cultures should not delay starting antibi-
otic therapy; delays in antibiotic therapy lead to an increase in mortality [23, 24].

If a patient does not respond to these initial resuscitative interventions, an opera-
tion should not be postponed. Clinical worsening could signal progression of intra- 
abdominal sepsis. In these situations, operative intervention should be pursued as 
expeditiously and aggressively as possible. Delays in obtaining source control lead 
to worse outcomes [25–27].

11.4  Diagnosis

Localizing the offending source may help guide operative exposure and technique. 
Yet little has changed since Sir Zachary Cope first published Early Diagnosis of the 
Acute Abdomen [28]. “The necessity of making a thorough physical examination in 
every acute abdominal case should not need much emphasis. Radiologic or ultra-
sonic examinations, CT, and the vast array of laboratory tests available to all of us 
today will not compensate for a poor or incomplete history and physical” [29]. 
Physical exam may provide early identification of an intra-abdominal infection and 
obviate the need for additional imaging, particularly for patients in extremis or with 
generalized peritonitis (Fig. 11.2).

In cases of diagnostic uncertainty, additional imaging may provide information 
that can target intervention. Upright, plain radiograph (X-ray) may be useful in 
identifying free air under the diaphragm or pneumatosis of the biliary tree or bowel. 
While portable and quick, these plain films are neither sensitive nor specific for a 
wide range of abdominal pathology. However, for patients with free air and a con-
cerning exam, no further imaging may be needed. Ultrasound is an important diag-
nostic tool; it can be performed in the ED or ICU, is low-cost, repeatable, and lacks 
radiation exposure. Patients with acute abdominal pain who experienced surgeon- 
performed ultrasound in the ED were 1.6 times more likely to proceed directly to 
the OR from the ED (P < 0.001) [30].

Among patients who initially respond to resuscitative efforts, computed tomog-
raphy (CT) may provide more detailed information about specific intra-abdominal 
organs, vasculature, muscle, other soft tissue and bones. CT scans can be performed 
rapidly, and many surgeons are facile with interpreting this imaging modality. An 
abdominal CT scan with oral and intravenous contrast is the imaging modality of 
choice [7, 31]. Contrast administration must be judicious. Intravenous contrast may 
not be appropriate for patients with contrast allergy or renal impairment, and oral 
contrast may not be appropriate for patients at risk of aspiration. Magnetic reso-
nance imaging (MRI) is an alternative for cross-sectional abdominal imaging. 
However, MRI is time-consuming and costly, and is not appropriate for a patient in 
extremis. For those patients who can tolerate the study however, MRI remains an 
important diagnostic adjunct. Magnetic resonance cholangiopancreatography in 
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particular may be useful for assessing the integrity and patency of the bile and pan-
creatic ducts.

Ultimately, imaging should not delay operative intervention, particularly among 
patients with clear physical exam or who remain hemodynamically compromised 
despite initial attempts at resuscitation [25–27]. In these cases, a “cut-scan” is the 
safest method of definitively diagnosing the underlying pathology.

11.5  Treatment

Techniques for obtaining source control vary widely depending on the site of infec-
tion, acuity of infection, and physiologic state of the host (Table 11.1). In cases of 
IAI where the intrinsic mechanisms of infection containment are successful, delayed 
operative therapy temporized with percutaneous drainage may be appropriate [32]. 
Examples of such situations where such tactics may be acceptable include infected 
pancreatic necrosis, hepatic abscess, perforated appendicitis with abscess, acalcu-
lous cholecystitis, and diverticular abscess, among others. In these situations, percu-
taneous drainage can be viewed as temporary source control. Pathology such as 

Perforated ulcer

Abrupt, excruciating pain
Rapid onset of severe,

constant pain

Gradual, steady pain
Intermittent, colicky pain

crescendo with free intervals

Acute pancreatitis

Mesenteric thrombosis
strangulated bowel

Ectopic pregnancy

Early pancreatitis
(rare)

Small bowel obstruction

Inflammatory
bowel disease

Biliary colic

Myocardial
infarction

Ureteral colic

Acute cholecystitis,
acute cholangitis,

acute hepatitis

Appendicitis,
acute salpingitis

Ruptured
aneurysm

Diverticulitis

Fig. 11.2 The differential diagnosis of the acute abdomen with signs and symptoms elicited dur-
ing physical exam. (Adapted from Britt, LD, ed Acute Care Surgery. In: Britt LD, Peitzman AB, 
Barie PS, Jurkovich GJ. Acute Care Surgery. 2nd Edition. Philadelphia: Lippincott Williams & 
Wilkins; 2019:534; Figure 41.1)
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infected pancreatic necrosis or a hepatic abscess may be sufficiently addressed by 
percutaneous drainage alone [33–35]. For those patients with an appendiceal or 
diverticular abscess or acalculous cholecystitis, definitive source control can be per-
formed at a later date when the patient has returned to a more favorable physiologic 
state. In some cases, subjecting the patient to an operation to resect the offending 
organ may no longer be required.

Uncontrolled sepsis can also be driven by infected fluid collections not amenable 
to percutaneous drainage due to the organ infected (such as a splenic abscess) or 
being inaccessible given proximity to surrounding structures, as in the case of an 
inter-mesenteric abscess. In these cases, surgery should focus on removing devital-
ized or infected tissue, irrigation of the abdomen, and achieving copasetic 
physiology.

Among patients who are physiologically robust in the immediate preoperative 
period, and remain so intraoperatively, restoration of gastrointestinal continuity can, 
and should, occur. In patients with profound physiologic derangement as a result of 
the initial septic insult, damage control surgery is warranted. While there are no 
definitive cut-offs for when damage control surgery should be performed, hypother-
mia (temperature <35  °C), pH  <  7.2, base deficit of 8 or more, and evidence of 
coagulopathy, either alone or in combination, are reasonable thresholds [36, 37]. 
Source control should be obtained expeditiously with a combination of resection of 
devitalized or infected tissue and wide drainage. Restoration of intestinal continuity 
may not be warranted given anticipated need for continued resuscitation and antici-
pated bowel wall edema, questionably viable tissue, and guarded physiologic status 
[36]. In these cases the patient will need to be left with an open abdomen, and 
should receive temporary coverage rather than definitive abdominal closure. Among 
a mixed surgical and trauma population negative pressure therapy (NPT) systems 
were associated with higher rates of primary fascial closure and are recommended 
[36, 38, 39]. However, few prospective randomized trials of high-quality exist, and 
if NPT is not available, other options are likely adequate [36, 39]. The critical deci-
sion is not the type of device used to cover the abdomen, but the decision to leave 
the abdomen open due to the patient being physiologically deranged [36, 37].

The patient should be taken to the ICU, warmed, and resuscitated. Once the 
patient’s physiology has been restored, they can be returned to the operating room 
for definitive repair and abdominal closure [36]. In these cases, planned or repeat 
laparotomy should be performed ideally within 24  h pending improvement in a 
given patient’s physiology. Working toward abdominal closure as expeditiously as 
the patient’s condition allows is critical to optimize chances of primary fascial clo-
sure [36]. While the data are scant among patients with an intra-abdominal infec-
tion, each hour delay in returning to the operating room (24 h after initial laparotomy) 
was associated with 1.1% decrease in achieving primary fascial closure for trauma 
patients [40]. Early closure may avoid the potentially severe side effects of an open 
abdomen, and will improve resource utilization [36]. Fascia should only be closed 
after source control is assured.

Peritoneal lavage is widely practiced during source control procedures in the set-
ting of complex intra-abdominal infections, yet its benefits are not clear [41, 42]. 
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Proponents of peritoneal lavage claim that irrigating the abdomen dilutes the bacte-
rial load decreasing risk of postoperative infectious complications. Hence the surgi-
cal dictum “the solution to pollution is dilution.” However, randomized controlled 
trails as well as meta-analysis have failed to show benefit of lavage in patients with 
peritonitis [43–48]. The frequency and choice of lavage varies widely and includes 
saline, aqueous betadine, water, and antibiotic fluid. Lavage solutions may reduce 
antimicrobial burden through dilution, direct antimicrobial affects from dissolved 
antimicrobial drugs, or pathogen lysis from osmotic gradients. Most surgeons prac-
tice lavage with warm saline until the fluid is clear using 500–1000 mL [49]. There 
is no robust data to suggest that antibiotic-containing irrigant or irrigant with iodine 
or chlorhexidine reduces risk of infection [45, 49]. In light of risking antimicrobial 
resistance and healthcare costs, these tactics should not be encouraged. Using water 
or other hypotonic irrigant solutions may increase lysis of microbial pathogens, but 
may negatively affect host cells. Given these considerations, warmed sterile isotonic 
crystalloid solution is the most appropriate irrigant solution. Careful consideration 
should be given to aggressive irrigation when the infection is localized, as lavage 
may further spread bacteria and other pathogens in an otherwise unperturbed 
abdomen.

Source control is but one of two pillars of effective therapy for intra-abdominal 
infections. Targeted antimicrobial therapy is also required for patients with compli-
cated intra-abdominal infections. For uncomplicated infections like acute cholecys-
titis or non-perforated appendicitis, perioperative antibiotics are sufficient. But for 
patients with complicated intra-abdominal infections, four to five days of antibiotic 
therapy are sufficient after source control, as demonstrated in the STOP-IT trial 
[50]. Readers are directed to the chapter discussing antibiotic therapy for an in- 
depth review of antibiotic options and recommended durations of therapy.

To help tailor therapy, peritoneal cultures should be obtained to allow for 
pathogen- directed antimicrobial therapy when sensitivities result [2]. Treatment 
failure in some cases may be secondary to resistant pathogens [51, 52]. Studies 
show that patients with intra-abdominal infections with antimicrobial resistant 
organisms are at risk of adverse outcomes [52–55]. Furthermore, there is an increas-
ing proportion of multidrug-resistant organisms in intra-abdominal infections [51, 
56, 57]. Prompt identification of an antimicrobial resistant infection is essential for 
the surgeon, as it should inform clinical management.

Utility of prophylactic drain placement after abdominal operations has long been 
the subject of debate. Amongst a wide range of procedures, drains paradoxically 
increase the risk of developing an surgical site infection even among contaminated 
(class III) wounds; among dirty (class IV) wounds this effect is not as pronounced 
[58]. Among patients undergoing colorectal operations drains are not routinely rec-
ommended, unless a technically challenging low-pelvic anastomosis is performed 
[59, 60]. Similarly, drains are not recommended after complicated acute appendec-
tomies or cholecystectomies and may increase hospital cost and length of stay [61–
63]. Even among patients who undergo hepatic or major upper gastrointestinal 
resections, no benefit is observed with routine drainage [64, 65]. Pancreatic resec-
tions may benefit from short-term drainage in some cases, but meta-analysis do not 
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support routine drain use [66]. Despite the overwhelming body of evidence that 
suggests no benefit to drainage (and potential harm), drain placement after source 
control operations is disconcertingly common. Drains should not be routinely left 
after source control operations.

Treatment failure after initial attempts at source control may occur in up to 20% 
of patients [2, 36]. Patients should be assessed for source control failure if there is 
progressive organ dysfunction within the first 12–48 h after initial source control 
[2]. In these situations, abdominal re-exploration should strongly be considered. 
After 72 h, use of CT to identify fluid collections amenable to percutaneous drain-
age may become more useful [2]. The traditional teaching that the sensitivity and 
specificity of an abdominal CT scan to distinguish between failures of source con-
trol and normal postoperative fluid improves the further the duration of time from 
surgery to CT scan has been debated [67–69]. However, we and others have found 
it beneficial to hold off on obtaining a CT scan to assess for failure of source control 
until day 5 or greater to maximize the chances of detecting pathology that is likely 
to be successfully addressed through percutaneous intervention [2, 70].

11.6  Conclusion

Source control is an old concept in surgery, but one that remains essential to the 
management of patients with intra-abdominal infections. Patients with peritonitis 
secondary to an intra-abdominal infection require aggressive and timely interven-
tion. Imaging may be useful, but should not delay operative intervention in clear 
cases. Damage control tactics, with delayed restoration of normal anatomy, may be 
desirable when the patient is profoundly physiologically unstable. Targeted antibi-
otic therapy is an important adjunct after source control has been achieved in com-
plicated infections. While cautious optimism may be tempting after source control 
procedure, high suspicion for missed injury, ongoing infection or inadequate source 
control is prudent and preferable. When treatment failure is detected, an early return 
to the operating room is a sign of good judgment and a humble surgeon.
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Ongoing Peritonitis (Tertiary 
Peritonotis)
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12.1  Definition

Recurrent intra-abdominal infections remain a formidable challenge to the surgeon. 
The associated severe inflammatory response originating from the peritoneal dam-
age causes a high percentage of septic course. Depending on the underlying pathol-
ogy, infectious peritonitis in classified into primary peritonitis (spontaneous 
bacterial peritonitis, arises in the absence of an identifiable anatomical derange-
ment), secondary peritonitis, which is the most frequent entity and is defined as an 
infection of the peritoneal cavity resulting from loss of integrity of the gastrointes-
tinal tract, and tertiary peritonitis. TP is less common and is defined as a severe 
recurrent or persistent intra-abdominal infection occurring 48–72 h following 
apparently successful and adequate surgical control of SP [1]. Whereas antibiotics 
are the mainstay of therapy of primary peritonitis, source control in the form of 
surgical or percutaneous drainage or removal of a colonized device is needed to 
resolve SP. These measures, combined with adequate physiologic support, result in 
cure of the infectious process in most patients. It has been recognized that appropri-
ate surgical and antimicrobial therapy does not result in full resolution of all cases 
of peritonitis, particularly in the most gravely ill patients. Rather, a clinical syn-
drome evolves characterized by a prolonged systemic inflammation, organ dysfunc-
tion leading to a high rate of SIRS and severe sepsis or septic shock, in associations 
with recurrent peritoneal infection with organism of low intrinsic pathogenicity. In 
these critically ill patient, with impaired immune defense and a considerable num-
ber of subsequent surgical interventions, infectious complications as well as a mor-
tality double as high ranging between 30 and 63% [2–6]. The microbial flora 
encountered in TP is different from SP and displays mostly opportunistic and noso-
comial facultative pathogenic bacteria and fungi (e.g., Enterococci, Enterobacter, 
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Candida). Due to broad-spectrum antibiotic therapy, a significant proportion of 
microbes develop multiresistance to antibiotics.

It is often difficult to differentiate between SP and TP since there is a continuum 
between both clinical situations and the exact time point when SP turns into TP is 
often missed [3]. Although TP may be diagnosed during relaparotomy as a simple 
discrete point in the illness, in reality, it evolves gradually over several hours or days.

Tertiary peritonitis poses a significant problem for clinicians, not only due to its 
treatment-resistant course, but also because of lack of consensus over the precise 
definition of the syndrome. Several authors define it as a diffuse, therapy resistant 
peritonitis with fungi or low-grade pathogenic bacteria in the absence of well- 
defined infective focus after apparently adequate therapy [4, 6–8]. Other author pos-
tulated that TP occurred when the initial peritoneal infection continued because 
surgical treatment was not successful [9, 10]. Clinical and laboratory parameters 
may remain pathologic or slowly decreasing 48 h after source control, so that reli-
able recognition of TP may be difficult. On the other hand, a time period of 7 days 
might miss adequate therapy strategy for TP.

The latest ICU consensus conference guidelines provide a precise definition of 
TP as intra-abdominal infection that persists or recurs ≥48 h following successful 
and adequate surgical source control. This definition contains two essential condi-
tions, which have to be met: the time period (≥48 h) and successful surgical source 
control [11].

Unfortunately, by the time most patients develop the clinical signs of tertiary 
peritonitis, the window for meaningful intervention may have passed [7].

12.2  Diagnosis

The value of clinical and laboratory parameters and scoring systems for sufficient 
diagnosis and monitoring of TP is still discussed controversially. It is often difficult 
to differentiate between SP and TP since they are in continuum between both clini-
cal situation and the exact time point when SP turns into TP is often missed. A 
subset of patients that received a surgical source control for SP will however develop 
clinical signs of recurrent or persistent intra-abdominal infection in spite of appar-
ently successful source control, which often results in reoperation. During subse-
quent laparotomies, recurrent or persistent peritonitis is encountered in spite of 
adequate surgical source control during the initial operation. This form of peritonitis 
is referred to TP. The diagnosis of TP can only be made in the absence of an obvious 
anatomical defect or disruption of the gastrointestinal hollow viscera; otherwise, the 
peritonitis has to be classified as ongoing SP (primary failure of surgical source 
control). The most frequent way to diagnose TP is a planned or on demand relapa-
rotomy, performed in the interval after initial operation [12]. However, the ICU 
consensus conference provided three categories for the diagnostic certainty of TP: 
“microbiologically confirmed,” “probable,” and “possible”.

It is desirable to identify patients at risk for developing TP as early as possible or 
at least during the first days after initial operation for SP.  In order to assess the 
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severity of intra-abdominal infection, multiple scales for evaluation of critically ill 
patients with peritonitis admitted to ICU have been described. Mannheim Peritonitis 
Index (MPI), APACHE II score, SAPS II score, C-reactive protein (CRP), and pro-
calcitonin (PCT) are early and easily accessible parameters which may be utilized 
for identification of patients who might develop TP.

The Mannheim Peritonitis Index (MPI) represents a scoring system that esti-
mates the severity and prognosis of SP at the onset of this clinical condition. It is 
applied under routine conditions during initial surgery for SP in the operating room. 
Since 1987, it has been developed and validated in several studies for SP [13, 14]. 
The MPI includes information about age, sex, organ failure, cancer and duration of 
peritonitis, involvement of colon, extent of spread, and the character of perito-
neal fluid.

The Acute Physiology and Chronic Health Evaluation (APACHE) II score pre-
dicts mortality and multi-organ failure (MOF) throughout the documentation of per-
manent changes in labor and ICU parameters. It measures biochemical parameters, 
blood pressure, pulse and temperature (acute physiology score) alongside age (age 
points), and chronic organ insufficiency assessment including liver, kidney, and car-
diovascular, respiratory, and immune system (chronic health points). The APACHE 
II score has been shown to have limitations in patients with TP or severe sepsis/
septic shock. In this patient population resuscitation frequently occurs in places 
other than ICU, including the operating room, emergency room and transferring 
institution. As a result, the patients may be relatively stable at the time of ICU 
admission, and the APACHE II score may not reflect the initial magnitude of physi-
ologic derangement [6].

The Simplified Acute Physiology Score II (SAPS II) was initially designed to 
predict mortality and disease severity of critically ill patients on surgical intensive 
care units [15].

C-reactive protein constitutes a routine parameter in patients with abdominal 
infections. The main problem of CRP is the lack of specificity for abdominal infec-
tions, and a rise of CRP during the postoperative period may simply be the result of 
the operative trauma [9, 10]. CRP and PCT have also rarely been evaluated in the 
diagnosis of TP. Concentration of CRP have been used to follow septic patients, but 
is unable to predict the outcome of disease or severity. During the postoperative 
period sepsis can be difficult to distinguish from the noninfectious situations, such 
as postoperative systemic inflammatory response syndrome (SIRS), related to surgi-
cal trauma. SIRS can be self-limiting or may progress to severe sepsis or septic 
shock [16]. Major surgical trauma may induce a non-septic SIRS which can be dif-
ficult to distinguish from early postoperative septic complications. PCT could help-
ful in the early diagnosis of postoperative infection after major surgery. PCT is 
known to be an early marker of severe sepsis, but it is correlated with the severity of 
SIRS after severe trauma [17, 18] and so may be distorted by major surgery. PCT 
was identified as a better discriminator then CRP in characterizing the degree of 
inflammation related to infection. PCT was more specific for sepsis-induced inflam-
mation than CRP, but no better than CRP at identifying infection uncomplicated by 
sepsis or organ failure [19]. PCT measurements may be useful for early diagnosis of 
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septic postoperative complications. Early diagnosis and treatment of septic patients 
may greatly improve outcome [20].

In response to infection or surgical trauma, the peritoneal environment produces 
cytokines. Proinflammatory cytokines recruit inflammatory cells to combat patho-
gens, stimulate wound repair and clear damaged tissue. To protect the host from 
damage by this inflammatory response, anti-inflammatory cytokines are also pro-
duced. Homeostasis is restored when the infection is controlled by a balanced 
immune response. Initially, a predominant proinflammatory reaction causes septic 
shock with organ dysfunction. If peritonitis persists and TP develops after a series 
of interventions, the anti-inflammatory cascade prevails, causing suppression of the 
immune system. Because of this, peritoneal inflammation is lacking, and there is no 
tendency toward the healing of wound or organ recovery. The immune system can 
be considered as one failing organ in the syndrome of multiple organ failure. 
Predisposing factors for immune paralysis include patient-related factors, such as 
genetic immune deficiencies, malnutrition and age, iatrogenic factors as surgery, 
immunosuppressive drugs and blood transfusions, and underlying diseases, as 
malignancy and neutropenia [4, 21, 22]. Immune paralysis can be defined by the 
critical level of deactivated monocytes with less than 30% HLA-DR expression 
[23]. This decreased cellular immunity is associated with high infection rates and 
mortality [24].

Beside these clinical and laboratory parameters, Mokart et  al. have recently 
shown that IL-6 is a good independent early marker of postoperative sepsis, severe 
sepsis or septic shock after major surgery [25]. The pattern of change of IL-6 is 
similar to that of PCT (postoperatively increased levels in septic patients, early 
marker of postoperative infections following major surgery), contrariwise is not yet 
available for routine diagnosis.

However, the value of clinical (MPI, SAPS II, APACHE II) and laboratory 
parameters (CRP, PCT) for sufficient diagnosis is limited, even if the MPI could be 
significantly higher in patients that later on developed TP compared to SP. MPI is an 
early marker for TP [3].

It would be desirable to have diagnostic markers that could predict at the onset of 
peritonitis—during the initial operation or the first postoperative days after—
whether the individual patient will develop TP or not.

12.3  Risk Factors and Microbial Flora

Age of patients, underlying etiology of peritonitis, malnutrition, endocrine dysfunc-
tion, and presence of multidrug-resistant microorganisms are some of the important 
epidemiologic and clinical risk factors which may predispose toward TP.

Comorbidities of patients with SP and TP do not significantly differ from each 
other. Nevertheless, cardiopulmonary and malignant comorbidities are associated 
with higher mortality. Less than a half of patients with SP die compared to those 
suffering from TP [8]. Advanced age is a significant factor associated with TP as 
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confirmed in literature [10, 26]. Higher age is a predictive factor for development of 
persisting peritonitis and organ failure, according to Barie et al.

Endocrine pathways play an important role in the body’s physiological response 
to peritonitis: in response to infectious insult the hypothalamic-pituitary-adrenal 
axis in activated, resulting in increased serum cortisol concentrations. The role of 
corticosteroids is essential to restore homeostasis. In persistent stress, such as com-
plicated or persistent peritonitis, the adrenocortical response can be deranged and a 
phenomenon called relative adrenal insufficiency could develop. The etiology is not 
fully clear, but is thought to be caused by depletion of the adrenal cortex and gluco-
corticoid receptor resistance. Substitution of corticosteroids in patients with relative 
adrenal insufficiency can reverse the septic-shock state drastically [27]. Prolonged 
critical illness is characterized catabolism of whole-body protein stores, resulting in 
muscle wasting and negative nitrogen balance, associated with increased morbidity 
and mortality [28].

Many authors have shown that there is a microbial shift in TP toward Enterococcus, 
Enterobacter, Pseudomonas, Candida albicans, and other opportunistic bacteria 
and fungi, cultured from the peritoneal cavity during operation [6, 8]. Indeed, patho-
gens frequently cultured from the peritoneal cavity in TP include multiresistant 
gram-negative organisms, endogenous organisms of low intrinsic pathogenicity 
[29]. This shift may reflect antibiotic pressure, as these organisms are resistant to 
most first-line antibiotics used in the surgical ICU. The main source of these patho-
gens in thought to be the patient’s gastrointestinal tract. In critical illness intestinal 
hypoperfusion, intestinal starvation, and elimination of normal gut flora by antimi-
crobial agents cause mucosal atrophy with subsequent loss of gut barrier function 
and microbial translocation [30, 31]. Moreover, manipulation during surgery may 
damage the bowel, promoting translocation of pathogens. Microbes and toxins 
moving from the gut lumen into the bloodstream and the peritoneal cavity activate 
the host’s immune inflammatory defense mechanisms, thus the immune response 
will be both uncontrolled and unbalanced, leading to tissue destruction and multiple 
organ failure. Finally, the superinfection of TP may arise as a result of the transloca-
tion of the infecting species from the adjacent gastrointestinal tract. The character-
istic flora of TP includes the same organisms that have been shown to overgrow the 
proximal gastrointestinal tract of the critically ill patients, and there is a strong cor-
relation between gut colonization and the development of peritoneal infection with 
the same species [32]. After appropriate surgical management, the combination of 
intact host defenses and appropriate antimicrobial therapy results in complete reso-
lution of most cases of SP; TP develops when the interaction of therapeutic inter-
vention and host defenses fails. There is evidence in literature that adequate 
perfusion and enteral feeding are important for preservation and restoration of the 
gastrointestinal tract and maintenance of barrier function. Moreover, mucosal 
immunity, originating in GALT (gut associate lymphoid tissue) appears to be pre-
serving by enteral feeding. There is substantial evidence in both critically ill and 
high-risk surgical patients that enteral feeding leads to significantly fewer infectious 
complications [33, 34].
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Patients suffering from TP have a significantly higher number of different infect-
ing organisms than those with SP. Microbiological specimen in immune-suppressed 
patients with TP are different from those with SP.  The number of opportunistic 
bacterial organism, mostly colonizing gastrointestinal tract, and fungi such as 
Candida increase, and organism become aggressive due to the immune weakness 
and prolonged peritoneal infection. The flora of TP is often identical to that pre-
dominating in nosocomial ICU-acquired infections [29]. Moreover, although we 
could not commonly demonstrate bacteremia in association with episode of TP, all 
of the predominant organisms—Candida, Enterobacter, coagulase-negative staphy-
lococci, and enterococci—are common causes of bacteremia in ICU.

The microbial resistograms of these microbes revealed two- to threefold higher 
resistance rates compared with those in secondary peritonitis leading to a challenge 
in the initiation of an adequate and specific antibiotic treatment.

12.4  Therapy

Antimicrobial treatment in TP remains a matter of debate. Early goal-directed ther-
apy provides benefits in outcome of patients with severe sepsis [6]. Initial antibiotic 
therapy for intra-abdominal infections is typically empirical in nature because a 
patient with abdominal sepsis/PS needs immediate treatment and microbiological 
data resulting from culture and swabs can require 24–48 h before they are available. 
In the context of intra-abdominal sepsis the major pathogens involved are 
community- acquired microbes. TP are instead commonly caused by more resistant 
flora and complex multidrug regimen may be necessary for first-line, empiric ther-
apy. TP is a life-threatening intra-abdominal infection with high rates of mortality 
due to high rate of multidrug-resistant infections and invasive candidiasis. In these 
critically ill patients antimicrobial therapy should be started as soon as possible; 
moreover, clinicians should always consider, especially in these patients, the phys-
iopathological status of the patient as well as the pharmacokinetic properties of the 
employed antibiotics to ensure timely and effective administration of antibiotics 
[35]. Treatment of choice in patients with TP is conservative management. As these 
patients have no perforations or leaks, early enteral nutrition in advisable. It pre-
vents atrophy of the gastrointestinal mucosa, maintains immunocompetence and 
preserves normal gut flora. Major septic complications are reduced as presented in 
a meta-analysis of prospective randomized trials [36].

For all these reasons, in TP the surgical strategy does not appear to be the pivotal 
factor and reoperations for severe abdominal infections are correlated to consider-
able deterioration and fatal outcome [37]. Proinflammatory mediator levels such as 
IL-6 raise after surgical treatment, resulting in aggravated peritoneal permeability 
and at least septic shock and MOF. The predominant finding noted at relaparoto-
mies in patients with TP in the presence of poorly localized collections of fluid, 
rather than discrete abscesses [6]. Mechanosurgical solutions are likely to have 
reached their limit once TP has developed. Indeed, repeated interventions may play 
a fundamental role in causing a further deterioration of the local immune response. 
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Furthermore, manipulation of the viscera may endanger the integrity of the intestine 
and thereby promote translocation.

12.5  Conclusions

Tertiary peritonitis represent the current limit of the surgical approach to sever intra- 
abdominal infection. Specific pathogens are cultured from the peritoneal cavity, 
although these appear more a symptom then the cause of critical illness. Elevated 
prognostic scores, advanced age, endocrine dysfunction, and fungal infections are 
associated with high mortality and tertiary peritonitis. Patients with more than one 
infecting organism suffer more frequently from TP and fatal outcome is correlated 
with cardiovascular and malignant comorbidities. Due to high mortality and often 
delayed diagnosis, it is crucial to identify patients at risk for developing TP as early 
as possible: at the initial operation and during the first postoperative days. Lack of 
peritoneal inflammation with systemic energy suggests immune paralysis and this 
state can have both endogenous or exogenous origins. Moreover, the endocrine 
stress response is essential for metabolic, cardiovascular and immunological 
homeostasis.

Organ failure is the main cause of death and is significantly high in patients 
with TP.

Early detection of nosocomial infections and increased rate of an adequately 
initiated antibiotic treatment in the patients with a high infectious risk are the pillars 
of TP management: definitive recognition of TP and optimal treatment in the first 
critical days provide maximal benefit in terms of outcome.
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The Challenge of Postoperative 
Peritonitis Due to Anastomotic Leakage

J. J. M. Claessen, F. F. van den Berg, and M. A. Boermeester

Anastomotic leakage is a common cause for postoperative peritonitis and associated 
with high mortality and morbidity. Management of secondary peritonitis remains 
challenging and requires a multidisciplinary approach, adequate ICU support and 
24/7 decision-making. Contrast-enhanced CT imaging is required before relapa-
rotomy. Current evidence points towards on-demand strategy as the preferable strat-
egy for ongoing or recurrent peritonitis with primary abdominal closure following 
emergency surgery. Temporary closure techniques using mesh-mediated negative 
pressure treatment devices can be used to promote abdominal closure and prevent 
fistulas.

Intra-abdominal infection (IAI) is, after pneumonia, the most common cause of 
severe sepsis [1]. An IAI can be classified as uncomplicated IAI or as complicated 
IAI (cIAI) [2]. In an uncomplicated IAI, a single intra-abdominal organ is involved 
and the infection does not extend to the peritoneum. A cIAI proceeds beyond the 
affected intra-abdominal organ into the peritoneum, causing (localized or diffuse) 
peritonitis [3]. The term peritonitis describes infection of the abdominal cavity with 
the local response of the visceral peritoneum as well as the patient’s reaction to 
bowel content containing free fluid, microorganisms and their toxins [4].

Peritonitis can be classified into primary, secondary or tertiary peritonitis [5]. 
Primary peritonitis is a diffuse spontaneous bacterial infection of the peritoneal cav-
ity without loss of integrity of the gastrointestinal tract. This occurs mainly in cir-
rhotic patients with ascites, immunocompromised hosts or in patients with a 
peritoneal dialysis catheter. Secondary peritonitis, which is the most common type, 
describes acute peritoneal infections secondary to intra-abdominal lesions, such as 
perforation of the hollow viscus, anastomotic leakage (AL), bowel necrosis, 
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non-bacterial peritonitis, or penetrating infectious processes. The incidence of sec-
ondary peritonitis is not entirely clear, but a global number of 19 million cases annu-
ally is estimated [6]. Tertiary peritonitis is a poorly defined entity, characterized by 
persistent or recurrent infections with organisms of low intrinsic virulence or with 
predisposition for the immunocompromised patient, usually after (successful and 
adequate) operative source control in the treatment of secondary peritonitis [3, 7]. 
In clinical practice, tertiary peritonitis is not a very useful term, and in essence sim-
ply the consequence of microbial selection and/or remnant infection after antibiotic 
treatment and surgery for secondary peritonitis.

Secondary peritonitis caused by a primary infection such as appendicitis or spon-
taneous perforation e.g. gastric ulcer perforation is termed ‘community acquired’, 
whereas secondary peritonitis as a complication of elective abdominal surgery such 
as iatrogenic perforation is termed ‘hospital acquired’ [8]. The term ‘healthcare 
acquired’ peritonitis is a relatively new term for infections acquired during the 
course of receiving healthcare. Not only hospital acquired infections are included, 
but also infections acquired in nursing institutions, having recent hospitalization 
within 90 days, aggressive medical therapies (intravenous therapy, wound dressing) 
or invasive therapies (haemodialysis, chemotherapy, radiotherapy) in outpatient 
departments within 30 days of the index infection [9]. The distinction is crucial with 
respect to underlying pathogens and related antibiotic treatment choice [8]. Patients 
with hospital acquired secondary peritonitis have higher mortality rates due to 
underlying comorbidities, atypical presentation and risk factors for multidrug- 
resistant microorganisms [10–15].

Postoperative peritonitis is by definition secondary peritonitis and hospital 
acquired. It occurs in 1–20% of patients undergoing laparotomy, depending on the 
type of surgery [16]. The most common cause of postoperative peritonitis is AL 
[17]. Other reasons are unintended injury of the gastrointestinal tract or intestinal 
ischemia [12].

13.1  Anastomotic Leakage

AL after gastrointestinal surgery is dreaded by all surgeons. Extensive research has 
been performed for AL after colon and rectal resections with reported incidences of 
0.5–21% [18]. Frequencies of AL vary depending upon the tissue that is being anas-
tomosed [19]. Low risk anastomoses comprise small bowel and right hemicolec-
tomy anastomoses, whereas high risk anastomoses are seen after total gastrectomy, 
pancreatic and colorectal procedures. Table  13.1 shows ranges of incidences for 
different types of anastomosis that upon failure can cause (secondary) peritonitis 
[19–30]. Many definitions are being used for AL when reporting such results [18]. 
Bruce et al. have found 57 definitions in 97 studies in their systematic review and 
have formulated the following classification of AL [31].

• Radiological leaks: Leaks that are discovered only on routine imaging with none 
or minimal clinical signs and no specific intervention is required;
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• Minor clinical leaks: Leaks that are discovered due to clinical signs such as fever, 
leucocytosis, intestinal/faecal contents, amylase via drains or wounds. Some of 
these leaks do not require a specific intervention other than antibiotics and obser-
vation, whereas others will require radiological drainage or other forms of re- 
intervention, including eventual reoperation.

• Major clinical leaks: Major leaks having the same clinical signs as minor leaks, 
but with septic complications, and thus with severe disruption of the anastomosis 
which require intervention (usually reoperation) and are potentially life threaten-
ing with need of prompt treatment.

13.2  Risk Factors for Anastomotic Leakages

For the healing of an anastomosis, three basic requirements are needed for adequate 
healing; the anastomosis must be (i) tight, (ii) tension free and with (iii) a regular 
perfusion. Therefore, meticulous suturing or stapling, sufficient mobilization and 
careful preparation with special attention to the vascular supply are mandatory in 
avoiding AL [4]. The risk for a postoperative peritonitis from an AL depends on the 
surgical procedure performed, as well as other factors of which some are modifiable 
and others are beyond the control of the surgical team [4, 19]. Such risk factors 
include, but are not limited to, anastomotic tension, hypoxia, intraoperative or post-
operative red blood cell transfusion, iron deficiency, ischemia, malnutrition, preop-
erative radiation therapy, prolonged duration of the operation, renal failure, shock, 
steroid therapy, cigarette smoking, zinc deficiency, alcohol abuse, anaemia, diabe-
tes, obesity, vasopressor application, previous abdominal surgery and male gender 
[14, 19, 32–35].

13.3  Associated Microorganisms

Postoperative peritonitis is mainly linked to a polymicrobial infection of gram- 
negative, gram-positive, or anaerobes and candida (Table  13.2) [36]. Associated 
microorganisms depend on the location of the AL. E. coli and Enterococcus spp. are 
often the most prevalent of pathogens and are most often found irrespective of loca-
tion of the leak in the gastrointestinal tract [37, 38]. When leakage occurs in the 

Table 13.1 Incidence of 
anastomotic leakage 
according to type or location

Location/type Incidence (%)
Stomach 1–9
Small intestine 1–4
Ileocolic 2–6
Colon 3–5
Colorectal 3–13
Ileorectal 5–19
Pancreas 9–16
Bile ducts 10–16
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upper gastrointestinal tract (i.e. stomach or duodenum), the bacterial contamination 
mostly consists of Streptococcus spp., E. coli and Candida spp. followed by non- 
E. coli enterobacteriaceae which also found often in the small intestine. In the colon 
and rectum, E. coli and anaerobes are most frequent [37–39].

13.4  Diagnosis

Early intervention improves outcome in surgical patients with abdominal sepsis 
[40]. Early detection is therefore important. This remains, however, a challenge for 
healthcare providers, particularly after major surgery when signs and symptoms of 
sepsis can be unspecific and often missed on the ward [12, 41, 42]. During the early 
postoperative period sepsis can be difficult to distinguish from a normal postopera-
tive inflammatory response to the surgical procedure [35]. Furthermore, clinical 
signs upon physical examination occur less often in postoperative (hospital acquired) 
peritonitis compared to community acquired secondary peritonitis of visceral perfo-
ration origin [43]. Such atypical clinical presentation may therefore be responsible 
for delay in diagnosis and intervention [35].

Clinical signs such as abdominal pain, distension, rigidity, fever, rebound tender-
ness, tachycardia, tachypnea and sudden clinical impairment are suspicious for 
postoperative peritonitis [3, 4, 12]. Inflammation may result in paralytic ileus result-
ing in nausea, obstipation and vomiting [14]. Abnormal vital signs may also be seen 
during an uncomplicated postoperative course. In a study of 452 patients with an 
uncomplicated postoperative course after bowel resection with anastomosis, 58% 
have experienced tachycardia, 57% tachypnea, 35% hypotension and 9% a fever on 
day 6 after surgery [44]. Although such findings occur more frequently in patients 
with AL, predictive value of these vital signs seems to be modest and insufficiently 

Table 13.2 Microorganisms according to operative field

Gastroduodenal Biliary tract Pancreas Small intestine Colon
Gram-positive
  Streptococcus spp. ++ – –– –– ––
  Enterococcus spp. –– ++ –– –– ++
  Staphylococcus spp. –– – –– –– ––
Gram-negative
  E. coli ++ ++ ++ ++ ++
  Enterobacter spp. –– – –– –– ––
  Pseudomonas spp. –– – –– ++ ––
  Klebsiella spp. –– ++ ++ –– +
  Proteus spp. –– –– ++ –– –
Anaerobes
  Bacteroides spp. –– –– ++ ++ ++
  Clostridium spp. –– –– – –– ++
  Candida + – – – –
  Anaerobic cocci –– –– – –– +

Adapted from ref. [4]
++ most common, + common, – mostly not present, –– rarely present

J. J. M. Claessen et al.



147

accurate. Pain relief by opiate analgesia does not alter diagnostic accuracy of bed-
side physical examination or operative decision making [45–47].

Laboratory inflammatory parameters can assist in the postoperative diagnostic 
process, but have low positive predictive value (PPV) in itself for postoperative 
peritonitis [35]. With respect to AL such biomarkers have been shown to be non- 
specific. Several systematic reviews show that C-reactive protein (CRP) is signifi-
cantly elevated in the days before AL diagnosis and has a negative predictive value 
(NPV) of up to 99% after colorectal surgery [48, 49]. Infectious complications after 
major abdominal surgery are very unlikely with a CRP level under 159 mg/L on 
postoperative day 3 [50]. The PPV of postoperative CRP is however modest. 
Therefore, the clinical value of CRP is as a negative (rule out) test. A low postopera-
tive CRP level (day 3–5) can predict which patients are unlikely to have an AL and 
subsequent postoperative peritonitis [48].

Although white blood cell count (WBC) have been extensively studied in diag-
nosing specific intra-abdominal pathologies, much less is known about the capabil-
ity of WBC to diagnose secondary peritonitis or to serve as a predictor of the need 
for immediate surgery [17]. About 1 in 5 uncomplicated patients have a leukocyto-
sis (or leukopenia) on postoperative day 6 after bowel resection with anastomosis 
[44]. Others studies have found WBC to be a weak diagnostic marker of AL after 
colorectal surgery [49, 51, 52].

Procalcitonin (PCT) is also a useful negative predictor of AL following elective 
colorectal surgery, but not useful in demonstrating AL [53] Interleukin (IL)-6 is 
promising to rule out postoperative complications, having a NPV of 84% for on the 
first postoperative day [54]. However, a wide range of cut-off values have been 
used, therefore its role remains uncertain [3]. Also patients who do not develop an 
AL may exhibit a systemic inflammatory response with elevated inflammatory bio-
marker levels, which in that case may be due to other factors such as the severity of 
surgical trauma, blood loss and duration of operation and depend on the infectious 
agent, the extent of inflammation, the disease entity, and the host immune status 
[55]. Nevertheless, CRP and PCT tend to normalize after few days. Therefore, pro-
longed increased levels of CRP or PCT should trigger further imaging to evaluate 
the presence of AL [56]. Conversely, low levels can select patients for safe and early 
discharge [50].

After recent abdominal surgery, changes of content and quantity of fluid produc-
tion from an abdominal drain may be indicative for postoperative peritonitis, but 
normal drain contents do not exclude its presence. The level of bile, amylase or 
lipase in abdominal drain fluid could be helpful, specifically when distinctly ele-
vated [4].

Once postoperative peritonitis is suspected based on vital signs, physical exami-
nation and laboratory tests, the most informative diagnostic modality is an abdomi-
nal computed tomography (CT) scan with intravenous contrast [57]. CT imaging 
with oral and intravenous contrast is superior to ultrasound with a sensitivity of 
97.2% versus 44.3% in detecting the presence and source of postoperative peritoni-
tis [43]. In a series of patients with early postoperative intra-abdominal sepsis after 
elective abdominal surgery a PPV of 71% is found for CT, resulting in quite a 
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number of false positives, but a sensitivity of 88% and NPV of 85%, which is 
acceptable [58]. As mentioned previously, when AL is detected early, postoperative 
peritonitis can be prevented. In addition to intravenous contrast, oral contrast 
medium (OCM) is mostly used for more proximal anastomoses, whereas (added) 
rectal contrast in more distal (low colonic and rectal) anastomoses [59]. Most stud-
ies using CT scanning for detecting AL after colorectal surgery show a sensitivity 
and PPV around 70% and a specificity and NPV of around 90% [60, 61]. Contrast 
extravasation on CT is found to be the only independent predictor of diagnosing AL 
in colorectal surgery, and more accurate than free air [62, 63]. A CT with oral con-
trast only has a lower sensitivity of 60% and a lower NPV of 70% for a more proxi-
mal [59]. Enteral contrast in addition to intravenous contrast in CT improves 
sensitivity from 65% to 74% for anastomoses below Treitz ligament, when the con-
trast medium reaches the anastomosis [64]. Contrast extravasation after administra-
tion of rectal contrast enema (RCE) for rectal resections (distal anastomoses) 
increases sensitivity up to 90% [60, 63]. Although most studies are heterogenic and 
consist of small numbers, it seems that using contrast medium (orally or rectally) 
reduces the number of false negatives [64]. It is important, however, that the con-
trast medium reaches the anastomosis. Distal anastomoses are generally better 
reached by RCE than OCM.

However, postoperative CT has a considerable proportion of false negatives 
(1-sensitivity) which can lead to increased mortality related to delayed reoperation 
[65]. This means that in a critically ill patient, in particular with progressive organ 
failure, reoperation may be needed even if CT findings are negative [12].

13.5  Management

13.5.1  Initial Treatment

The cornerstones of management of secondary peritonitis due to AL are adequate 
source control, aggressive fluid resuscitation, organ support and broad-spectrum 
antibiotics [17]. Delay of diagnosis and intervention are associated with adverse 
outcomes [43]. Initial management is mostly dictated by an intra- or extra- peritoneal 
location of the leaking anastomosis and the severity of peritonitis (for flowchart see 
Fig. 13.1).

Goal-directed, aggressive fluid resuscitation should be given as soon as possible. 
There is still debate whether patients need to be partially or fully resuscitated before 
they are taken to the operating theatre [66, 67]. Broad-spectrum antibiotics with 
coverage of gram-positive, gram-negative and anaerobic bacteria are given within 
one hour. Decisions on the choice and duration of antibiotic treatment should be 
made according to local antimicrobial guidelines and in close contact with a micro-
biologist [68]. Infections with multidrug-resistant bacteria are on the rise and pro-
vide an additional challenge in the treatment of secondary peritonitis. Recently, new 
(combinations of) antibiotics have become available, but these should preferably be 
used as last-resort choice [69]. Addition of an antifungal is recommended for high 
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risk patients [68], in particular in upper gastrointestinal source of peritonitis or pro-
longed hospitalization before current sepsis episode.

CT imaging is required for all patients that present with localized or generalized 
peritonitis, and for patients with signs of sepsis or septic shock preferably within the 
first hour after presentation. Patients with a free intraperitoneal leak need emer-
gency surgery with end stoma or diverting stoma. A small abbess (smaller than 3 
cm) in clinically stable patients can be managed conservatively with antibiotics and 
bowel rest. Large, or multi-located and multiple intraperitoneal abscesses require 
percutaneous drainage if technically feasible. For large extra-peritoneal abscesses, 
percutaneous transabdominal, transrectal or transgluteal drainage is done. Abscesses 
in the lower pelvis that are in continuity with a colorectal anastomosis can be 
drained trans-anal or trans-anastomotic under general anaesthesia and treated with 
regular endo sponge changes and delayed trans-anal surgical closure of the anasto-
motic leak. When patients with conservative treatment or drainage show signs of 
clinical deteriorate or failure to improve, an exploratory emergency reoperation is 
performed to achieve adequate source control, with or without a repeat CT.

The available options for surgical source control during emergency laparotomy 
largely depends upon the size of the defects and clinical status of the patients [70]. 
The safest option for major defects is resection of the anastomosis with an end 
stoma (e.g. Hartmann’s procedure), however this increases morbidity associated 
with future stoma reversal. Alternatively, a re-anastomosis with a proximal diver-
sion enterostomy can be done, but is by enlarge reserved for hemodynamically sta-
ble patients. For minor defects in hemodynamically stable patients, a primary repair 
with proximal diversion can be considered, however this increases the chance of 
inadequate source control. For a colonic anastomosis downstream washout is an 
option when choosing for primary repair and proximal diversion. A primary repair 
without proximal diversion is strongly discouraged. The use of routine and exten-
sive peritoneal lavage remains controversial, but should be discouraged as it can 
promote inflammatory responses and multi-organ failure [68]. Generally, careful 
suction of infected peritoneal fluids during emergency laparotomy suffices. For 
Hinchey III complicated diverticulitis, however, laparoscopic peritoneal lavage is an 
effective treatment option, accepting that some patients need a delayed sigmoid 
resection, but overall lower stoma rates are reported [71, 72].

13.5.2  Post Emergency Surgery Treatment

For abdominal sepsis that progresses or fails to improve after emergency laparot-
omy, there is a need for relaparotomy, based on the “on-demand” relaparotomy 
strategy. Aggressive surgical approached such as radical peritoneal debridement and 
open abdomen treatment are associated with higher morbidity and mortality and 
should be abandoned [73–75]. Planned relaparotomy, where laparotomy is per-
formed every 2 to 3 days until no intraperitoneal infection is observed, has lost 
popularity during the last decade. One RCT has compared planned relaparotomy 
with on-demand relaparotomy in patients with severe abdominal sepsis, and shows 
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no significant difference in mortality and morbidity. However, using an on-demand 
strategy, a clear decrease in the number of laparotomies is seen as two-thirds of 
patients recovered without relaparotomy in the on-demand group, as well as shorter 
ICU stay and lower health care costs [76]. A strategy still popular is damage control 
surgery, adopted from trauma care where staged laparotomies with open abdomen 
are performed with the goal of treating immediate life-threatening causes, and delay 
of reconstructive surgery [77]. However, there is a lack of convincing evidence that 
damage control surgery is beneficial in non-trauma setting such as secondary peri-
tonitis, and is therefore not preferable over on-demand treatment [8, 77]. On-demand 
treatment is a safe strategy and surgeons should strive for primary closure of the 
abdomen whenever possible. Primary open abdomen increases mortality [78]. 
When primary closure is not possible due to edema, the use of a temporary abdomi-
nal closure technique is recommended. A recent meta-analysis indicates that con-
tinuous mesh-mediated fascial traction with negative pressure therapy has the best 
results in terms of delayed closures and fistula rates [79]. Some fear abdominal 
compartment syndrome with progressive closure strategies, however with adequate 
ICU support and fluid management this is infrequently seen.

The decision to perform a relaparotomy remains difficult, since traditional scor-
ing systems are inadequate for the prediction of ongoing peritonitis [80]. A recently 
developed and validated decision tool for ongoing abdominal sepsis may advise the 
surgeon on when to perform CT imaging in a patient who deteriorates or fails to 
progress [81, 82]. Furthermore, care should be provided by a multidisciplinary team 
with 24/7 decision making. Critically ill patients are admitted to an ICU facility 
with adequate set-up for complex patients (high-level ICU).

13.6  Outcome

Secondary peritonitis followed with sepsis is associated with a mortality of approxi-
mately 30%. This can be complicated by septic shock with accompanied organ fail-
ure, which increases mortality rates of up to 68% [12, 83]. Furthermore, secondary 
peritonitis has high morbidity rates and is associated with long-term hospital and 
intensive care admission [84]. Several prediction models have been validated for 
mortality and morbidity in peritonitis. These include general prediction models 
such as the Acute Physiology and Chronic Health Evaluation (APACHE-II) that 
predicts ICU mortality, Simplified Acute Physiology Score (SAPS), the Multiple 
organ dysfunction score (MODS), and the Sepsis-related Organ Failure Assessment 
(SOFA) [85, 86]. The Mannheim peritonitis index and Physiological and Operative 
Severity Score for the enumeration of Mortality and Morbidity (POSSUM) were 
specifically developed for operative risk assessment [87, 88]. However, it is unclear 
what is the preferable clinical scoring systems for the prediction of mortality and 
morbidity. The APACHE-II score is the most accurate outcome predictor in patients 
undergoing emergency laparotomy, both pre- and postoperative [89]. A recent prog-
nostic model comprising the SOFA score and four other variables (age, lowest body 
temperature, highest heart rate and haematocrit) performs better than the SOFA and 
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APACHE-II in postoperative critically ill patients with faecal peritonitis [90]. 
Morbidity due to complications of secondary peritonitis after anastomotic leakage 
are common. These include incisional hernia, enterocutaneous fistula, recurrence of 
infection and/or abscesses, and stoma-associated morbidity. Also, quality of life is 
significantly worse compared to the general population.
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14.1  Introduction

Necrotizing fasciitis is an infection of the soft tissue which starts in the superficial 
fascia and progresses rapidly into the deep facia resulting in occlusion of the small 
blood vessels that supply the overlying skin. Eventually skin necrosis will occur [1].

It may have serious effects when progresses to necrosis that initiates a systemic 
inflammatory response syndrome (SIRS) and septic shock [2]. The main diagnostic 
dilemma is distinguishing superficial from deep soft-tissue infection, the latter is 
more serious. Delaying the diagnosis is associated with an increased mortality rate 
[3]. Therefore, any spreading infection in one of the layers of the soft tissue (skin, 
subcutaneous tissue, superficial fascia, deep fascia and muscles) which is associated 
with necrosis of these layers should be considered a necrotizing fasciitis and hence 
requires an urgent surgical debridement [4, 5].

14.2  Epidemiology

Approximately 500 cases of necrotizing fasciitis are diagnosed every year in the 
United Kingdom (UK). Trauma was directly attributed to 26.1% of cases while 
4.3% are related to surgical wounds [1]. The risk factors for necrotizing fasciitis 

S. Abdel-Kader 
Department of Surgery, NMC Specialty Hospital, Al Ain, United Arab Emirates and 
Department of Surgery, Ain Shams University Hospital, Cairo, Egypt 

M. Sartelli 
Department of Surgery, Macerata Hospital, Macerata, Italy 

F. M. Abu-Zidan (*) 
Department of Surgery, College of Medicine and Health Sciences, UAE University,  
Al-Ain, UAE
e-mail: fabuzidan@uaeu.ac.ae

14

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62116-2_14&domain=pdf
https://doi.org/10.1007/978-3-030-62116-2_14#DOI
mailto:fabuzidan@uaeu.ac.ae


158

include diabetes mellitus, severe peripheral vascular disease, alcoholism, trauma, 
malignancy (particularly leukaemia and lymphoma), reduced immunity, organ 
transplantation, injection drug use and the use of non-steroidal anti-inflammatory 
drugs [6]. The mortality rate of necrotizing fasciitis is about 25%, however when 
sepsis occurs the mortality raises up to 80% of cases [6].

14.3  Classification

Necrotizing fasciitis is classified by the Society of Infectious Disease, into two 
groups depending on the infectious pathogen. Type I necrotizing fasciitis is caused 
by polymicrobial organisms (aerobic and anaerobic organisms) which commonly 
originates from the bowel flora. Type II necrotizing fasciitis is most commonly 
caused by group A Streptococcus (Streptococcus pyogenes), Staphylococcus aureus, 
Vibrio vulnificus, Vibrio damsel, Aeromonas hydrophila and anaerobic Streptococci 
[7]. Toxic shock syndrome, which is caused by release of exotoxins A, B and C, 
may occur following infection with Staphylococcus aureus [8].

14.4  Pathogenesis of Necrotizing Fasciitis

M-proteins of group A Streptococci produce collagenase and hyaluronidase 
enzymes which cause liquefactive necrosis of the fascia and fat [9]. This leads to the 
separation of the skin from the underlying tissues, thrombosis of the small blood 
vessels, tissue necrosis, decreased oxygen saturation and growth of anaerobics [10]. 
Diabetic microangiopathy may reduce the tissue oxygenation [1]. Synergism 
between aerobes and anaerobic infection releases heparinase, streptokinase and 
streptodornase enzymes which further destroy the tissues. The spread of infection 
along the fascial planes is attributed to the diminished phagocytic activity of the 
leucocytes in the necrotic tissue [11].

Diminished venous return from the overlying skin are caused initially by fat and 
fascial thrombophlebitis. With more necrosis and liquefaction, thrombosis occurs in 
the nutrient arteries that are passing through the involved fascia and skin. Finally, 
ischemia and compression of the cutaneous innervation eventually occurs [12].

14.5  Clinical Presentation

Early diagnosis of necrotizing fasciitis is challenging because of the rarity of the 
disease and because of the lack of early pathognomonic signs. Pain out of propor-
tion to physical findings is the earliest symptom of necrotizing fasciitis which disap-
pears with disease progression [6]. Fever exists in only 40% of patients. Absence of 
fever will not exclude the diagnosis of necrotizing fasciitis. It is not infrequent to 
misdiagnose the disease as cellulitis or abscess formation [13].

Skin manifestations may be minimal relative to systemic findings. Three levels 
of skin manifestations are recognized; stage I (early stage) presented by warmness, 
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tenderness, erythema, swelling and indurated wooden skin; stage II (intermediate 
stage) presented by blisters and bullae and stage III (late stage) presented by haem-
orrhagic bullae, crepitus, skin anaesthesia and necrosis (Fig. 14.1) [7]. At the late 
stages, patients may have septicaemia [14].

On clinical examination, necrotizing fasciitis is different from simple soft-tissue 
infection. It has skin tenderness beyond the involved area, ill-defined skin margins, 
absence of lymphangitis and the patient’s condition deteriorate despite the use of 
antibiotics [13].

Equivocal cases need repeated physical examination with pain scoring and mark-
ing the area of skin involvement. Late clinical signs include fever, hypotension, 
tachycardia, altered mental status and signs of organ dysfunction.

Necrotizing fasciitis may occur in a wide range of anatomical locations including 
the external genitalia and perineum (Fournier's gangrene) or the submandibular 
region. Fournier's gangrene is an extensive, rapidly progressive necrosis affecting 

a b

c d

Fig. 14.1 The clinical picture of necrotizing fasciitis can be very deceiving. There may be unno-
ticeable skin changes (a), changes mimicking cellulitis (b), skin bullae that rupture (c), or skin 
necrosis (d) (Courtesy of Professor Fikri Abu-Zidan, College of Medicine and Health Sciences, 
UAE University, Al-Ain, UAE)
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the fascia and perifascial planes of the external genitalia and perineum. It frequently 
extends to the abdominal wall, into the perirectal and gluteal spaces, and, occasion-
ally, into the retroperitoneum. The early diagnosis of Fournier's gangrene depends 
on the clinical symptoms of genital discomfort and pruritus, which is followed by 
scrotal pain, genital oedema and erythema. If the condition is not treated adequately, 
it will progress to partial scrotal necrosis, induration, crepitation, feculent odour 
and fever.

Necrotizing fasciitis of the head and neck is rare because of their rich blood sup-
ply. It includes cranial, facial and/or cervical infection. The most common source of 
infection is odontogenic (47%), particularly the second and third lower molar teeth, 
because their roots are positioned below the mylohyoid line. Other sources of infec-
tion include pharyngitis, supraglotitis, tonsillitis, salivary gland infection, otitis 
media and mastoiditis. Malignancy and radiotherapy reduces the immunity and pre-
disposes to necrotizing fasciitis. In 5% of the cases, no primary source can be 
identified.

14.6  Diagnosis

The diagnosis of necrotizing fasciitis is primarily clinical. There is no particular 
laboratory test for diagnosing necrotizing fasciitis. However, certain blood investi-
gations may help differentiating necrotizing fasciitis form other soft-tissue infec-
tions, such as a white blood cell count of more than 14,000 cells per mm3, a raised 
C-reactive protein exceeding 13 mg/dl, a serum sodium level less than 135 mEq per 
L, a blood urea nitrogen level greater than 15 mg per dL, and a creatinine kinase 
level over 700 units per L [1, 6, 15]. The most accurate diagnostic scoring system 
present is the Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC scoring 
system). It is a useful adjunct for the clinical diagnosis of necrotizing fasciitis. A 
score of ≥ 6 was 93% sensitive and 92% specific for diagnosing necrotizing fasciitis 
in Singapore but had 74% sensitivity and 81% specificity in a validation study done 
in the UK [13, 16].

In severely toxic patients, immediate surgical debridement has priority over 
radiological imaging. Plain radiographs, ultrasound, computed tomography (CT), 
and magnetic resonance imaging (MRI) can be used for diagnosing necrotizing fas-
ciitis. In early stages of necrotizing fasciitis radiographic findings are nonspecific 
and similar to those of cellulitis. It includes soft-tissue opacity and thickness. In 
advanced stages, plain X-rays may show soft-tissue emphysema tracking along fas-
cial planes [17]. Ultrasound can be done at bedside in critically-ill patients. 
Subcutaneous air will appear as shiny hyperechoic white dots in the facial planes 
while oedema will be hypoechoic spreading the tissue layers. Muscle tissue can be 
oedematous (Fig. 14.2) [18].

CT findings can be correlated with the pathological findings of soft-tissue inflam-
mation or liquefactive necrosis. This will appear as dermal thickening, increased 
soft-tissue attenuation, inflammatory fat stranding, and possible superficial or deep 
crescentic gas or fluid collections that expand along fascial planes. CT is the most 
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sensitive modality for soft-tissue gas detection (Fig. 14.3). However, in early stages 
of the disease the gas may not be present or detected. CT may demonstrate the 
underlying source of infection or reveal serious complications such as vascular rup-
ture complicating tissue necrosis [19].

MRI is the modality of choice for detailed evaluation of soft-tissue infections. It 
is often not performed in emergency situations because it is time consuming and 
will delay management [17]. The MRI key finding of necrotizing fasciitis is the high 
T2 signal intensity along the deep fascia. It is characterized by an extensive involve-
ment of the deep inter-muscular fascia, thickening of fascia measuring 3 mm or 
more at STIR or fat-suppressed T2-weighted imaging, involvement of three or more 
compartments, and low signal intensity with fat-suppressed T2-weighted imaging in 
the deep fascia with corresponding non-enhancement on post contrast images. It 
shows circumferential dermal and soft-tissue thickening that have variable signal 
intensity on T1-weighted sequences and increased signal intensity on fluid-sensitive 
sequences. Subcutaneous edema in necrotizing fasciitis is typically less-prominent 
feature compared with cellulitis [20].

Fig. 14.2 The ultrasound 
findings of necrotizing 
fasciitis include shiny 
hyperechoic white dots in 
the facial planes 
representing air (yellow 
arrows) inter-fascial 
hypoechoic collections 
(arrow head) representing 
dishwater pus, and muscle 
tissue oedema (M). 
(Courtesy of Professor 
Fikri Abu-Zidan, College 
of Medicine and Health 
Sciences, UAE University, 
Al-Ain, UAE)

Fig. 14.3 CT scan 
findings of necrotizing 
fasciitis include dermal 
thickening, increased 
soft-tissue attenuation 
(arrow heads), and 
soft-tissue gas (white 
arrows). (Courtesy of Dr 
Saleh Abdel-Kader, 
Department of Surgery, 
NMC Specialty Hospital, 
Al-Ain, UAE)
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Patients with negative or nonspecific imaging findings and a high clinical suspi-
cion of necrotizing fasciitis should be promptly surgically explored. Follow-up 
imaging can be performed in relatively stable patients. Late-stage gas collections 
are seen as punctate or curvilinear T1- and T2-hypointense foci on MRI. Intravenous 
gadolinium contrast material increases sensitivity for tissue necrosis and can be 
used for more detailed evaluation of soft-tissue involvement. The abnormal fascia 
generally enhances and may be surrounded by non-enhancing islands of tissue. 
However, patients with necrotizing fasciitis may also present with renal failure, and 
thus administration of intravenous gadolinium may not be possible [21].

During surgical debridement, if the index finger easily dissects the subcutaneous 
tissue off the deep fascia along the facial plane, then the ‘finger test’ is positive. 
Other operative findings that confirm the diagnosis include; grey necrotic tissue; 
fascial oedema; thrombosed vessels; thin watery foul-smelling fluid (dishwater 
pus), and finally non-contracting muscles [1, 13].

Deep tissue culture and biopsy are essential in guiding further antibiotic therapy 
even if it takes longer time to get their results. Histopathological findings of necro-
tizing fasciitis include oedema of inter and intrafascicular fibrous septa surrounding 
the skeletal muscle bundles, infiltration of inflammatory cells (plasma cells, lym-
phocytes, neutrophils, and rarely eosinophils), and early fibroblastic proliferation. 
Gram staining of the tissue fluid and exudate often suggests the infective pathogen 
[6, 22].

14.7  Treatment

Immediate and aggressive surgical debridement of all necrotic tissue is the corner-
stone to achieve successful treatment of necrotizing fasciitis (Fig. 14.4). It is the 
sole most important treatment modality for determining the patient’s clinical out-
come. Surgery that controls the source of infection hinders the spread of necrotizing 
fasciitis and prevents the release of inflammatory mediators responsible for sys-
temic sepsis [13, 23].

An empirical broad-spectrum antimicrobial therapy with coverage of gram- 
negative and gram-positive anaerobes and aerobes should be started immediately 
before surgical debridement and should be changed according to the culture find-
ings and clinical progress [24]. Debridement alone does not bring about a rapid 
change in the condition of patients with systemic sepsis. There are multiple factors 
that indicate that patients should be managed in the intensive care unit, including the 
need for fluid resuscitation, strict monitoring, appropriate wound dressing and fre-
quent extensive debridement [11].

Successful management of severe necrotizing fasciitis necessitates a multidisci-
plinary team approach for repeated evaluation, supportive critical care, nutritional 
support, and reconstruction/rehabilitation when needed [14].

In individual cases with cervical necrotizing fasciitis, immediate airway control 
is crucial. Consideration for early tracheostomy is necessary to avoid the need for a 
difficult intubation following repeated debridement [10]. In selected patients with 

S. Abdel-Kader et al.



163

urethral or penile involvement, urinary diversion in the form of suprapubic cystos-
tomy may be indicated. Usually urinary catheterization provides adequate urine 
diversion. Patients with involvement of the anorectal region having a high risk of 
faecal contamination may need a colostomy [24]. Orchidectomy and penile amputa-
tions are extremely rarely required in patients with Fournier's gangrene [11].

The debrided wounds are usually kept to heel by secondary intention, or delayed 
primary wound closure. Vacuum-assisted closure has shown successful results. 
However, patients with large clean wound defects are referred for reconstructive 
surgery with skin grafts or local skin flaps [23, 25].

Hyperbaric oxygen therapy (HBOT) is a recognized adjunct treatment for necro-
tizing fasciitis, which is officially accepted by the Undersea and Hyperbaric Medical 
Society. HBOT entails providing 100% oxygen at 2.5 absolute atmosphere (2.5 
ATA) of pressure for 90–120 min [26]. HBOT improves leukocyte function, inhibits 

a b

c d

Fig. 14.4 Immediate, aggressive and repeated surgical debridement of necrotic tissue (a–b) is 
essential to control the source of infection, stop the spread of the disease and achieve successful 
clinical outcome. Clean wound defects (c) can be closed by primary closure or skin grafts (d). 
(Courtesy of Dr Saleh Abdel-Kader, Department of Surgery, NMC Specialty Hospital, Al-Ain, UAE)
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anaerobic growth, inhibits toxin production, enhances the penetration of some anti-
biotics into the bacterial cells and has a synergistic effect with certain antimicrobial 
agents [27]. HBOT promotes wound healing, angiogenesis, stimulation of fibro-
blasts and the production of granulation tissues. The role of HBO as an adjunct 
treatment has been debated, and no prospective randomized clinical trials have been 
published. HBO could be beneficial, if available, but it should not delay surgical 
management, particularly if the patient needs to be transferred to another unit [28].

Intravenous immunoglobulin therapy (IVIG) is another adjunct therapy which is 
suggested to improve the outcome in a selected group of patients of necrotizing 
fasciitis. Its mechanism of action involves inhibition of super-antigen activity of 
secreted exotoxins, reversal of the hyperproliferation of T-cells, and downregulation 
of the production of tumour necrosis factor. Furthermore, it reduces mortality in 
patients with severe group A streptococcal infection [29]. Recent studies have 
shown no difference between IVIG and placebo in terms of hospital stay and mor-
tality [30].

14.8  Learning Points

• Necrotizing fasciitis is an uncommon, rapidly progressive, and often fatal soft- 
tissue infection. Clinicians should have a high index of suspicion of necrotizing 
fasciitis for its diagnosis.

• Patients usually present with pain and swelling from skin infection that is out of 
proportion to the physical findings. Diabetes, liver cirrhosis and other patholo-
gies associated with immune-suppression increase the incidence of this disease.

• The LRINEC score is a useful adjunct in the clinical diagnosis of necrotising 
fasciitis particularly with the addition of clinical parameters such as pain, pyrexia 
and comorbidities. Laboratory investigations are not specific and may aid in 
determining the severity of the disease.

• Imaging showing gas tracking along fascial planes in septic patients is virtually 
pathognomonic. CT and MRI are the most important radiological investigations. 
The CT hallmark of necrotizing fasciitis is soft-tissue air associated with fluid 
collections within the deep fascia. MRI is more useful in detecting the degree 
and extent of tissue involvement.

• Early decision to explore and extensively debride the necrotic tissue is important 
for successful clinical outcome.

• Proper antibiotics therapy, fluid resuscitation and adequate wound care are 
crucial.

• Patients with generalized sepsis should be carefully monitored in the intensive 
care unit, and managed by a multidisciplinary team.

• HBOT and IVIG are adjuncts to treatment. Some centres advocate them; how-
ever, their benefit is still unproven.
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15.1  Background

Emergency abdominal surgery is associated with poorer outcome compared to elec-
tive surgery, particularly in aged patients.

In the elderly, the emergent laparotomy for peritonitis is a high-risk procedure 
graved with elevated mortality and morbidity [1, 2].

The improvement in the overall care and the aging of the global population, 
along with the increase in life expectancy, led to an increasing number of elderly 
patients accepted to the emergency department suffering from acute peritonitis, 
therefore the number of patients who require surgery is rising although the disease 
pattern and the epidemiology underneath the intra-abdominal sepsis is very differ-
ent in the geriatric population [3].

15.2  Elderly Patients and Acute Peritonitis Outcomes

Notwithstanding advance in the care of the critically ill, patients older than 65 years 
experience worse outcome after emergent abdominal surgery with mortality rates 
up to 44% in some series. Recently has been advised that the real operative mortal-
ity of the elderly patient is underestimated since the majority of studies describe the 
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in-hospital or 30-day mortality outcome, while the elderly have a prolonged recov-
ery period with increased risk of death in long-term follow-up. Rangel et al. in a 
retrospective survey of 390 patients older than 70 years who underwent emergency 
surgery, described a mortality of 16.2% at 30 days and 32.5% at 1 year, reflecting 
that in this cohort the outcome drastically worsened over a 1-year timeframe [4].

Patient age was found to be an independent variable predictive of mortality 
(OR = 1.1; 95%CI = 1.0–1.1; p < 0.0001) in a recent global prospective observa-
tional study (CIAOW Study) designed by the World Society of Emergency Surgery 
(WSES) [4–6].

15.3  Stratification of Elderly Patients with Acute Peritonitis

The sepsis response due to peritonitis in association with the preexisting comorbidi-
ties places the elderly patient ad higher risk, furthermore, older patients with 
deranged physiological ability to react to the insult, may present with fewer signs of 
peritonitis and this combines the risk of delays to definitive treatment that further 
enhances risk of mortality [7].

Aging is an inevitable natural process; the diminished homeostasis and enhanced 
organism frailty causes a reduction in the ability to withstand environmental insults 
and is associated with an increased inclination to disability and mortality.

Numerous studies examined aging physiopathology and report that older age is 
accompanied by a low-grade inflammatory process, which may be upregulated 
throughout sepsis and surgical insults [8].

Frailty is proposed to be as a deterioration in the physiological reserves that 
make the person exposed to dramatic consequences in response to minor insults. 
The assessment of the frailty of a patient can be challenging, and often relies on the 
physicians’ clinical judgment or on measurements such as the ability to walk that 
hardly can be estimated in an emergency setting.

To overcome this issue, sarcopenia has been proposed as a valid surrogate for 
estimating the frailty of patients [9]. One way to assess sarcopenia, and thus frailty 
has been proposed recently. The total psoas area measured at a single slice at the 
level of L3 in CT images obtained in the emergency department and then normal-
ized for height of the patient was evaluated and sarcopenia was defined as a “Total 
Psoas Index (TPI)” less than 1.50 cm2/m2 for women and less than 2.16 cm2/m2 for 
men. (total psoas index =  ((left +  right psoas area cm2)/height m2))). Sarcopenic 
patient identified with this rapid, easy-to-use tool, showed higher mortality in a 
1-year follow-up after emergency surgery (49% sarcopenic vs 27% non-sacropenic; 
p < 0.01) [10].

A lot of validated risk score such as the Physiological Operative Severity Score 
for enUmeration of Morbidity and Mortality (POSSUM) have been proposed to 
predict mortality in the postoperative period, but those are not specific for the geri-
atric population and their aim is to predict the 30-days mortality, which is recently 
been questioned since it appears that in the elderly the mortality after emergent 
surgery continue extending in a 12-months period [4].
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Other scores, like the WSES Sepsis Severity Score for patients with complicated 
intra-abdominal infections, have been advocated to help in the assessment of the 
severity of the patients with a good ability to recognize those who survived the sur-
gical procedure from those who died. The overall mortality was 0.63% for those 
who had a score of 0–3, 6.3% for those who had a score of 4–6, 41.7% for those who 
had a score of ≥ 7. In patients who had a score of ≥ 9, the mortality rate was 55.5%, 
those who had a score of ≥ 11 the mortality rate was 68.2% and those who had a 
score ≥ 13 the mortality rate was 80.9% [11]. The main limit to this score is the 
need of multiple information to complete the assessment as well as the definitive 
diagnosis sub standing the peritonitis which sometimes can be obtained only after 
surgical exploration, hence lowering its utility in preoperative decisions (Table 15.1).

Some indicators such as low serum albumin and low BMI were recognized as 
predictors in long-term mortality up to 1 year after surgery, with albumin greater 
than 3.5 g/dl being associated with 59.8% of survival vs. 40.2% (in the population 
with albumin less than 3.5 g/dl) in the univariate analysis (p < 0.001) [4].

15.4  Conclusions

Elderly patients with acute peritonitis are a great challenge and an adequate organi-
zation of emergency care system is mandatory in order to improve outcomes. At the 
time of the admission of an elderly patient with severe peritonitis, the surgeon needs 
to determine whether a surgical procedure is justified comparing benefits and surgi-
cal hazards that are increased in the older population because of intrinsic frailty and 
comorbidities. The surgeon should use all the bedside, laboratory and radiologic 
tools to improve his ability to provide the best counsel even in emergency settings 
in order to help the patient and family to reach informed conclusions as well as 
establishing realistic expectations about long-term outcomes.

Table 15.1 WSES Sepsis Severity Score for patients with complicated intra-abdominal infec-
tions (Range: 0–18)

Clinical condition at admission
  • Severe sepsis (acute organ dysfunction) at the admission 3 score
  •  Septic shock (acute circulatory failure characterized by persistent arterial 

hypotension. It always requires vasopressor agents) at admission
5 score

Setting of acquisition
  • Healthcare-associated infection 2 score
Origin of the IAIs
  • Colonic non-diverticular perforation peritonitis 2 score
 • Small bowel perforation peritonitis 3 score
  • Diverticular diffuse peritonitis 2 score
 • Postoperative diffuse peritonitis 2 score
Delay in source control
  •  Delayed initial intervention [preoperative duration of peritonitis (localized or 

diffuse) > 24 h)]
3 score

Risk factors
  • Age > 70 2 score
 •  Immunosuppression (chronic glucocorticoids, immunosuppressant agents, 

chemotherapy, lymphatic diseases, virus)
3 score
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How to Use Antibiotics in Critically Ill 
Patients with Sepsis and Septic Shock

Morgan Collom and Therese M. Duane

16.1  Introduction

Starting in 1991, a consensus conference developed an initial perspective that sepsis 
resulted from the body’s systemic inflammatory response syndrome to an underly-
ing infection. Sepsis plus organ dysfunction was defined as severe sepsis, which 
could lead to septic shock. Septic shock was noted to be persistent hypotension 
despite fluid resuscitation [1]. Later, in 2001, a task force noticed limitations with 
the 1991 definitions, but lacked the necessary evidence to alter the current guide-
lines [2]. In 2014, the European Society of Intensive Care Medicine and the Society 
of Critical Care Medicine created a task force of 19 different specialties to reexam-
ine the current definitions [3]. The task force came forth with terms and altered defi-
nitions, known as the Sepsis-3 guidelines.

Sepsis is a life threatening organ dysfunction that is initiated by a deregulated 
response in the host to infection. Organ dysfunction is recognized as a change in the 
total Sequential (sepsis-related) Organ Failure Assessment (SOFA) score ≥ 2 points 
as a result of the infection among patients who are critically ill, assuming a SOFA 
of 0 points for patients not known to have preexisting organ dysfunction [4]. The 
formal SOFA score can be replaced by the qSOFA (Quick SOFA) score, which can 
be done quickly at the bedside in patients with presumed infections outside of the 
intensive care unit, who are predicted to become critically ill. The qSOFA score, 
which is significant if two or more factors are present, includes: alteration in mental 
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status (Glasgow Coma Scale score of 13 or less), systolic blood pres-
sure ≤ 100 mmHg, or respiratory rate ≥ 22 breaths/min [5].

Septic shock is a subgroup of sepsis in which mortality is significantly increased 
due to circulatory, cellular, and metabolic abnormalities [4]. Clinical identification 
of septic shock involves a vasopressor requirement to maintain a mean arterial pres-
sure of 65 mmHg or greater, and serum lactate level greater than 2 mmol/L despite 
adequate fluid resuscitation [6].

Surviving Sepsis Campaign initially published guidelines in 2004, revised in 
2008 and 2012, and the current 2016 version was released at the same time as the 
sepsis-3 definitions were published. A vital recommendation put forth by the 
Surviving Sepsis Campaign includes that hospitals have a performance improve-
ment system for sepsis [7]. Performance improvement systems are linked to 
improved patient outcomes and should include representation from all disciplines 
[8]. A cornerstone of this has been early recognition of sepsis via a formal screening 
effort and implementation of bundles, which are a core set of recommendations [9, 
10]. Compliance with the Surviving Sepsis Campaign has proved to be beneficial 
through multiple studies, one being a study of 1794 patients from 62 different coun-
tries with sepsis or septic shock. There was a 36–40% risk reduction of death when 
the 3- or 6-h bundles were utilized [11].

Along with performance improvement systems, routine microbiologic cultures 
(including blood) are recommended by the campaign to be obtained prior to starting 
antimicrobial therapy in patients with suspected sepsis or septic shock [7].

If time allows for cultures to be obtained, the results can make identification of a 
pathogen more successful, which then allows for appropriate de-escalation of anti-
microbial therapy, resulting in lower resistance and fewer side effects [12]. The type 
of microbiologic culture can vary per patient, but should include two or more sets of 
blood cultures (aerobic and anaerobic), drawn together on the same occasion. In 
patients with an intravascular catheter (placed over 48  h) with a suspicion of 
catheter- associated infection, one culture should be taken from the catheter and the 
other from a peripheral site via venipuncture. The guidelines suggest that no more 
than 1-h elapse in obtaining cultures before antimicrobial therapy is initiated [7].

16.2  Timing of Antimicrobials

Time to administration of antimicrobials is of vital importance in the presence of 
sepsis and septic shock. In these situations, each hour delay in antimicrobial treat-
ment is associated with a significant mortality increase [13, 14]. Although timing is 
of utmost importance when delivering antimicrobials, the initiation of the appropri-
ate therapy is also an important facet in the management of sepsis and septic shock 
[7]. Failure to choose the correct empiric antibiotic therapy can be associated with 
an increase in morbidity and mortality in patients with sepsis or septic shock [15]. 
The initial empiric regimen selected should be broad enough to cover all likely 
pathogens. This decision is multifactorial and should consider certain factors, 
including: site of infection, medical history, chronic organ failure, current 
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medications, indwelling devices, the state of the immune system, recent infections/
colonization, recent antimicrobial treatments, patient location at time of infection, 
prevalence of local pathogens, and the potential for intolerance and toxicity [7].

16.3  De-escalation of Antimicrobials

Empiric broad-spectrum antimicrobial therapy is warranted for patients with sepsis 
and septic shock until the causative agent and the antimicrobial sensitivities are 
delineated. Once sensitivities have resulted, removing unnecessary antimicrobials 
will narrow the coverage to include more specific antimicrobials [16]. The only 
caveat with de-escalation of antibiotics is when the cultures are negative, in which 
circumstance; empiric narrowing should be tailored to a good clinical response [7].

Due to the possibility of antimicrobial resistance, the duration of treatment with 
antimicrobial therapy should be vigilantly monitored. Along with resistance, 
antimicrobial- associated secondary infections such as Clostridium difficile colitis 
and super infections with multidrug-resistant pathogens are possibilities [17]. 
Treatment duration of 7–10 days is recommended to be adequate for serious infec-
tions in patients with sepsis and septic shock. Data even supports that serious infec-
tions can be treated with a shorter duration of therapy in the setting of successful 
source control [18]. A prolonged course with antimicrobial therapy is necessary 
when there is an undrainable area of infection, slow clinical response by a patient, S 
aureus bacteremia, some viral and/or fungal infections, and immunological diseases 
[19, 20]. Ultimately the decision to stop therapy or continue should be made on the 
basis of sound clinical judgment. There are many different clinical scenarios that 
can imitate infectious etiologies, but are related to inflammation, drug use, cortico-
steroid utilization, etc. Due to the unpredicted nature and possible adverse effects 
that antimicrobials can cause, it is imperative to perform daily assessments for de- 
escalation of therapy, especially in patients with sepsis and septic shock. Studies 
report that daily assessments of antimicrobials are associated with improved mortal-
ity rates [21].

Biomarkers can also play a role in de-escalation of antimicrobial therapy. The 
Surviving Sepsis Campaign suggests with low quality of evidence that procalcitonin 
levels can be used and interpreted to support shortening the length of therapy in 
patients with sepsis. The biomarker could also be used to discontinue antibiotics in 
patients who appeared to have sepsis, but had no clinical evidence to support the 
diagnosis. Procalcitonin should be considered in treatment decisions, but should not 
be relied upon exclusively to guide management [7].

16.4  Antibiograms

Resistance to antibiotics is a significant problem, making the decision of which 
empiric antimicrobial therapy to use, exceedingly difficult. Hospital-acquired and 
community-acquired infections have variable differences in susceptibility, which 
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influence the selection of empiric antibiotics [22]. Hospital-wide antibiograms aide 
in the initial selection of antibiotics based on the differences in organisms and sus-
ceptibility patterns per hospital [23].

16.5  Pharmacokinetic and Pharmacodynamics Principles

A thorough understanding of drug pharmacokinetics can improve the overall out-
come of patients with severe infection. Patients with sepsis and septic shock have 
metabolic differences compared to the general infected patient and these differences 
can affect the overall management strategy. The main differences include a predis-
position to infection with organisms that are resistant, increased likelihood of 
hepatic and/or renal dysfunction, immune dysfunction, and an increased volume of 
distribution due to aggressive fluid resuscitation [7].

Plasma targets vary per  antimicrobial; therefore failure to reach peak plasma 
targets has correlated with clinical failure in aminoglycosides [24]. Comparably, 
clinical failure for severe MRSA infections have been linked to insufficient early 
vancomycin trough levels [25]. Higher peak blood levels, especially in relation to 
pathogen minimum inhibitory concentration (MIC), have been linked with the clini-
cal success rate in regards to fluoroquinolones [26] and aminoglycosides [24]. Beta- 
lactams differ in that clinical and microbiologic success rates have been associated 
with a longer duration of plasma concentration above the pathogen MIC, especially 
in the critically ill [27]. Optimizing peak drug plasma concentrations is directly 
related to the dosing strategy in aminoglycosides and fluoroquinolones. For amino-
glycosides, once daily dosing (5–7 mg/kg/day gentamicin) produces analogous effi-
cacy and less risk of renal toxicity when compared to multiple daily dosing [28]. In 
regards to fluoroquinolones, a dosing approach that optimizes the dose within a 
nontoxic range (ciprofloxacin 600 mg every 12 h or levofloxacin 750 mg every 24 h) 
should provide the best clinical and microbiologic response [29, 30]. Vancomycin is 
an antibiotic whose effectiveness is concentration dependent and therefore, a tar-
geted trough of 15–20  mg/L is needed to achieve adequate pharmacodynamics, 
increase tissue penetration and augment clinical outcomes [31]. In patient popula-
tions with sepsis and septic shock, the recommended intravenous loading dose is 
25–30 mg/kg to reach the target trough. Loading doses of certain antibiotics with 
low volumes of distribution are necessary in critical patients to achieve therapeutic 
drug levels, because of the effect that fluid resuscitation has on the body’s extracel-
lular volume [32, 33]. In the beta-lactam group, pharmacodynamics coincides with 
the time the plasma concentration of the drug is above the pathogen MIC relative to 
the dosing interval (T > MIC). In the critically ill patient, especially those with sep-
sis, the best response is with a T > MIC of 100% [34]. The easiest way to do this is 
to increase the frequency of the dosing. Loading doses are also utilized for beta- 
lactams and are administered as continuous or extended infusions to rapidly obtain 
therapeutic blood levels [35]. Some studies even suggest that after the initial loading 
dose, extended and continuous infusions of beta-lactams may be more effective in 
critically ill patients with sepsis [36, 37].
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The data supports the pharmacokinetic driven dosing of antimicrobials, but the 
problem is much greater. Patient’s in this target group that are critically ill and septic 
have multiple physiologic alterations that can alter the pharmacokinetics of the anti-
microbials. These physiologic derangements include: unstable hemodynamics, 
increased extracellular volume, increased cardiac output, variations of kidney and 
hepatic perfusion leading to changes in drug clearance, reduced serum albumin, 
which can affect drug binding [38]. Therapeutic drug monitoring for multiple anti-
microbials is therefore difficult to perform, specifically in critically ill patients 
with sepsis.

16.6  Double Coverage

Antimicrobial resistance is becoming a more prevalent issue in many parts of the 
world today. In order to obtain adequate coverage initially, broad-spectrum multi-
drug empiric therapy should be utilized. Combination therapy implies the use of 
two different classes of antimicrobials targeted toward a single sensitive pathogen, 
specifically to aide in accelerating pathogen clearance [7].

Studies have shown that combination therapy results in reduced mortality in 
patients with septic shock [39, 40]. Even though multiple meta-analyses have shown 
this to be accurate, there are no randomized controlled trials to support this approach 
conclusively [7]. Severely ill patients, such as those with bacteremia and sepsis 
without shock, should be treated with combination therapy subjectively, as there is 
low quality of evidence to support its benefit [41, 42]. High-risk neutropenic patients 
with sepsis should not be administered combination therapy routinely [43]. Early 
de-escalation of antimicrobial therapy has not been well studied in the setting of 
combination therapy, but an approach that emphasizes early de-escalation is favored 
according to Surviving Sepsis Campaign. There are no criteria for early de- 
escalation, but rather it is based on clinical progress, resolution of infection based 
on biomarkers, and/or a fixed duration of combination therapy [7].

16.7  Antifungal Coverage

When deciding about initial empiric coverage, it is important to assess whether 
Candida is a likely pathogen. Risk factors that could predispose a patient to an inva-
sive Candida infection include: immunocompromised state, prolonged invasive 
vascular devices, total parenteral nutrition, necrotizing pancreatitis, prolonged hos-
pital/ICU stay, recent fungal infection, recent major abdominal surgery, prolonged 
antibiotic exposure, or multisite colonization [44, 45].

Once the risk for Candida has been assessed, the selection of the antifungal agent 
should be selected according to the severity of the infection, recent exposure to an 
antifungal, and the local pattern of the Candida species. Use of echinocandin empir-
ically is the drug of choice in patients who are severely ill, specifically those in 
septic shock, who have been recently treated with other antifungals, or there is a 
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suspicion for Candida glabrata or Candida krusei [7]. If there is echinocandin tox-
icity or intolerance, than liposomal amphotericin B is an alternative [46]. Triazoles 
are more appropriate in less ill patients, with no previous exposure/colonization. 
Β-D-glucan or rapid polymerase chain reaction assays can be used for rapid diag-
nostic testing to direct therapy, but the negative predictive value of these tests are not 
substantial enough to definitively utilize them [7].

16.8  Conclusion

This chapter sets forth the major contributions from both the Surviving Sepsis 
Campaign and the Sepsis-3 guidelines. It is imperative that clinicians understand 
the role and utility of antimicrobials in patients with sepsis and septic shock. The 
key to antimicrobial use is early initiation and broad coverage, along with continu-
ous reassessment and eventual de-escalation of the therapy, eventually tailoring the 
treatment to the specific pathogen. Antimicrobial overuse or misuse can often lead 
to unfavorable outcomes. Furthermore, antibiograms and biomarkers should be uti-
lized and studied to aid in the appropriate de-escalation of antibiotics.
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17.1  Introduction

The stratification of mortality and morbidity risk plays a crucial role in the manage-
ment of critical and precritical patient [1–3]. Before the creation of the Score 
Systems many of the physician’s decision-making process were based on the clini-
cal instinct, what the Anglo-Saxons call “gut-feeling.” The ASA (American Society 
of Anesthesiologists) was one of the first classification developed by anesthesiolo-
gists, starting from exclusively clinical evaluations and designated in order to pro-
vide a preoperative patient assessment [4, 5]. Later, many other index and scores 
were developed, with most rating pulmonary, cardiovascular, and renal function and 
many also rating neurologic, hepatic, and hematologic functions. The scoring sys-
tems describe the extent of organ dysfunction and the number of organ failures to 
predict mortality, among these scores, dramatically raised during the years, and the 
best known and used is the Sofa and qSOFA [6, 7].

Despite its pathophysiological role, the gastrointestinal tract (GIT) has not been 
sufficiently valued and investigated for the potential failure as both a consequence 
and a potential driver of the critical illness state has not figured in standard scoring 
systems even if it may portend worse prognosis among ICU patients [8–10]. Recently, 
in conjunction with an grooving of scientific interest on the concept of bacterial 
intestinal translocation, Enterobacteriaceae origin, post-infection or over- infection 
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sepsis, multiple organ deficiency syndrome in critically ill patients, the role of intes-
tinal microbiota, the GIT has risen to its proper importance, an organ that first initi-
ates the immune response, with the largest component of lymphatic tissue, involved 
in a series of processes such as digestive process, endogenous metabolic and exoge-
nous process, endocrine and homeostatic immune system [11, 12]. Related to these 
concepts Manu Malbrain released a new mantra “It’s all in the gut” [13]. In light of 
all this, the acknowledgment and the understanding of mechanisms of gastrointesti-
nal pathophysiology has led to the codification of the concept of gastrointestinal 
failure and the definition of Acute Gastrointestinal Injury (AGI) [14–16].

17.2  Hints of Anatomy and Physiology

17.2.1  Peritoneum and Mesentery

The human GI tract is composed of multiple different organs and can be divided 
into the upper and lower GI tract. The upper GI tract refers to the mouth, esophagus, 
stomach duodenum, jejunum, and ileum, while the colon, rectum, and anus make up 
the lower GI tract. The anatomic formation of the esophagus, stomach, intestine, 
liver, and pancreas are achieved in the fourth fetal week through a series of evagina-
tions, elongations, and dilatations. Anatomic development progresses through cell 
proliferation, growth, and morphogenesis. The supportive elements that will pro-
vide the vascular supply, the neural and hormonal regulation, and the host defenses 
of the GI tract evolve concurrently with its anatomic development. The arterial bed 
develops as three ventral outbuddings from the aorta to form the celiac axis and the 
superior and inferior mesenteric arteries. To accomplish the digestive processes in a 
coordinated manner, the GI tract has a functional anatomy that in general terms is 
composed of a series of layers including the inner mucosal layer of the GI tract 
composed of absorptive and secretory epithelial cells. The remaining layers of the 
GI tract include the submucosal layer containing nerves, lymphatics, and connective 
tissue; the smooth muscle layer composed of longitudinal and circular smooth mus-
cle; and the outer serosal layer.

Peritoneum: The peritoneal cavity is a complex anatomical structure with multi-
ple attachments and connections. The peritoneum is a large and complex serous mem-
brane. It consists of two continuous transparent layers: the parietal and visceral 
peritoneum. It is situated directly beneath the abdominal musculature (rectus abdomi-
nis and transversus abdominis) and comprises a thin layer of loose connective tissue 
covered by a single layer of mesothelial cells. The parietal peritoneum lines the inter-
nal surface of the abdominopelvic cavity with multiple attachments to the abdominal 
wall, while the visceral layer lines the abdominal viscera. The narrow space within 
these two layers is referred to as the peritoneal cavity. The peritoneum contains the 
peritoneal fluid, approximately 100 ml. This fluid is continually produced, circulated 
and resorbed. The PF facilitates frictionless movement of abdominal organs (e.g. dur-
ing peristalsis), permits the exchange of nutrients, removes pathogens and cells 
ascending from the female genital tract, and allows reparative events. More over 
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growth factors, nutrients, cytokines, and chemokines, as well as leukocytes, are con-
tinuously exchanged between the PF and the blood. The peritoneal membrane contrib-
utes to the protection of the abdominal cavity, providing an environment that facilitates 
response to mechanical stresses and in which organs are kept separate and slide on one 
another. The peritoneum provides a route for entry of nerves, blood, and lymphatic 
vessels. Pathogens and bacterial toxins are also readily absorbed and cause inflamma-
tion. Its response to damage includes the recruitment, proliferation, and activation of 
a variety of hematopoietic and stromal cells. A thorough understanding of peritoneal 
cavity can aid interpretation of a wide variety of common human diseases.

Mesentery: it is a continuous folded band of membranous tissue (peritoneum) 
that is attached to the wall of the abdomen and encloses the viscera. In humans, the 
mesentery wraps around the pancreas and the small intestine and extends down 
around the colon and the upper portion of the rectum. One of its major functions is 
to hold the abdominal organs in their proper position. Because the mesentery is a 
continuous tissue and possesses clear anatomical and functional properties, some 
researchers consider it to be a distinct organ. Whether the mesentery should be 
viewed as part of the intestinal, vascular, endocrine, cardiovascular, or immunologi-
cal systems is so far unclear, as it has important roles in them all. Mesenteric meso-
thelial plasticity and transformation contribute to several disorders, including 
adhesion and hernia formation. Connective tissue contiguity could explain the 
development of musculoskeletal, ocular, and cutaneous abnormalities in intestinal 
diseases, such as ulcerative colitis and Crohn’s disease, and might also account for 
so far unexplained patterns of pathogen and disease spread. Armed with this knowl-
edge, the diagnosis and assessment of a wide range of common intra-abdominal 
diseases becomes straightforward [17–22]. All these concepts are also reinforced by 
the fact that since 2016, the mesentery has acquired the dignity of organ, with there-
fore specific and unique features and functions [17].

17.2.2  Gastrointestinal Tract Function

The gastrointestinal (GI) tract is a complex organ system that next to the digestive 
functions, carries out endocrine, immune, and barrier functions [23–26]. In broad 
terms, the gut is composed of three entities: the epithelium, the mucosal immune 
system, and the commensal flora. These are each innervated by the enteric nervous 
system and each of these components interact in a complex ecosystem that is under 
constant surveillance and is tightly regulated. Luminal contents move along the GI 
tract via smooth muscle peristalsis, while smooth muscle segmentation ensures 
adequate contact time and exposure to the absorptive epithelial mucosal surface. 
The peptides released from the stomach and/or intestine modulate motility, secre-
tion, absorption, mucosal growth, and immune function of the gastrointestinal tract. 
These hormones also have effects outside the gastrointestinal tract particularly in 
relation to the regulation of energy intake and glycemia. It also serves to prevent 
intestinal microbial invasion through the epithelial barrier and mucosal immune 
system. These absorptive and protective factors of the intestinal mucosa are 
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reconciled in a selectively permeable epithelium that adapts to luminal nutrients, 
cytokines, and infectious organisms. Intestinal motility is of critical importance in 
the maintenance of the digestive and protective functions of the GI tract. The epithe-
lium performs the digestive functions of the gastrointestinal tract that is critical both 
for absorbs food necessary for host well-being and to preserve intestinal integrity. 
The mucosal surface of the gut represents the largest body surface in contact with 
the outside world (approximately 300 m2, roughly the area of a tennis court). Small 
and large intestinal motility is under multiple levels of control including the ENS 
and CNS, as well as GI hormones and paracrine agents. Approximately 20,000 pro-
tein coding genes are expressed in human cells and 75% of these genes are expressed 
in at least one of the different parts of the digestive organ system. Over 600 of these 
genes are more specifically expressed in one or more parts of the GI tract and the 
corresponding proteins have functions related to digestion of food and uptake of 
nutrients. Examples of specific proteins with such functions are pepsinogen PGC 
and the lipase LIPF, expressed in chief cells, and gastric ATPase ATP4A and gastric 
intrinsic factor GIF, expressed in parietal cells of the stomach mucosa. To ensure 
effective digestion and proper GI tract health requires a complex series of coordi-
nated neural events accomplished by the central nervous system (CNS), the nerve 
network within the gut itself known as the enteric nervous system (ENS), and a 
whole host of GI endocrine peptides that target specific cells and tissues that make 
up the GI tract [27–31].

17.2.3  Role of Microbiota: Victim and Actor

The human body consists of around 10 trillion cells, whereas 100 trillion bacteria 
colonize our surfaces and intestinal tract which directly interact with the host and 
participate in health homeostasis. This cohabitation in the GI tract is both beneficial 
and essential to the human host by providing digestion of foods, nutrient processing, 
and immune functions. Microbiota refers to the entire population of microorgan-
isms that colonizes a particular location. Several high quality data from the US 
Human Microbiome Project (HMP), European Meta-genomics of the Human 
Intestinal Tract (MetaHIT), and several other studies have now demonstrated the 
beneficial functions of the normal gut flora on health down to the genetic level.

At birth, the gut is first colonized and then stabilized through adaptation with 
four dominant phyla: Firmicutes, Bacteriodetes, Proteobacteria, and Actinobacteria. 
Depending on environmental conditions, genetics, the host’s immune system, diet, 
and early exposure to infection or antibiotics, the presence and dominance of these 
species becomes highly varied among healthy individuals. The gut microbiota 
maintains a symbiotic relationship with the gut mucosa and imparts substantial 
metabolic, immunological and gut protective functions in the healthy individual. 
Hippocrates self has been quoted as saying “death sits in the bowels” and “bad 
digestion is the root of all evil” in 400 B.C., showing that the importance of the 
intestines in human health has been long recognized. Gut microbiota have a com-
plex influence on metabolism, nutrition, and immune function in the host, and 
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therefore disruption or alteration of the microbiota plays a pivotal role in 
GI. Significant interest have evolved on the gut microbiota in the recent years within 
the scientific community; and the gut microbiota have been associated with a large 
array of human diseases. Gut microbiota now appears to influence the host at nearly 
every level and in every organ system, highlighting our interdependence and coevo-
lution [32–41].

17.3  Definition

The definition of gastrointestinal failure or dysfunction has evolved over the years. 
The term “intestinal failure” was originally defined by Fleming and Remington as 
“a reduction in the functioning gut mass below the minimal amount necessary for 
adequate digestion and absorption of food.” [42] Although this definition was sub-
sequently modified to include failure of the intestinal tract to maintain adequate 
hydration and electrolyte balance in the absence of artificial fluid and electrolyte 
support. The European Society for Clinical Nutrition and Metabolism (ESPEN) 
Special Interest Group define this condition as “a reduction in gut function below 
the minimum necessary for the absorption of macronutrients and/or water and elec-
trolytes, such that intravenous supplementation is required to maintain health and/
or growth.” Intestinal failure may be acquired or congenital, and of gastrointestinal 
or systemic, benign or malignant origin. It may have an abrupt onset, or be the slow, 
progressive evolution of a chronic illness, and it may be a self-limiting short-term or 
a long-lasting condition (chronic intestinal failure, CIF). The term “Acute 
Gastrointestinal Injury” (AGI) has been proposed to address GI dysfunction as 
part of the multiple organ dysfunction syndrome in critically ill patients, whether or 
not they have primary abdominal pathology [43–47].

17.4  Classification

From a function point of view based on onset, and metabolic and expected outcome 
criteria, IF has been classified as:

• Type I—Acute, short-term and usually self-limiting condition; this is a common 
feature, occurring in the perioperative setting after abdominal surgery and/or in 
association with critical illnesses; it recedes when those illnesses subside; IVS is 
required over a period of days or a few weeks

• Type II—Prolonged acute condition, often in metabolically unstable patients, 
requiring complex multidisciplinary care and IVS over periods of weeks 
or months

• Type III—Chronic condition, in metabolically stable patients, requiring IVS over 
months or years; it represents the chronic intestinal failure (CIF), that may be 
reversible or irreversible.
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In 2012, the Working Group on Abdominal Problems of the European Society of 
Intensive Care Medicine (ESICM) defined acute gastrointestinal injury (AGI) as the 
malfunctioning of the GI tract in critically ill patients due to their acute illness.

Type I and type II Intestinal failure form the Acute Gastrointestinal Injury 
group. In turn AGI is classified as:

• Primary: AGI is associated with primary disease or direct injury to organs of the 
GI system.

• Rationale—Condition may usually be observed early (during the first day) after 
the insult to the GI system. Examples: Peritonitis, pancreatic or hepatic pathol-
ogy, abdominal surgery, abdominal trauma, etc.

• Secondary: AGI develops as the consequence of a host response in critical ill-
ness without primary pathology in the GI system.

Rationale—Condition develops without direct insult to the GI tract. Examples: 
GI malfunction in a patient with pneumonia (Fig. 17.1), pulmonary critical condi-
tions (Fig.  17.2), cardiac pathology, non-abdominal surgery or trauma, post- 
resuscitation [43, 48–50].

Fig. 17.1 AGI II/76-year-old man with COPD in acute exacerbation. Note the right kidney cyst 
and the acute urine retention. Treated with urinary catheterization and percutaneous cyst drainage. 
Discharged 6 days later

Fig. 17.2 Abdominal 
compartment syndrome in 
an obese 34-year-old man 
with pulmonary 
embolism—
Decompression 3 days 
later after admittance. Total 
colectomy for tertiary 
abdominal compartment 
syndrome 3 days later. 
Alive at 2 years
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17.5  Epidemiology

Type I AIF is a common, short-lived, and in most cases self-limiting condition, 
diagnosed in approximately 15% patients in the perioperative setting after abdomi-
nal surgery, or in association with critical illness such as head injury, pneumonia, or 
acute pancreatitis, or after cardiac surgery.

Type II AIF is an uncommon clinical condition accompanied by septic, meta-
bolic, and complex nutritional complications. It generally develops as a conse-
quence of trauma; it may follow an acute event (such as intestinal volvulus, 
strangulated hernia, mesenteric thrombosis, or abdominal trauma) necessitating 
massive bowel resections, or occur as a complication of intestinal surgery (anasto-
motic leak, unrecognized intestinal injury, fistula formation, abdominal wall dehis-
cence, laparostomy/open abdomen), often in a setting of considerable preexisting 
comorbidity. Data on the type II-prolonged AIF were provided by British study in 
2006, which estimated an annual incidence of nine patients per million population. 
The meta-analysis of Zhang D et al. estimated the prevalence of AGI in these criti-
cally ill patients at 40% (95% CI: 27–54%). Because clinical evaluation of the intes-
tinal function is difficult, radiological signs are not specific, subtle or absent and 
there is lack of universally accepted criteria for gut failure in ICU patients, gut 
dysfunction often goes unrecognized.

The epidemiology of Type III is based on the data from home parenteral nutrition 
(HPN) which often include patients with either benign or malignant diseases. In 
Europe, the prevalence of HPN for Type III IF has been estimated to range from 5 
to 80 per million population, with the incidence ranging from 7.7 to 15 IF/HPN 
patients/million inhabitants/year. Around 10% of patients were in the pediatric age 
group [50, 51].

17.6  Grading

Reintam et al. [52] proposed a 5-grade GI failure scoring system for ICU patients, 
based on the presence of feeding intolerance and/or intra-abdominal hypertension 
(IAH), which correlated with ICU mortality. In 2012, the Working Group on 
Abdominal Problems (WGAP) of the European Society of Intensive Care Medicine 
(ESICM) proposed a definition of AGI in intensive care patients as malfunctioning 
of the GI tract in critically ill patients due to their acute illness. Four grades of sever-
ity were identified: AGI grade I, a self-limiting condition with future risk of GI 
dysfunction or failure; AGI grade II (GI dysfunction), interventions are required to 
restore GI function; AGI grade III (GI failure), interventions cannot restore GI func-
tion; AGI grade IV, GI failure that is immediately life-threatening disturbances in 
the gut’s barrier functions, increased virulence of the gut microbiome, and post- 
antibiotic abrogation of the gut microbiome’s ability to promote immune autoregu-
lation may play a role in the development and progression of MOF. Both selective 
gastrointestinal decontamination and replenishment of the nonpathogenic microbi-
ome with probiotics have shown positive effects Treatment of persistent 
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sepsis- associated MOF with fecal microbiota transplant (after eradication of the 
inciting infection) is an intriguing concept that needs further evaluation.

Though an element of the SOFA score and other MOF scores, the implications 
of sepsis-associated cholestasis are poorly understood. Management is conserva-
tive. Frank hepatic failure is rare as a result of sepsis-associated MOF and should 
raise concern for an alternative diagnosis [52–55].

17.7  Etiology

Berg and Garlington in 1979 first defined the phenomenon of bacterial passage 
through the gut wall as “bacterial translocation.” [56] However, the gut was first 
hypothesized to be the “motor” of MODS in 1985. In the decades since, numerous 
studies have tried to define the role of the gut in the origin and propagation of sepsis 
and MODS. Recently, it has been recognized that, apart from the intestinal ischemia- 
reperfusion injury, gut luminal contents, including the mucus gel layer, pancreatic 
proteases and gut flora, as well as the luminal response to splanchnic ischemia play 
also an important role in modulating gut injury. Acute gastrointestinal injuries usu-
ally presents following an acute traumatic event such as a traffic accident, following 
surgical procedures associated with anastomotic leaks, vascular or viscous injury 
during other surgery creation of laparostomy (open abdominal wound), and acute 
unpredictable events such as enterocutaneous fistulae, intestinal volvulus, and mes-
enteric infarction. For example, luminal pancreatic proteases appear to be crucial 
for the development of gut-derived sepsis following hemorrhagic shock, while bile- 
derived tumor necrosis factor-αseems to act on the luminal side of the mucosa in the 
endotoxin-induced gut injury model, causing intestinal damage. The exact nature of 
the relationship between gut and sepsis, SIRS, and MODS remains to be elucidated. 
It seems clear that bacterial translocation plays a role but is certainly not the sole 
cause. Alteration of all the components of the GI tract the mucosal surface, the gut 
associated lymphoid, the gut flora and hormone secretion are involved.

The mucosal surface of the gut represents the largest body surface in contact with 
the outside world. The intestinal epithelium is a single layer of columnar epithelial 
cells constantly renewed from stem cells originating in the crypts of Lieberkühn. 
Integrity of the layer is assured by apical junction complexes [12], creating a 
dynamic barrier keeping the internal milieu sterile. Sepsis and inflammation disrupt 
the anatomical structures, increase apoptosis in the gut epithelium and decrease cell 
proliferation [13–16], resulting in loss of this barrier function and bacterial translo-
cation. The gut-associated lymphoid tissue (GALT) is the largest lymphatic organ in 
the body, the surface area of the digestive tract is estimated to be about 32 square 
meters. With such a large exposure (more than three times larger than the exposed 
surface of the skin), these immune components function to prevent pathogens from 
entering the blood and lymph circulatory systems It is composed of four distinct 
compartments: Peyer patches, mesenteric lymph nodes, the lamina propria, and 
intraepithelial lymphocytes (IELs). Enterocytes are also capable of producing 
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cytokines after an inflammatory stimulus in the absence of bacteremia or transloca-
tion. Critical illness has a profound effect upon the number of cells in the mucosal 
immune system, the main phenomenon being loss of lymphocytes; this can be 
encountered after ischemia/reperfusion or after sepsis, which increases apoptosis in 
lamina propria lymphocytes. Recent studies re-appraise the role of intestinal micro-
flora in critical illness and gut-origin sepsis. The gut flora acts as an effective barrier 
against opportunistic and pathogenic microorganisms with its “colonization resis-
tance.” The gut flora can be divided into benign/beneficial and potentially harmful 
species. Several factors are believed to modify gut microflora during critical illness: 
changes in circulating stress hormones, gut ischemia, immunosuppression, the use 
of antibiotics and other drugs, and the lack of nutrients. Changes in local milieu may 
induce the expression of virulence genes. Notably, a hierarchical system of viru-
lence gene expression in bacteria has recently been described, known as quorum 
sensing (QS). Ischemia, hypoxia, and intestinal epithelium injury induce the release 
of molecules that activate QS circuitry in the opportunistic pathogens, which inter-
act with mucosal epithelium and trigger the expression of a particular pro inflamma-
tory mediator in a susceptible host.

In ICU patients, modifications in hormonal secretions can be observed. 
“Endocrine failure” of the gastrointestinal tract may be considered alongside other 
endocrine insufficiencies in critically ill patients, such as sympatho-adrenal insuf-
ficiency, and it needs to be included in a more generalized definition of gut failure 
[56–59].

Deitch proposed the three hit model. According to this, an initial insult causes 
visceral hypoperfusion (First Hit) and the gut responds by producing and releasing 
proinflammatory factors. Hemodynamic resuscitation leads to reperfusion, resulting 
in ischemia-reperfusion injury to the intestine (Second Hit), loss of gut barrier func-
tion and an augmented gut inflammatory response, without the need for transloca-
tion of bacteria or toxins. Once bacteria and endotoxin cross the mucosal barrier, 
they further enhance the immune response with the release of chemokines, cyto-
kines, and other inflammatory mediators, which affect the immune system both 
locally and systemically (Third Hit), leading to SIRS and MODS [60, 61]. Clark 
and Coopersmith in 2007 suggested the “intestinal crosstalk” theory which assumes 
a three-way partnership among the intestinal epithelium, the immune tissue and the 
endogenous microflora of the gut [62]. In this partnership, each element modifies 
the others via crosstalk, within a state where all components of the gut interact, 
concluding that the intestine is a complex organ which can even crosstalk with 
extra-intestinal tissues. In critically ill patients, loss of the balance between these 
highly interrelated systems results in the development of systemic manifestations of 
disease, whose repercussions extend far beyond the intestine.

Undoubtedly, the intestine plays an important role in the development of sepsis 
syndrome and MOF. Modification of the gut barrier seems to occur clinically and to 
be responsible for the increased prevalence of infectious complications in critically 
ill patients [63–67].
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17.8  Clinical Presentation and Diagnosis

Several studies show that critically ill patients with an expected duration of mechan-
ical ventilation of more than 6 h have GI symptoms during the first week of admis-
sion. Some specific symptoms, including absent BS, GI bleeding, and bowel 
distension, as well as the total number of GI symptoms, were associated with 28 day 
mortality. In most cases, gastrointestinal dysfunction is suspected because of feed-
ing intolerance, ileus, diarrhea, digestive bleeding, or intestinal ischemia.

In 2012, the Working Group on Abdominal Problems (WGAP) of the European 
Society of Intensive Care Medicine (ESICM) proposed a definition of AGI in inten-
sive care patients as malfunctioning of the GI tract in critically ill patients due to 
their acute illness.

Four grades of severity were identified: AGI grade I, a self-limiting condition 
with future risk of GI dysfunction or failure; AGI grade II (GI dysfunction), inter-
ventions are required to restore GI function; AGI grade III (GI failure), interven-
tions cannot restore GI function; AGI grade IV, GI failure that is immediately life 
threatening.

• AGI grade I (risk of developing GI dysfunction or failure)—The function of the 
GI tract is partially impaired, expressed as GI symptoms related to a known 
cause and perceived as transient. Rationale: Condition is clinically seen as occur-
rence of GI symptoms after an insult, which expectedly has temporary and self- 
limiting nature. Examples: postoperative nausea and/or vomiting during the first 
days after abdominal surgery, postoperative absence of bowel sounds, dimin-
ished bowel motility in the early phase of post-acute event or shock.

• AGI grade II (gastrointestinal dysfunction)—The GI tract is not able to perform 
digestion and absorption adequately to satisfy the nutrient and fluid require-
ments. The clinical condition of the patient could worsen related to GI problems. 
Rationale: The condition is characterized by acute occurrence of GI symptoms 
requiring therapeutic interventions for achievement of nutrient and fluid require-
ments. This condition occurs without previous GI interventions or is more severe 
than might be expected in relation also, but not only (Figs. 17.3 and 17.4), to the 
course of preceding abdominal procedures. Examples: gastroparesis with high 
gastric residuals or reflux, stop-bowel, diarrhea, intra-abdominal hypertension 
(IAH), visible bile in gastric content or blood in the stool, feeding intolerance 
could be present if at least 20 kcal/kg BW/day via enteral route cannot be reached 
within 72 h of feeding attempt.

• AGI grade III (gastrointestinal failure)—Loss of GI function, where restoration 
of GI function is not achieved despite interventions and the general condition is 
not improving. Rationale: Clinically seen as sustained intolerance to enteral 
feeding without improvement after treatment (e.g. erythromycin, post-pyloric 
tube placement), leading to persistence or worsening of MODS.  Examples: 
despite treatment, feeding intolerance is persisting-high gastric residuals, per-
sisting GI paralysis, occurrence or worsening of bowel dilatation, progression of 
IAH to grade II (IAP 15–20 mmHg), low abdominal perfusion pressure (APP) 
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(below 60 mmHg). Feeding intolerance is present and possibly associated with 
persistence or worsening of MODS.

• AGI grade IV (gastrointestinal failure with severe impact on distant organ func-
tion)—AGI has progressed to become directly and immediately life-threatening, 
with worsening of MODS and shock. Rationale: Situation when AGI has led to 
an acute critical deterioration of the general condition of the patient with distant 
organ dysfunction. Examples: bowel ischemia with necrosis, GI bleeding lead-
ing to hemorrhagic shock, Abdominal Compartment Syndrome (ACS) requiring 
decompression.

Fig. 17.3 AGI II in acute pneumonia in a 63-year-old woman with post-natal cerebral damage 
with Chilaiditi sign

Fig. 17.4 AGI II in 
myocardial infarction in 
cocaine abuse
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This definition mainly depends on the symptoms and signs of AGI, which are 
usually not sufficient to diagnose the underlying disease. Moreover, evaluating the 
small bowel is difficult for two reasons: it is a deep organ, far from the mouth, anus, 
and abdominal wall, and critically ill patients are frequently not able to inform clini-
cians about a digestive complaint. This explains why its dysfunction may some-
times be occult or misdiagnosed, and the fact that it is not clearly integrated into the 
overall approach used to treat ICU patients [49, 52].

Reintam et  al. created a gastrointestinal failure (GIF) score in critically ill 
patients, based upon the occurrence of feeding intolerance and IAH, ranging from 
level 0 (normal gastrointestinal function) to level 4 (ACS) [49]. They showed that 
GIF score was correlated with ICU mortality and improved the prognostic value of 
the sequential organ failure assessment (SOFA) score. Some biomarkers, for exam-
ple, blood intestinal fatty acid binding protein (i-FABP), D-lactate (D-la), and lipo-
polysaccharide (LPS), have been proposed as possible markers for intestinal barrier 
function and the detection of AGI. However, their clinical validity in the diagnosis 
and classification of AGI is still unclear. Another interesting biomarker is the plasma 
citrulline. The link between low plasma citrulline concentration and loss of gut bar-
rier function was suggested by Herbers et al. who showed that after high-dose che-
motherapy low plasma citrulline concentration is linked to bacteremia [68]. In 
addition, low plasma citrulline concentration has been clearly correlated with clini-
cal and biological evidence of mucosal barrier injury after chemotherapy in pediat-
ric patients. Because small bowel ischemia is often related to an acute reduction of 
enterocyte mass, it could be a third context of interest for using plasma citrulline 
concentration [69–72].

AGI grading is a strong predictor for mortality. FI within the first week of ICU 
stay has an independent and incremental prognostic value for mortality, suggesting 
that the combination of the AGI grade on the first day of ICU admission and persis-
tent FI within the first week of ICU stay could improve risk stratification in critically 
ill patients.

It is therefore easy to consider the GI involved in the development of different 
pathological processes. More over the GI system is considered critical to the devel-
opment of multiple organ failure (MOF), with bacterial translocation in intensive 
care unit (ICU) patients supporting the concept of the gut having a role in MOF 
[73, 74].

17.9  Abdominal Compartment Syndrome: An Overview

The Abdominal Compartment Syndrome (ACS) represents the most famous, despite 
until today not well known in the medical world [75, 76], AGI-related clinical pic-
ture. The basic pathophysiology is very simple to the detrimental final effects: an 
increase in the abdominal internal pressure. The abdomen is a close compartment 
by the diaphragm, the abdominal muscular layers and the pelvic muscle. The stan-
dard pressure is around 6–8 mmHg. Any pathological condition able to increase this 
pressure can determine an ACS. Obesity and pregnancy also lead to an increase in 
abdominal pressure without pathological results.
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ACS was recognized and described in the end of the ‘800 and was reported in the 
literature in an erratic mode until across the new millennium. In the last twenty 
years, ACS was revaluated as a very dangerous problem in every critical or subcriti-
cal patient independently from the origin of the recovery, medical, surgical, cardio-
logical, and infective. Any clinical problem at any age is a potential trigger for an 
ACS. Any clinician in any area could be aware of the possible rising problem called 
ACS with a mortality rate when unrecognized rounding 50%. The ACS is the final 
result of an increasing pressure value not promptly recognized and treated. There is 
an important “intermediate window” between a normal AP and the ACS called 
Intra-Abdominal-Hypertension (IAH) with mean values between 12 and 19 mmHg. 
In this window a correct approach reduces the clinical damages for the patient 
before the configuring ACS (Abdominal Pressure 20 mmHg).

The likely of ACS is related to the deep modifications and the relationship with 
the meso and macro-circulation in the pressure values of the microcirculation of the 
single district, intestinal tract or parenchyma of the abdomen also in the kidneys.

A correct and continue perfusion of the gastrointestinal tract is mandatory in the 
maintenance of the anatomical, biological and functional status and for its homeo-
stasis. In this evaluation is created the term of abdominal perfusion pressure (AAP) 
determined by the mean arterial pressure (MAP) less intra-abdominal pressure with 
a normal and correct value of over 60  mmHg. It’s obvious to consider that an 
increase of the AP associated with a reduced MAP as in critical patients can start a 
vicious circle with critical damages in the abdominal viscera. In this situation the 
attempts to increase the MAP can become very dangerous because this maneuver 
reduce the microcirculation in a derangement between the two regimens of circula-
tion as described [77–79]. The same problem of microcirculation happen as in the 
abdominal organs in the cortex of the kidney were the glomerular filtrate (GF) is the 
result of this simple formula GF = MAP − [2 × IAP] [80].

We can grade the IAH/ACS as follow:

• Grade I 12–15 mmHg Physiological compensated
• Grade II 16–20 mmHg Abdominal Hypertension
• Grade III 20–25 mmHg Visceral dysfunction, anuria
• Grade IV 25 mmHg MODS

ACS can be also divided into primary, secondary, and tertiary:

• Primary—When is sustained by a pathology or a pathological process arising in 
the peritoneal space (bowel ischemia, infection, visceral aneurysms, acute pan-
creatitis, hematomas, hematological disorders or neoplasms, solid neoplasms).

• Secondary—When is sustained by a pathological process not arising in the peri-
toneal space (myocardial infarction, pulmonary embolism, sepsis, pneumonia, 
leukemia, solid neoplasm in other district, infections, massive transfusion) 
(Fig. 17.5). Rarely ACS can be considered chronic in particular patient (Fig. 17.6).

• Tertiary—(Persistent or ongoing) ACS persistent despite some treatments).
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Some clinical characterizations have to be described. The ACS arising during the 
recovery has a worse prognosis than if present at admittance. The developing of 
ACS is a critical element in the clinical course of the patient. It means that the 
patient is getting weak. Little variations in the grading of the abdominal pressure 
can determine strong variations in the clinical status of the patient. Clinical diagno-
sis is very simple. The devices for the measurement of the bladder pressure, insert-
able to the urinary catheter, are cheap and very useful for any patient also if not in 
ICU (Fig. 17.7).

It exists also an electronic device much less compliant in the clinical practice. In 
patients without or impracticable bladder, radiology has stated seven TC-related 
issues for diagnosing of abdominal compartment syndrome (Table 17.1).

The ACS is so called for the district involved, the abdomen itself. Clinical impact 
is so strong for the whole body that a multicompartment syndrome has been 

Fig. 17.5 Acute abdominal compartment syndrome in CPR for acute myocardial infarction 36 h 
before. Dead after 24 h after decompression

Fig. 17.6 Chronic ACS in a 42-year-old-man with severe obesity, BMI of 55.5,with a history of 
diabetes and hypertension and BDZ treatment
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described [81–83]. Thoracic and cerebral districts can be involved, both or single, in 
this very dangerous “pressures storm”.

The treatment of ACS is the decompressive laparotomy (DL). Very rarely, a med-
ical reduction and/or resolution of the syndrome is possible by adequate fluid man-
agement, diuretics, or hemodialysis. Anecdotic episodes of surgical lateral incisions 
of the abdominal wall muscles have no scientific or literature support. With an 
abdominal pressure rounding 20 mmHg increasing and persisting DL is mandatory 
also without organ dysfunction or MODS. The surgical procedure is very simple 
and applicable also in hypercritic patients in ICU [84, 85] (Fig. 17.8).

After this maneuver the challenge is: close or not close the abdomen? We’re 
completely agree with De Laet affirming “open up and keep the lymphatic open: 
they’re the hydraulics of the body” [86] The peritoneal stomata play a pivotal role 
in the physiopathology of the peritonitis, their normal diameter of 4–12 cm in any 
acute abdominal condition arise to 23 cm. In a critical patient 24/48 h with a com-
pletely open abdomen can result in a dramatic improvement of the clinical status. 
The successive option are (1) Open abdomen with negative pressure (ABThera®) 
device in order to evacuate any infected or suspected fluid. (2) Single skin closure 
to avoid a dangerous increase in the abdominal pressure. In this phase all the perito-
neal spaces, districts and organ and the patient as a “biological-system” are very 
sensible to any minimal dramatic oscillation of the internal abdominal pressures. (3) 
Definitive abdominal wall reconstruction with or without specific and dedicated 
protheses. The real enemy is the hurry in close the abdomen. These clinical critical 

Fig. 17.7 UnoMeter™—
Abdo-Pressure™ by 
ConvaTec©

Table 17.1 CT scan features 
in intra-abdominal 
hypertension

1 Narrowing of upper intrahepatic inferior vena cava
2 Small/large bowel wall thickening (>3 mm)
3 Round belly signs (ratio > 0.80)
4 Direct renal displacement or compression
5 Compression and/or displacement of solid organ
6 Bilateral femoral/inguinal hernation
7 Elevation of the diaphragm
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condition as AGI/ACS requires right times. We need to care, not simply cure, the 
patient, not its abdomen. The blind standard application of rigid protocols or guide-
lines is very dangerous, and any patient has its own story.

Fig. 17.8 Decompressive laparotomy in an ICU’s hypercritic patient with ACS due to intestinal 
ischemia. (Courtesy of Mrs Maria Brisichella)
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Acute Gastrointestinal Injury represents an old clinical situation recently recog-
nized and described as syndrome in the literature. No specific therapy exists because 
it is nonspecific pathology. The cornerstones in the treatment are two: the diagnosis 
and the comprehension of its physiopathology.

It’s absolutely necessary recognize AGI, any clinician could think to this clinical 
picture in any patient because as above reported “all is in the gut.”

The second item is to treat the patient critical pathology (lung, heart, soft tissue, 
circulatory district, invasive infections, sepsis). Only the when AGI arises from a 
specific abdominal process the treatment is specific with the source control strategy. 
The ACS has a surgical way with the decompressive laparotomy. AGI is the expres-
sion of a man-failure as the cardiac arrhythmias, the Acute Kidney Injury (AKI), the 
Acute Lung Injury (ALI), and the ARDS. The different is in the structure of the 
gastrointestinal tube totally colonized by bacteria with a joint-venture essential for 
the life. Any pathological condition able to derange this equilibrium protected by a 
very thin layer called mucosa create a pathological condition with bacterial translo-
cation, deep modifications in the bacterial burdens, shift in pathological condition 
of the saprophytic flora as trigger of the inflammatory and infective processes.

The precision medicine, the genomic, the proteomics, nanotechnology, the rela-
tionship between sepsis and infection phenotypes, and the microbiome knowledge 
are bringing to a therapy “tailored” for any critical clinical situation in any patient 
in any condition.
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18.1  Introduction

Over $80 billion dollars are spent each year for hospital costs associated with inju-
ries, with septic complications being the main reason for excess costs in care [1]. 
Trauma patients have increased complications when compared to elective surgical 
patients with the most common being surgical site infections, urinary tract infec-
tions, and pneumonia [1]. For the trauma patients that survive their initial injury and 
develop hospital-acquired complications, sepsis is the most common cause of in- 
patient mortality [1]. It is therefore imperative to develop ways to prevent, identify, 
and provide effective treatments to improve outcomes and reduce costs.

Posttraumatic shock alters the immune response fundamentally with a shift 
toward a heavy reliance on innate immunity [2]. An exaggerated innate immune 
response is likely responsible for the so-called persistent inflammation, immuno-
suppression and catabolism syndrome (PICS), which drives the observed suscepti-
bility to nosocomial infections and multiple organ dysfunction [3]. This undoubtedly 
complex response involves the interaction of pathogen-associated molecular pat-
terns (PAMPs), damage-associated molecular proteins (DAMPs), and immune cel-
lular receptors [4, 5].

In this chapter, we focus on the most common infections after traumatic injury 
such as healthcare-associated infections, but also injury-specific infections, which 
include surgical sites, infections complicating embolization and the rare over-
whelming postsplenectomy sepsis (OPSI).
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18.2  Common Postoperative Complications: 
Healthcare-Associated Infections

Healthcare-associated infections (HAIs) are a major burden in patients admitted to 
the intensive care unit as they are associated with increased mortality, length of stay, 
costs, and bacterial resistance [6]. Trauma patients are especially at high risk for the 
development of infections due to disruption in tissue integrity and impaired host 
defense mechanisms [7]. Trauma patients have an infection rate ranging from 
2–37% [8]. If diagnosed with sepsis, trauma patients have a six-fold higher risk of 
mortality, whereas HAIs complicating other inpatients result in nearly 1.5–2-fold 
higher risk [7]. Furthermore, infections complicating a trauma admission worsen 
functional status and increase healthcare usage up to a year after injury [9]. Catheter- 
associated urinary tract infections (CAUTIs), ventilator-associated pneumonias 
(VAPs), central line-associated bloodstream infections (CLABSIs), and surgical site 
infections (SSIs) remain the most common and therefore the most important HAIs 
in trauma patients [10].

18.2.1  Urinary Tract Infections

UTI is the most common nosocomial infection (40%) and approximately 80% of 
the healthcare-related UTIs are associated with urinary catheter use [11]. Trauma 
patients are particularly prone to CAUTIs as the degree of injury severity indepen-
dently correlates with the risk of developing an UTI [11]. The risk of developing a 
CAUTI increases with the duration of catherization and may reach 50% with each 
day of use [12]. In the trauma population, UTI does result in significant morbidity 
and has been associated with an increase in mortality, especially in older patients 
[11]. Injuries that require chronic catheter usage such as injuries of the spinal cord, 
sacrum, sacral nerve roots, and pelvic nerves are associated with increased 
UTI. Additionally, undiagnosed or misdiagnosed urethral injuries can also result in 
chronic UTI [13]. In 2008, the Centers for Medicare & Medicaid Services (CMS) 
stopped reimbursing hospitals for the care of CAUTIs. Initially, the CMS policy had 
no measurable effect on the rate of CAUTIs, however, recent studies demonstrate a 
decline in incidence of CAUTIs and also CLABSIs [14, 15]. There is some evidence 
that nurse-driven protocols have improved CAUTI rates after implementation of an 
education program and a urinary catheter protocol [16, 17].

18.2.2  Hospital-Acquired Pneumonias

Important risk factors for development of hospital-acquired pneumonias (HAP) in 
trauma patients include aspiration, chest or upper abdominal surgery, frequent 
transport for imaging, polytrauma, supine position (for logroll precautions), and 
prolonged intubation [18–20]. Patients with severe traumatic brain injury (TBI) are 
prone to develop HAP for a multitude reasons ranging from a decreased level of 
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consciousness, need for frequent patient transport, and prolonged ventilatory sup-
port [19]. Halperin et al. have suggested that the use of a mobile CT for such neuro-
logic patients was associated with a reduction in HAPs [19].

VAP can develop ≥48 h after endotracheal intubation and has a reported inci-
dence ranging from 8–44% in trauma patients [21]. As the oral flora of critically ill 
patients differs from normal healthy adults, lack of effective oral hygiene was 
thought to introduce respiratory pathogens resulting in VAP. However, the evidence 
of oral hygiene has remained controversial. While there is some evidence that oral 
hygiene with chlorhexidine may decrease VAP, this does not appear to reduce mor-
tality, ventilatory-days or ICU length of stay [22]. Early tracheostomy has long been 
advocated to improve pulmonary toilet and possibly reduce the incidence of 
VAP. However, this benefit also remains unclear as the data regarding the incidence 
of pneumonia is conflicting [23, 24]. Two randomized trials failed to show an effect 
on mortality, prevalence of VAP or hospital length of stay with early tracheostomy 
[25, 26]. Data remains insufficient to show clear benefit to early tracheostomy 
(within four days) for mechanically ventilated patients in the ICU [27].

VAP prevention bundles, involving the implementation of various measures 
attempting to reduce the incidence of VAP amongst high-risk patients, appear prom-
ising. The effectiveness of these interventions in a coordinated way seems promis-
ing but remains under investigation [28]. High-quality evidence with compliance is 
needed [29].

18.2.3  Central-Line-Associated Bloodstream Infection

Studies have estimated CLABSIs account for 84,000–204,000 infection per year at 
a cost of up to 21 billion dollars per year [30]. CLABSI rates among trauma patients 
are considered 1.5–2-fold higher than in the general ICU population [28].

Peripherally inserted central venous catheters (PICC) are gaining in popularity 
due to their perceived safety and longevity as an access option. In both centrally 
inserted central catheters (CICC) and PICC, the rate of bloodstream infection 
increases with the higher number of lumens and catheter diameter. The incidence 
rate of CLABSI after PICC placement varies from 16–29% [31]. With regard to the 
insertion site, a multicenter trial showed that subclavian vein catheterization was 
associated with a lowest risk of bloodstream infection compared to femoral-vein 
catheterization [32]. The most recent Institute for Healthcare Improvement (IHI) 
guidelines recommend avoiding the femoral vein but the risk of CLABSI for  femoral 
insertion sites remains inconclusive [33]. There appears no benefit in antibiotic pro-
phylaxis for central venous catheter placement, and a meta-analysis showed no sig-
nificant difference in infection rate comparing antibiotics versus no antibiotics [34].

Several systematic reviews have demonstrated that antimicrobial-impregnated 
dressings and catheters reduce CLABSI and colonization, but none have shown a 
reduction in sepsis or mortality [35, 36]. The implementation of central line bundles 
which include a set of evidence-based interventions intended to be implemented 
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together, have been proposed as another method to reduce CLABSI [37]. However, 
variability in compliance exists at the national level [37].

18.2.4  Surgical Site Infections

Important procedure-related risk factors that increase the prevalence of SSI include 
emergency settings and wound classification [38].

Damage control procedures are highly associated with wound infections where 1 
out of 5 trauma laparotomies develop an deep organ space surgical site infection 
[39]. Timely closure and serial abdominal wound lavage or irrigation are believed to 
reduce this risk. However, there is little high-quality evidence that supports any 
intracavitary lavage or antimicrobial irrigation for the reduction of SSI [40, 41].

Negative pressure wound therapy (NPWT) is increasingly being used prophylac-
tically on closed incision wounds and wounds healing by secondary intention in 
case of contaminated wounds to prevent SSI [42, 43]. NPWT is thought to promote 
wound healing and prevent infection by reducing bacterial contamination [44]. 
Although many trials support NPWT, the role of NPWT in trauma patients, and 
especially in contaminated wounds, remains under investigation [45, 46]. NPWT 
does appear to promote wound healing and reduce infectious complications, but 
large studies are warranted [47].

18.3  Solid Organ Infectious Complications

18.3.1  Liver

The liver is the most commonly injured abdominal organ, with the majority of inju-
ries occurring secondary to blunt force trauma during motor vehicle collisions [48]. 
Complications following operative management are common and the incidence of 
complications increases with the grade of liver injury. Over the past four decades, 
advances in diagnostic management and treatment have led to a shift in paradigm. 
Currently, the standard of care for hemodynamically stable patients has evolved 
toward an emphasis on nonoperative management (NOM) [49]. This has resulted in 
decreased mortality [50], with success rates greater than 90% [51, 52]. However, 
injury grade is an important risk factor for complications in that grade IV and V 
liver injuries have higher bile leaks, hemobilia, hepatic necrosis, and abscess, and 
delayed hemorrhage [53–56]. Hepatic abscesses occur in 4% of the nonoperatively 
managed liver injuries and have a 10% mortality rate [57].

Hepatic angioembolization (AE) is often used as a valuable tool to assist in suc-
cessful NOM. It is often employed in conjunction with damage control packing to 
assist in hemorrhage control. AE is associated with hepatic necrosis, and its resul-
tant complications such as hepatic abscess, sepsis, bacteremia, liver dysfunction and 
coagulopathy. The rate of hepatic necrosis after AE is reported from 0–42% [52]. 
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Gallbladder necrosis can occur after AE of the right hepatic artery, and has a reported 
incidence of 0–7% after AE [58].

Postoperative perihepatic abscess and bile collections are frequently managed by 
parenteral antibiotics and drainage [59]. Occasionally, surgical debridement is 
required for source control if conservative management fails.

18.3.2  Spleen

Splenic preservation is believed to offer an immunologic advantage to the host espe-
cially in regard to encapsulated microbial infections. For hemodynamically stable 
splenic injury patients, the standard of care is nonoperative management and 90% 
of splenic trauma patients are treated successfully in this manner [60]. Splenic AE 
is frequently employed for splenic salvage in a hemodynamically stable patient 
[61]. In this section we will discuss the risk and management of OPSI after splenec-
tomy and infectious complications associated with splenic preservation particularly 
after AE.

Splenectomy is an independent risk factor for postoperative infectious complica-
tions, such as intraabdominal abscesses, wound infections, pneumonia, and sepsis 
[62]. Nonetheless, asplenic patients have a unique risk for overwhelming postsple-
nectomy infection (OPSI). Although rare, with an incidence of 0.05–2%, it is asso-
ciated with significant morbidity and mortality [63]. Mortality after OPSI has been 
reported at 50–70% and most deaths occur within 24 h [64]. Symptoms of OPSI can 
initially present as flu-like symptoms, but this can progress to the rapid development 
of septic shock, multiorgan failure, and death [65].

Multiple interventions are considered to prevent the development of 
OPSI. Appropriate and timely vaccination is imperative, but prophylactic antibiotic 
therapy, early management of animal bites, and malaria prophylaxis for patients 
travelling to endemic countries should also be considered. Patient- and family- 
counselling is pivotal in order to educate for the signs and symptoms as the risk is 
considered lifelong [66].

Current guidelines highly recommend that patients receive either 13-valent or 
23-valent pneumococcal vaccine and vaccines for Haemophilus influenzae type B 
and Neisseria meningitidis [53, 67]. Timing of vaccination after an emergency sple-
nectomy is favorable at 14 days postoperatively, as there is evidence that the anti-
body response is optimal at this time [54–56]. However, this is not always an option 
and therefore immunization upon discharge is acceptable. Yearly influenza vaccina-
tion is recommended in all asplenic adults and in children older than 6 months [68].

Immunization requirements after AE remains undetermined [69, 70]. In vitro 
studies suggest that patients remain immunocompetent after splenic embolization 
[70–73], and currently there are no cases that have reported the development of 
OPSI in this population.
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18.4  Pelvic Trauma Infections

Complex pelvic trauma carries a significant morbidity and mortality, and typically 
requires a coordinated approach involving a team of surgical specialists [74]. 
Priorities of initial management include hemorrhage control and resuscitation. 
Common maneuvers for hemorrhage control involve fracture stabilization with a 
pelvic binder, angioembolization, preperitoneal packing, and less commonly, resus-
citative endovascular balloon occlusion (REBOA). These hemorrhage control tech-
niques can produce extensive tissue necrosis and result in unique infectious 
complications. The proximity and high-energy mechanisms that produce complex 
pelvic trauma can frequently result in associated injuries involving the bladder, ure-
thra, vagina, nerves, anal sphincter, and rectum [74]. Management of open pelvic 
fractures involving these organ spaces require a thoughtful and often aggressive 
approach. These injuries are often associated with substantial tissue contamination 
with an elevated risk of pelvic sepsis. The standard management of concomitant 
rectal trauma includes proximal diversion of the fecal stream [75]. Performance of 
distal rectal washout and presacral drainage for the prevention of pelvic or presacral 
infections after open pelvic fractures has not been shown to improve survival and 
reduce infectious complications [76, 77].

Damage control angiography for pelvic bleeding often involves selective or nonse-
lective embolization of pelvic arteries [78]. The rate of complications has ranged from 
0–24% after AE [78–80]. However, there are reports of bilateral internal iliac artery 
embolization producing ischemic complications such as gluteal ischemia, bladder 
necrosis, and deep pelvic space infections [81]. However, AE does appear preferable 
over operative internal iliac artery ligation with fewer infections observed after AE [82].

Preperitoneal pelvic packing (PPP) is a common approach to control severe pel-
vic hemorrhage. However, pelvic infections remain a major morbidity varying from 
10 to over 20% [83, 84]. Subsequent repacking results in a significant increase in 
pelvic space infections [85]. Early removal of packed materials should be consid-
ered within 1–2 days to reduce the risk of infection [86].

REBOA is a more recent, albeit underutilized form of pelvic hemorrhage control 
[87]. The true incidence of ischemic complications and subsequent deep space 
infections following REBOA remains largely unknown. In a recent study evaluating 
outcomes after REBOA within a national database, REBOA patients had higher 
incidence of acute kidney injury and amputation which is likely the result of pro-
found tissue ischemia and necrosis [88]. However, whether these patients have a 
higher risk for infection remains unknown, and further studies are warranted to 
investigate the incidence of infections after REBOA placement.

18.5  Open Fractures

The development of infection after open fractures remains a serious complication. 
The rate of infection ranges from less than 1% in grade I open fractures to 50% in 
grade III fractures [43]. Infectious complications can be classified as acute, which 
include superficial and deep soft tissue infections, and chronic infections. Chronic 
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infections can result in nonunion, flap failure, and osteomyelitis [43]. Deep infec-
tions leading to osteomyelitis and intramedullary sepsis are difficult to manage. The 
rate of secondary amputation from chronic osteomyelitis ranges from 4 to 10% [89]. 
This section will point out the proper management of open fracture wounds to 
reduce infection rates, including irrigation and debridement (I&D), tetanus and anti-
biotic prophylaxis, and early tissue coverage with plastic surgery assistance.

The initial management of open fractures requires thorough I&D to prevent 
infection and promote wound and bone healing. Standard practice of I&D within 
6 h of injury remains controversial as time to I&D does not affect the development 
of local infectious complications if performed within 24 h [90]. Soft tissue recon-
struction in more severe injuries should be performed early, within the first week 
after injury, because delays have been associated with increased infectious compli-
cations [91].

Any patient presenting with an open fracture or tetanus prone wound should be 
interrogated for tetanus toxoid immunization. If tetanus immunization status is 
unknown, the patient should be given a tetanus toxoid booster or human tetanus 
immune globin (HTIG). If the patient has completed vaccination and the last dose 
is less than 5 years prior, vaccination is not warranted [92]. Tetanus vaccination 
older than 5 years warrants tetanus toxoid administration. HTIG is indicated if the 
patient is immunocompromised or if the last dose is more than 10 years prior [92].

Choice of antibiotic prophylaxis is guided by the Gustilo and Anderson classifi-
cation [93, 94] and the tenth edition of the Advanced Trauma Life Support (ATLS) 
[95] (Table 18.1). In patients with open fractures, antibiotics need to be adminis-
tered as soon as possible, as delay of antibiotic administration beyond 3 h is related 
to an increased risk of infection [95].

Patients with type I and II open fractures should be given a first-generation, 
gram-positive cephalosporin (cefazolin). In patients with serious β lactam allergy, 
clindamycin is an appropriate alternative [96]. Type III open fractures benefit from 
gram-positive and gram-negative coverage. A broad-spectrum gram-positive and 
negative should be considered for fractures associated with fecal or clostridial con-
tamination. Nevertheless, clinicians often overuse broad-spectrum antibiotics rather 
than guideline antibiotic recommendations regardless of the injury severity [97]. 
Most guidelines support early systemic antibiotics, but local antibiotic regimens 
remain poorly studied and optimal practice guidelines remain elusive [97].

The Eastern Association for the Surgery of Trauma (EAST) Practice Management 
Guidelines recommend antibiotics to be discontinued 24 h after successful wound 
closure for type I and type II fractures. For type III fractures, antibiotics should be 
continued for 72 h subsequent to the injury, but not >24 h subsequent to successful 
soft tissue coverage of the wound [98].

Weight-based dosing in open fracture infection treatment is of great importance 
as underdosing of antibiotics has been found to be relatively common in trauma 
patients [99].

In conclusion, patients with open fractures should be treated as soon as possible 
with intravenous antibiotics and irrigation and debridement. Further management 
decisions, like tetanus prophylaxis, should be based on the patient history.
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18.6  Conclusion

Infections after major injury remain a critical challenge for the trauma population. 
Alterations in the immune response and compromised integrity of normal tissue 
barriers likely make these patients especially susceptible. Prompt surgical control of 
contamination, restoration of physiologic derangements, and adherence to best 
practices with sterile techniques remain critical to infection prevention. Effective 
treatment of infections requires timely recognition and a high-index of suspicion.
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The Value of Microbiological Cultures: 
When to Perform Them and How  
to Read Them

Jan Ulrych

19.1  Introduction

Microbiology is integrated in general surgical practice, and a knowledge of basic 
microbiology is essential for appropriate and safe surgical practice. The corner-
stones of the management of surgical infections are effective source control and 
appropriate antimicrobial therapy. For instance, poor antibiotic coverage, as well as 
inappropriate antibiotic regimens are the variables strongly associated with unfa-
vourable outcomes. Therefore, it is often necessary to use microbiological labora-
tory methods to identify a specific aetiologic pathogen of surgical infections and to 
determine microbial susceptibility to antimicrobial agents.

Surgical infections are caused by pathogenic microorganisms, mostly bacteria 
are responsible for majority of surgical infections. Some surgical infections are dis-
tinctive enough to be identified clinically. However, a single clinical syndrome may 
result from infection with any one of many pathogens. Even despite the fact that the 
bacterial aetiology of many surgical infections is initially unknown, the surgeon is 
responsible for adequate therapy, including the administration of appropriate antibi-
otics. On the opposite side, medical microbiology is the discipline that identifies 
aetiologic microbial pathogens of disease. Unfortunately, the microbiologist has no 
information about the patient: no details of their clinical syndrome, prior antibiotic 
therapy, immunologic status and underlying conditions. Therefore, collaboration of 
surgeons and clinical microbiologists is crucial.
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19.2  Microbiological Examination

A detailed knowledge of microbiological tests is not mandatory for surgeons. This 
is because the field of microbiology is extremely wide, and appropriate laboratory 
analysis of microbial specimens is the responsibility of the microbiological labora-
tory. It is the clinical microbiologist that should determine the appropriate labora-
tory procedures for confirming the bacterial aetiology of surgical infections. 
The  microbiological armamentarium comprises a broad spectrum of laboratory 
techniques and microbiological tests.

The most rapid confirmation of bacterial aetiology of infection is provided by 
direct examination using a binocular microscope (microscopic examination). 
However, the conventional identification of bacteria consists of performing Gram 
stain, followed by bacterial culture and identification. Gram staining is a diagnostic 
test that gives an early indication of potential bacteria through visualization of the 
bacteria. This laboratory technique is used to differentiate between different types 
of bacteria based on their shape, and the type of their cell walls. Since not all bacte-
ria can be stained by Gram stain, specialized stains are available (e.g. Ziehl-Neelson 
stain for mycobacteria).

In many instances, the microbial pathogen that causes an infection can be identified 
by culturing and isolating the microorganism. The basic methods for detection of bac-
teria from specimen are cultures in liquid media (broth), or on solid media (agar). The 
advantage of culture in liquid media is that it is more sensitive than culture on agar; 
however, the disadvantage is that it is not easy to determine the type of bacteria cul-
tured. In cultures on solid media, the bacteria grow on the surface of agar and produce 
different characteristic colonies. The agar media can be classified into selective and 
non-selective ones. Agar becomes more selective by the addition of antibiotics or other 
inhibitory substances. Cultures may be incubated under different conditions—in air, 
with carbon dioxide, anaerobically, etc. The identification of bacteria is usually based 
on Gram stain appearance, colony morphology, growth characteristics and biochemical 
characteristics. Moreover, specialized techniques may be used for identification of bac-
teria, such as immunologic detection of microbial antigens (latex particle agglutina-
tion, enzyme-linked immunosorbent assay) and molecular technology (the polymerase 
chain reaction—PCR). The clinical microbiologist participates in decisions regarding 
the microbiologic diagnostic methods and the choice of test for bacteria culture. 
Bacterial identification depends on many factors, including the expertise of the clinical 
microbiologist. The culture results may usually be available within 24 h.

An important task of the microbiology laboratory is the performance of antimicro-
bial susceptibility testing. Antimicrobial susceptibility testing (AST) is a laboratory 
procedure used to identify which antibiotic is specifically effective for an individual 
patient’s infection, in order to guide the appropriate antibiotic therapy. Bacterial iso-
lates from clinical specimens are tested in vitro to determine whether they are suscep-
tible/resistant to various antimicrobial agents. Standardly, AST is performed from 
single pure colonies; however, direct sensitivity test may be performed in some situa-
tions. Direct sensitivity test means that AST is performed from the specimen itself. 
AST should be performed only on clinically significant bacterial isolates, not on all 
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microorganisms recovered in culture. Susceptibility testing may not be routinely per-
formed in the following circumstances: (1) the antimicrobial susceptibility pattern of 
bacteria is predictable, (2) the bacterial isolates are likely to represent normal micro-
bial flora of the body site, (3) insufficient numbers of bacterial colonies are likely to 
represent contamination. Antimicrobial susceptibility tests are either performed by a 
disk diffusion method or a dilution method. In the disk diffusion test, the zones of 
growth inhibition around each of the antibiotic disks are measured. In dilution method 
the lowest concentration of antibiotic that inhibits bacteria growth represents the mini-
mal inhibitory concentration (MIC). The surgeon does not need to know the exact 
MIC or the exact diameter of zone of growth inhibition, but they do need to know which 
antibiotics the pathogen is susceptible, intermediate, or resistant to. Susceptible results 
indicate that the antibiotic concentration that inhibits the growth of bacterial isolates 
is usually achieved with administration of the recommended antibiotic dose. In this 
case, clinical efficacy of antibiotic therapy is expected. Intermediate results indicate 
that the MIC of the antibiotic falls within required levels, but response rates may be 
reduced compared with susceptible microorganisms. Clinical efficacy can be achieved 
when higher-than- normal doses of antibiotic can be safely administered. Resistant 
results indicate that the antibiotic administered at conventional doses do not inhibit the 
isolate’s growth. Therefore, the reliable clinical efficacy of antibiotic against the bac-
teria has not been established. The results of AST are reported on the antibiogram.

19.3  Specimen Selection, Collection and Processing

Besides laboratory analytic processes, the reliability of microbiological diagnosis 
may be altered by incorrect sampling technique and the inappropriate pre-analytical 
specimen management processes. The collection and selection a microbiology speci-
men are the responsibility of the surgeon. Therefore, the surgeon should know how 
to perform the sampling technique in a correct way - the impact of proper specimen 
management on the quality of the specimen submitted for analysis is enormous. 
When the preanalytical specimen management is performed incorrectly, the results 
of analysis will be influenced, which means that their interpretation can be mislead-
ing. Surgeons should consult the laboratory to ensure that sampling technique, speci-
men storage before transportation and specimen transportation are managed properly.

Sampling technique A specimen should be collected prior to the administration 
of antibiotics. If not possible, the antibiotic used for the therapy has to be reported 
to microbial laboratory. This information is helpful for the interpretation of micro-
biological test results.

A specimen should be collected in sufficient quantity to allow complete micro-
biological examination. Swabbing is not the best technique for specimen collection 
because only extremely small volume of the specimen is obtained. Thus, micro-
scopic examination is not feasible with a swab specimen. Moreover, it is more dif-
ficult to transfer bacteria from the swab into the culture media. So, swabbing should 
only be used to collect material from the skin and mucous membranes. The best 
type of swab (flocked swabs, cotton swabs, etc.) is determined by presumed 
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bacterial aetiology, and the choice of the most appropriate swab should be consulted 
with the microbiology laboratory. Biological materials including body tissues and 
body fluids are always specimens of choice. The number of microorganisms per 
millilitre or per gram of this biological material (usually from 103 to 108 colony- 
forming units) allow to perform full spectrum microbiological examination. 
Biological materials should be collected into a sterile container; test-tube or injec-
tion syringe with a combi-stopper can be used too (Fig. 19.1). Sufficient sample vol-
ume is approximately 1–2 ml of fluid or tissue.

A specimen should be representative of the disease process. This means that the 
specimen should contain only pathologic tissue or pathologic fluid, while contamina-
tion by commensal microorganisms is avoided. Generally, specimens may be taken 
from sterile sites and non-sterile sites. In the sterile sites, bacteria are not present in 
the absence of infection. The samples from the sterile sites are usually obtained via 
percutaneous route with needle under sterile conditions. A risk of contamination of 
the specimen can be reduced by using antiseptic agents on skin and mucosa surface 
before aspirating or incising a lesion. The culture of bacteria from such specimens is 
usually indicative of definitive infection aetiology. In the non- sterile sites, colonizing 
microorganisms (commensal bacteria) may be present. Skin and mucous membranes 
are colonized by commensal microorganisms, therefore specimens from these non-
sterile sites contain commensal bacteria with no clinical relevance in addition to 
possible bacteria pathogens. In the case of a single large lesion, several samples 
should be taken from different loci of the lesion. In the case of several smaller lesions, 
samples from each of the lesions should be obtained. For microbiological examina-
tion of an abscess it is recommended to collect 2–5 ml of pus, as well as a sample of 
the abscess wall [1]. This is due to the fact that pus alone may not reveal the aetio-
logic pathogen, as leukocytes may destroy pathogenic bacteria.

Storage and Transport of the Specimen Nowadays, transport of microbiologi-
cal specimens from healthcare facilities to a microbiological laboratory is a com-
mon feature. These biological materials must be adequately packed to prevent 
specimen deterioration. Correct specimen labelling is essential, as well. Every spec-
imen should be transported immediately to a microbiological laboratory, and stor-
age of specimens is not recommended generally. The maximum time for sample 

Fig. 19.1 Injection 
syringe with a 
combi-stopper
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transportation is 1–2 h. Delays in processing may result in the overgrowth of some 
microorganisms or the death of other bacteria. Moreover, tissue or fluid in a syringe 
must be transferred in a hermetically sealed system. Before the transport, the needle 
is removed from the syringe and replaced with a cap. Sometimes the prompt trans-
portation may not be feasible - in these cases, the specimens (with the exception of 
blood) must be placed in transport medium and should be refrigerated (4°C) until 
transported. Basic principles of collection and transport of microbiological speci-
mens are summarized in Table 19.1.

19.4  The Value of Microbiological Examination

The microbiological examination may play different roles in patient care. Generally, 
the results of microbiological examination may be utilized for two purposes: (1) 
diagnosis and therapy of infection in individual patient, and, (2) support to the 
healthcare-associated infections prevention and control in the hospital. Every sur-
geon should be aware of both purposes of microbiological examination. In surgical 
practice, the microbiological examination is most frequently performed for diagno-
sis of infection disease, however, the indirect effect related to nosocomial infection 
prevention and control should be mentioned. If the microbiological diagnosis of 
infection is accurate and rapid, the patient therapy management will be adequate at 
the beginning of infection. This means that the  period of dispersing microbial 

Table 19.1 Basic principles of collection and transport of samples for microbiological 
examination

Diagnostic procedure used in 
surgical infectionsa Optimum specimen

Collection device, temperature, 
and ideal transport time

Gram stain prior to culture Tissue, fluid (peritoneal fluid), 
aspirate, biopsy, etc.

RT, do not refrigerate

Aerobic bacterial culture Tissue, fluid (peritoneal fluid), 
aspirate, biopsy, etc.

Sterile container, RT, 
immediately, if >1–2 h, 4°C

Swab (second choice); flocked 
swabs are recommended

Swab transport device, RT, 2 h

Aerobic and anaerobic 
bacterial culture

Tissue, fluid (peritoneal fluid), 
aspirate, biopsy, etc.

Sterile anaerobic container, RT, 
immediately, if >1–2 h, 4°C

Swab (second choice); flocked 
swabs are effective

Anaerobic swab transport 
device, RT, 2 h

Fungal culture Tissue, fluid, aspirate, biopsy, 
etc.

Sterile container, RT, 2 h, if 
>1–2 h, 4°C

Swab (second choice) Swab transport device, RT, 2 h
AFB stain and culture 
Mycobacterium

Tissue, fluid, aspirate, biopsy, 
etc.

Sterile container, RT, 2 h, if 
>1–2 h, 4°C

Swab (second choice) Swab transport device, RT, 2 h
Blood culture 2–3 sets blood culture bottles Blood culture bottles, RT, <2 h

Notes: AFB acid-fast bacilli, RT room temperature
aSurgical infections include intra-abdominal infections, skin and soft tissue infections and surgical 
site infections
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pathogens will be shorter. If the surgical infection is caused by multidrug- resistant 
bacteria, early barrier precautions and patient isolation will prevent the spread of 
multidrug-resistant bacteria to other patients.

19.4.1  Diagnostic Microbiological Cultures

As mentioned above, the surgeon is responsible for diagnosis and therapy manage-
ment, including appropriate indication for microbiological examination. At an ele-
mentary level, the surgeon must answer two basic questions: Is the patient’s disease 
caused by a microorganism? If so, do I need the identification of the microbe and 
antimicrobial susceptibility profile for optimal therapy? You know that some surgi-
cal infections can be treated by surgery alone, and antibiotic therapy is not neces-
sary. For example, a lack of impact on patient outcomes by bacteriological cultures 
has been documented in patients with uncomplicated acute appendicitis [2]. Based 
on the WSES recommendation (Word Society of Emergency Surgery), in patients 
with uncomplicated intra-abdominal infections such as uncomplicated appendicitis 
and uncomplicated cholecystitis, where the source of infection is treated defini-
tively, post-operative antibiotic therapy is not necessary [3]. Also, small uncompli-
cated subcutaneous abscesses may be successfully treated by surgical incision and 
drainage, without antibiotic therapy. In these cases, there is no change in patient’s 
therapy management based on results of microbiological cultures. Therefore, micro-
biological examination has little clinical value for such cases. Initial antimicrobial 
therapy in patients with surgical infections is typically empirical in nature because 
patients often need immediate treatment. Microbiological data (results of culture 
and antimicrobial susceptibility) usually requires ≥48  h for the identification of 
pathogens and antibiotic susceptibility patterns. So, the selection of initial antibiotic 
regimen is based on presumed microbial pathogens. If it is supposed that it is not 
safe to predict microbial aetiology and/or the antibiotic therapy will be determined 
or modified according to results of antimicrobial susceptibility test, microbiological 
examination is fully justified. Generally, microbiological examination is mandatory 
for surgical infections in patients with less predictable bacterial aetiology of infec-
tion, in patients with high risk of the presence of multidrug-resistant pathogens, and 
in critically ill patients or in immunocompromised patients (patients with kidney 
failure, organ transplant patients and patients using corticosteroids). Regarding less 
predictable bacterial aetiology and presence of multidrug-resistant pathogens, the 
significant risk factor is acquisition in a healthcare setting. In the instance of intra- 
abdominal infections, the microbiology of postoperative peritonitis differs signifi-
cantly from that of community-acquired disease. The major pathogens involved in 
community-acquired intra-abdominal infections are Enterobacteriaceae (predomi-
nantly Escherichia coli and Klebsiella species), Streptococcus species and certain 
anaerobes (particularly Bacteroides fragilis). In the post-operative peritonitis, 
Enterococci are significantly the most often involved pathogen, and an increased 
prevalence of infections caused by antibiotic-resistant pathogens, including 
extended-spectrum beta-lactamase (ESBL)-producing Escherichia coli and 
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Klebsiella species, vancomycin-resistant Enterococcus species, carbapenem- 
resistant Pseudomonas aeruginosa, has been observed [4, 5]. Moreover, emergence 
of multidrug-resistant bacteria is frequent and increases progressively with the 
number of reoperations [6]. So, in the healthcare-associated infections, the caus-
ative pathogens and the related resistance patterns are not readily predictable  - 
therefore, nosocomial infections require further microbiological analysis. In the 
community-acquired surgical infections, previous antimicrobial therapy and health-
care exposure are the most important risk factors for multidrug-resistant (MDR) 
pathogens. Methicillin-resistant Staphylococcus aureus (MRSA) is the most preva-
lent of community-acquired MDR bacteria and the main threat on the horizon is 
represented by Enterobacteriaceae producing extended spectrum β-lactamases 
(ESBL) or carbapenemase [7]. The colonization of otherwise healthy hosts, and an 
antibiotic resistance phenotype that is stable in the absence of antibiotic pressure are 
a common characteristic of community-associated MDR bacteria. In critically ill 
patients and in immunocompromised patients, an inappropriate antimicrobial ther-
apy may have a strong negative impact on the outcome. Therefore, the  result of 
antimicrobial susceptibility test is essential to guide the ongoing antimicrobial ther-
apy. On the other hand, microbiological examination in patients with uncomplicated 
community-acquired surgical infection rarely influences the individual patient man-
agement, as the microbial pathogens and their antimicrobial susceptibility are pre-
dictable. However, every microbiological examination provides data for 
microbiological surveillance and helps detect epidemiological trends in pathogen 
incidence, as well as antimicrobial resistance patterns at regional level. These epi-
demiological data are important because local epidemiology plays a key role in 
choice of empirical antimicrobial regimen for risk patients.

What remains a subject of discussion is the prognostic value of microbiological 
results for an individual patient. In patients with tertiary peritonitis, a microbial shift 
towards Enterococcus ssp., Enterobacter spp., Pseudomonas spp. and Candida spp. 
has been observed. Therefore, the relationship between the microbial profile of peri-
toneal infection and ongoing infection (tertiary peritonitis) or patient outcomes has 
been studied. van Ruler et al. [8] reported that microbial profiles in secondary peri-
tonitis do not predict ongoing abdominal infection, while Montravers et al. [6] iden-
tified that presence of Candida spp. in surgical samples is the significant risk factor 
for persistent peritonitis. The inconclusive evidence can be explained by unfeasibil-
ity of distinguishing colonizing bacteria from pathogenic bacteria. Although the 
impact of microbial profile from the site of infection on patient outcome is question-
able, the antimicrobial resistance is a significant risk factor for morbidity and mor-
tality. Outcomes in patients infected with MDR bacteria tend to be worse as 
compared to patients infected with susceptible microorganisms. Based on the meta- 
analysis of 30 studies, infection with multidrug-resistant Gram-negative bacteria 
was identified as significant predictor of mortality [9]. Also, for Gram-positive 
infections, a significant difference in mortality between MRSA infections and 
methicillin- sensitive Staphylococcus aureus (MSSA) infections was reported [10]. 
However, it should be emphasized that antimicrobial resistance is a risk factor for 
mortality only if it is associated with inadequate antibiotic therapy.
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The results of microbiological testing may have great importance for the choice 
of therapeutic strategy of every individual patient, in particular in the adaptation of 
targeted antimicrobial therapy. Obtaining microbiological results from biological 
specimen culture from the site of infection has two advantages: (1) it provides an 
opportunity to expand antimicrobial regimen if the initial choice was too narrow and 
(2) it also allows the de-escalation of antimicrobial therapy if the empirical regimen 
was too broad.

19.4.2  Active Surveillance Cultures (Microbiological Screening)

There is no doubt that the clinical microbiology laboratory is an essential compo-
nent of an effective infection control program. In terms of nosocomial infection 
prevention, the infection control officer is usually a medical microbiologist, and 
the management of microbiological surveillance is tvhe microbiologist’s responsi-
bility. Microbiological surveillance is usually defined as the ongoing and systematic 
collection, analysis and interpretation of microbiological data, with subsequent 
planning, implementation and evaluation of infection control practices and treat-
ment strategies. Microbiological surveillance may be performed in three different 
levels—geographical level, institutional level and patient level.

Institutional microbiological surveillance, including the surveillance of resis-
tance to antimicrobial agents, is very important for an antibiotic management team 
in hospitals. The results serve to make institutional guidelines for prophylactic and 
therapeutic antibiotic use with the ultimate goal to decrease resistance. Institutional 
microbiological surveillance is essential for recognizing of outbreaks.

Routine microbiological examination of low-risk patients with community- 
acquired surgical infection is considered optional in the individual patient but 
may be of value in detecting epidemiological changes in the resistance pat-
terns of pathogens.

It can be summarized that microbiological examination of biological spec-
imens from the site of infection is always recommended for:
• all patients with healthcare-associated surgical infections
• patients with community-acquired surgical infections at risk for multidrug- 

resistant pathogens (previous antimicrobial therapy and healthcare 
exposure)

• critically ill patients and immunocompromised patients with community–
acquired surgical infections

J. Ulrych



223

Patient microbiological surveillance is more familiar practice  for surgeons. 
Patient microbiological screening should reveal the colonization status of mucosa 
and skin in  an individual patient. The assumptions underlying a microbiological 
screening in surgical patients are that (1) patient colonization status is an important 
characteristic for individual patient risk of infection, and (2) MDR pathogen coloni-
zation may be a threat for other patients. It has been reported repeatedly that a large 
proportion of healthcare-associated infections after surgery originate from the 
patients’ own flora. Surgical site infection (SSI) is the most prevalent type of noso-
comial infection in surgery. It has been demonstrated that Staphylococcus aureus 
carriers have higher rates of SSIs. Moreover, a systemic review showed a four-fold 
increase in the risk of infection after MRSA colonization compared with MSSA 
colonization [11]. Preoperative knowledge of the MRSA status in elective surgical 
patients allows for both—selection of adequate prophylactic antibiotics, and imple-
mentation of a preoperative decolonization. WHO recently recommended decoloni-
zation of Staphylococcus aureus carriers for the prevention of SSI; however, there is 
no recommendation concerning surgical patient population that should undergo 
screening for Staphylococcus aureus carriage [12]. Some authors advocate the 
screening of all surgical patients for Staphylococcus aureus [13]. Current guidelines 
recommend screening only surgical patients indicated for high-risk procedures 
(orthopaedic surgery and cardiothoracic surgery) or screening surgical patients 
based on clinical risk assessment [14]. Concerning screening for ESBL bacteria 
colonization and its impact on surgical antibiotic prophylaxis, no recommendation 
has been formulated due to the lack of evidence [12].

Early identification of patients colonized by MDR bacteria and subsequent infec-
tion control measures are believed to be a strong intervention that reduces the preva-
lence of nosocomial infections. These control measures include active surveillance 
culture (screening culture), pre-emptive isolation of patients at high risk, education 
of healthcare workers in hand-washing practices, decolonization therapy and con-
tact isolation of patients colonized with MDR pathogens. Initially, mandatory 
microbiological screening at hospital admission has been advocated in order to 
identify colonized patients. However, Harbarth et al. [15] showed that an universal 
MRSA admission screening strategy did not reduce nosocomial MRSA infection in 
the  surgical department. Interestingly, a  comparative review published in 2014 
found that screening of all hospitalized patients for MRSA carriage (universal 
screening) decreases the rate of nosocomial MRSA infection compared with no 
screening [16]. Nevertheless, the strong of evidence to support this effect was low. 
Concerning the method of screening, the use of rapid screening tests was not associ-
ated with a  significant decrease in MRSA acquisition rate, when compared with 
culture screening [17, 18]. Nowadays, target microbiological screening based on 
patients’ risk factors is preferred instead of universal screening. Active surveillance 
culture is recommended for patients at the time of admission to high-risk area (ICU) 
and for patients in populations at risk (patients in intensive care units, patients trans-
ferred from facilities known to have high MDR bacteria prevalence rates, room-
mates of colonized or infected persons, and patients known to have been previously 
infected or colonized with an MDR bacteria) [19].
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Screening swabs are routinely obtained from nose, throat, axilla, groin and peri-
neal or rectal area.

19.5  Interpretation of Microbiological Results

The proper interpretation of microbiology results is one of the most challenging and 
important functions of clinical microbiology laboratory. Collaborative medicine is 
an essential requirement for microbiology results interpretation, as they provide a 
basis for appropriate patient therapy. Thus, the microbiologist and the surgeon 
should interact directly. Valid interpretation of the microbiological results of culture 
can be achieved only if the specimen obtained is appropriate for processing. The 
responsibility of the surgeon is formulating the request properly, and providing the 
laboratory with complete and precise patient information. Based on the information 
about patient (diagnosis, patient history, antimicrobial therapy, etc.), and the speci-
men source (specimen specification, date and time of collection, etc.), the labora-
tory can determine the appropriate microbiological method for processing the 
specimen (appropriate type of culture media, incubation under various conditions, 
etc.). If the specimen is obtained from normally sterile sites, the presence of bacteria 
will almost always be considered a significant result. However, Gram stains and 
culture results of specimens from non-sterile sites must be interpreted with care. 
Many body sites have normal, commensal microorganisms that can easily contami-
nate the inappropriately collected specimen and complicate interpretation. It is 
sometimes difficult to identify the exact causative microorganism. The  surgeon 
should not demand that the microbiological laboratory report “everything that 
grows”—this can provide irrelevant information [1]. The clinical significance of the 
bacteria found in the specimen depends on the clinical situation and must be thor-
oughly evaluated to avoid overuse of antibiotics. Antimicrobial resistance is a grow-
ing threat in both community settings and healthcare settings. Therefore, decisions 
regarding empirical antibiotic therapy are more complex, and the importance of 
routine antimicrobial susceptibility testing to guide therapeutic decisions has 
increased. Susceptibility testing is subject to great variability depending on 
the pathogen tested, media used, conditions of incubation, and the method of access-
ing bacterial growth. AST is an in vitro procedure and does not necessarily predict 
in vivo efficacy. The efficacy of antimicrobial agents depends on their capacity to 
achieve a MIC concentration at the site of infection. However, antibiotic concentra-
tion at the site of infection may be much lower than its serum level (e.g., abscess). 
The presence of foreign bodies and biofilm formation at the site of infection also 
affects antimicrobial activity. Biofilms are defined as organized bacterial communi-
ties embedded in an extracellular polymeric matrix attached to living or abiotic 
surfaces. It has been reported that the bacteria living in biofilms can tolerate up to 
100–1000 times higher concentrations of antibiotics and disinfectants [20]. If the 
patient’s clinical status is worsening and microbiological results show that an anti-
biotic regimen is appropriate, both microbiologist and surgeon should consider sev-
eral other causes of antibiotic therapy failure. The microbiologist must re-evaluate 
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pharmacokinetic and pharmacodynamic characteristics of the used  antimicrobial 
therapy (e.g., appropriate dosing of antibiotics in critically ill patients or obese 
patients). The  surgeon should recognize the non-antimicrobial therapy causes of 
treatment failure—inadequate surgical source control (insufficient surgical drainage 
and debridement), development of superinfection and host immunosuppression. 
The clinical microbiologist provides important guidance regarding the clinical sig-
nificance of microbiological results and antimicrobial susceptibility testing.
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20.1  Epidemiology

The overall incidence of systemic fungal infections in the surgical patient and par-
ticularly in the modern surgical intensive care unit increased constantly over the last 
decade [1–3]. Patients at risk for invasion and dissemination are common, and are 
not as ill as thought previously due to several risk factors that we consider in this 
chapter.

At first it should be noticed that the incidence of fungal infections has globally 
increased worldwide. Fungal diseases kill more than 1.5 million and affect over a 
billion people. Recent global estimates have found 3,000,000 cases of chronic pul-
monary aspergillosis, ~223,100 cases of cryptococcal meningitis complicating 
HIV/AIDS, ~700,000 cases of invasive candidiasis, ~500,000 cases of Pneumocystis 
jirovecii pneumonia, ~250,000 cases of invasive aspergillosis, ~100,000 cases of 
disseminated histoplasmosis, over 10,000,000 cases of fungal asthma and 
~1,000,000 cases of fungal keratitis occur annually. Since 2013, the Leading 
International Fungal Education (LIFE) portal has facilitated the estimation of the 
burden of serious fungal infections country by country for over 5.7 billion people 
(>80% of the world’s population) [4–6].

Furthermore isolation of mycetes, as a cause of nosocomial infections, has 
increased more in departments where complex and invasive procedures are per-
formed. To determine the prevalence of nosocomial infections, the SOAP Study [7] 
was conducted in 2002 among European intensive care units as a 15-day 
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observation with 3147 included patients. In this study 37% of all ICU patients had 
an identified infection and almost 24% of them had their infection acquired in the 
ICU. Between 1980 and 1989 a remarkable increase was observed up to five times 
and the magnitude of this increase was observed in the surgical patient population. 
The incidence of nosocomial infection by Candida species has surged over the past 
few decades from the eight to the fourth most common cause of nosocomial blood-
stream infection in the general hospital population. In the former EPIC Study which 
was conducted in 1992 among European intensive care units to determine the preva-
lence of nosocomial infections, the isolation of Candida spp. ranked fifth among 
isolated pathogens, reaching 17.1% of all isolated microorganisms [8]. Of all septic 
patients 21.4% were surgical patients. In a multicenter, prospective study conducted 
in 28 Spanish hospitals the incidence of candidemia was of one critical patient for 
every 500 intensive care admissions, confirming the incidence of systemic candidia-
sis (documented by positive blood culture for candida spp.) equal to about 2.2% [9]. 
In surgical patients the incidence of candida infection has increased from 2.5% up 
to 5.6% per 1000 discharges and Candida peritonitis is associated with a markedly 
raised mortality rate which can reach as high as 60–70% with almost half of the 
deaths occurring in the first week after diagnosis. Intraabdominal candidiasis (IAC), 
which includes peritonitis and intraabdominal abscesses, may occur in around 40% 
of patients following repeat gastrointestinal (GI) surgery, GI perforation, anasto-
motic leakage, or necrotizing pancreatitis [10, 11].

Among the various causes that led to this increase, it should be remembered that 
surgery, in recent years, has greatly broadened its field of action by extending the 
indications to patients with multiple risk factors previously considered not operable 
and has crossed borders until recently considered utopian as is the case of solid 
organ transplantation and trauma surgery. Among trauma patients, isolated candida 
species were reported by a few studies, with an isolated rate up to 22% in trauma 
patients who did not respond to antibiotic therapy while in the ICU [12–18].

Immunocompromised patients due to underlying disease (asthma, AIDS, cancer, 
organ transplantation), or to antineoplastic and/or anti-rejection drugs and cortison, 
are now more and more frequently admitted to the surgical wards. Moreover, the 
continuous technological and pharmacological improvements allow longer survival 
rate for patients who would be died in the past and who today develop multi-organ 
dysfunctions supported by invasive replacement therapies such as mechanical ven-
tilation, dialysis, artificial nutrition, and prolonged use of antibiotics especially 
associated with use of endovascular catheters. It is very easy to recognize how the 
conditions listed are very frequent in the surgical patient throughout his clinical 
course; this list of factors becomes even more suggestive if applied to the patient 
subjected to solid organ transplant surgery, or to a severe trauma patient where all 
the factors listed can coexist simultaneously. All this has led to an increased risk of 
systemic fungal infections with a significant increase in morbidity and mortality.
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20.2  Pathogenesis

The “gut origin of sepsis” hypothesis proposes that bacteria, which are normally 
resident within the lumen of the intestinal tract, translocate across the intestinal 
epithelial barrier and act as a source of sepsis at distant sites. Many animal studies 
support this concept [19–24]. The polymorphic fungus Candida albicans is a mem-
ber of the normal human microbiome. In most individuals, C. albicans resides as a 
lifelong, harmless commensal and as part of the normal intestinal bacterial micro-
flora [25–27].

Both alterations of immune system and damage of the gastrointestinal mucosa 
are risk factors for the development of experimental systemic (disseminated) candi-
diasis due to an increased passage of candida, bacteria, toxins and bio-products 
from the intestinal lumen to the peri-intestinal lymphatics, and from there to the 
portal blood, to the liver, to the lungs and, finally, to the systemic circulation [28, 
29]. Further risk factors include central venous catheters, which allow direct access 
of the fungus to the bloodstream, the application of broad-spectrum antibacterials, 
which enable fungal overgrowth, and trauma or gastrointestinal surgery, which dis-
rupts mucosal barriers. This microorganismic spread leads to a further trigger of 
cytokine production that is strictly correlated to systemic response of the organism 
to the septic insult [30, 31].

The upper gut and stomach are usually sterile or sparsely populated with rela-
tively avirulent bacteria. These are most commonly Gram positive and aerobic and 
the most frequently isolated species are streptococci, staphylococci, lactobacilli, 
and various fungi. In the distal ileum Gram negative bacteria outnumber Gram posi-
tive organisms. Enterobacteriaceae predominate and anaerobic bacteria are found in 
substantial numbers [32, 33].

Critical illness is often associated with significant proximal gut overgrowth of 
enteric organisms mostly due to the use of anti-acids (which elevate the gastric pH), 
the nonuse of the digestive tract, and repeated hypo-perfusion phenomena resulting 
from shock states even clinically undetectable. Over 90% of ICU patients with 
infection had at least one episode of infection with an organism that was simultane-
ously present in the upper gastrointestinal tract. Moreover it has been seen that 
Candida, Pseudomonas, Staphylococcus epidermidis, and Streptococcus faecalis 
were the commonest organisms responsible [34]. Although there is increasing cir-
cumstantial evidence to suggest that it may play an important role in the causation 
of sepsis. Candida was reported to be isolated in 41% of upper gastrointestinal (GI) 
sites, 35% of small bowel, 12% of colorectal, and less than 5% of appendicular sites 
in. European studies have demonstrated a predominance of C. albicans isolates 
(ranging from 65 to 82%), followed by C. glabrata in intraabdominal Candida 
infections in surgical patients. Increased rates of non-albicans Candida isolates 
from abdominal samples in comparison to other studies have been reported in ICU 
patients by Montravers et al. (42 vs. 26%, respectively) [35]. Table 20.1 summarizes 
risks factor for invasive candidiasis.
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Certainly the clinical significance of bacterial translocation remains unclear and 
we cannot say that this phenomenon is the main cause of infections found in inten-
sive care: but at the same time we can underline how even if there is no available 
level 1 evidence in the literature to recommend a therapeutic strategy for decreasing 
bacterial translocation in humans, several measures have shown some significance 
in modulating gut barrier function and consequently decreasing bacterial transloca-
tion in clinical practice and reduce the percentage of infections in intensive care.

Among these we can list:

• reduction of gastric cytoprotective therapy with H2-receptor blockers, resulting 
in a more appropriate preservation of gastric acid barrier

• the use of Selective Digestive Decontamination (SDD) with reduction, at least of 
nosocomial pneumonia and perhaps associated to reduction of mortality rate

• the early use of the digestive system with enteral diets with the aim of preventing 
acute atrophy of microvilli, maintaining the integrity of the gastroenteric mucosa 
to basically prevent any translocation attempts.

• last but not least, the optimization of circulating volume and splanchnic circula-
tion, avoiding local hypoperfusion and triggering of ischemia-reperfusion mech-
anisms that are the basis of any mechanism of alteration of cellular and subcellular 
membranes and therefore at the base of trophic alterations of enterocytes which 
could facilitate the translocation of microorganisms.

Summing up, the gastrointestinal tract has various functions apart from diges-
tion. It produces hormones with local and systemic effects, plays a major role in 
immunological function, and serves as a barrier against antigens within its lumen. 
Gastrointestinal dysfunction or gut failure is frequently encountered in critical care 
patients and is associated with bacterial translocation, which can lead to the devel-
opment of sepsis, initiation of a cytokine-mediated systemic inflammatory response 
syndrome (SIRS), multiple organ dysfunction syndrome (MODS), and death.

Table 20.1 Risk factors for invasive candidiasis

Adult population
Neonates and 
children

Critical illness, with particular risk among patients with long-term ICU 
stay

Prematurity

Abdominal surgery, with particular risk among patients who have 
anastomotic leakage or have had repeat laparotomies

Low birth weight

Acute necrotizing pancreatitis Low APGAR score
Hematologic malignant disease Congenital 

malformation
Solid organ transplantation
Solid organ tumors
Use of broad-spectrum antibiotics
Presence of central vascular catheter, total parenteral nutrition
Hemodialysis
Glucocorticoids use or chemotherapy for cancer
Candida colonization, particularly if multifocal (colonization index >0.5)
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20.3  Risk Factors

Thirty to forty percent of patients with secondary and tertiary peritonitis may develop 
intraabdominal candidiasis (IAC), mainly represented by, but not limited to, Candida 
peritonitis or intraabdominal abscesses in patients with abdominal surgery. In 
Table 20.2, specific and nonspecific risk factors for IAC are summarized. No specific 
predictors of mortality have been identified, while the overall prognosis of IAC is 
known to be influenced by selected site-dependent (i.e., infection extension, nonap-
pendicular origin) and host-related factors (i.e., age, comorbidities) [36, 37].

The increased incidence of fungal infections in surgical patients is basically cor-
related with the combination of a series of risk factors that include among other the 
following conditions. Table 20.1 shows the most common risk factor for IAC.

• increased number of surgical procedures performed in extreme ages (premature 
and newborn on one side, elderly on the other) and fragile patient

• increased number of critical patients admitted to intensive care unit with critical 
underlying diseases (tumors, leukemia, organ transplants, AIDS)

• increasing numbers of complex abdominal surgical procedure
• increased incidence of re-laparotomies to control intraabdominal source of sepsis
• severe burns
• significant increase in number of immunocompromised patients due to chemo-

therapies, immunotherapy, chronic use of corticosteriods, etc.

Beyond these conditions several factors must be underlined as risk factors that 
predispose the critical-ill surgical patient in intensive care unit to fungal infections 
[38–41].

Some of the most important risk factors are discussed below in more detail.

20.3.1  Candida Colonization

The role of Candida colonization has been identified since the 1970s. Several fac-
tors enhance translocation of microbes across intestinal barriers. At high 

Table 20.2 Risk factors for intraabdominal candidiasis (IAC)

Specific Nonspecific
Recurrent gastrointestinal perforations Central venous catheter
Anastomotic leakages Prolonged ICU stay
Surgery for acute pancreatitis Diabetes (and 

immunosuppression)
Splenectomy Prolonged broad-spectrum 

antibiotics
Transplantation Total parenteral nutrition 

(TPN)
Open abdomen techniques (abdominal compartmental 
syndrome, VAC therapy)
Peritonectomy and hyperthermic intraoperative chemotherapy 
for peritoneal carcinomatosis

20 Invasive Candidiasis in Surgical Patients



232

concentrations, yeast will pass across even intact, healthy gut, which occurs more 
easily when the intestinal barriers is disrupted by operation, trauma, or disuse atro-
phy. Once the mucosal barrier is breached, immune defects associated with host 
respond to severe injuries may predispose patient to disseminate infection. Solomkin 
et al., in particular, underlined the link between colonization and infection in the 
surgical patient: it was suggested that an early antifungal therapy could be effective 
in preventing infections in colonized patients in more than two sites [42–44]. 
Moreover Pittet et al. has identified a colonization index to identify patients at risk 
for fungal infections [45]. The endogenous origin of the fungal infection appears 
once again unquestionable: the increased number of critical ill patients needing pro-
longed antibiotic therapies shows a greater multiplication of Candida in the gastro-
intestinal tract and consequently a greater susceptibility to colonization and 
infections spreading.

20.3.2  Malnutrition

Optimal nutritional status contributes to health maintenance and the prevention of 
infection. It should be remembered that the periods of the most famous famines are 
associated with as many periods of pestilence. The function of healthy cells is main-
tained by the provision of adequate nutrition. When nutrient availability is disrupted, 
primary and secondary malnutrition develop. Malnutrition contributes to a cascade 
of adverse metabolic events that compromise the immune system and impair the 
body’s ability to adapt, recover, and survive [46–47].

In the intensive care units the problem of the malnutrition can affect the patient’s 
evolution up to 50% or more. Interpretation of nutritional status in septic patients 
treated in ICU poses several difficulties. It is known that nutritional status disor-
ders have a significant impact on the results of treatment and they should be care-
fully monitored in the group of malnourished septic patients requiring nutrition 
[48–52].

At the same time, the relationship between failure to use the gastrointestinal tract 
(due to prolonged total parenteral feeding) and degenerative changes of the external 
surface of enterocytes (in particular of microvilli up to true atrophy phenomena) is 
well known. Malnutrition is treated by the early delivery of essential nutrients in an 
effective and comprehensive manner. In the face of these evidences, we must also 
remember some unequivocal clinical evidences, especially in a field where there are 
many controversies still debated:

• the gastrointestinal tract should be used for nutritional purposes as soon as pos-
sible following the aphorism “if the gut works, use it” Practice guidelines in 
Europe, Canada, and the US endorse enteral feeding for patients who are criti-
cally ill and hemodynamically stable. Enteral nutrition is preferred over paren-
teral nutrition for most ICU patients, including those with trauma, burns, head 
injury, major surgery, and acute pancreatitis. For ICU patients who are hemody-
namically stable and have a functioning gastrointestinal tract (GI) tract, early 
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enteral feeding (within 24–48  h of arrival in the ICU) has become a recom-
mended standard of care. Experts identify these early hours as a window of 
opportunity to provide nutrition that maintains gut barrier function and support 
immune responses

• if it is not possible to use only the digestive tract for a complete enteral nutrition, 
it should be used at least in part as “minimal enteral feeding,” with the aim of 
facilitating intestinal motility, preventing villous atrophy, promoting the hor-
monal activity. In this sense it should be remembered that the intestine, more 
than a passive organ, should be considered a true metabolically active organ with 
an important nutrient “processing” action

• if the patient receives total parenteral nutrition (TPN) only and cannot use the 
gastroenteric tract, it means that it is a particularly severe condition and therefore 
at greater risk for fungal infections.

Finally it should be underlined that in case of TPN, the increased incidence of 
fungal infections is due to a combination of factors as well as metabolic and disuse 
of the digestive tract, the need of central venous catheters for long periods, hyper-
glycemia and the use of insulin [53–55].

20.3.3  Hyperglycemia

Diabetes mellitus (DM) is a metabolic disorder that predisposes individuals to fun-
gal infections, including those related to Candida sp., due to an immunosuppressive 
effect on the patient. Several mechanisms are attributed to higher Candida sp. pre-
disposition among DM patients depending on the local or systemic infection. 
Among the recognized host conditions for Candida colonization and subsequent 
infection are yeast adhesion to epithelial cell surfaces, higher salivary glucose lev-
els, reduced salivary flow, microvascular degeneration, and impaired candidacidal 
activity of neutrophils. These conditions are particularly serious in the presence of 
glucose, secretion of several degradative enzymes or even a generalized immuno-
suppression state of the patient. Moreover, it seems that in these conditions Candida 
expresses in excess a receptor protein of the C3 type that inhibits the phagocytic 
function and favors the fungal adhesion to the endothelium and to the mucosal sur-
faces. These factors have a major influence on the balance between host and yeasts, 
favoring the transition of Candida sp. from commensal to pathogen and causing 
infection [56–59].

20.3.4  Antibiotics Therapy

The use of antibiotics in some way allows for the growth of Candida species on 
mucosal surfaces. The most commonly cited explanation is that the elimination of 
bacterial colonization increases substrates available for fungal overgrowth, although 
recent evidence suggests that more subtle alterations in the nature of the mucus 
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covering the intestinal epithelium might be involved. The number of antibiotics 
used and the duration of treatment appear particularly important. It has been shown 
that broad-spectrum antibiotics and in particular those against gram-negative anaer-
obic bacteria promote Candida growth in the gastrointestinal tract and facilitate 
fungal infections. These data suggest once again the importance a targeted and short 
antibiotic therapy [60–63].

20.3.5  Pre-existing Conditions

The severity of the patient’s general clinical condition is one of the most important 
risk factors linked with incidence of fungal infections. The original definition of 
compromised host was restricted to patients with advanced neoplasia and leukemia 
and to transplant recipients. More recent studies have shown that patients suffering 
from malnutrition, multiple trauma, ongoing sepsis, and burns are severely immune- 
depressed and also at risk of developing systemic fungal infections. In the light of 
these it should be considered that in the surgical patient and especially in the com-
plicated post-operative phase many of these factors coexist at the same time [64, 65].

20.3.6  Factors Associated with Intensive Care Unit Admission

Patients needing intensive care unit admission are both more critical illness and 
require a series of invasive therapeutic interventions to support organ functions that 
could interrupt the normal anatomical protection barriers and alter the normal 
immunological defense mechanisms against microorganisms. Severity of illness 
defined by APACHE II score grater then 10 has been reported as risk factor and 
independently predicted Candida infections in a multivariate analysis by Pittet et al. 
[10, 45, 66–69].

20.4  Diagnosis

The diagnosis of intraabdominal candida infections is difficult because clinical 
signs and laboratory findings like elevated acute phase reactants (e.g. CRP) or fever 
are unspecific [70–75].

In surgical patients with a sepsis, showing no response to a broad-spectrum anti-
biotic therapy, a fungal infection must be taken into consideration. Risk factors for 
intraabdominal candidiasis are shown in Table 20.2. Positive blood cultures confirm 
the diagnosis of a fungal origin; however, their sensitivity is just 70%. Intraoperative 
samples, percutaneous punctures, drainage fluids, and urine cultures could help the 
diagnosis of fungal infection. However, early microbiological documentation 
remains a major challenge. Cultures from nonsterile sites are frequently positive, 
but lack specificity for differentiating infection from colonization. Only histologi-
cally proven invasive fungal growth in a biopsy of sterile tissues confirms the 
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diagnosis. Table 20.3 sum-up how different types of secondary peritonitis are most 
frequent related with candida isolation and IAC [76]. Moreover, it is still unclear 
which patients could benefit from empiric antifungal treatment and which ones 
might be at risk of dwelling fluconazole-resistant strains. Recently updated interna-
tional guidelines preferentially targeted on candidemia and not on complicated 
intraabdominal fungal infections [77, 78]. Only a few statements in the above- 
mentioned guidelines specifically targeted IAC diagnosis and management aspects, 
probably because of the lack of standardized diagnostic criteria. Dupont et al. devel-
oped and validated a predictive score for likelihood of Candida involvement in peri-
tonitis; factors included were female sex, upper gastrointestinal tract origin of 
peritonitis, perioperative cardiovascular failure, and previous antimicrobial therapy 
[79, 80]. The “Candida score” developed by Leon et al. and validated in his second 
study is unique in combining multiple-site colonization with pathogenesis and dis-
ease severity with previous abdominal surgery in a predictive clinical tool of inva-
sive candidiasis, not specifically addressing IAC [81, 82]. According to Calandra 
et  al., quantitative cultures should be performed in order to characterize patients 
with more severe IAC. Candida spp. obtained from surgical drainage are not suffi-
cient for diagnosis of IAC, considering the high capability of Candida to adhere to 
foreign bodies [83]. These results may be useful if the drainage was inserted 
from\24 h; otherwise it should be considered as a colonization. Samples should be 
obtained from different sites of the body (feces, urine, axilla, tracheal aspirates, and 
gastric aspirates) in order to measure the colonization index and/or establish multi-
focal colonization. Non-culture-based methods can be considered a useful tool for 
early diagnosis of invasive candidiasis. Blood test for Candida invasive infections is 
based on the measurement of (1-3)-beta-Dglucan (BDG): in a recent bivariate meta- 
analysis, sensitivity of 76% and specificity of 85% were reported. As the negative 
predictive value of BDG is consistently higher than its positive predictive value, the 
test appears more useful to exclude rather than to confirm fungal infection. False- 
positive results may be related to other fungal infections (i.e., Aspergillus, Fusarium, 
Pneumocystis), albumin use, immunoglobulins, gauze (particularly used in the set-
ting of abdominal surgery), hemodialysis, bacteremia, or antibiotic use (especially 
piperacillin/tazobactam). A new tool that could help in the diagnosis of IAC is the 
novel T2 magnetic resonance (T2MR) nano-diagnostic panels for Candida and bac-
terial bloodstream infections (BSIs). T2Candida is cleared by the US FDA and 
EMA for the diagnosis of candidemia with a mean time to species identification of 
less than 5 h. T2Candida panel amplifies DNA and detects the amplified product by 
amplicon-induced agglomeration of supermagnetic particles and T2 Magnetic 
Resonance (T2MR) measurement. T2Candida detects the five most common patho-
genic Candida species, which account for 95% of candidemia at most centers. In 

Table 20.3 Most frequent 
candida isolation related with 
secondary peritonitis origin

Secondary peritonitis Candida spp isolates
Appendicular <5%
Colorectal 12%
Small bowel 35%
Upper GI tract 41%
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conclusion the T2MR assay can be used to detect ongoing candidemia in a more 
timely fashion than the traditionally used blood cultures. However, at present, the 
incorporation of the T2MR assay in daily practice is anticipated to pose financial 
challenges to the hospital budget. Both (1-3)-beta-Dglucan (BDG) and T2 magnetic 
resonance (T2MR) can be very useful tools if combined together and with all other 
diagnostic tools and clinical signs and score improving the chance of a specific 
diagnosis of IAC [84–87].

20.5  Treatment and Outcomes

Aggressive management is crucial for improved outcomes, as source control inter-
ventions and antifungal treatment within 5 days are independently associated with 
higher survival rate [88–90]. In patients with candidemia, rates of septic shock 
between 20 and 38% and mortality rates above 60% have been documented. Overall, 
mortality rates for Candida peritonitis ranging from 25% to 60% have been reported. 
The mortality is higher in patients admitted to ICU (38.9%) [91]. Montravers et al. 
showed mortality rates of 38% among patients with Candida peritonitis in ICU but 
no specific factors for death were detected. Nevertheless, Bassetti M et al. showed 
that when the mortality is analyzed in the subgroups of patients without adequate 
therapy or without source control, the rates increased up to 48% and above 60%, 
respectively. In patients with candidemia, rates of septic shock between 20 and 38% 
and mortality rates above 60% have been documented [92]. Septic shock was fre-
quently associated with the absence of an initial antifungal therapy and source con-
trol representing an independent risk factor for mortality in patients with 
IAC. Table 20.4 sums up the most recent guideline indication treatment.

In the light of these findings, a carefully-coordinated, multidisciplinary patient 
care is essential to improving outcomes for IAC, with strong interactions between 
intensivists, surgeons, infection disease specialists, and radiologists, recognizing 
the need for standardized antimicrobial stewardship and source control protocols. 
Moreover, it is still unclear which patients could benefit from empiric antifungal 
treatment and which ones might be at risk of dwelling fluconazole-resistant strains 
[92, 93]. Recently, abdominal candidiasis has been described as a hidden reservoir 
for the emergence of echinocandin-resistant Candida. C. albicans is the most com-
mon species isolated in IAC, and C. glabrata is the second most common species, 
notable for significant associations with multiple prior abdominal surgeries and 
MDR Gram-negative bacterial coinfection. C. glabrata candidemia also has been 
linked to GI tract and biliary sources. Interestingly, 10% of Candida isolates were 

Table 20.4 Recommended 
drugs according to different 
guidelines

Guidelines Recomended first-line drug
IDSA 2009 Fluconazole/echinocandins
ESCMID 2012 Echinocandins
SITI/ISC 2013 Echinocandins
ITALIC 2013 Echinocandins
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C. parapsilosis, a species long associated with exogenous sources such as intrave-
nous catheters. Recently, abdominal candidiasis has been described as a hidden res-
ervoir for the emergence of echinocandin-resistant Candida. Source control is the 
primary therapeutic procedure in patients with IAC. Several antifungal agents are 
nowadays available for empirical and targeted treatment of IAC; however, interna-
tional guidelines preferentially target clinical settings such as candidemia or bacte-
rial intraabdominal infections, without providing enough clinical support for the 
management of IAC patients. Based on the most recent evidences we can suggest 
that empirical antifungal treatment with echinocandins or lipid formulations of 
amphotericin B should be strongly considered in critically ill patients or those with 
previous exposure to azoles and suspected intraabdominal infection with at least 
one specific risk factor for Candida infection. In a recent study we tested the treat-
ment with anidulafungin in a group of patients with microbiologically documented 
IAC, and as conclusion we found that anidulafungin provided good efficacy and 
tolerability, with adequate plasma concentrations, even if further studies are needed 
to address if anidulafungin has an adequate penetration of the peritoneum (Fig. 20.1). 
In patients with nonspecific risk factors, a positive mannan/antimannan or (1-3)-beta- 
Dglucan (BDG) or polymerase chain reaction (PCR) test result should be present to 
start empirical therapy. Fluconazole can be adopted for the empirical and targeted 
therapy of noncritically ill patients without previous exposure to azoles, unless they 
are known to be colonized with a Candida strain with reduced susceptibility to 
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azoles. Treatment can be simplified by stepping down to an azole (fluconazole or 
voriconazole) after at least 5–7 days of treatment with echinocandins or lipid formu-
lations of amphotericin B, if the species is susceptible and the patient has clinically 
improved. The duration of treatment depends on the extent of organ involvement, 
the patient’s clinical condition, and the presence or absence of positive blood cul-
tures. Few data are available about duration of therapy in patients with IAC. After 
an adequate source control, as well as in candidemia, 14 days of antifungal therapy, 
after the first negative blood culture, should be prescribed for patients with IAC 
without documented organ involvement. In the study of Mortravers et al., median 
duration of antifungal treatment in patients with Candida peritonitis was 20 days in 
survivors [94–124].
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21.1  Introduction

Antimicrobial stewardship strategies in surgical patients are of high importance, sur-
gical patients receive antibiotics both as perioperative prophylaxis and for the man-
agement of surgical site infections [1]. Many of the most common surgical conditions 
are infectious including appendicitis, cholecystitis, and diverticulitis [2]. Hospitalized 
surgical patients are also at high risk for prolonged hospitalizations and sometimes 
acquire healthcare-associated infections including surgical site infections, ventilator-
associated pneumonia, central line and urinary catheter- associated infections.

Timely and appropriate antimicrobial administration is a key element in the man-
agement of surgical-related infections. Often these infections are treated for longer 
than necessary and lead to further complications. There is concern that overuse of 
antimicrobials will result in the emergence of resistance or possibly the occurrence 
Clostridium difficile infections, both of which could be avoided with more judicious 
antimicrobial treatment [2]. The global increase in multidrug-resistant organisms 
causing serious infections is a growing concern and highlights the need for antimi-
crobial stewardship multidisciplinary teams in surgery [1].

Although antimicrobial stewardship is essential to limiting antibiotic exposure and 
the emergence of resistance, there is very little literature that evaluates these principles 
in the surgical population. An opportunity has been identified in surgical antibiotic 
prescribing patterns, specifically to follow evidence-based practices [2]. Many surgical 
opinion papers describe that surgical antimicrobial prescribing patterns do not always 
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adhere to evidence-based practices [2]. Even at medical centers that have a strong stew-
ardship team, surgeons have been found to deviate from recommended antimicrobial 
guidance algorithms [2]. Appropriateness of antimicrobials should be reviewed daily 
and surgeons should include antimicrobial stewardship practices into their daily rou-
tine [2]. Understanding the local culture and hierarchy of decision making in surgical 
teams is extremely imprtant in order to implement successful and long lasting interven-
tions. Charani et al., [3] analyzed antimicrobial prescribing strategies in medical vs. 
surgical teams, and reported that in some hospitals surgical teams prioritized their 
activities between 3 settings: operating room, outpatient clinic, and ward. Senior sur-
geons are often absent from the ward, leave junior staff to make complex medical deci-
sions. This results in defensive antibiotic decision-making, leading to prolonged and 
inappropriate antibiotic use. In this chapter, we discuss several stewardship strategies 
that can be implemented specifically in the areas of surgery and trauma to overcome 
barriers, help ensure appropriate antimicrobial therapy. These measures should result 
in improved patient outcomes and a reduction in the emergence of resistance [1].

21.2  Personnel Involved

In 2016, the global alliance for infections in surgery performed an international 
web-based cross sectional survey to define a model for antimicrobial stewardship 
[4], respondents included experts in surgery, infection control and antimicrobial 
stewardship. The goal of the study was to evaluate structures and personnel of anti-
microbial stewardship programs around the world; 156 (98.7%) participants stated 
that they had a multidisciplinary team, 85.4% of participants had at least one sur-
geon with an interest or skills in surgical infections within their department and a 
surgeon was more likely to be involved in university hospitals stewardship pro-
grams. Educational materials, expert approval, audit and feedback, and educational 
outreach were the most common types of stewardship interventions in surgical 
departments. Only 55.8% respondents had both an infectious diseases specialist and 
a hospital pharmacist on their stewardship team. The results of this survey empha-
size the critical need for a multidisciplinary approach to collaborate against the 
emergence of resistant bacteria and optimize patient outcomes in surgery.

There is lacking consensus on the best practice for ASP teams to model, instead most 
strategies rely on local practice patterns based on resources, patient population and hos-
pital capacity with local epidemiology. To promote continuous improvement in antimi-
crobial usage there are several core stewardship strategies that can be done at the local 
level by the stewardship team. These include clinical decision support, performance 
feedback, and surgical engagement in antimicrobial stewardship activities including 
bedside multidisciplinary rounds and measuring antibiotic use and patient outcomes [2].

21.3  Core Stewardship Strategies

The surgeon can play a pivotal role in antimicrobial stewardship and has the unique 
position of identifying disease states or surgical issues that are noninfectious and do 
not require antimicrobials. In 2011, Dortch et  al. [5], described their experience 
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implementing a combined infection reduction and antibiotic stewardship protocols 
in the trauma and surgical intensive care units in one tertiary care institution. Over 
an eight-year period 1794 Gram negative isolates were cultured and identified from 
healthcare-associated infections (HAIs). In that study, the antimicrobial stewardship 
program included a protocol specific empiric and therapeutic antibiotics for HAIs, 
standardized surgical antibiotic prophylaxis protocols, and quarterly rotation/limi-
tation of dual antibiotic classes. There was a significant reduction in the rates of 
infections caused by gram negative multidrug-resistant bacteria from 37.4 to 8.5% 
at the end of the study period. Additionally, the amount of patients with pan-sensi-
tive infections increased from 34.1 to 53.2%. The authors concluded that antimicro-
bial stewardship strategies had a huge impact on the rates of multidrug-resistant 
gram negative infections and the utilization of broad spectrum agents in the ICU 
setting. In addition to the stewardship activities included in the noted study, there 
are core stewardship processes that continuously evaluate appropriateness of anti-
microbial therapy and provide continued education on the most recent evidence-
based practices as seen in Fig. 21.1.

21.3.1  Prospective Audit and Feedback

This is an external review of antimicrobial appropriateness performed by an expert 
in antibiotic use. This strategy is highly effective in critically ill patients when broad 
spectrum therapy is being used [6, 7]. A daily review would be optimal; however, 
even an external review of antimicrobials a few times a week can have a large impact 
on patient outcomes. This information should be communicated to the providers 
taking care of the patient with the key outcome being reduction of inappropriate 
antimicrobial use. The strategy requires resources, leadership support, expertise, 
and time commitment to review prescribing patterns and provide feedback to the 
end-users. In the case of surgical teams, this strategy requires buy-in from the surgi-
cal and critical care teams. Understanding the local epidemiology and patterns of 
antimicrobial resistance, focusing on the appropriate empiric selection of 

Dose optimization and
Dose adjustments

Prospective audit and
feedback

Formulary restriction
and preauthorization Clinical education

Core
Stewardship
Strategies

Fig. 21.1 Core 
stewardship strategies to 
address the gaps in 
antibiotic prescribing. 
Prospective audit and 
feedback and 
preauthorization have been 
identified as the two most 
effective interventions for 
inpatient stewardship 
teams [6]
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antibiotics, de-escalation or escalation of appropriate therapy once cultures are 
available, selecting the right dose and duration of therapy are all important compo-
nents of this strategy [6, 7].

21.3.2  Formulary Restriction and Preauthorization

Some facilities use the approach of preauthorization of broad spectrum therapy with 
the hopes of limiting antimicrobial use of certain agents to patients that meet criteria 
for use (e.g. high risk for toxicity, collateral damage, cost, or broad spectrum). This 
intervention must be completed in a timely manner with an expert in antibiotic use. 
The purpose of this intervention is to ensure that providers consult with the antimi-
crobial stewardship team to ensure the selection of the appropriate antimicrobial 
agent and avoid the misuse of antibiotics. This requires less resources and time 
commitment than the prospective audit and feedback strategy but still requires per-
suasion and education to convey the rationale for approving or denying the antibi-
otic requests. Most effective programs use a combination of both strategies and not 
a single one in order to be most effective.

21.3.3  Clinical Education

This is a core element to the sustained success of influencing prescribing patterns 
and long-term change in resistance patterns. Education can be achieved in many 
different forums including presentations, clinical pathways in electronic medical 
records, and prospective audit and feedback. There are virtual learning platforms at 
no cost to the users in antimicrobial stewardship such as the British Society of 
Antimicrobial Chemotherapy massive online learning courses (MOOC) in antimi-
crobial stewardship, management of resistant Gram negative infections, manage-
ment of wound infections and many other relevant topics available at: http://www.
bsac-vle.com [8]. Many others such as the Infectious Diseases Society of America 
(IDSA) the Society of Healthcare Epidemiology of America (SHEA) and the 
European Society of Clinical Microbiology and Infectious Diseases (ESCMID) 
have electronic tools and educational resources. See Table 21.1 for a list of some of 
the available antimicrobial stewardship resources worldwide.

21.3.4  Dose Optimization

Pharmacokinetics and pharmacodynamics parameters should be considered when 
dosing antibiotic therapy. Patients that are septic, for example, have a high volume 
of distribution, and many antibiotics require dose adjustments to ensure adequate 
drug levels. Patients that are obese may also require dose adjustments to meet ade-
quate drug levels.
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21.3.5  Dose Adjustments

Many antimicrobials have dose adjustment requirements in the setting of organ dys-
function. Drug interaction evaluation and renal dosing adjustment are also impor-
tant activities. Many surgical patients have changes in the volume of distribution; 
others might be on continuous renal replacement or extra-corporeal membrane oxy-
genation. It is extremely important to understand the need to adjust antimicrobial 
doses accordingly to maximize the efficacy of the antibiotics and optimize the man-
agement of the infections.

21.4  Prophylaxis

The strength of data for antimicrobial surgical prophylaxis lies in the 24-h postop-
erative period. Longer durations of therapy are thought to increase the rates of mul-
tidrug resistance in subsequent infections. There have now been several studies in 
the past few years that describe an increase in multidrug-resistant organisms as a 
result of extended duration of unnecessary antimicrobials. In 2019, Branch et al. [9], 
published a study evaluating antimicrobial-associated adverse events with antimi-
crobial prophylaxis in surgical patients. About 79,000 patients that underwent vari-
ous surgical procedures in a multicentered retrospective study were evaluated. The 
exposure of antimicrobials was broken into the following categories: <24 h, 24–48 h, 

Table 21.1 List of some of the available resources for antimicrobial stewardship recommenda-
tions and activities

Antimicrobial stewardship resources
Society Available resources Website information
European Society of 
Clinical Microbiology 
and Infectious 
Diseases 2019

Educational courses https://www.escmid.org/
escmid_publications/

British Society for 
Antimicrobial 
Chemotherapy

Open online course on antimicrobial 
stewardship

http://www.bsac-vle.com

Centers for Disease 
Control and 
Prevention

Core elements of antimicrobial 
stewardship

https://www.cdc.gov/antibiotic-
use/core-elements/index.html

Infectious Diseases 
Society of America

Implementing an Antibiotic 
Stewardship Program: Guidelines by 
the Infectious Diseases Society of 
America and the Society for 
Healthcare Epidemiology of 
America

https://www.idsociety.org/
practice-guideline/
implementing-an-ASP/

Society of Healthcare 
Epidemiology of 
America

Antimicrobial stewardship 
implementation tools and resources

https://www.shea-online.org/
index.php/practice-resources/
priority-topics/antimicrobial-
stewardship/
implementation-tools-resources
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48–72 h and greater than 72 h. The results showed that there were increased odds of 
acute kidney injury and C difficile infections with increased durations of antimicro-
bial prophylaxis in this surgical population. Additionally, longer durations of anti-
microbial prophylaxis were not associated with decreases in surgical site infections. 
The authors also concluded that the results suggested that only pre-incision intraop-
erative antimicrobial dosing have the biggest impact on decreasing surgical site 
infections while minimizing adverse effects.

Multidrug resistance has also been evaluated specifically in trauma patients that 
develop ventilator-associated pneumonia [10]. This study examined the changing 
sensitivity patterns for Acinetobacter spp and Pseudomonas spp over time and con-
sistently identified prophylactic antibiotics as an independent risk factor for 
multidrug- resistant ventilator-associated pneumonia. Limiting prophylactic antibi-
otics days is a modifiable risk factor that can impact the rates of resistance in subse-
quent infections [10].

21.5  Intraoperative Prophylaxis

Antimicrobial prophylaxis is only appropriate for indications that have shown to be 
beneficial to the patients. Joint guidelines published in 2013 with recommendations 
for antimicrobial prophylaxis from several different societies including the American 
Society of Health-System Pharmacists, Infectious Diseases Society of America, 
Surgical Infection Society and SHEA [11]. Their recommendations for antimicro-
bial surgical prophylaxis included surgical procedures where there is a high risk of 
surgical site infections including clean contaminated procedures and contaminated 
cases. They additionally made recommendations for prophylaxis for patients that 
have comorbid conditions that increase surgical site infection risk.

While there is a large amount of data supporting the use of prophylaxis antimi-
crobials intraoperatively, the strength of evidence is with the need for prophylaxis. 
Selection, dose and duration of antimicrobial prophylaxis are not as well defined. 
Antimicrobial stewardship teams can play a vital role in these areas based on recent 
evidence-based literature to help decrease inappropriate use [1].

The goal of antimicrobial prophylaxis in this setting is to provide sufficient drug 
therapy to prevent infections without adverse events or increased resistance from 
the agent selection. Selection should include the consideration of the most common 
organisms at the affected site. When there is skin incision, coverage for gram posi-
tive infections on the skin should always be covered. Additionally the surgical site 
microorganisms should be considered and narrowest appropriate coverage should 
be added. The most important dose is the initial dose of surgical prophylaxis that 
should be given within 60 min of surgical incision time. Vancomycin and fluoroqui-
nolones should be administered within 120 min of incision time to account for lon-
ger infusion times. Within the surgical prophylaxis category, selection and dosing of 
the prophylactic agent are equally important to the timing of administration [11].

As we gain a better understanding of the relationship between antimicrobial drug 
levels and increased bacterial suppression, dose optimization may lead to shorter 
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lengths of therapy in addition to decreased exposure to the patient [1]. Perioperative 
surgical prophylaxis protocols can optimize drug dosing and redosing of antimicro-
bials appropriately based on the length of the procedure. Institutional protocols 
should be created for redosing antimicrobials based on the length of the procedure. 
Additionally, a reminder system may help improve compliance with redosing pro-
phylactic antibiotics intraoperatively. The Department of Anesthesiology and the 
Antimicrobial Stewardship Program at one institution created a real-time reminder 
page based on the timing of the initial preoperative antimicrobial administration, the 
specific antimicrobial dosing requirements and the duration of the procedure. The 
real-time electronic alerts combined with updated hospital-wide antimicrobial sur-
gical prophylaxis standardized protocol and education to the anesthesiology and 
surgical staff resulted in significantly increased compliance with redosing [12]. 
Weight-based dosing should also be considered for obese patients since this patent 
population has an increased risk of surgical site infections [11].

21.6  Prophylaxis in Trauma

21.6.1  Open Fractures

Open fractures are common after blunt or penetrating traumatic injuries. There is a 
large amount of data to support the use of prophylactic antibiotics for patients with 
open fractures. Open fractures are commonly categorized by the Gustilo-anderson 
classification based on the size of the wound, degree of contamination, and degree 
of soft tissue injury. Antibiotic prophylaxis therapy is recommended within the first 
six hours of presentation based on the trauma quality improvement standards. 
Therapy is tailored to the most common species encountered. For type I and type II 
fractures, cefazolin is appropriate for prophylaxis. Several recent studies have eval-
uated the use of ceftriaxone as prophylaxis for type III open fractures in place of 
regimens that include an aminoglycoside in the regimen. Ceftriaxone will cover 
more resistant gram negative Enterobacteriaceae infections associated with type-III 
open fractures without exposing patients to the higher adverse event profile and 
drug level monitoring associated with aminoglycoside therapy [13]. Duration of 
therapy should be for 24 h post soft tissue closure or for 72 h post injury whichever 
duration is shorter. Longer durations of antibiotics for open fractures are not associ-
ated with better outcomes [14]. Antibiotic prophylaxis is not warranted for closed 
fractures.

21.6.2  Facial Fractures

The use of antibiotics in the management of facial fractures is currently widely 
debated and highly variable in clinical practice. Currently, there are no guidelines 
for use of antibiotics in facial fractures. In 2015 [15], a systematic review concluded 
that the use of postoperative antibiotics was not supported in facial fractures based 
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on available literature. Despite this finding, the results of the survey showed that 
64.7% of practitioners reported that they administer postoperative antibiotics for an 
average of 4.6 days postoperatively [15]. Although an ideal duration is not clearly 
defined, several more recent studies have evaluated the use of shorter durations of 
antibiotic prophylaxis for facial fractures. The types of facial fractures with the 
highest risk of infections are mandibular fractures. The more recent available litera-
ture supports the use of short courses of antimicrobial prophylaxis [16]. Shorter 
courses of antibiotics have not been found to be associated with higher rates of 
infections. Antimicrobial stewardship team members can play a role in limiting 
antibiotic exposure in this patient population.

21.7  Intraabdominal Prophylaxis

There is very little guidance and literature to guide surgeons on the use of antimi-
crobials for patients with open abdomens. More than 24 h of antibiotics postopera-
tively is not recommended or needed similar to other surgical antimicrobial 
prophylaxis. There is literature to suggest that patients with open abdomens have an 
increased rate of intraabdominal infections if they are exposed to extended periods 
of antimicrobial prophylaxis [17].

Abdominal washout procedures are commonly performed to reduce the risk of 
infections and minimize inflammatory factors. These washout procedures can be 
performed with normal saline solutions or antibiotic solutions. Data in favor of anti-
biotic irrigation solutions are limited and outdated, with the potential negative 
impact of increasing resistance rates. As a result the joint guidelines from ASHP/
IDSA/SHEA/SIS for surgical antimicrobial prophylaxis do not recommend the 
practice of antibiotic irrigations due to the lack of high-quality evidence [11].

21.8  Intraabdominal Infections

Management of intraabdominal infections includes diagnosis, initial resuscitation, 
source control, and antimicrobial therapy [18]. Source control is summarized in the 
surgical infection society guidelines as definitive measures to control contamination 
and restore normal gastrointestinal function. This may include the drainage of 
infected fluid collections and the debridement of necrotic infected tissue. Delays in 
achieving source control may lead to a higher mortality [18].

Appropriate empiric antimicrobial regimens for intraabdominal infections are 
associated with improved outcomes for patients [19, 20]. In general, empiric antimi-
crobial therapy should cover gram-negative Enterobacteriaceae, aerobic strepto-
cocci, and enteric anaerobic organisms. Studies have shown an increased rate of 
treatment failure in hospitalized adults with complicated intra-abdominal infections 
and has been associated with longer hospitalization, higher hospital charges, and a 
higher mortality rate [19]. Antimicrobial stewardship teams can guide empiric anti-
microbial therapy based on patients’ risk factors [19]. Patients at risk for infections 
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with a resistant gram negative infection include patients who have received broad 
spectrum antimicrobial therapy, prolonged hospitalization, multiple invasive inter-
ventions, and patients known to be colonized or treated for a previous resistant gram 
negative infection. These risk factors should help prescribers select an agent with 
more broad coverage of gram negative pathogens including extended spectrum 
beta-lactamases (ESBL), Ambler Class-C (amp-C) resistance, and Pseudomonas 
spp resistance [18, 19].

21.9  Shorter Antibiotic Courses

There are several recent studies that have evaluated the use of shorter courses of 
antibiotic therapy for intraabdominal infections (IAI). The Study to Optimize 
Peritoneal Infection Therapy (STOP-IT) trial [21] was an open-label study on 
patients in the United States and Canada evaluating a fixed course for 4 days after 
source control versus continuation of therapy for resolution of WBC, fever, and 
ileus with a maximum of 10 days of treatment. One-third of the patients had infec-
tions that originated in the colon or rectum. The primary endpoint was a composite 
of surgical site infections (SSI), recurrent IAI, or death. There was no difference in 
the primary outcome between the two groups. The acuity of these patients was ques-
tioned, but further subgroup analysis showed no difference in outcomes in patients 
that specifically had sepsis [22].

Expert opinion is that if the patient does not have resolution of symptoms then a 
further workup for infection should be completed after the fixed course of antibiot-
ics is completed. Prolonged antibiotic therapy cannot replace source control; a pro-
longed course of antimicrobials does not translate to better patient outcomes. 
Patients who do not have resolution of these signs and symptoms may have ongoing 
or recurrent IAI [18]. The short-course antibiotic therapy for critically ill patients 
treated for complicated postoperative intraabdominal infection (DURAPOP) study 
[23] also evaluated a shorter course of antibiotics for patients with postoperative 
IAI. This trial enrolled patients with successful source control to receive 8 versus 
15  days of antibiotics postoperatively. The primary endpoint was the number of 
antibiotic-free days from days 8 to 28. Patients in this trial had a higher acuity com-
pared to the STOP-IT trial, with about 40% of the patients having infections in the 
colon or rectum and about half of the infections being the result of GI perforation. 
The shorter course of antibiotics helped to reduce antibiotic exposure and did not 
result in recurrent infections, clinical failure, or reoperation [23].

21.10  Antimicrobial Selection

Time to initial appropriate antibiotic administration is a critical component to 
patient outcomes. Appropriate empiric antibiotics are essential after the suspicion or 
diagnosis of infection [24]. Antibiograms can help guide therapy based on local 
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resistance patterns and susceptibility data. Unit specific data is even more helpful in 
the guidance of antimicrobial therapy for hospital acquired infections. Depending 
on the patient populations within one health-system, there can be large variations in 
resistance patterns from one hospital unit to another. Guidelines are available for the 
development of antibiograms. While unit specific antibiograms are very helpful, 
one study evaluated a population specific antibiogram for transplant patients and 
found it may be more useful for appropriate empiric antibiotic section [25].

Empiric agents should be based on unit-specific data, or if that is not available 
use hospital-specific data. Empiric therapy should also include the least number of 
agents and classes to effectively reduce antibiotic exposure. When culture and sen-
sitivity data is available, the antibiotic with the narrowest spectrum of activity with 
proven efficacy should be selected when de-escalating.

The duration of treatment should be driven by patient’s clinical status and 
response to antimicrobial therapy. Shorter durations of antimicrobial courses of 
therapy for active infections decrease exposure and resistance to subsequent 
infections.

21.11  Antifungal Stewardship

Antifungal stewardship can be described as optimizing the selection, dosing and 
duration of antifungal treatment [26]. Practitioners in general have more experience 
treating bacterial infections since they are much more common than antifungal 
infections.

Surgical patients, however, are at risk for invasive fungal infections. Risk factors 
identified for hospital acquired infections based on patients with candidemia include 
previous surgical procedures, history of broad spectrum antimicrobial therapy, pan-
creatitis, use of parenteral nutrition, presence of invasive catheters, and presence of 
medical comorbidities [18]. There are also studies that have identified specific risk 
factors for Candida peritonitis including recurrent gastrointestinal perforations, 
upper gastrointestinal perforations, surgically treated pancreatitis, and previous 
antimicrobial administration. Echinocandins are recommended as empiric therapy 
for critically ill patients including patients with hospital acquired intraabdominal 
infections. The echinocandins have activity against all Candida species making 
them a good empiric choice. Amphotericin was historically the first-choice empiric 
agent because of its spectrum of activity against yeast, but its use has declined due 
to its adverse effect profile. Some Candida species have variable resistance and 
inherent resistance to azole therapy including C. glabrta and C. kruseii, respec-
tively. Still, fluconazole has been used extensively as empiric therapy for high-risk 
surgical patients. Antifungal stewardship interventions can have a big impact on 
selection, dose optimization, the identification of drug–drug interactions, and dura-
tion of therapy [18].
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21.12  Dosing Strategies

Dosing strategies are equally critical to patient outcomes when treating infections, 
considerations for dosing are summarized in Fig. 21.2. Critically ill patients, spe-
cifically patients with sepsis, infection, and severe trauma can experience aug-
mented renal clearance. Augmented renal clearance (ARC) is described as increased 
creatinine clearance greater than 130 mL/min and is associated with sub therapeutic 
antibiotic concentrations and worse patient outcomes when standard antibiotic dos-
ing is administered [27]. The cockcroft-gault equation does not adequately measure 
clearance in this patient population. Some experts recommend screening ICU 
patients for ARC using a continuous urine collection. Empiric dosing regimens for 
these patients should be evaluated on a case-by-case basis taking into account phar-
macokinetics- and pharmacodynamics-specific criteria. Patients’ ARC should be 
continued to be monitored as their status improves during their ICU admission and 
dosing regimens should be adjusted as necessary [28].

One study [29] evaluated beta-lactam drug levels in critically ill patients in a 
multicenter study including patients from 68 ICUs. Two levels were evaluated at the 
middle and the end of the dosing interval to evaluate if the drug concentration levels 
were above the minimum inhibitory concentration. The study results showed that 
20% of patients did not achieve a minimum conservative pharmacokinetic/pharma-
codynamics goal. Insufficient antibiotic exposure with beta-lactam antibiotics in the 
critically ill population is very concerning and may lead to worse outcomes [29].
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clearance
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Fig. 21.2 Factors that 
influence antimicrobial 
dosing in surgery and 
critical care
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Another population that demonstrates altered kinetics in the acute phase is burn 
injury patients. These patients have altered physiology including increased cardiac 
output, increased blood flow to the kidneys, and decreased albumin concentrations 
[30]. These changes often result in an increased drug clearance, higher volumes of 
distribution and changes in total drug exposure that will also impact antimicrobial 
dosing recommendations [30].

Antimicrobial stewardship interventions should include dosing strategies to opti-
mize dosing, specifically dosing for the beta-lactam class. For example, patients 
with ARC should receive higher than traditional antibiotic doses of piperacillin- 
tazobactam, cefepime, and meropenem. Another strategy is extended and continu-
ous dosing strategies of beta-lactams. These antibiotic infusion strategies are another 
way to maximize antibacterial effects and possibly improve the coverage of bacteria 
that may be initially classified as resistant [31].

21.13  Rapid Diagnostics Testing

Rapid diagnostic testing may be helpful for clinicians to target infections with 
appropriate antimicrobial therapy faster. Currently microbiological results take up 
to 72 h for most bacteria and sometimes even longer for other slow growing bacteria 
and yeast. This means that patients may stay on broad coverage without the avail-
able information to de-escalate therapy leading to more antibiotic exposure [32]. 
While these rapid diagnostic tests do not provide drug susceptibility data, they do 
identify pathogens quickly. For example, if methicillin-resistant Staphylococcus 
aureus or vancomycin-resistant Enterococcus is isolated based on genetic identifi-
cation, practitioners can tailor drug therapy and dosing in a timely manner which 
would most likely translate into better patient outcomes. As more rapid diagnostic 
testing becomes available, it is important for antimicrobial stewardship teams to 
develop processes to guide prescribers on how to interpret and intervene based on 
these results [24].

21.14  Conclusion

Antimicrobial therapy is vital to the management of most surgical infections. 
Exposure to antimicrobial therapy for longer than necessary exposes the patients to 
potentially adverse effects and the emergence of antimicrobial-resistant organisms. 
There are several key antimicrobial stewardship activities to incorporate into surgi-
cal clinical practice including daily assessment of antimicrobial appropriateness, 
dosing considerations, and optimizing duration of therapy. Organized efforts can 
have a substantial impact on the use of broad spectrum antimicrobial agents and the 
rates of multidrug-resistant organisms. The strategies described in this chapter can 
be implemented in healthcare systems to improve clinical prescribing of antimicro-
bials in the surgical patient population. Multidisciplinary collaborations between 
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surgeons, clinical pharmacists, and infectious diseases specialists are critical to the 
success of effective antimicrobial stewardship teams with impactful and long-stand-
ing successful interventions. Everyone should be an antimicrobial steward in 
surgery.
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22.1  Introduction

The twenty-first century is being shaped by technology and innovation, but the 
whole world could soon find itself in an era where simple infections might once 
again kill millions every year. Antimicrobial resistance (AMR) is indeed one of the 
most complex global health challenges today: the world has long ignored warnings 
that antibiotics were losing their effectiveness after decades of overuse and misuse 
in human medicine, animal health, agriculture, and dispersion into the environ-
ment [1].

Antibiotics are the foundation of modern medicine: the medical world relies on 
the possibility to treat infections to relentlessly progress. Without safe and effective 
antibiotics, extensive abdominal surgery, solid organ- or bone marrow transplanta-
tion, cancer chemotherapy, or high-dose corticosteroid treatments, the whole edifice 
of modern medicine itself will crumble. Even common illnesses such as pneumonia, 
postoperative infections, diarrheal and sexually transmitted diseases are becoming 
untreatable because of the spread of AMR.

In 2014, the UK Prime Minister commissioned an independent review to evalu-
ate the potential impact of AMR on the world health. In May 2016, the conclusive 
report estimated that at least 700,000 people die each year from antimicrobial- 
resistant infections and that number could rise up to 10 million deaths by 2050 [2], 
though some conclusions about these figures have been questioned thereafter [3]. 
Four months after the report was released, the United Nations General Assembly 
deliberated on AMR and issued a declaration reaffirming the World Health 
Organization’s global action plan as the key framework for tackling the problem.

Several interconnected human, animal, and environmental habitats can contrib-
ute to the emergence, evolution, and spread of AMR; the expansion of resistant 
clones and antibiotic resistance determinants among human-associated, 
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animal-associated, and environmental microbiomes have the potential to alter bac-
terial population genetics at local and global levels, thereby modifying the structure 
of microbiomes where antibiotic-resistant bacteria can expand.

Better managing this problem includes taking steps to preserve the continued 
effectiveness of existing antimicrobials such as trying to eliminate their inappropri-
ate use, particularly where they are used in high volumes. Examples are the mass 
medication of animals with critically important antimicrobials for humans, such as 
third generation cephalosporins and fluoroquinolones, and the long term, in-feed 
use of antimicrobials, such colistin, tetracyclines, and macrolides, for growth pro-
motion. In humans, it is essential to better prevent infections, reduce over- prescribing 
and over-use of antimicrobials and stop resistant bacteria from spreading by improv-
ing hygiene and infection control, drinking water, and sanitation. Pollution from 
inadequate treatment of industrial, residential, and farm waste is expanding the 
resistome in the environment. Numerous countries and several international agen-
cies have now included a One Health Approach within their action plans to address 
AMR. Necessary actions include improvements in antimicrobial use, better regula-
tion and policy, as well as improved surveillance, stewardship, infection control, 
sanitation, animal husbandry, and alternatives, if any, to antimicrobials.

It is essential to recognize that the health of people is connected to the health of 
animals and the environment. AMR has clear links to each of these three domains. 
The contribution of animal production, both terrestrial livestock and aquaculture, to 
the global AMR crisis is sometimes questioned because we do not see so many 
animal-associated infections in humans [4]. While this may be true, because of the 
way that many antibiotics are used in animal production, in sub-therapeutic doses 
and with long exposure periods, these production systems create ideal conditions 
for bacteria to fix genes that confer resistance. These genes can subsequently be 
transmitted to human-adapted pathogens or to human gut microbiota via people, 
contaminated food, or the environment. They also provide ideal conditions for the 
amplification of genes that may have arisen in people or the environment [5]. The 
fact that the antibiotics used in human and animal health largely comprise the same 
or very similar molecules would be expected to drive the transmission of resistance 
between animals and people, either directly or via the environment.

One Health is defined as a concept and approach to “designing and implementing 
programs, policies, legislation and research in which multiple sectors communicate 
and work together to achieve better public health outcomes. The areas of work in 
which a One Health approach is particularly relevant include food safety, the control 
of zoonoses and combatting antibiotic resistance.” It needs to involve the “collab-
orative effort of multiple health science professions, together with their related dis-
ciplines and institutions—working locally, nationally, and globally—to attain 
optimal health for people, domestic animals, wildlife, plants, and our environment” 
[5]. The declaration also stated that a One Health approach is essential for develop-
ing comprehensive and integrative measures to address AMR, recognizing that 
human, animal, and environmental health are strictly linked. This One Health 
approach should include surveillance of microbes in humans, animals, and environ-
ments to better understand AMR, and to develop effective preventive and control 
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strategies [4]. One Health recognizes that human and animal health are intercon-
nected, that diseases are transmitted from humans to animals and vice versa, and 
must therefore be tackled in both. Such an approach also encompasses the environ-
ment, another link between humans and animals and likewise a potential source of 
new resistant microorganisms. This term is now globally recognized, having been 
widely used in the EU and in the 2016 United Nations Political Declaration on 
AMR [6].

22.2  AMR in Clinical Settings

AMR is one of the greatest challenges of the twenty-first century. One major global 
driver for the development of AMR is the misuse or overuse of antimicrobials. A 
variety of factors can result in the misuse or overuse of antimicrobials in healthcare 
settings including: a lack of knowledge or up-to-date information on prescription of 
antimicrobials, lack of treatment guidelines, lack of laboratory capacity to identify 
the organism and its antimicrobial susceptibility, unreliable or absent surveillance 
data on AMR and antimicrobial usage, unregulated over-the-counter availability 
and use, and poor antimicrobial stewardship (AMS). In addition, patient and public 
expectation and pressure to prescribe antibiotics, or situations that allow for finan-
cial benefit from the supply of medicines, can also drive inappropriate antimicrobial 
prescribing. Inadequate adherence to infection prevention and control (IPC) mea-
sures in healthcare facilities and poor hygiene and sanitation in communities exac-
erbate the spread of infections and increase the use of antimicrobial agents. This 
situation is made worse in many settings around the world by gaps that are known 
to still exist in knowledge and awareness of AMR, as well as the availability of qual-
ity teaching resources to address education on AMR.

AMR mechanisms encoded by genes have a greater impact on transfer than 
mutations. Depending on how the resistance mechanism is transferred, the power of 
dissemination is different. By vertical transfer of the resistance gene, whatever its 
origin, will be transmitted to the following generations. In the case of horizontal 
transfer, the resistance gene moves to neighboring bacteria and therefore the range 
of resistance can be even greater [7, 8].

Genetically determined acquired AMR is widespread in Gram-positive and 
Gram-negative bacteria, and the following resistance phenotypes have a significant 
clinical public health impact: methicillin-resistant Staphylococcus aureus (MRSA), 
vancomycin-resistant enterococci (VRE), extended-spectrum β-lactamase (ESBL), 
and high-level AmpC producing Enterobacteriaceae and carbapenemase producing 
Enterobacteriaceae, Pseudomonas aeruginosa, and Acinetobacter baumannii [9]. 
Generally, the above-mentioned phenotypes are associated, besides β-lactam antibi-
otics, with resistance to various other antibiotic classes, and give rise to multidrug 
resistance (MDR). Moreover, many resistance genes are located on mobile genetic 
elements, able to move within or between DNA molecules, which include transpo-
sons and gene cassettes/integrons, or are able to horizontally transfer between bac-
terial cells, such as plasmids and integrative conjugative elements [10]. Healthcare 
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institutions like hospitals, nursing homes, and rehabilitation facilities are hotbeds 
for MDR bacteria, but some MDR organisms have become quite prevalent causes of 
community-acquired infections (e.g. ESBL-producing E. coli, CA-MRSA); the 
spread of MDR bacteria into the community is a crucial development, and is associ-
ated with increased morbidity, mortality, healthcare costs and, once again, antibiotic 
use [11].

MRSA expresses an alternative penicillin-binding protein (PBP-2a or PBP-2c), 
encoded by a resistance gene (mecA or mecC), located on a genomic island 
(SCCmec) inserted at a specific locus on the bacterial chromosome [12]. Most 
MRSA infections in hospitalized patients or residents of long-term care and reha-
bilitation facilities in Europe are caused by various genotypes of healthcare- 
associated MRSA (HA-MRSA), but community-associated MRSA (CA-MRSA), 
especially expressing the Panton-Valentine Leukocidin (PVL) toxin, are an emerg-
ing cause of skin and soft tissue infections in Europe (see also below).

VRE are Enterococcus faecalis or Enterococcus faecium isolates resistant to the 
glycopeptide vancomycin and frequently also to teicoplanin [13]. The mechanism 
of resistance involves the alteration of the peptidoglycan synthesis pathway; the 
D-alanyl-D-alanyl sidechain antibiotic target is enzymatically modified to D-alanyl- 
D-lactate or D-alanyl-D-serine. Enterococci live mainly in our gut, as part of the 
normal microbiota, but they can also cause serious infections, such as urinary tract-, 
wound infections, or endocarditis.

Enterobacteriaceae can produce extended-spectrum β-lactamase (ESBLs) 
enzymes, such as TEM, SHV, and CTX-M, which confer resistance to most β-lactam 
antibiotics, including penicillins, cephalosporins (except cephamycins cefoxitin and 
cefotetan) and the monobactam aztreonam, but, in the absence of outer membrane 
porin loss or overexpression of efflux pumps, they cannot hydrolyze carbapenems 
(ertapenem, meropenem, and imipenem) [14]. ESBLs are generally inhibited by 
clavulanic acid, sulbactam, and tazobactam, which are indeed called β-lactamase 
inhibitors.

AmpC β-lactamases in Enterobacteriaceae mediate resistance to all cephalospo-
rins (including cephamycins), except fourth-generation cephalosporins (cefepime), 
and β-lactamase inhibitor/β-lactam combinations [15]. In many Enterobacteriaceae 
(Enterobacter cloacae, Enterobacter aerogenes, Citrobacter freundii, Providencia 
stuartii, Morganella morganii, Serratia marcescens, and Hafnia alvei), AmpC 
enzymes are inducible but can be expressed at high levels by mutational derepres-
sion; this overexpression confers resistance to broad-spectrum cephalosporins 
including cefotaxime, ceftriaxone, and ceftazidime. Horizontal transfer and hence 
acquisition of a plasmidic AmpC gene by enterobacterial species without constitu-
tive chromosomal AmpC gene, such as Klebsiella pneumoniae, Klebsiella oxytoca, 
Proteus mirabilis, Proteus vulgaris, and Salmonella spp., gives rise to a similar 
resistance phenotype.

Carbapenemase-producing Enterobacteriaceae (CPE) are among the most wor-
rying MDR Gram-negative bacteria and their incidence is increasing worldwide 
[16]. CPE are resistant, besides other β-lactams, also to carbapenems. 
Carbapenemases of the Klebsiella pneumoniae carbapenemase (KPC), 
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OXA-48-like, Verona integron-encoded metallo-β-lactamase (VIM), New Delhi 
metallo-β-lactamase (NDM), and imipenemase (IMP) types are variably spread 
across Europe and other continents. Metallo-β-lactamases cause resistance to all 
β-lactam antibiotics except the monobactam aztreonam, whereas KPCs are resistant 
to all β-lactams except the combination of ceftazidime plus avibactam; OXA-48- 
like carbapenemases do not hydrolyze the extended spectrum cephalosporins cefo-
taxime, ceftriaxone, and ceftazidime.

Carbapenemases in P. aeruginosa (mainly VIM or IMP types), and in A. bau-
mannii (mainly OXA-23, OXA-24, OXA-51, OXA-58), give rise, together with 
other resistance mechanisms for different antibiotic classes, to hard-to-treat MDR 
phenotypes [17].

Evaluation of the public health burden of AMR, which is needed to drive policy 
interventions, is done through estimates of clinical benchmarks (mainly morbidity 
and crude mortality) and economic indicators (direct costs, use of resources, and 
drug expenditures). Most of these estimates are restricted to high-income countries 
and retrieve data to fit the computation models from national surveillance of clinical 
samples, prevalence or incidence surveys, and retrospective cohorts [18].

However, the threats posed by AMR are of increasing concern even in low- and 
middle-income countries (LMICs), as their rates of antibiotic use increase. An 
understanding of the burden of resistance is rather lacking in LMICs, particularly 
for MDR pathogens. Gandra et al. recently conducted a retrospective, 10-hospital 
study on the relationship between MDR pathogens and mortality in India. Patient- 
level antimicrobial susceptibility test (AST) results for the most important hospital 
pathogens were analyzed for their association with patient mortality outcomes [19]. 
The authors observed that patients who acquire MDR bacterial infections, as 
opposed to similar drug-susceptible infections, have greater odds of mortality. 
Interestingly, they also observed higher odds of mortality among patients with MDR 
and XDR infections whose isolates were obtained outside the ICU.  The overall 
mortality rate of patients was 13.1% (n = 581), and there was a significant relation-
ship between MDR and mortality. Infections with MDR and extensively drug resis-
tant (XDR) E. coli, XDR K. pneumoniae, and MDR A. baumannii were associated 
with 2–3 times higher mortality [19].

Beyond the geographical area or the continent evaluated, it is undoubted that 
AMR spread affects not only the national budgets or gross domestic product (GDP) 
of countries, but also the attributable mortality or related disabilities. However, esti-
mating the incidence, complications, and attributable mortality of infections caused 
by resistant pathogens may be challenging. Cassini et al. [20], through a population- 
level modeling analysis, estimated the burden of infections caused by antibiotic- 
resistant bacteria in countries of the EU and European Economic Area (EEA) in 
2015, measured in number of cases, attributable deaths, and disability adjusted life- 
years (DALYs). They estimated around 672,000 infections due to antibiotic- resistant 
pathogens, of which 63.5% were associated with or attributable to health care. 
Moreover, these infections accounted for an estimated >33,000 attributable deaths 
and likely 875,000 DALYs. This modeled analysis was limited to one year only 
(2015), but to understand the ominous burden and the practical meaning of such 
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results it may be sufficient to figure that the burden of infections by antibiotic- 
resistant pathogens is similar to the cumulative burden of tuberculosis, influenza, 
and HIV [20].

One important conclusion that can be drawn from this study is that most of the 
estimated burden was in hospitals or other healthcare settings, thus suggesting the 
urgent need to address AMR as a patient safety issue and the need for alternative 
treatment options for patients with such infections.

22.3  AMR in the Food Chain and in Food-Producing Animals

The health concerns linked to AMR in the food chain encompass both the patho-
genic and nonpathogenic microorganisms as both can have serious health conse-
quences [21].

There are also two major determinants of such concerns about food and human 
health: I. the safety of food chain, which is the issue of preventing food to be con-
taminated by pathogenic strains, and II.  The concerns about the emergence and 
spread of AMR in livestock, intensive poultry farming or aquaculture, with conse-
quent transfer of AMR sequences or genes to consumers. This is mostly related to 
the massive use of antibiotics in food animals worldwide [22, 23].

The first one is the potential unsafety of food linked to contaminated water, prep-
aration, or poor hygiene [24–26]; the impact on microbial quality of water and con-
sequent food safety and the presence and persistence of Salmonella in waters have 
been recently reviewed [27–29]; these strains may harbor multiple AMR mecha-
nisms [30]. Vegetables and mussels contaminated with gram-negative carriers of 
ESBL or KPC-3 carbapenemase in retail markets in North Africa, or imported sea-
food and raw dog food with the presence of mcr-1 positive E. coli isolates in Norway, 
have been recently reported, thus highlighting new potential pathways to transfer 
AMR genes to “low prevalence” countries [31–35].

Antimicrobials have been and are still widely used for disease prevention and 
growth promotion in food animals. Expanding human population ever demands 
more animal-based protein, which in turn leads to more industrialized methods of 
food animal production, including sub-therapeutic antibiotics for growth promotion 
and disease prevention [36, 37]. This means that animal bacteria may become resis-
tant under selective pressure; bacteria then travel from farms to stores, and then they 
may cause hard-to-treat infections in the final consumer as a consequence [38–40]. 
The relationship between massive use of antibiotics to treat or prevent illnesses or 
for growth purposes and the consequent emergence of several AMR mechanisms in 
food animals has been clearly highlighted in several reports [41–50]. There is 
another concern related to the arising of meat production set in the next years to 
match the ever-increasing demand that should be taken into account: even more 
antibiotics will be used to prophylactically prevent diseases in livestock to meet 
this demand.

As remarked by Clifford et al., the high proportion of poor-quality veterinary 
medicine for therapeutic use in livestock exacerbates the problem of antibiotic 
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overuse or misuse, particularly in LMICs [51]. Poor-quality medicines that provide 
sub-therapeutic doses of active pharmaceutical ingredient, whether due to inade-
quate amounts of pharmaceutical, ineffective release, presence of impurities, or 
degradation of compounds, are believed to contribute to AMR by exposing microbes 
to a level of antibiotic that will not effectively kill the whole microbial popula-
tion [51].

Ionophores can be another matter of concern: ionophores are the second most 
widely used class of antibiotics in agriculture, with over 4 million kilograms sold in 
the United States in 2016. Because ionophores are not used in humans, it is widely 
assumed that their agricultural use will not impact human health. Consequently, 
these drugs have not been subject to the same regulations as medically important 
antibiotics [52]. While they are not used in humans due to toxicity, the use of iono-
phores may still carry risk, owing to the possibility of cross-resistance or co- 
selection; several ionophores, indeed, including lasalocid, monensin, narasin, and 
salinomycin, are routinely administered to cattle and/or pigs for growth promotion; 
the same drugs, as well as maduramicin, are used for the prevention of coccidiosis 
in poultry and other farm animals. At last, few studies have examined cross- 
resistance between ionophores and antimicrobials with human interest, but there is, 
evidence of an emerging association between narasin resistance and vancomycin 
resistance in Swedish broiler chickens, with a putative narasin resistance ABC 
transporter located on the same plasmid as a vanA gene cluster, which confers van-
comycin resistance in VRE [53]. This finding raises the possibility that vancomycin 
resistance could be maintained in animal populations not because of treatment with 
vancomycin or related compounds but because of ionophore use.

Intensive farming is also a stress factor for animals due to crowding and lack of 
hygiene, causing illnesses and increased shedding. Antibiotics consumed by ani-
mals can be excreted in urine and feces into the surrounding environment, poten-
tially inducing or selecting for the development and maintenance of antibiotic 
resistance genes (ARGs) into the environment [54–56]. Infection control and pre-
vention procedures and sanitation are concepts still not fully developed in animal 
farming both in very intensive ones in Western countries and in poor-resource or 
developing countries, and big efforts are requested at national level in any country 
to tackle the spread of AMR into the environment.

Aquaculture is a highly diverse activity with more than 600 different freshwater 
and marine animal species farmed in quite different production system [57, 58]. In 
2014 only, China produced over 45 million metric tons of fish, crustaceans, and 
mollusks by aquaculture with more than 50% of this production exported [59]. As 
suggested by Cabello et al., the heavy use of colistin and other antimicrobials in this 
industry in China may have generated plasmid-mediated colistin-resistance genes 
mcr-1 and mcr-2 through the facilitation of the capture and dissemination of poten-
tial colistin resistance genes from aquatic bacteria, such as Aeromonas and 
Shewanella, which can be naturally resistant to colistin [59]. This hypothesis seems 
to be confirmed by a recent work from Chinese researchers, who explored the 
molecular characteristics and relationships of mcr-1 positive Escherichia coli 
through whole-genome sequencing (WGS) and concluded that these strains were 
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highly prevalent in the aquaculture supply chain and resistant to most antibiotics; 
and that mcr-1 could be transferred to humans via the aquatic food chain [60].

The higher the amount of antibiotics used in animals, whatever the reason, the 
higher the AMR rates are anticipated [39]. However, a clear direct relationship 
between these facts has been demonstrated also in either sense: broad antibiotic 
restrictions in food animals decrease rates of resistance. When the glycopeptide 
avoparcin was banned across the European Union in the 1990s, the prevalence of 
vancomycin-resistant enterococci from both poultry and humans decreased [61]; 
likewise, researchers in Canada recently compared the effect of various methods of 
antibiotic restriction in food animals on rates of antibiotic resistance. They found 
that single antibiotic and single class restrictions were not associated with reduc-
tions in resistance, while complete antibiotic restrictions were linked to a 15% 
reduction in resistance. Restriction approaches that allowed therapeutic antibiotic 
use were also effective, and were linked to a 9–30% reduction in antibiotic resis-
tance [62].

22.4  The Case of Staphylococcus aureus

Is methicillin-resistant Staphylococcus aureus (MRSA), or Staphylococcus aureus 
“tout court,” a foodborne pathogen? S. aureus is a well-known major human patho-
gen associated with a wide spectrum of diseases, up to necrotizing pneumonia, 
endocarditis, and toxic shock syndromes; in addition, S. aureus is a pathogen also 
for important livestock animals, such as cows, sheep, goats, poultry, and rabbits 
[63]. Although most S. aureus strains are host-specific, an MRSA clone (ST398) 
has recently emerged in livestock and humans exposed to livestock, already referred 
to as livestock-associated MRSA (LA-MRSA), and it has been isolated from pig 
and pig farmers in European countries and North America [64]; MRSA has been 
isolated from different foods (milk, beef, chicken, and pork) [40, 65], and therefore 
the handling and consumption of contaminated food is considered a potential source 
of colonization or infection for humans [63, 66, 67]. Remarkably, an important role 
is played by the air-borne transmission of LA-MRSA in animal production environ-
ment, because it could be present in the dust potentially inhaled by the workers in 
the food animal chain [66]. Another potential health risk for consumers is the pres-
ence of S. aureus harboring the Panton-Valentine leucocidin (PVL), which is associ-
ated with high mortality rates because of its necrotizing properties, recently isolated 
and characterized in retail food in China [68].

Close to these above-mentioned concerns, there is also a potential professional 
threat to acquire resistance strains; Danish and Belgian veterinarians in contact with 
livestock were found to be at higher risk of acquiring MRSA ST398 [69], whereas 
veterinary hospital staff and students in UK were found to be heavily colonized by 
MDR- and ESBL-producing gram negatives in rectal surveillance swabs [70]. If 
people working in veterinary hospitals are at high risk for carriage of MDR patho-
gens, then it is vital that veterinary hospitals implement strict infection control and 
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prevention procedures to avoid transmission of such pathogens between patients 
and staff.

22.5  The Importance of Integrated Surveillance

Building blocks of integrated surveillance between human and veterinary medicine 
is of paramount importance to detect and track emerging threats: very recently, 
linezolid- resistant coagulase-negative Staphylococci have been isolated and geneti-
cally characterized in apparently healthy turkeys in Egypt analyzing their AMR 
evolution, to provide a major example [71]. An integrated surveillance system data/
information for action may help: (1) monitor prevalence of AMR in different reser-
voirs; (2) monitor AMR trends over time; (3) monitor association between AMR 
and use of antimicrobial agents; (4) guide evidence-based policies and guidelines to 
control antimicrobial use in humans and animals; and v. identify and evaluate the 
effectiveness of interventions to contain the emergence and spread of resistant 
bacteria.

A systematic review has been recently published by European experts on AMR 
surveillance programs in livestock with special focus on human consequences [72].

Three main synergistically acting surveillance levels can be prospected to 
improve health outcomes:

 1. Locally. Allow healthcare professionals to make better informed clinical deci-
sions to ensure better patients outcomes.

 2. Nationally. Guide policy and ensure appropriate and timely public health 
interventions.

 3. Globally. Provide early warnings of emerging threats and data to identify and act 
on long-term trends.

WGS has revolutionized molecular epidemiology and laboratory surveillance of 
infections caused by pathogens commonly transmitted though food providing pub-
lic health researchers with a tool of unprecedented precision and discrimination for 
subtyping. Additionally, WGS may easily provide a wealth of information such as 
species identification, serotype, pathotype, virulence profile, AMR, and plasmid 
content. Using WGS, public health scientists typically detect outbreaks by looking 
for tight clusters of infections caused by specific pathogens in time and space [73]. 
However, outbreaks linked to animals and environmental sources can be challeng-
ing to recognize by laboratory surveillance by WGS because they are often poly-
clonal and more diverse than observed in typical point source outbreaks. All the 
potential advantages of this tool and the steps forward still to do to improve results 
have been clearly reviewed by Gerner-Smidt et al. [73].

However, it has been recently highlighted that an integration of different surveil-
lance systems for animal and human health, or among different countries, is still 
lacking, and therefore great efforts should be invested in this fundamental branch of 
One Health [74].

22 What Healthcare Workers Should Know About the “One Health Approach…



270

The last aspect to be considered in the strict interplay between humans and ani-
mals about AMR is the relationship of humans with pets, companion animals, or 
animals living close to humans for work or recreational activities. Dogs are not only 
potential carriers of MRSA, but also can they be colonized by plasmid-mediated 
quinolone resistance genes to some extent, and even more frequently by different 
ESBL-producing Enterobacterales [75–77]: Ortega-Paredes et  al. showed a high 
prevalence of multidrug resistant E. coli isolated from canine feces in a public park 
in Quito (Ecuador), where the most relevant AMR mechanisms recovered from 
samples were ESBL, plasmid-mediated AmpC β-lactamases, carbapenemases, and 
mcr-1 gene [78].

As epidemiological data on general equine population are limited, Kaspar et al. 
evaluated the carriage of MRSA and drug-resistant gram-negatives in nonhospital-
ized horses living in private farms in a rural area of Northwest Germany, and they 
found 4% colonized by ESBL E. coli, and this carriage was associated with prior 
antibiotic treatment and veterinary examinations [79]. Overall, these studies high-
light also the importance of rising awareness in patients and healthcare workers: 
even if pets or companion animals may be very helpful for some “frail” patients for 
their social activities, nevertheless they must be trained to optimal animal waste 
disposal and contact precautions, ideally by “trained trainers” among healthcare 
workers; this would avoid patient colonization with MDR pathogens that may be 
relevant once accessing healthcare services.

22.6  Resistance in the Environment

AMR develops in and is maintained and transmitted across humans, animals, and 
the natural environment. The natural environment presents a transmission route and 
a reservoir for resistant microorganisms. Resistance is an ancient and naturally 
occurring phenomenon. Antibiotic producing microorganisms can protect them-
selves from the toxic effect of the drug using different strategies: one of the most 
common involves the modification of the antibiotic’s target site. Fabbretti et al. very 
recently analyzed the molecular mechanism devised by the soil microorganism 
Streptomyces sp. strain AM-2504 to protect itself from the activity of the peptide 
antibiotic dityromycin, and in a very detailed analysis they demonstrated that this 
mechanism can be reproduced in E. coli, thereby eliciting antibiotic resistance in 
this human commensal [80]. As a matter of fact, the impact of environmental 
microbes as reservoir of resistance factors and the impact of the spread of drug- 
resistant bacteria into the environment was not considered until recently. However, 
it is well known that such bacteria and antibiotic resistance genes (ARGs) are ubiq-
uitous in nature: they can indeed be found in high concentrations in clinical, indus-
trial, and urban wastewater, as well as in animal husbandry [81]; moreover, these 
environments frequently contain very high levels of antibiotics and pharmaceuticals 
[82, 83]. As an example, Lübbert et al. sampled different sites and wastewaters in an 
urban Indian territory where a major production area is settled for the global bulk 
drug market: they found that all environmental sampling sites were contaminated 
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with very high concentrations of antimicrobials, in particular moxifloxacin, vori-
conazole, and fluconazole; and that microbiological analyses revealed an extensive 
presence of ESBL, CPE, and nonfermenters in more than 95% of the samples [83]. 
Likewise, Marathe et al. highlighted the impact of uncontrolled discharge of par-
tially treated or untreated wastewater on the structure of bacterial communities and 
resistome of sediments collected in some Indian districts using shotgun metage-
nomics [84]: they found a wide array of horizontally transferable ARGs, including 
carbapenemases such as NDM, VIM, KPC, OXA-48, and IMP types. The relative 
abundance of total ARGs was 30-fold higher in river sediments within the city com-
pared to upstream sites. In addition to ARGs, higher abundances of various mobile 
genetic elements were found in city samples, as well as some biocide/metal resis-
tance genes. Acinetobacter, which is often associated with MDR and nosocomial 
infections, comprised up to 29% of the 16S rRNA reads, and a strong correlation 
was found between the abundance of Acinetobacter and the OXA-58 carbapene-
mase gene [84]. Other experiences from India confirm these worrying data, and 
integrated plans to protect water seem now of utmost importance [85–87].

However, these concerns no longer apply only to LMICs, where hygiene and 
sanitation may be lower: Czekalski et al. showed increased levels of MDR bacteria 
and resistance genes after wastewater treatment and dissemination into Lake 
Geneva, in Switzerland [81], whereas Caltagirone et al. screened 11 wells, 5 streams 
and 4 wastewater treatment plants for the presence of third-generation cephalosporin- 
resistant Gram-negative bacteria in the Oltrepò region, in Northern Italy: during a 
one-year period, CTX-M-, SHV-, DHA-, KPC-type producing Enterobacteriaceae 
were identified. High levels of bacterial contamination and CTX-resistance rates 
were constantly observed in wastewater treatment plants, while seasonal changes—
with highest values in spring—were recorded from stream samples [88]; very 
recently, Suzuki et al. confirmed these results in Japan [89].

Finally, it must be reminded that healthcare settings themselves may act as a 
potential reservoir for environmental pollution with MDR or even hospital-acquired 
outbreaks with MDR pathogens [90, 91].

22.7  Water as Common Denominator

Water is undoubtedly the common denominator of AMR across human and animal 
health and environment, where direct or indirect human inputs are responsible for 
extensive dispersal of AMR into the environment and remain a critical and pressing 
challenge: focused and expensive efforts to minimize pollution from agricultural 
sources may only provide virtuous benefits to the management of AMR across com-
plex landscapes; those landscape features, season, and water quality variables that 
influence AMR dynamics [92].

The counterpoint of any human activities potentially releasing whatever ARG in 
the environment is that MDR bacteria or even pathogens excreted or eliminated via 
effluents and sewage can recontaminate humans and animals [93] even during rec-
reational activities, and this must be taken into account when frail or 
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immunosuppressed patients get in close contact with these environments. Hammerl 
et al. identified seven different VCC-1 carbapenemase-producing Vibrio cholerae 
through WGS at different locations on the coastline of Germany [94]; Akanbi et al. 
collected 249 samples from beach sand and coastal sea water from 10 beaches in 
Eastern Cape Province of South Africa and found a very high prevalence of resis-
tance mechanisms in S. aureus isolates, concluding that beach water and sand from 
that region may be potential reservoirs of antibiotic-resistant S. aureus, which can 
be transmitted to exposed humans and animals [95]. Moreover, a recent experience 
showed how some thermotolerant ESBL-producing E. coli strains recovered from a 
river whose water was retained in artificial basins were then able to survive the arti-
ficial snow production process [96].

Surprisingly, even remote or uncommon environments may host AMR genes or 
plasmids: this is the case for the Berlenga Natural Reserve in Portugal [97], or for 
the sponge microbiota, hosting diverse and novel resistance genes that may be har-
nessed by phylogenetically distinct bacteria and may act as a reservoir of functional 
resistance genes [98]. As a matter of fact, the occurrence of MDR bacteria in wild-
life is clearly influenced by many and different factors which have not yet been fully 
understood [99, 100], but it is certainly a matter of concern if Ahlstrom et al. repeat-
edly detected carbapenemase-producing E. coli in gulls inhabiting different sites in 
Alaska, confirming the potential for a successful interspecies transmission between 
wildlife, humans, and companion animals [101]; or the presence of Salmonella and 
Campylobacter carrying AMR in wild Bonelli’s eagles nestlings in Eastern Spain 
[100]; or, again, the discovery of novel antibiotic resistance determinant in forest 
and grassland soil metagenomes [102], keeping in mind that rain falling on the earth 
is the same water we were talking about.

22.8  Conclusions

At last, there is a tangible and widespread shift in attitudes towards the use of anti-
biotics in both human and veterinary medicine. We have seen a growing understand-
ing that AMR jeopardizes animals and humans alike, is present in different medical, 
environmental, and societal contexts across the globe, and crosses borders by land, 
water, and air. The One Health concept stresses the ecological relationships between 
human, animal, and environmental health [103]: since AMR is found in bacteria 
from animals and humans, it is a problem that cannot be solved by looking at either 
in isolation. And since AMR exists in a wide variety of countries and different cul-
tures, we need to find solutions that fit best in any given environment. The AMR 
problem will not be solved by imposing actions that are not relevant, practical, or 
acceptable in a situation, even if the same interventions may be successful in a dif-
ferent one or in a different country. In 2018, WHO issued a public document whose 
target is to improve awareness and to educate any kind of healthcare worker to 
tackle AMR [104]: we should start acting rapidly to protect our whole world from 
the threat of AMR in every setting of our life.
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