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Abstract
Peritonitis, as a major consequence of hollow visceral perforation, anastomotic disruption, ischemic necrosis, or other inju-
ries of the gastrointestinal tract, often drives acute care in the emergency department, operating room, and the ICU. Chronic 
critical illness (CCI) represents a devastating challenge in modern surgical critical care where successful interventions have 
fostered a growing cohort of patients with prolonged dependence on mechanical ventilation and other organ supportive 
therapies who would previously have succumbed much earlier in the acute phase of critical illness. An important subset of 
CCI patients are those who have survived an emergency abdominal operation, but who subsequently require prolonged open 
abdomen management complicated by persistent peritoneal space infection or colonization, fistula formation, and gastroin-
testinal (GI) tract dysfunction; these patients are described as having tertiary peritonitis (TP).The organ dysfunction cascade 
in TP terminates in death in between 30 and 64% of patients. This narrative review describes key—but not all—elements in 
a framework for the coordinate multiprofessional team-based management of a patient with tertiary peritonitis to mitigate 
this risk of death and promote recovery. Given the prolonged critical illness course of this unique patient population, early 
and recurrent Palliative Care Medicine consultation helps establish goals of care, support adjustment to changes in life cir-
cumstance, and enable patient and family centered care.
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Abbreviations
ACS  Abdominal compartment syndrome
ACTH  Adrenocorticotrophic hormone (corticotropin)
AKI  Acute kidney injury

ARDS  Acute respiratory distress syndrome
BCAA   Branch-chain amino acid
CCI  Chronic critical illness
EAF  Enteroatmospheric fistula
ECF  Enterocutaneous fistula
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FA  Fatty acids
GH  Growth hormone
HMB  β-Hydroxy β-methylbutyrate
ICU  Intensive care unit
IGF  Insulin-like growth hormone
MDRO  Multidrugresistant organisms
mTOR  Mammalian target of rapamycin
NPWT  Negative pressure wound therapy
OR  Operating room
SPM  Specialized pre-resolving mediators
TP  Tertiary peritonitis
TSH  Thyroid stimulating hormone (thyrotropin)

Introduction

Peritonitis, as a major consequence of hollow visceral per-
foration, anastomotic disruption, ischemic necrosis, or other 
injuries of the gastrointestinal tract, often drives acute care 
in the emergency department, operating room, and the ICU 
[1–3]. Resuscitation coupled with rapid source control of the 
infectious focus and appropriate empiric antibiotic therapy 
to reduce the local and remote bacterial bioburden underpins 
effective treatment [4–7]. Such an integrated approach is 
embraced by a variety of medical professional organization 
guidelines as well as the Surviving Sepsis Campaign [8]. 
Concomitant SARS-CoV-2 infection augments clinician 
safety precautions but does not alter the key tenets of peri-
tonitis management articulated above [9]. The outcomes of 
acute peritonitis management depend on etiology, chronic 
comorbidities, time of recognition, and unique aspects of 
genotype and phenotype that are being explored in terms 
of immune competency and inflammatory profiling that 
relate to sepsis [10, 11]. While many rapidly recover, and 
some are unable to be salvaged when presenting in extremis, 
others may demonstrate a long hospital course marked by 
prolonged ICU length of stay, repeated infection, persistent 
inflammation, hypercatabolism, and non-resolving organ 
failure. This constellation of findings represents an untoward 
outcome termed chronic critical illness—a syndrome that is 
not limited to patients with surgical disease, but has been 
best investigated in surgical populations [12].

Methods

We conducted a narrative review of the literature, using 
broad search criteria, to provide practical guidance around 
key management aspects important in the care of the patient 
with tertiary peritonitis. Following the SANRA guidelines 
for narrative reviews [13], we aim to summarize pertinent 
literature in a way which is not explicitly systematic but 
instead frames some of the complexities around tertiary 

peritonitis for practicing acute care surgeons, and explore 
what is and what is not known [14]. To that end, OVID and 
PubMed databases (supplemented by secondary reference 
material) were queried for English language manuscripts 
regarding tertiary peritonitis from inception through March 
1, 2021. Focused domains included surgical therapy, critical 
care management, acute kidney injury, organ failure, host 
defense, nutritional support, pharmacodynamics and phar-
macokinetics, chronic critical illness, as well as operating 
room and procedural sedation, analgesia, and anesthesia. Pri-
mary data, reviews, systematic reviews, and meta-analyses 
were considered addressing human data as well as animal, 
cell, or molecular focused inquiries that addressed mecha-
nisms. Included manuscripts were selected as they related to 
complex care and especially team-based management.

Chronic critical illness

Chronic critical illness (CCI) represents a devastating chal-
lenge in modern surgical critical care where successful inter-
ventions have fostered a growing cohort of patients with 
prolonged dependence on mechanical ventilation and other 
organ supportive therapies who would previously have suc-
cumbed much earlier in the acute phase of critical illness 
[8, 9]. An important subset of CCI patients are those who 
have survived an emergency abdominal operation, but who 
subsequently require prolonged open abdomen manage-
ment complicated by persistent peritoneal space infection 
or colonization, fistula formation, and gastrointestinal (GI) 
tract dysfunction. In contradistinction to acute GI tract per-
foration that leads to secondary peritonitis, this latter popu-
lation instead demonstrates tertiary peritonitis (TP). While 
secondary peritonitis is optimally managed using operative 
or percutaneous techniques to achieve source control, TP 
typically presents few if any opportunities for mechanical 
intervention. Instead, TP is ideally considered as a failure of 
host defense rather than a condition best resolved by opera-
tive intervention.

Tertiary peritonitis

Tertiary peritonitis (TP) represents persistent inflamma-
tion and colonization as well as intermittent infection in an 
immune compromised host that develops after what was 
believed to be a successful attempt at primary source con-
trol [5, 15, 16]. This subset of the larger CCI patient popu-
lation is characterized by non-resolving organ failure that 
involves multiple systems, but perhaps most importantly, 
host humoral and cell-mediated defense (Fig. 1) [17]. While 
sensitive bacteria and fungi are most commonly initially 
identified in those with secondary peritonitis, microbiome 
alterations toward nosocomial pathogens are typical for 
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those with TP [18–22]. Repeated courses of therapeutic anti-
biotics, even when culture directed, drive microbial ecology 
toward multidrug-resistance organism (MDRO) predomi-
nance [1, 6, 16, 22]. Defective host defense, exemplified 
by T-cell exhaustion, disables clearance of MDRO patho-
gens even when appropriate antibiotic therapy is utilized 
[23]. Importantly, the clinician must be able to distinguish 
pathogen invasion from peritoneal space colonization. One 
useful rubric is that bacteria identified in the open abdomen 
in the absence of purulence or remote spread (i.e., bacte-
remia) represent only colonization. Colonization does not 
require antibiotic management, while purulent peritonitis 
or remote infection benefits from empiric and then culture-
directed therapeutic agent management. The open abdomen 
that typifies those with TP affords ample opportunity for 
effluent sampling whether managed using local wound care 
measures or a negative pressure wound management system.

Open abdomen management using temporary closure 
devices that employ negative pressure control effluent flow 
but demonstrates other important physiologic effects that 
are relevant to the surgeon and intensivist [24]. First, device 
effluent has been demonstrated to be cytokine rich and may 
serve as one means of mitigating the overall inflammatory 
milieu. Second, non-adherent bacteria may also be directed 
into the effluent as a result of the applied vacuum, decreasing 
the overall peritoneal space bioburden [25, 26]. It is impor-
tant to note that dense purulent debris is not well managed 
using a vacuum-assisted technique that often awaits 48 h 
between exchanges, but is better addressed using planned 
daily lavage and debridement as necessary. Third, especially 
in those with high volume effluent flow, negative pressure 
across the open abdominal cavity provides a limited perito-
neal dialysis effect, reducing markers of renal function such 
as serum creatinine. Fourth, this dialysis-like effect may 

also impact the concentration of therapeutic agents with a 
high partition coefficient into the peritoneal space. Despite 
the benefits of open abdomen management with or with-
out negative pressure techniques, there are a variety of well 
characterized complications for which the clinician must be 
prepared.

These complications may be conveniently grouped into 
those that are mechanical, those that impact fluid and elec-
trolyte balance, and those that influence anesthetic, phar-
macologic and nutritional support approaches. Mechanical 
complications include but are not limited to the inability to 
achieve primary fascial closure leading to a large abdomi-
nal wall defect, enterocutaneous (ECF) or enteroatmos-
pheric (EAF) fistula formation, and difficult thermoregula-
tion with an open body cavity. The latter is much reduced 
using negative pressure wound therapy compared to moist 
dressings, and generally avoids the use of a active exter-
nal warming device to support normothermia. Both ECF 
and EAF are often challenging with regard to fluid loss as 
well as electrolyte derangement based on external losses 
as well as the common practice of avoiding luminal nutri-
tional supplementation in favor of intravenous nutritional 
support (Fig. 2) [27, 28]. Despite ideal management, non-
resolving organ failure in TP patients results in mortality in 
30–64% [16, 19, 29]. Therefore, elaborating an integrated 
approach to the impactable aspects of the complex manag-
ment of TP patients helps support recovery despite high acu-
ity or chronic critical illness. This remainder of this review 
describs such elements and locates them in a multidisci-
plinary management framework specifically addressing key 
aspects of surgical management, periprocedural anesthetic 
considerations, critical care pharmacology, and critical care 
nutrition support. Since TP patients characterisically flow 
from those who require secondary peritonitis management, 

Fig. 1  Tertiary peritonitis is 
severe recurrent or persistent 
intra-abdominal inflammation 
after escape from or primary 
failure to achieve source control 
in a compromised host. This 
subset of chronic critical illness 
is characterized by prolonged 
systemic inflammation associ-
ated with acute respiratory 
distress syndrome (ARDS) 
ventilatory failure, renal failure, 
hypercatabolism, and severe 
protein–calorie malnutrition
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the surgical elements involved in source control provide a 
point of embarkation to understand evolution of this disease 
process as a failure of host defense.

Source control in peritonitis

Hollow viscus perforation delivers gut microbiome com-
mensals into the peritoneum or retroperitoneum and 
triggers a local response that trafficks neutrophils, mac-
rophages, and other elements of cell-mediated immunity 
such as T-cells to the site of injury as part of an adap-
tive host defense response. Local and remote increases 
in inflammatory mediators including but not limited to 
cytokines such as IL-8 and IL-1, pre-formed antibod-
ies, complement, and activated elements of the coagula-
tion cascade are only a small but important part of the 
competent host response to native or non-native patho-
gen invasion [30–34]. Related host defense responses 
include omental adhesion, fibrin deposition, and local 
inflammation to control pathogen as well as activated 
enteric enzyme spread. Of course, this approach is more 
successful when there is hollow viscus wall inflamma-
tion that precedes perforation—such as with diverticuli-
tis—where a contained abscess may then develop. The 
ability of such mechansims to shield healthy tissues is 
quite limited when perforation occurs rapidly such as 
with embolic mesenteric ischemia or penetrating injury 
[33, 34]. When competent host defense measures are suc-
cessful in establishing an abscess, bacterial bioburden 
reduction may require operative therapy if it cannot be 
achieved using percutaneous drainage. On occasion, some 
abscesses are quite small, or inaccessible without incur-
ring significant patient morbidity, and may be treated with 
antibiotic therapy to reduce bacterial bioburden as some 

antiinfective agents demonstrate abscess penetration [35, 
36]. Such an approach is far less robustly supported com-
pared to achieving definitive source control, even if doing 
so temporarily interrupts intestinal continuity in order to 
control soilage and allow time for restoration of effective 
circulatory volume as well as hemostatic and metabolic 
resuscitation.

Adjuncts to source control

While abscess cavities benefit from intra-operatively placed 
or percutaneously placed drains, prophylactic peritoneal 
drains remain devoid of supporting evidence [37–40]. Pedi-
cled omentum may buttress anastomoses or sites of visceral 
repair as a vascularized and active host defense barrier [41]. 
When instestinal or anastomotic viability is uncertain, an 
open abdomen approach with or without negative pressure 
wound therapy (NPWT) provides ready access and has been 
described with and without concomitant continuous peri-
toneal lavage—an element embraced by devoted adherents 
but also without clear evidence of benefit [42–45]. When 
there is densely adherent mucopurulent debris there remains 
controversy regarding the value of serial re-exploration and 
peritoneal or organ surface debridement to reduce bacterial 
bioburden. Animal models of uncontrolled peritonitis have 
suggested that a strategy of serial planned laparostomies 
with NPWT may reduce serum IL-6 titers and improved 
survival compared to primary fascial closure with indwell-
ing intra-peritoneal drainage and on-demand relaparotomy 
[25, 26]; an international prospective open-label block-
randomized control trial is currently underway to test these 
approaches in the critically ill [46].

When visceral edema, packing for hemorrhage control, 
or disrupted intestinal continuity is encountered during a 
source control procedure, an open abdominal approach is 
essential and helps reduce the incidence of intra-andominal 
hypertension and the abdominal compartment syndrome 
(ACS). Nonetheless, some of these patients will be unable 
to achieve primary fascial closure even with approaches that 
include limited crystalloid fluids, hypertonic saline infusion, 
and rapid restoration of intestinal continuity [47]. Such 
patients develop a visceral block of fused hollow organs 
that are also adherent to the posterior aspect of the anterior 
abdominal wall; a variety of approaches have been articu-
lated to achieve temporary or more durable closure [24]. 
Others who are able to be closed will suffer anastomotic 
leak, and others will develop an ACS leading to urgent or 
emergent relaparotomy and conversion to open abdomen 
management. Events such as those detailed above set the 
stage for progression to tertiary peritonitis, especially when 
there is concomitant organ injury or failure.

Fig. 2  Frozen open abdomen in tertiary peritonitis, with multiple 
enteroatmospheric fistulae, demonstrating a patient without options 
for definitive source control. Clinical image courtesy of Dr. Kaplan. 
Patient permission obtained for photograph
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Organ failure in tertiary peritonitis

The influence of inadequately controlled, recurrent or per-
sistent intraperitoneal infection on organ failure has been 
well described. Sepsis related organ failure impacts all organ 
systems with approximately 50% of all acute kidney injury 
in the critically ill being ascribed as a sequela of infection 
[48]. Both accelerated morbidity and mortality are attributed 
to non-resolving organ dysfunction in the setting of sepsis 
and septic shock [49–54]. However, the specific mechanisms 
by which organ failure management hinders or enables host 
defense are less clearly defined and outcomes may be sub-
stantially driven by patient phenotype as opposed to specific 
intervention [11]. Nonetheless, common organ support inter-
ventions exert influences on host defense with which the 
clinician should be conversant to help guide care and patient 
and family or surrogate discussions.

The majority of therapeutic interventions rely on devices 
that compromise host integument integrity, and as such, 
generally challenge host defense. Percutaneously placed 
catheters as well as those that cross otherwise sterile 
divides—such as the larynx—typify access devices that 
increase infection risk. Indeed, invasive mechanical ven-
tilation engenders ventilator associated event and well as 
ventilator-associated pneumonia risks, both of which may 
prolong ICU length of stay, and increase mortality [55–58]. 
In particular, those with the Acute Respiratory Distress 
Syndrome (ARDS), or those at risk of ARDS, may have 
some of their outcome related to their inflammatory profile 
with worse outcomes linked to a hyperinflammatory state 
[10]. Those with ARDS often also demonstrate AKI, many 
of whom require renal support. Patients with septic shock 
who undergo continuous renal support may demonstrate a 
rapid improvement in both hemodynamics and outcome—
observations believed to be in part related to inflammatory 
mediator clearance in device effluent that have been col-
loquially termed “blood purification in sepsis” [6]. Specifi-
cally, improvements in antigen-presenting capability, leu-
kocyte trafficking and responsiveness, as well as oxidative 
burst and phagocytosis, may be identified in some septic 
patients while receiving continuous renal support [59, 60]. 
Patient selection for this intervention remains unclear but 
may be ultimately informed by subphenotype identification 
as noted above for those with ARDS. Both invasive mechan-
ical ventilation and continuous renal support techniques are 
common in those with septic shock as well as those with 
tertiary peritonitis. As such, they represents bedside proce-
dures that often involve sedation and analgesia that is titrated 
to patient-centered goals by the ICU team. However, some 
such patients require episodic care in the Operating Room 
requiring that the entire team anticipates their unique needs.

Specific anesthesia considerations in tertiary 
peritonitis

Tertiary peritonitis presents unique challenges to the anesthe-
siologist for a host of reasons that impact OR management. 
These include but are not limited to: complex pre-operative 
evaluation, challenges in obtaining informed consent, deter-
mining the optimal location for exploration with the surgical 
team, as well as the intra-operative management of a patient 
with systemic inflammation, sepsis, or non-resolving mul-
tiple organ dysfunction. Post-operative concerns include 
anticipating postoperative care needs—including those dur-
ing intra-facility transport—that may encompass invasive 
monitoring, hemodynamic support, as well as mechanical 
ventilation (not hand ventilation). Accordingly, the anesthetic 
care for patients with tertiary peritonitis may be conveniently 
grouped into three major phases (Fig. 3).

Pre‑operative evaluation and decision‑making

When tertiary peritonitis is complicated by a surgical emer-
gency, there is often limited time for the anesthesia team to 
conduct a thorough pre-operative assessment. A focused his-
tory and physical is warranted, with attention to the patient’s 
cardiopulmonary stability (e.g., heart rate and rhythm, blood 
pressure and vasoactive infusions, acute respiratory distress 
or failure), key laboratory studies (e.g., pH,  pCO2, lactate, 
serum potassium, creatinine, hemoglobin), airway access his-
tory, and vascular access. These data will facilitate develop-
ing an anesthetic plan that preserves cardiopulmonary stabil-
ity to the greatest extent possible, and will aid the anesthesia 
team to rapidly address unanticipated deterioration in the OR. 
The clinical data will also help the anesthesiologist, in part-
nership with the surgeon, decide whether the patient’s case 
should be conducted in the operating room or at the bedside 
in the ICU. Finally, when possible and in concordance with 
institutional policies, informed consent for anesthesia care 
should be obtained. Often, the patient with tertiary perito-
nitis cannot provide informed consent due to critical illness 
or therapeutic agent infusion. Therefore a consent discus-
sion with the patient’s health care proxy decision-maker is 
essential. Such a conversation should stress the high risk but 
necessary nature of the surgical procedure as well as a discus-
sion of the potential risks of anesthetic care.

Intra‑operative management

Vascular access is critical to the intra-operative management 
of the patient with tertiary peritonitis. Ideally, this access 
is in place prior to surgery, but additional access may need 
to be obtained. Central line placement may be necessary if 
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vasopressor use is expected (depending on dose and insti-
tutional policy), but sterile line placement could present an 
unacceptable delay to the start of surgery for the patient 
with septic shock. Often, anesthesiologists “make do” with 
the vascular access present on arrival to the operating room. 
Indeed, there is a growing body of evidence that low to mid-
dose vasopressors may be safely delivered via secure periph-
eral access. Similarly, arterial line blood pressure monitoring 
offers moment-to-moment titration data, but there may be 
insufficient time to place such a line prior to the start of 
surgery. Consideration for placement during the operative 
procedure should be undertaken.

General anesthesia with chemical neuromuscular block-
ade is likely the best approach to manage the patient with 
tertiary peritonitis. If the patient is endotracheally intubated 
prior to surgery, anesthesia can be induced with inhaled 
anesthetics. There are specific considerations that should 
influence induction agent selection, particularly in the setting 
of concomitant established or evolving organ failure. There 
is some evidence that agents such as etomidate, a potent 
suppressant of adrenal steroidogenesis, effectively induces 
reversible pharmacological adrenalectomy, that may lead 
to hemodynamic collapse and further complicate complex 
management [61–63]. Additionally, based upon immobil-
ity and potential muscle breakdown as well as the common 
presence of some degree of AKI, depolarizing neuromuscu-
lar blocking agents such as succinylcholine that may induce 
hyperkalemia are best avoided in favor of non-depolarizing 
agents. Finally, neuromuscular blocking agents that require 
hepatic metabolism should be supplanted by cis-atracurium 
that instead undergoes plasma metabolism. Hepatically 

cleared agents may demonstrate prolonged neuromuscular 
blockade due to delayed clearance.

If the patient requires intubation before surgery, the 
anesthesia team should be prepared for the patient to expe-
rience an acute decrease in cardiac output, and therefore 
blood pressure, upon the induction of general anesthesia. 
This fall in cardiac output can be attributed to diminished 
preload due to induction agent associated vasodilation and 
may be exacerbated by sepsis-driven precapillary arteriolar 
sphincter relaxation. Planned plasma volume expansion, or 
pre-emptively administering vasopressor agents (e.g., phe-
nylephrine, ephedrine, epinephrine) are successful strategies 
to avoid induction agent associated hypotension, which in 
severe cases, can lead to cardiac arrest. Once general anes-
thesia is induced, vigilance is needed to monitor for changes 
in cardiac output related to vasodilation, fluid losses, and 
surgical manipulation. This monitoring is similar to that for 
any laparotomy, but patients with tertiary peritonitis have 
less physiologic reserve due to hypercatabolism, inflamma-
tion, and concomitant non-resolving organ dysfunction lead-
ing to an accelerated risk for cardiovascular instability. As 
with all complex intra-operative care, frequent communica-
tion between the anesthesia and surgical teams is essential 
to ensure as ideal a patient outcome as possible.

If the patient’s surgery occurs in the intensive care unit, 
monitoring and providing sedative agents will usually be 
directed by the intensive care unit team. It is important to 
designate at least one staff member (often a critical care 
nurse) to monitor and document the patient’s vital signs 
frequently (e.g., every 2–5 min). Continuous 2-lead elec-
trocardiogram monitoring and pulse oximetry are required 

Fig. 3  Triphasic approach to 
anesthesia considerations in 
tertiary peritonitis. 1 Focused 
evalution of cardiopulmonary 
stability, airway access history, 
and vascular access. 2 Planned 
plasma volume expansion, or 
pre-emptive administration 
of vasopressor agents, agile 
and vigilant cardiovascular 
monitoring and intervention. 3 
Structured hand-offs so that all 
team members are present at the 
same time has been evaluated 
and serves as a best practice 
to ensure information fidelity. 
(HATRICC Trial) [65, 66]
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monitors for bedside laparotomy, as is continuous blood 
pressure measurement with an arterial line. Coordination 
with OR scrub or circulator staff may be required if the ICU 
team cannot serve in these roles. Sites where bedside re-
exploration is common often train staff to serve in those 
capacities. The decision for bedside re-exploration may be 
driven by the concomitant need for advanced ventilation 
techniques that augment transport risks [64].

Postoperative care—transitioning back to the ICU

Most patients with tertiary peritonitis will benefit from ICU 
management after surgery given their needs for hemody-
namic monitoring or support, as well as concomitant organ 
failure management. It is important that the anesthesia care 
team communicate with the post-operative care team about 
intra-operative events including but not limited to the sta-
tus of new or pre-existing devices, airway or pulmonary 
concerns, and interventions to address cardiovascular per-
formance or stability. Such hand-offs between care teams 
are critical for active management, especially in complex 
patients. Structuring hand-offs so that all team members are 
present at the same time has been evaluated and serves as a 
best practice to ensure information fidelity [65, 66].

One of the more challenging aspects of care is the man-
agement of therapeutic medications in terms of appropri-
ate therapeutic agent dosing and surveillance for untoward 
medication interactions.

Clinical pharmacy considerations

Appropriate antimicrobials should be administered without 
delay in patients with suspected tertiary peritonitis [7, 67, 
68]. The selection of optimal antimicrobial regimens will 
consider the infective organism, pharmacokinetic changes 
in the critically ill, and potential adverse effects of the anti-
microbial as well as data derived from the local antibiogram. 
Furthermore, antimicrobial stewardship is imperative to mit-
igate the potential sequalae of prolonged broad-spectrum 
regimens, namely the development of multidrug-resistant 
organisms (MDRO) as well as superinfection with organisms 
such as Clostridium difficile or fungi.

Physiologic aberrations occur in the critically ill and 
injured patient throughout their illness resulting in phar-
macokinetic and pharmacodynamic variability. Underlying 
chronic illnesses as well as acute or non-resolving organ 
dysfunction managed using extracorporeal support tech-
niques will influence the relationship between therapeutic 
agent dose and the intended response. Therefore, empiric 
dose selection as well as subsequent dose management may 
be challenging [69–71]. Furthermore, dosing recommen-
dations in critically ill patients are frequently extrapolated 

from studies in healthy volunteers and other non-critically 
ill patient populations. As such, these extrapolations may 
lead to unintended toxicities or therapeutic failures resulting 
from alterations in bioavailability, volume of distribution, 
and clearance (Fig. 4).

Many antimicrobials used to treat tertiary peritonitis are 
hydrophilic molecules (e.g., beta-lactams, aminoglycosides, 
vancomycin) making them susceptible to significant phar-
macokinetic alterations during the course of critical illness 
[69–71]. For example, large volume resuscitation, capillary 
leak syndrome, enhanced hepatic metabolism, augmented 
renal clearance, and extracorporeal support may all lead to 
suboptimal serum concentrations when standard dosing regi-
mens are employed. Importantly, diminished hepatic blood 
flow, decreased protein concentration, and acute kidney 
injury will each increase the risk of toxicities unless stand-
ard doses are adjusted. Additionally, since gastrointestinal 
absorption can be appreciably compromised in the critically 
ill, the intravenous route of drug administration is often pre-
ferred to ensure rapid onset of action and complete antimi-
crobial bioavailability. Given these and other uncertainties 
that may impact the therapeutic effect of antimicrobials, 
therapeutic drug monitoring can be used to ensure adequate 
therapeutic targets while monitoring for potential toxicities 
[72, 73]. Therapeutic drug monitoring is only widely avail-
able for aminoglycosides and vancomycin, and is only selec-
tively available for beta-lactam antimicrobials.

Pathogens associated with tertiary peritonitis include 
gram-negative aerobes (e.g., Pseudomonas, Enterobacter, 
Acinetobacter), enteric anaerobes, gram-positive bacteria 
(e.g., coagulase-negative Staphylococcus species, methicil-
lin-resistant I, and I), and Candida species (Fig. 5) [7, 68, 
74]. When acute infection is suspected, empiric therapy must 
therefore be broad with subsequent tailoring based upon cul-
ture and sensitivity profiling. However, the open peritoneal 
space cannot be sterilized and colonization is expected, often 
including MDRO. Bacterial antimicrobial resistance is com-
mon and of particular concern in patients that have been 
acutely hospitalized for greater than 48 h (especially in an 
ICU), recently completed a course of therapeutic antibiotics, 
or have completed an inpatient acute care stay or received 
home wound care or dialysis within the preceding 90 days 
[68]. Gram-negative bacilli that demonstrate inducible or 
constitutive extended spectrum beta-lactamase activity, or 
carbapenemase activity (i.e., carbapenem-resistant Entero-
bacteriaceae) present management challenges in patients 
with tertiary peritonitis, especially when there is infection 
remote from the peritoneal space such as bacteremia, cathe-
ter-related infection, cystitis, or pneumonia [75, 76].

The optimal duration of antimicrobial therapy for ter-
tiary peritonitis in the critically ill remains elusive. Ter-
tiary peritonitis is different from secondary peritonitis in 
that the former represents a failure of host defense while the 
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latter provides an opportunity to pursue source control. For 
patients with adequate source control the Surgical Infection 
Society and the Infectious Diseases Society of America rec-
ommend limiting antimicrobial therapy to 4–7 days [7, 68]. 
Short course (4 days) antimicrobial therapy is appropriate 
in non-critically ill patients with intraabdominal infections 
and adequate source control [77]. A more prolonged, 7-days 
course may be reserved for critically ill patients, as well as 
those in whom source control is problematic [76]. Interest-
ingly patients with bacteremia or the need for percutaneous 
drainage had higher failure rates when randomized to an 
8-days treatment course compared to 15 days, suggesting 

that some patient characteristics—principally difficult source 
control—may warrant an extended course of therapy [76].

Procalcitonin may be useful in some settings to help 
reduce the duration of antimicrobial exposure and an algo-
rithm for its use has been articulated [78]. However, its use 
in tertiary peritonitis is limited by falsely low concentra-
tions in the setting of fungal infection, abscess formation, or 
recurrent infection [79]. Most importantly, no antimicrobial 
therapy is required for colonization of the open abdomen 
in patients with tertiary peritonitis; directed therapy is, on 
the other hand, essential for remote infection and should 
be limited to those specific conditions. Those with tertiary 

Fig. 4  Pharmacologic dosing 
recommendations in critically ill 
patients, extrapolated from stud-
ies in healthy volunteers and 
other non-critically ill patient 
populations, may lead to unin-
tended toxicities or therapeutic 
failures resulting from altera-
tions in bioavailability, volume 
of distribution, and clearance. 
Diminished enterohepatic blood 
flow, decreased protein concen-
tration, and acute kidney injury 
will each increase the risk of 
toxicities unless standard doses 
are adjusted. Additionally, since 
gastrointestinal absorption can 
be appreciably compromised in 
the critically ill, the intravenous 
route of drug administration is 
often preferred to ensure rapid 
onset of action and complete 
antimicrobial bioavailability
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peritonitis generally demonstrate a hypercatabolism driven 
inflammatory profile marked by a high C-reactive protein 
concentration that may render using standard markers of 
nutritional adequacy difficult to apply. Therefore, the team 
should elaborate a comprehensive nutritional plan to address 
the unique elements of the patient with tertiary peritonitis 
[80].

It is important to recognize variations in team member-
ship that occur in different world regions. While some coun-
tries, such as the US, is often well resourced in terms of 
Clinical Pharmacists (PharmD’s) who round with and are 
integrated into the critical care team, this may not be the case 
in other geographies. In the absence of an integrated team 
clinical pharmacist, dialog with the hospital Pharmacy is 
prudent for complex care. For instance, in high dependency 
units in many countries, the Clinical Pharmacist evaluates 
orders and interrogates the medication administration profile 
for untoward interactions and opportunities for pharmacoki-
netic or pharmacodynamic assessment. Their findings may 
be communicated to the team asynchronous with bedside 
rounds representing an opportunity for specific queries to be 
made of the Pharmacy staff if unanticipated care demands 
rapidly evolve. Regardless of the locations where medica-
tion safety and interaction are assessed, Pharmacists serve a 
dynamics role in securing safe and effective care.

Nutrition for recovery

Nutrition therapy is an important aspect of care in the patient 
with tertiary peritonitis (TP). TP patients may frequently 
be classified as having chronic critical illness (CCI) due to 
late or recurrent intra-abdominal infection, prolonged sys-
temic inflammation, and non-resolving organ dysfunction. 
CCI, identified as a distinct syndrome in 2012, is defined by 
ICU length of stay greater than 14 days, recurrent infection, 
and persistent organ dysfunction [81]. It is apparent that the 
critical care team must recognize and respond to changes in 
the catabolic state of the patient that are both time as well 
as diagnosis related throughout the timeline of a patient’s 
ICU care.

Nutrition evidence-base ICU guidelines [80, 82] recom-
mend early nutrition progressively implemented within 48 h 
of admission, and advancing to goal as the patient reaches 
the end of the early phase of critical illness (Fig. 6). While 
this approach is appropriate for the critically ill with a pro-
jected rapidly resolving course, it is less ideal for those with 
TP. In those with CCI, a group that includes patients with 
TP, malnutrition with accelerated lean body mass loss is not 
abrogated using a standard approach [83]. Despite a paucity 
of evidence, the current recommendation for CCI patients 
support luminal nutritional using a high-protein formulation 

Fig. 5  Pathogens associated with tertiary peritonitis include Gram-
negative aerobes (e.g., Pseudomonas, Enterobacter, Acinetobacter), 
enteric anaerobes, Gram-positive bacteria (e.g., coagulase-negative 
species, methicillin-resistant Staphylococcus aureus, and Entero-
coccus), and Candida species. Bacterial antimicrobial resistance is 

common and of particular concern in patients that have been acutely 
hospitalized for greater than 48  h (especially in an ICU), recently 
completed a course of therapeutic antibiotics, or completed an inpa-
tient acute care stay or received home wound care or dialysis within 
the preceding 90 days
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and, if feasible, a progressive resistance-based exercise pro-
gram [80]. Protein administration at greater than 2 g/kg bw 
per day is typical for this patient population to address both 
hypercatabolism and external protein loss across the open 
peritoneal space.

Several studies have attempted to define an “average” 
protein loss across the open abdomen to inform the nutri-
tional prescription. Such studies have been hampered by 
heterogeneity in patient type, disease process, plasma vol-
ume, and timing. Estimated include 3.5 g  N2/24 h in those 
with emergency general surgery or injury [84] up to 2.9 g 
protein/dl of effluent [85]. More recent estimates suggest 
1.5 g protein/dl of effluent [80]. Regardless of the estimate 
used, it is essential to recall that all measures of protein 
catabolism (i.e., UUN, indirect calorimetry) or nutritional 

adequacy (i.e., prealbumin controlled for C-reactive protein) 
will not account for accelerated external losses across the 
open peritoneal space.

A structured nutritional support approach may be 
informed by data obtained in related populations such as 
those with thermal injury or malignancy-related cachexia 
as persistent inflammation, lean body mass catabolism, and 
anabolic resistance are characteristic. Those specific settings 
have delineated hormonal changes during critical illness and 
may guide adjunctive therapies that address elevated endog-
enous catecholamine concentration, as well as hormonal 
milieu modulation. Adjunctive therapy with specific sup-
plements may work synergistically with standard nutritional 
prescriptions and are ideally targeted to specific physiologic 
abnormalities and to achieve trackable outcomes.

Fig. 6  Failure or inability to 
utilize enteral nutrition, in 
combination with inflammation 
and interstitial edema, results 
in bacterial translocation. Pro-
longed fasting also depletes the 
luminal secretions containing 
brush-border enzymes that are 
necessary for efficient absorp-
tion of nutrients
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To mitigate lean body mass catabolism after thermal 
injury, burn care programs treat patient with accelerated 
protein intake combined with an early exercise program. In 
the chronic phase of burn recovery, however, anabolic inter-
ventions, including oxandrolone and propranolol, appear 
helpful [86–88]. This combination leverages what is known 
about hormonal changes over the course of critical illness, 
especially those related to anterior pituitary. Acutely, growth 
hormone (GH), thyrotrophin (TSH), and corticotrophin 
(ACTH) secretory activity is amplified, whereas active thy-
roid hormone and insulin-like growth factor-1 (IGF-1) levels 
are suppressed. Therefore, early use of anabolic agonists 
during burn patient care such as oxandrolone are likely to 
be ineffective during a period of elevated GH concentration. 
This findings may be patient population specific, as those 
with CCI demonstrate suppressed pulsatile secretion of GH, 
TSH, and ACTH which results in low circulating levels of 
IGF-1, IGF binding protein-3, and thyroid hormones [89]. 
Suppressed pulsatile hormone secretions may be partially 
responsible for the chronic fatigue and muscle weakness 
of CCI [90]. Since CCI is commonly linked with sepsis, 
extrapolation from septic patient intervention data seems 
reasonable. Only quite old data that suggests increased mor-
tality with GH supplementation as a means to overcome sup-
pressed pulsatility is available [91]. Therefore, there is no 
current recommendation to use hormonal agonists in those 
with CCI, including patients with TP.

The catabolic state associated with malignancy-driven 
cachexia is similar to that in sepsis associated CCI and is 
commonly linked with a persistent expansion of myeloid-
derived suppressor cells that secrete arginase-1 [92]. Argi-
nine deficiency-induced T-lymphocyte dysfunction impairs 
cell-mediated immunity due to T-cell functional suppression 
and is associated with an increased risk of infection. In addi-
tion, arginine is synergistic with the branch-chained amino 
acid (BCAA) leucine, in that they both stimulate anabolism 
via the mammalian target of rapamycin (mTOR) signaling 
pathway. Unfortunately, mTOR is downregulated during 
acute sepsis or septic shock. However, it is possible that 
supplemental arginine, leucine, and potentially β-hydroxy 
β-methylbutryate (HMB, a leucine metabolite) may support 
anabolism, lean body mass, strength and endurance albeit at 
a reduced rate compared to health [93]. Milieu modification 
has been demonstrated with other supplements including 
omega-3-fatty acids (FA).

Omega-3 FAs augment adaptive immune responses and 
decrease inflammatory biomarkers in cancer patients [94]. 
Specialized pro-resolving mediators (SPMs) derived from 
omega-3 FAs offer a mechanism that underpins their benefit 
in a variety of disease states. SPMs play a key role in damp-
ening the inflammatory response without inducing concomi-
tant immunosuppression. Moreover, they promote tissue 
regeneration and potentially limit organ injury by impeding 

inflammation-associated fibrosis [95, 96]. Such effects could 
reasonably help improve CCI patient trajectories, by sup-
porting recovery while reducing systemic inflammation.

Other supplements such as vitamin D seem devoid of sim-
ilar benefit in the critically ill, and are therefore not routinely 
recommended for those with CCI or TP to improve mortality 
[97]. However, when vitamin D was given in conjunction 
with a high-protein, BCAA-containing oral supplement to 
deficient older adults, lean body mass was maintained with 
improved walking performance [98, 99]. In combination, 
providing supplemental enteral arginine, omega-3 FAs, 
HMB, and vitamin D as part of a multifaceted nutritional 
prescription seems reasonable and safe in the critically ill 
to improve performance indicators other than mortality [80, 
82]. To a similar end, routine supplementation with vitamin 
C is essential to support collagen cross-linking as new tissue 
is elaborated—especially since the intake of citrus fruit is 
rather limited in those being nourished using luminal nutri-
tional support. Vitamin C concentrations vary by specific 
formula and may provide much less than 1g over a 24 h 
course even when the nutritional prescription achieves the 
protein and non-protein or total calorie goals for a given 
patient.

Since the majority of patients with TP have had limited 
oral intake, these patients should be assumed to have absent 
luminal briush border enzyme systems to process complex 
nutrients. Therefore, initial luminal nutritional supplemen-
tation should leverage the direct absorption capabilities of 
an elemental formulation while the intenstinal luminal gly-
cocalyx is reestablished. Otherewise, diarrhea from malab-
sorption is a common consequence that may also derange 
fluid and electrolyte homeostasis in a preventable fashion. 
Similar to clinical pharmacy integration, not all centers have 
integrated registered dietitians as part of the rounding team, 
but routine consultation for patients starting on new luminal 
or intravenous nutritional support offers opportunities for 
nutrition prescription refinement, and impact assessment on 
lean body mass, nitrogen balance, and organ function.

An integrated multidisciplinary approach 
to care

Finally, no comprehensive plan for care of the patient with 
tertiary peritonitis would be complete without evaluating 
subsequent care. In the improving patient, early physical 
therapy and rehabilitation are essential to mitigate ICU 
weakness, loss of skeletal muscle mass, deconditioning, 
as well as the cognitive impariement that characterizes the 
post-intensive care syndrome (PICS). Post-ICU clinics are 
increasingly common to address this vulnerable patient pop-
ulation, identify those in need of focused rehabilitation, and 
to enroll them in peer support groups [100]. These elements 



822 G. A. Bass et al.

1 3

are critically important especially in those transferred to a 
tertiary or quaternary center and then repatriated to their 
home community. Uncompensated caregivers are often left 
addressing ongoing care and may not be underpinned by 
adequate resources [101]. While we have identified sequelae 
of critical illness in patients and family members, we are 
now intensively exploring the impact of prolonged critical 
care in ICU professionals as well. Burnout syndrome has 
been brought to the fore by COVID-19 in the wake of a 2016 
call to action that highlighted this syndrome in critical care 
clinicians [102, 103]. While we diligently work to rescue 
the critically ill, we must also ensure that we do not fail to 
rescue those invested in caring for such patients regardless 
of their duration in the ICU [104].

While not all patients will survive their complex ICU or 
hospital stay, mortality prognostication may be challenging 
to aid family or surrogate decision-making. On the other 
hand, predicting care interventions that may be required to 
pursue a survival course are more straightforward. Sharing 
such information with the patient (if they are able) and the 
family or surrogate defines a change in life circumstance that 
may be difficult to place into perspective or digest. In these 
circumstances, palliative care medicine (PCM) consultation 
is invaluable. Additionally, having a clinician who is not 
involved in daily care decision-making may provide comfort 
for faily members or surrogates, especially in those whose 
care does not follow a standard pathway. PCM consultation 
does not diminish the importance of providindg primary pal-
liation that is the purview of every intensivist, but instead 
provides continuity for symptom management and goals of 
care discussions that are both complex and time consum-
ing. For those with an untoward trajectory, having an ally 
in prioritizing life quality over life quantity is particularly 
important. Patients with CCI or TP represent patients whose 
ICU length of stay is long, challenging, and fraught with a 
variety of challenges. However, having an internally consist-
ent integrated approach to the problematic elements of care 
helps ensure critical care success, or recognize when care is 
unlikely to achieve the patients goals and a transition toward 
alternate care goals is most appropriate.

Conclusions

Tertiary peritonitis represents a unique challenge to the 
surgeon, intensivist, and ICU multiprofessional team. This 
bioaltered host, often in multiorgan failure, represents a sub-
set of patient where failed source-control transitions into 
chronic critical illness. Targeted nutritional and pharmaco-
logic interventions, antimicrobial stewardship, a thoughtful 
anesthesia and sedation strategy, and goal-directed repair of 
organ failures will support patient recovery. Early, planned 

palliative care medicine consultation is a key element in sup-
porting patient and family-centered care while identifying 
and delivering goal concordant care.
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