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Abstract

As early as the 1990’s, chronic critical illness (CCI), a distinct syndrome of persistent high-acuity 

illness requiring management in the intensive care unit (ICU), was reported under a variety of 

descriptive terms including the “neuropathy of critical illness,” “myopathy of critical illness,” 

“ICU acquired weakness,” and most recently “post intensive care unit syndrome”. The widespread 

implementation of targeted shock resuscitation, improved organ support modalities, and evidence-

based protocolized ICU care has resulted in significantly decreased in-hospital mortality within 

surgical ICUs (SICU), specifically by reducing early multiple organ failure (MOF) deaths. 

However, a new phenotype of MOF has now emerged with persistent, but manageable organ 

dysfunction, high resource utilization, and discharge to prolonged care facilities. This new MOF 

phenotype is now clinically associated with the rapidly increasing incidence of CCI in critically ill 

surgery patients. While the underlying pathophysiology driving CCI remains incompletely 

described, the Persistent, Inflammation, Immunosuppression and Catabolism syndrome (PICS) has 

been proposed as a mechanistic framework in which to explain the increased incidence of CCI in 

SICUs. The purpose of this review is to provide a historic perspective of the epidemiologic 
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evolution of MOF into PICS, describe the mechanism of PICS that drive and sustain CCI, and 

review the long-term outcomes of surgical patients who develop CCI.
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Introduction

As early as the 1990’s, chronic critical illness (CCI), a distinct syndrome of persistent, high-

acuity illness requiring management in the intensive care unit (ICU), was reported under a 

variety of descriptive terms, including the “neuropathy of critical illness,” “myopathy of 

critical illness,” “ICU-acquired weakness,” and most recently “post intensive care unit 

syndrome”. The widespread implementation of targeted shock resuscitation, improved organ 

support modalities, and evidence-basedprotocolized ICU care has resulted in substantially 

decreased in-hospital mortality within surgical ICUs (SICU), specifically by decreasing 

deaths from early multiple organ failure (MOF). Within this setting, a new phenotype of 

MOF has now emerged with persistent, but manageable organ dysfunction, high resource 

utilization, and discharge to prolonged care facilities. This new MOF phenotype is now 

clinically associated with the rapidly increasing incidence of CCI in critically ill surgery 

patients. While the underlying pathophysiology driving CCI remains incompletely 

described, the Persistent, Inflammation, Immunosuppression and Catabolism syndrome 

(PICS) has been proposed as a mechanistic framework in which to explain the increased 

incidence of CCI in SICUs. The purpose of this review is to provide a historic perspective of 

the epidemiologic evolution of MOF into PICS, describe the mechanism(s) of PICS that 

drives and sustains CCI, and review the long-term outcomes of surgical patients who 

develop CCI.

Evolving Epidemiology of MOF into the Persistent Inflammation, 

Immunosuppression and Catabolism Syndrome (PICS)

The advent of ICUs in the early 1970s facilitated survival of patients with single organ 

failure; concurrently, MOF emerged as a highly lethal syndrome (with mortality greater than 

80%). Since then, MOF has plagued ICUs for over four decades, and its epidemiology has 

evolved as advances in critical care have allowed patients to survive previously lethal insults. 

Over the years, different predominant clinical presentations of MOF have come and gone, all 

having consumed tremendous health care resources with associated prolonged ICU stays and 

prohibitive mortality.(1)

Early case series from the United States (US) concluded that MOF occurred as the result of 

uncontrolled sepsis (principally intra-abdominal infections), and research efforts were 

effectively focused on curbing this condition. In the mid-1980s, European studies reported 

MOF frequently after blunt trauma with no identifiable site of infection.(2) Investigators 

then recognized that both infectious and noninfectious insults could induce a similar, 
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overwhelming, destructive systemic inflammatory response syndrome (SIRS). Research thus 

shifted to determining the underlying mechanisms of this phenomenon (e.g. bacterial 

translocation, ‘cytokine storm’, ischemia-reperfusion, etc.). Simultaneously through the 

early 1990s, tremendous advances in trauma care substantially decreased early deaths from 

bleeding, but resulted in an increase either in the recognition or the incidence of the 

abdominal compartment syndrome that emerged in ICUs worldwide.

While clinical interest focused on understanding abdominal compartment syndrome as a 

consequence of a prioritization of aggressive volume resuscitation with the goal to restore 

end organ perfusion and prevent the progression to early MOF and death, epidemiologic 

studies revealed that MOF was subsequently evolving into a bimodal phenomenon with 

decreasing early and increasing late mortality.(3–7) Early MOF occurred after either an 

initial severe insult (one-hit model) or sequential amplifying insults (two-hit model), 

whereas late MOF was precipitated by secondary nosocomial infections.(3) The 

compensatory anti-inflammatory response syndrome (CARS) was proposed to follow SIRS 

and seemed to explain this increased susceptibility to infection and bimodal distribution of 

MOF.(8) SIRS-induced early MOF was thought to occur because of exaggerated innate 

immune and inflammatory response, whereas CARS was viewed as progressive depression 

in adaptive immunity, resulting in secondary infections.

By the late 1990s, fundamental changes in the initial care of patients arriving with severe 

bleeding were implemented widely, including the use of ultrasonography and the FAST 

exam, massive transfusion protocols, avoidance of excessive crystalloids, and abandonment 

of pulmonary artery catheter-directed resuscitation. Subsequently, the incidence of 

abdominal compartment syndrome decreased.(9) Concordantly, evidence-based medicine 

became a health care mandate as well as a major driver for improved ICU care. As a result 

of these initiatives, there has been another striking change in the epidemiology of MOF. 

Early in-hospital mortality decreased substantially, and the incidence of late-onset MOF-

related deaths has largely disappeared.(7)

A substantial portion of high-acuity patients with MOF, however, survive after prolonged 

ICU stays and progress into a chronic critical illness characterized by “persistent 

inflammation, immunosuppression and catabolism” (Figure 1).(5) Contrary to the bimodal 

paradigm, inflammation co-occurs with immunosuppression and anti-inflammation 

following major acute events, such as severe trauma, burns, pancreatitis, and sepsis.(10–12) 

For some patients, an initial overly robust and dysfunctional inflammatory response leads to 

a trajectory of early MOF and fulminant death. Fortunately, advances in modern ICU care 

and modalities of organ support allow medical practitioners to detect and prevent the 

trajectory of this previously fatal expression. If patients do not succumb to early MOF, they 

follow one of two pathways: (A) the patient is rapidly restored to immunologic homeostasis; 

or (B) immunologic dysfunction persists and leads to chronic critical illness (CCI), 

characterized by persistent organ dysfunction requiring ICU resources for >14 days.(11, 13, 

14)

An important subset of these CCI patients progress to PICS, experiencing ongoing 

immunosuppression (e.g. lymphopenia) and inflammation (e.g. neutrophilia) that is 
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associated with a persistent acute phase response (e.g. high C-reactive protein (CRP) and 

low pre-albumin levels) with ongoing protein catabolism (Figure 1).(5, 11, 12) Clinically, 

PICS patients suffer from recurrent nosocomial infections and poor wound healing, as well 

as frequently developing decubitus ulcers. Despite aggressive nutritional intervention, there 

is a consistent loss of lean body mass and a proportional decrease in functional status and 

poor wound healing. They are commonly discharged to long-term acute care facilities 

(LTACs) where they often face sepsis recidivism requiring re-hospitalization, failure to 

rehabilitate, and progress to suffer an indolent death (Figure 1).(11, 15)

In summary, improvements in shock resuscitation and critical care support over the past 20 

years have led to an evolution in the phenotype of post-shock MOF from one of early 

fulminant death to one of chronic, but sustainable, organ dysfunctions. This change in MOF 

phenotype can now be defined clinically as CCI, an ICU duration of >14 days, with ongoing 

organ dysfunction. CCI is driven by an underlying dysfunctional pathophysiology, including 

persistent inflammation, immunosuppression and catabolism (PICS).

Long-Term Outcomes of CCI and PICS

Inpatient mortality after CCI secondary to severe trauma or sepsis has markedly declined.

(12, 14, 16, 17) Unfortunately, the incidence of CCI continues to increase, and the long-term 

outcomes of critical illness survivors remain unclear. The majority of published descriptions 

of the clinical phenotype of patients who survive CCI come from patient cohorts with 

primary pulmonary failure and the Acute Respiratory Distress Syndrome (ARDS). These 

studies, appropriately utilizing general descriptive terms such as “Post-Intensive Care 

Syndrome,” “neuropathy of critical illness”, and “ICU-acquired weakness,” describe a 

substantial burden and persistence of functional deficits after prolonged respiratory failure 

and ventilator-dependence.(18, 19)

PICS, as described in this article, endeavors to elucidate the clinical phenotype and 

characterize the underlying pathophysiology driving CCI morbidities. We offer an 

operational definition of resource utilization and persistent organ injury, as well as a 

conceptual framework for the underlying pathophysiologic mechanisms that drive the 

persistent immunologic dysfunction, lack of organ recovery, and functional deficit. All of 

these factors contribute to poor long-term outcomes after severe pro-inflammatory insults, 

such as trauma, burns, or sepsis.(5, 13)

While it is well described that survivors of CCI are at increased risk of death after hospital 

discharge, the mechanisms driving this mortality risk remain unclear. It has been 

demonstrated that hospital discharge dispositions that provide high levels of functional 

support for extended periods of time (i.e. Skilled Nursing Facilities (SNF) and LTACs)) are 

associated with significantly reater long-term mortality rates after trauma or surgical sepsis.

(14, 20) As an example, overall patient mortality has decreased markedlyover the past 15 

years in conjunction with the application of evidence-based, standard operating protocols for 

the care of severely injured trauma patients at a cohort of Level 1 Trauma Centers in the 

United States.(17) Despite these apparent successes, a population-based, long-term 

outcomes analysis of trauma patients in the revealed that, while inpatient mortality after 
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severe trauma steadily decreased over a 13-year period to as low as 5 percent, subsequent 3-

year mortality was nearly 3-fold greater.(20) Additionally, advancing age and discharge to a 

SNF (as compared to discharge to home or a rehabilitation facility) were the strongest 

predictors of long-term mortality.(20) These findings likely reflect the reality of a changing 

patient phenotype, including people now living with comorbidities as well as the associated 

increasing age and frailty of patients that now survive severe injury. Finally, it should be 

noted some believe that changes in how health care payments are now provided, as well as 

alterations in how ICU patient data are reported, have contributed to creating the 

‘appearance’ of improved quality outcomes in ICU settings, but still driving ICU care to 

induce this new patient phenotype.

While post-trauma, long-term outcomes are poor, long-term outcomes associated with sepsis 

are dismal. In a combined analysis of two interventional randomized controlled trials after 

severe sepsis/septic shock, the initial 28-day mortality for this critically ill cohort was 

approximately 20%. At 6-months, mortality increased to nearly 35 percent.(21) Even more 

striking than the discrepancy between short and long-term mortality was the marked 

functional limitations and morbidity burden among sepsis survivors. Of sepsis survivors at 6-

months, nearly half reported substantial difficulties with mobility, poor quality of life, and 

inability to live independently.(21) Another more recent, prospective, longitudinal cohort 

study of 88 patients with severe sepsis/septic shock revealed that early (within the first 

week), inpatient mortality from refractory shock and MOF is now less than five percent. 

Despite this ostensible improvement, 40%of this population subsequently developed CCI 

and had inpatient discharge dispositions (i.e. LTAC, SNF) known to be associated with poor 

outcomes and a striking 6-month mortality of nearly 40% (Figure 2).(12) (11)

This phenomenon is witnessed in other surgical diseases as well. For example, severe burn 

patients have been demonstrated to have a much more profound and prolonged 

hypermetabolic and hyperinflammatory response for up to three years after their injury.(22) 

Similar to sepsis and trauma, burn survivors have a greater long-term mortality than matched 

controls, as well as increased mental illness.(23, 24) CCI has been demonstrated after severe 

acute pancreatitis as well. Yang et al determined that individuals with severe acute 

pancreatitis with prolonged durations of stay in the ICU had greater morbidity and rates of 

PICS, which was a risk factor for post-ICU mortality and poor quality of life in these 

patients.

In summary, critically ill patients with trauma and surgical sepsis are increasingly surviving 

shock and early MOF, but the burden of disease is being transformed into the development 

of CCI. Patients who develop CCI have high likelihood of discharge to long-term care 

facilities, poor functional outcomes, and high post-discharge mortality.

Mechanisms that Induce PICS

A vicious cycle of pathophysiologic alterations is engendered in many CCI patients. This 

concept is reflected and propagated by chronic low-grade inflammation, such asincreased 

serum concentrtions of interleukin-6 (IL-6); immunosuppression, such as lymphocyte 

dysfunction and decreasedantigen-presentation; and catabolism, including defects in 

Efron et al. Page 5

Surgery. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



carbohydrate, lipid, and protein metabolism. This spectrum of symptoms and findings is 

defined herein as the Persistent, Inflammation, Immunosuppression and Catabolism 

Syndrome o(PICS/(Figures 1 and 3).(5, 11, 16, 25) Organ injury, such as acute kidney injury 

and acute respiratory insufficiency/failure, contributes to the persistence of PICS and vice-

versa through propagation of persistent inflammation.(26) This syndrome also includes other 

organ systems not historically thought of as having systemic effects, such as muscle and 

intestine, but are now recognized to have significant impact on systemic inflammation and 

immune suppression.(26)

Most hematopoietic stem cells (HSCs) are relatively quiescent, participating in maintaining 

immune and hematologic homeostasis in the host. The upregulation of the HSC activity in 

response to stress, however, is an integral function of innate immunity.(27, 28) After injury 

or infection, host HSCs become active, entering the cell cycle as well as differentiating. This 

process, known as ‘emergency myelopoiesis,’ repopulates innate immune effector cells after 

host stressors stimulate boththe release of mature populations and the creation of bone 

marrow niches (27, 29). The increased and preferential generation of these myelopoietic 

cells occurs at the expense of lymphopoiesis and erythropoiesis (Figure 3).(27)

This emergency activation occurs through multiple, redundant pathways and mechanisms, 

including ligands, such as growth factors (e.g. G/GM-CSF, FltL) and cytokines (e.g. IL-1, 

IL-6 and IL-17), as well as through mesenchymal or immune cells.(5, 30, 31) This HSC 

response may result in the creation of immature myeloid populations including myeloid 

derived suppressor cells (MDSCs), which are a wide range of myeloid cells in various stages 

of differentiation (Figure 3).(27) Although the exact roles of MDSCs are still being elicited, 

they are believed to be part of a physiologic response to sepsis and trauma in order to help 

decreaseinflammation through immunosuppression, while not eliminating all protective 

innate immunity, such as the toxicity that can occur due to excessive T-cell proliferation and 

cytokine production.(27, 32, 33) It is clear, however, that their chronic persistence is 

associated with poor outcomes in sepsis patients,(16, 25) as demonstrated by Mathias et 

al(34) and Uhel et al.(35)

CCI is associated with several stimuli and mechanisms. In CCI, there is a persistent presence 

of damage-associated molecular pattern (DAMP) and/or pathogen-associated molecular 

pattern (PAMP) molecules.(33) This is physiologic in the acute phase of an insult, as the 

host is programmed to recognize specific ‘danger signals’ or ‘alarmins’ with microbial 

invasion or tissue damage.(36) These PAMPs and DAMPs can bind to multiple receptors, 

including toll-like receptors (TLRs), NOD-like receptors (NLRs), complement, retinoic 

acid-inducible gene (RIG)-like receptors and mannose-binding lectin/scavenger receptors.

(33, 36) Thereafter, common and redundant signaling pathways of immunity are activated in 

various cell types, including immune, epithelial, and endothelial cells.(33, 36) In turn, the 

production of pro- and anti-inflammatory cytokines, reactive oxygen species,, and reactive 

nitrogen species increases, as well as there being increased tissue wasting and apoptosis.(33) 

Myeloid (e.g. neutrophils, macrophages) and lymphoid cells are correspondingly recruited, 

with direct and indirect effects of infection and injury on endothelium and parenchymal 

tissue as well as their effects on then neurologic and coagulation systems.(33, 36) 

Altogether, this scenario leads the host to suffer from common immunosuppressive 
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mechanisms, including, but not limited to: the expansion of MDSCs, T-regulatory cells 

(Treg), and M2 macrophages; T-cell exhaustion; decreased dendritic cell function; release of 

immunosuppressive mediator (e.g. IL-10, TGF-β) ; and, expression of inhibitory ligands on 

parenchymal cells.(33)

As mentioned previously, the immediate and simultaneous SIRS/CARS response, or 

‘cytokine storm,’ is an appropriate mammalian reaction to an insult with the intent of 

addressing injury or infection and subsequently restoring the host to homeostasis.(10) But 

the perseverance of inflammation, immunosuppression, and catabolism in the host can be 

highly dysfunctional. The capacity of the medical practitioner to compensate for organ 

dysfunction in critically ill patients creates a host environment in which damaged organs and 

tissues maintain a low grade continuous pro-inflammatory state(36) presumably through 

release of DAMPs and alarmins, many of which are well described in the literature or 

associated with hyaluronan products, ATP, adenosine, protein S100A, high-mobility group 

protein B1 (HMGB1), histones, nucleosides and mitochondrial/nuclear DNA. The 

downstream effects of this chronic inflammation make the host susceptible to opportunistic 

infections and viral reactivations, alters the host microbiota, and often requires the 

continuation of intensive care interventions, such as mechanical ventilation and catheters. 

This, in turn, perpetuates a vicious cycle by preventing the return of the host to homeostasis 

regarding immune, organ, and metabolic function.(36)

The downstream effects of persistent inflammation are numerous. Of particular interest is a 

host immune environment similar to that of an elderly individual at baseline – i.e. 

‘inflammaging’ (constant low-grade inflammation in the aged) contributing to 

immunosenescence (the dysfunction of the innate and adaptive immune systems of the 

aged).(37, 38) Lymphopenia occurs due to both acute apoptosis of effector T and B 

lymphocytes during sepsis, as well as the HSC shift to myelopoiesis.(16, 36) Lymphocytes 

also undergo TH2 polarization as well as the expansion of Treg cells. Neutrophilia occurs, but 

these effector, immature myeloid cells are suboptimal, because they have a decreased 

capacity for antigen presentation, expression of adhesion molecules, and formation of 

extracellular traps, as well as an altered pattern of expression of cytokines and chemokines.

(36) In addition, there is a shift in macrophages to the M2 phenotype as well as dendritic cell 

apoptosis(36, 39) and an increase in the number of and suppressive capacity in circulating 

MDSCs.(34)

Although research regarding the classification of MDSCs is ongoing, MDSCs are generally 

divided into two forms, monocytic and granulocytic.(34) While these immature myeloid 

cells have several functions, one of their main functions appears to be to suppress T cell 

function. The immunosuppression of MDSCs is carried out in several ways, which may be 

dependent on its subtype.(16) First, MDSCs secrete the anti-inflammatory cytokines IL-10 

and TGF-β. Two of the many effects of these cytokines are to polarize macrophages to a 

type II phenotype and to upregulate Tregs. Second, MDSCs deplete L-arginine via arginase 1 

(ARG1) and inducible nitric oxide (NO) synthase (iNOS), which antagonizes clonal 

expansion, impairs the intracellular signaling, and induces apoptosis in T cells. Third, 

MDSCs produce increased reactive oxygen species (ROS), which with NO (the byproduct of 

iNOS), produce peroxynitrites. These then nitrosylate several lymphocyte cell surface 
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proteins and cysteine residents, resulting in decreased T-cell responsiveness and altered IL-2 

signaling. Additionally, NO can impede the stability of IL-2 mRNA, while ROS can 

suppress the function of natural killer (NK) cells. Finally, direct MDSC cell contact via 

CD40 receptors results in induction of Tregs and upregulation of programmed death ligand-1 

(PD-L1), while other checkpoint inhibitors in MDSCs cause T-cell apoptosis (Figure 1).(16) 

In addition, although its association with MDSCs has not been established, chronic exposure 

to these factors involved in the PICS can induce HSC defects, including, but not limited to, 

their ability to repopulate and differentiate.(40–42)

Poor clinical outcomes have been associated with expansion of MDSCs, specifically after 

sepsis. Mathias et al. demonstrated that MDSCs are persistently increasedin the circulation, 

predominantly granulocytic, transcriptomically unique, and immunosuppressive to T 

lymphocytes after severe sepsis or septic shock in the SICU (34). Persistent increased 

percentages of blood MDSCs in this study were associated with increased nosocomial 

infections, prolonged intensive care unit stays, increased mortality, and poor functional 

status at discharge (34). Uhel et al. verified these findings in the medical ICU (MICU) 

population. Although both monocytic and granulocytic MDSCs were expanded in their 

MICU population and both of these cell populations inhibited T-cell proliferation, 

granulocytic MDSCs were more specifically increased in patients with sepsis (35). The 

granulocytic MDSCs, which demonstrated a high level of ARG1 activity, displayed high 

levels of degranulation markers, and most importantly, their early expansion predicted the 

development of nosocomial infections in these patients (35).

Treatment/Therapy

Angus et al recently published the article “Enhanced Recovery from Sepsis” in JAMA which 

offers suggestions on a broad range of ICU-based and post-discharge strategies to improve 

long-term outcomes after sepsis.(43) Not surprisingly, data supporting specific strategies are 

sparse, and the recommendations are limited to optimal ICU treatment, which includes 

evidence-based protocols to treat pain, sedation, and delirium as well early and aggressive 

patient mobilization and physical therapy (Table 1).(43) Post-discharge therapy can include 

rehabilitation programs, adequate case management and/or enhanced primary care, and ICU 

follow-up clinics.(43).

Although evidence for a successful medical or immunomodulation therapy in sepsis is still 

lacking, many therapies are being investigated currently to improve patient outcomes (Figure 

3).(5, 16) Regarding immunopathology, research includes, but is not limited to the 

following: targeting excessive inflammation; immune stimulation; stem cell administration; 

and, epigenetic modifications.(44) Currently, clinical trials utilizing immunomodulatory 

biologics (such as monoclonal antibody blockade of the programmed death ligand [PD-1/

PDL-1] pathway) are underway (ClinicalTrials.gov; NCT02960854). These agents have 

shown success in restoring immunocompetence in several oncologic diseases, including 

melanoma, renal cell carcinoma, and non-small cell lung cancer.(45–47) Because cancer and 

sepsis have been demonstrated to have similar immunosuppressive mechanisms (33, 48), 

translation of these established treatments to sepsis may offer similar therapeutic benefits, 

but require further study.
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Optimal therapeutic options to reverse CCI-associated persistent catabolism and minimize 

muscle wasting are yet to be determined. Clinical protocols that include early mobilization 

and exercise, as well as adequate and consistent administration of protein and caloric 

requirements will likely be required as part of a multi-modality approach to therapy.(49) 

Dysfunctions in substrate utilization (rather than true deficits) are likely a key component to 

this catabolic state, meaning that adequate nutrition and/or physical rehabilitation alone are 

likely not sufficient therapies. Decreases in the metabolic/catabolic burden via 

administration of agents, such as propranolol and oxandrolone, have substantial therapeutic 

benefit in pediatric burn patients (50–52) but need further study in a broader, adult 

population of CCI subjects. Further insight into the mechanisms driving persistent 

catabolism after CCI are necessary to develop targeted therapies to reverse or limit PICS-

associated muscle wasting and improve functional outcomes in any future multi-modality 

therapeutic approaches.

Conclusion

PICS describes the underlying pathophysiology of chronic critical illness (CCI) that 

develops after inciting an acute inflammatory response, such as in sepsis, burns, and 

pancreatitis, when patients fail to achieve/maintain immune and organ homeostasis.(5, 25, 

29, 53) Due to the complexity and redundancy of pathways aftera severe pro-inflammatory 

insult to humans, it is unlikely that a ‘silver bullet’ monotherapy will be identified to 

improve the outcomes of PICS patients. PICS is, in part, however, a myeloplastic disease, 

and this aspect of the syndrome, possibly through immunomodulation, will need to be 

addressed as part of a multi-phased approach to optimize post-trauma and post-sepsis 

morbidity and mortality – both acute and chronic (Figure 3). Further discovery of the 

underlying mechanisms will require more studies, including additional genomic, epigenetic, 

and proteomic analyses, as well as the creation of improved animal models of PICS. 

Hopefully, ongoing clinical trials testingapproved therapies for other diseases (e.g. PD-L1 

inhibitors, IL-7 administration) will provide further direction. Ideally, these therapies will 

directly influence dysregulated host immunity and prevent the perpetual cycle of PICS 

(Figure 3).
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Figure 1. 
Model of Persistent Inflammation, Immunosuppression and Catabolism Syndrome (PICS) 

and the role of Myeloid-Derived Suppressor Cells.

After the simultaneous inflammatory and immunosuppressive responses, patients may return 

to a homeostatic immune state, leading to a rapid recovery, or develop chronic critical illness 

and subsequently PICS, resulting from protein catabolism, cachexia, organ failure, and 

secondary infections. A substantial number of these patients fail to ever recover and suffer 

an indolent death. Key drivers of this persistent inflammation and immunosuppression are 

myeloid-derived suppressor cells (MDSCs). MDSCs can influence almost every cell of host 

innate and adaptive immunity. CARS = compensatory anti-inflammatory response 

syndrome, MOF = multi-organ failure, SIRS = systemic inflammatory response syndrome. 

Adapted from Mira, et al.(16)
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Figure 2. 
Six-month mortality of sepsis patients with Chronic Critical Illness (CCI) versus those of 

Rapid Recovery (RAP). We enrolled 145 critically ill surgical sepsis patients in a 

prospective observational study and classified each as CCI or RAP.(11) CCI was defined as 

an ICU duration of stay greater than or equal to 14 days with evidence of persistent organ 

dysfunction, measured using components of the Sequential Organ Failure Assessment 

(SOFA) score at 14 days (i.e. cardiovascular SOFA ≥ 1, or score in any other organ system ≥ 

2). In addition, patients with an ICU duration of stay of less than 14 days would also qualify 

for CCI if they were discharged to another hospital, a long-term acute care facility, or to a 

hospice and demonstrated evidence of organ dysfunction at the time of discharge. Those 

patients experiencing death within 14 days of the onset of sepsis were excluded from the 

analysis. RAP was defined as any patient who did not meet criteria for CCI or early death. 

The Kaplan-Meier analysis demonstrates their cumulative survival rate over six months in 

CCI versus RAP patients (*Log-rank; p<0.0001). Patients who had yet to reach six months 

after their initial sepsis event were censored and are denoted with tick marks. Adapted from 

Stortz, et al.(11)
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Figure 3. 
Depiction of the myelodysplasia of PICS.

The vicious cycle and immune dyscrasia of PICS and its subsequent outcomes. PICS is more 

likely to occur when combined with certain chronic conditions or aging; interventions 

currently under investigation,however, could potentially disrupt the vicious cycle of PICS.

HSC = hematopoietic stem cells, MDSCs = myeloid-derived suppressor cells.
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Table 1

Recommended in-hospital and post-discharge interventions to prevent PICS after sepsis (modified from (43)).

In-hospital recommendations

1 Optimal early sepsis care, including: antibiotics, fluid resuscitation, vasopressors and source control.

2 Evidence-based management of pain, agitation, and delirium, including: pain assessment, pain treatment, sedative choice, 
sedative monitoring, depth of sedation, and delirium monitoring.

3 Early mobilization.

Post-discharae recommendations

1 Screening for functional disability and impairments in swallowing and mental health.

2 Review and adjusting long-term medications to prevent medication errors.

3 Determine and prevent common preventable causes of health deterioration, including infection and the exacerbation of heart 
failure, acute renal failure, and COPD.
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