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Abstract

Since its introduction into the medical literature in the 1970s, the term multiple organ dysfunction 

syndrome (or some variant) has been applied broadly to any patient with >1 concurrent organ 

dysfunction. However, the epidemiology, mechanisms, time course, and outcomes among children 

with multiple organ dysfunction vary substantially. We posit that the term pediatric multiple 

organ dysfunction syndrome (or MODS) should be reserved for patients with a systemic 

pathologic state resulting from a common mechanism (or mechanisms) that affects numerous 

organ systems simultaneously. In contrast, children in whom organ injuries are attributable 

to distinct mechanisms should be considered to have additive organ system dysfunctions but 
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not the syndrome of MODS. Although such differentiation may not always be possible with 

current scientific knowledge, we make the case for how attempts to differentiate multiple organ 

dysfunction from other states of additive organ dysfunctions can help to evolve clinical and 

research priorities in diagnosis, monitoring, and therapy from largely organ-specific to more 

holistic strategies.

Organ dysfunction is the hallmark of critical illness, with a myriad of causes, manifestations, 

severities, and biological mechanisms.1,2 Although many illnesses primarily affect a single 

organ system, and thus present as single organ dysfunction, others affect >1 organ 

system, with resulting “multiple organ dysfunctions.” This latter state may occur at the 

onset of illness (eg, with severe trauma) or after some evolution of time (eg, when 

isolated glomerulonephritis leads to respiratory dysfunction from pulmonary edema or 

cardiovascular dysfunction from hypertensive cardiomyopathy as kidney injury advances). 

Numerous studies have revealed an association between the number of dysfunctional organ 

systems and death in children.3–11 However, few attempts have been made to differentiate 

patterns of multiple organ dysfunction in critically ill children, such as (1) a common 

pathobiology causing dysfunction across >1 organ system, (2) a domino effect whereby 

primary dysfunction in 1 organ system leads to or induces dysfunction in other organ 

systems, or (3) unrelated pathobiology, where all organ dysfunctions are independent. As 

a result, reported mortality rates for children with multiple organ dysfunction vary widely, 

from <5% to 80%.2

We posit that pediatric multiple-organ dysfunction syndrome (MODS) should be considered 

a systemic pathologic state resulting from a common mechanism (or mechanisms) with 

varying organ system-specific penetrance. Although this syndrome is likely to be the most 

common scenario in which acute illness leads to >1 organ dysfunction, children may have 

additive organ dysfunction for other reasons (Table 1). For example, when a singular organ 

dysfunction (eg, arrhythmia-induced cardiac insufficiency) induces secondary organ injury 

(eg, respiratory dysfunction from cardiogenic pulmonary edema) or when concurrent organ 

dysfunctions are unrelated (eg, antibiotic-induced acute kidney injury [AKI] in a child with 

pneumonia), the patient should be considered to have additive organ dysfunctions but not 

the syndrome of MODS. The key advantage to this conceptual framework is that construing 

MODS as a syndrome caused by a common, systemic pathobiology acknowledges that the 

approach to diagnosis, monitoring, and therapy may benefit from evolving from isolated 

organ-specific to more holistic strategies that target a common pathobiology.

We have reviewed the evolution of our understanding of multiple organ dysfunction in 

pediatric critical illness and discuss the potential advantages and challenges in differentiating 

MODS from other circumstances in which children exhibit additive organ dysfunctions. We 

suggest that MODS be selectively applied to children with a specific syndrome rather than 

as currently used as an indiscriminate descriptor for any patient with >1 organ dysfunction.

HISTORY AND DEFINITIONS OF MULTIPLE ORGAN DYSFUNCTION

The challenge of treating multiple-organ dysfunctions is, in part, the reality of increasingly 

successful resuscitation and stabilization of acutely ill and injured patients. In the early half 
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of the 20th century, the major organ dysfunctions that limited survival were cardiovascular 

leading to shock, respiratory leading to hypoxia, and neurologic leading to herniation. With 

advances in knowledge and application of improved resuscitation strategies, better source 

control (for infections, hemorrhage, etc), advanced modes of ventilation, neuroprotective 

(including decompressive) therapies, and dedicated intensive care services, the natural 

course and epidemiology of acute illness have been altered over time. By the 1970s, 

Baue12 and Tilney et al13 had each described a condition of diffuse organ system failure 

among adults who, having survived an initial phase of cardiovascular dysfunction and shock, 

died after days in the ICU with sequential respiratory, kidney, hepatic, and gastrointestinal 

organ dysfunctions. Over time, the simultaneous dysfunction of >1 organ system has been 

designated by numerous terms, including multiple organ failure, multiple organ systems 

failure, multiple system organ failure, multiple organ dysfunction, and MODS.2 Although 

failure is a commonly used term, the ability for many survivors to regain all or partial 

organ function argues against the notion of irrecovery that this term implies; hence, the 

term dysfunction is generally preferred in most cases.14 Yet, the term dysfunction has the 

inherent problem of suggesting that organs are either functional or dysfunctional when, 

in reality, a spectrum of function exists from completely normal to completely abnormal. 

Moreover, what is commonly labeled as dysfunction on the basis of clinical or laboratory 

measures may not necessarily always be an impairment. A temporary state of altered organ 

function may, at least initially, provide an adaptive response to outlast ischemic, hypoxic, 

inflammatory, traumatic, or metabolic stress.15

DEFINING MODS AS A SYNDROME

A syndrome is characterized by three criteria: (1) a set of associated symptoms that 

consistently occur together, (2) a shared mechanism causing those symptoms, and (3) 

predictable outcomes.2,16 Multiple organ dysfunction that occurs as a syndrome (ie, MODS) 

that meets these criteria is conceptually different than an unrelated group of additive organ 

dysfunctions without a shared mechanism that likely have more disparate outcomes.

The first criterion, ie, a set of associated symptoms that occur together, in MODS is 

dysfunction in >1 organ system. Although the number, type, and severity of organ system 

dysfunctions can differ between and within patients over time, this variability does not 

disqualify MODS as a syndrome. Indeed, many syndromes include variability in the 

number, type, and severity of symptoms (eg, Down syndrome). In pediatric MODS due 

to critical illness, the most common symptoms include cardiovascular, respiratory, kidney, 

hematologic, liver, and neurologic dysfunction. In children, at least 3 sets of criteria are 

in common use to define organ dysfunction, including criteria published by Wilkinson et 

al17 in 1987, Proulx et al18 in 1996, and Goldstein et al19 in 2005 (Supplemental Table 1). 

None of these definitions were data driven; rather, each was established through consensus 

from a team of experts. Because inconsistencies between definitions compound patient-level 

heterogeneity in organ dysfunction,20 a minimum set of associated symptoms to identify 

pediatric MODS should be established through a data-driven process that tests specific 

combinations of organ dysfunction type and severity with outcomes. For example, mild 

AKI concurrent with mild transaminitis, as might occur in a dehydrated child with viral 
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mononucleosis, need not necessarily meet the threshold for MODS, even though >1 organ 

system dysfunction is present.

The second criterion to qualify MODS as a syndrome is the presence of an underlying 

mechanism (or mechanisms) shared across all dysfunctional organ systems. For the majority 

of pediatric MODS, this criterion includes a severe systemic inflammatory response 

and/or generalized cellular energy crisis,18,21,22 although many other mechanisms may 

be involved.23–26 The absence of at least 1 shared underlying mechanism should be the 

key factor to differentiate MODS from other scenarios of additive organ dysfunctions. 

For example, concurrent acute respiratory distress syndrome with AKI from sepsis is 

pathobiologically distinct from aminoglycoside-induced kidney injury in a patient with 

pneumonia-induced respiratory dysfunction, even though both patients have respiratory 

and kidney dysfunction. Thrombocytopenia likely indicates hematologic dysfunction in a 

previously healthy child with sepsis but likely has different prognostic implications in 

a child with chemotherapy-induced bone marrow suppression in whom sepsis develops. 

However, we recognize that such a clear distinction will not always be evident in practice, 

especially when both shared and distinct mechanisms of organ injury could be invoked (eg, 

a child with sepsis treated with aminoglycosides who has both systemic and organ-specific 

explanations for AKI). Furthermore, we currently lack robust clinical or laboratory markers 

to reliably characterize most mechanisms of organ injury. Adding to this challenge is 

the realization that a shared biological mechanism may manifest differently across organ 

systems such that severe dysfunction may be observed in some organ systems, whereas mild 

dysfunction is evident in others. Finally, how to best classify sequential organ dysfunctions 

that are related but pathobiologically distinct is not entirely clear. For example, should 

encephalopathy after fulminant liver failure be considered a “shared mechanism,” even 

though the pathobiology directly causing each organ dysfunction is not the same? Even 

Baue12 noted in 1975 that “failure of one organ system may contribute to the failure of 

others in this period of sequential, progressive, or simultaneous deterioration…[although] 

sometimes all systems seem to go at the same time.” Although we acknowledge that a clear 

answer is not yet possible, we suggest that conceptualizing MODS with a requirement for 

a shared mechanism (or mechanisms) will promote research efforts to better tease out these 

nuances. For example, improved understanding of systemic mechanisms that lead to MODS 

in sepsis have enabled the identification of biological phenotypes that benefit from specific 

treatments (see below).

For the third criterion, MODS must portend predictable outcomes that differ from 

other cases of additive organ dysfunction. Although it is well established that mortality 

rises sequentially with cumulative number of organ dysfunctions,3–11 children with the 

syndrome of multiple organ dysfunction appear to have worse outcomes than those with 

other scenarios involving additive organ dysfunction. For example, among children with 

respiratory dysfunction requiring invasive mechanical ventilation, the group who presented 

with >1 organ dysfunctions (and thus was most likely to have the syndrome of multiple 

organ dysfunction) exhibited 7% mortality (103 deaths among 1547 patients) compared with 

0.8% mortality (2 deaths among 244 patients) in the group with sequential organ dysfunction 

(P < .001).27 Surgical patients have also been shown to have lower mortality than medical 

patients when >1 organ dysfunction is present at PICU admission (5.5% vs 11.8%, P < 
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.0001),7 likely reflecting pathobiological differences in the etiology of concurrent organ 

dysfunction. However, few researchers have formally sought to distinguish between patients 

with MODS and those with other scenarios of additive organ dysfunctions; thus, it remains 

unproven whether having >1 organ dysfunction should not always be viewed as having a 

similar prognosis. We support that operationalizing some cases as MODS and others as 

sequential or unrelated additive organ dysfunction is a necessary first step to drive research 

efforts to address this epidemiological question.

MECHANISMS UNDERLYING MODS: THE EXAMPLE OF SEPSIS

MODS can accompany most critical illnesses.28,29 Although MODS commonly involves 

a severe, systemic inflammatory process and/or a generalized cellular energy crisis,1,12,30 

many other mechanisms may be operative. Because sepsis is one of the most common 

causes of organ dysfunction in children, we will use sepsis to illustrate the benefits of 

augmenting organ-specific supportive care with systemic therapeutic strategies that also 

target mechanisms of MODS across organ systems.

In a subset of children with sepsis, a thrombotic microangiopathy referred to as 

thrombocytopenia-associated multiple organ failure (TAMOF) can be recognized as 

new-onset thrombocytopenia, hemolysis, evolving multiple organ dysfunction, and a 

decrease in the activity of disintegrin and metalloproteinase with a thrombospondin 

type 1 motif, member 13 (ADAMTS-13).31,32 TAMOF is one subphenotype of sepsis-

induced MODS, as patients have a set of associated symptoms that occur together (ie, 

cardiovascular and kidney dysfunction [among other organ dysfunctions] associated with 

hemolysis, thrombocytopenia), a likely shared mechanism underlying those symptoms 

(ie, diminished ADAMTS-13 activity that results in platelet- and von Willebrand factor–

rich microthrombi), and predictable outcomes (ie, higher severity of organ dysfunction, 

increased mortality compared with children with sepsis without TAMOF). When TAMOF 

is present, a therapeutic approach that includes plasma exchange has been shown to replace 

ADAMTS-13, remove ultralarge von Willebrand factor multimers, and improve outcomes 

compared with organ-specific supportive therapy alone.32,33

Mitochondrial and other metabolic alterations are evident across failing organ systems 

in sepsis and, thus, are implicated in a systemic cellular energy crisis that contributes 

to organ dysfunction and MODS.21,22,30,34–43 The inability of mitochondria to efficiently 

produce adenosine triphosphate through oxidative phosphorylation creates an energy 

deficit that can impair cellular—and ultimately whole-organ system—function. Such an 

energy deficit is expected to present first with dysfunction in high-energy–utilizing organ 

systems, such as the heart, kidney, brain, and gastrointestinal systems. Thus, shock, 

AKI, encephalopathy, and ileus are common features of sepsis. Although direct measures 

of mitochondrial dysfunction are challenging, 1 study of children with sepsis revealed 

persistent mitochondrial dysfunction in peripheral blood mononuclear cells from the subset 

with prolonged MODS.44 Similar pathobiology was also reported in the development 

of MODS after trauma.45 Although no therapies in common clinical practice target 

mitochondrial dysfunction, these could one day offer a novel holistic strategy for children 

with MODS.
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INTERCONNECTEDNESS OF DYSFUNCTIONAL ORGAN SYSTEMS

Because organ systems are interconnected, we acknowledge that it can be difficult (even 

impossible in some circumstances) to tease apart the mechanisms that underlie 1 organ 

system dysfunction from another. A primary organ dysfunction can induce systemic 

biological effects through the release of danger- and pathogen-associated molecular patterns, 

cytokines, chemokines, hormones, and other biological factors. In this way, an initial 

single organ dysfunction may provoke or exacerbate other organ dysfunctions. Under the 

framework we describe, if the secondary organ dysfunction occurs via a common systemic 

pathobiology as the initial organ dysfunction or >1 of the secondary organ dysfunctions 

share the same mechanism, the patient has MODS. If the mechanism of each secondary 

organ injury is unique, the patient has additive organ dysfunctions, but not MODS.

The concept of organ integration and codependence is perhaps best illustrated by 

cardiovascular dysfunction. In shock, a state of sustained low cardiac output results in 

inadequate oxygen and metabolic substrate delivery to all tissues that can cause a systemic 

cellular energy crisis and trigger MODS through hypoxic-ischemic injury.46 The primary 

therapeutic strategy here is to restore global organ perfusion rather than target kidney, liver, 

respiratory, or other organ dysfunctions individually (although organ-specific supportive 

therapies may need to be provided simultaneously). Viewed another way, in this scenario, 

kidney function is unlikely to improve until the shock state has been addressed.

Synergistic deleterious effects may also contribute to remote organ injuries—and thus 

MODS—even in the absence of primary organ dysfunction. For example, researchers found 

that mechanical ventilation in the setting of low-dose endotoxin led to extrapulmonary 

organ dysfunction in adult mice even without evidence of primary lung injury,47 suggesting 

that compartmentalization of inflammation either by the host or by the clinician (eg, lung-

protective ventilation strategies) may help to reduce the risk of remote organ dysfunction 

and the development of MODS. Again, the key message is that the therapeutic focus may 

need to extend beyond any 1 specific dysfunctional organ system.

The functional relationship within and between organs can also become uncoupled, 

such that a perturbation in the interconnectedness across organ systems itself promotes 

MODS. Godin and Buchman48 proposed this concept in 1996, suggesting that vital organs 

(and their constituent cells) are “collections of biological oscillators that are coupled to 

one another and that the stability of the system resides as much in the couplings as 

in the oscillators themselves.” Examples of dampened biological oscillators that may 

contribute to MODS include the neuroendocrine, metabolic/endocrine, and autonomic 

nervous systems. Especially, low levels of vasopressin, sick euthyroid syndrome, reduced 

adrenal responsiveness, insulin resistance, hyperglycemia, and hyperleptinemia are all 

common in sepsis49 and may impair normal oscillatory interorgan cross-talk. Similarly, 

emerging evidence reveals that the ability of the autonomic nervous system to maintain 

homeostasis can be altered by stress, severe infection, and sepsis,50 with downstream effects 

on neurologic, immunologic, cardiac, endothelial, respiratory, and gastrointestinal function. 

Recognition that loss of heart rate variability is 1 manifestation of autonomic dysfunction 

may guide novel ways to monitor risk for and progression of MODS itself that could 
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augment more traditional organ-specific monitors at the bedside.51 In addition, appreciation 

of the role of the neuroendocrine, metabolic/endocrine, and autonomic nervous system (both 

sympathetic and parasympathetic) in propagating MODS has led researchers to propose 

several novel therapeutic strategies to target the entire body system rather than individual 

organs.52

IMPLICATIONS OF DISTINGUISHING MODS FROM OTHER SCENARIOS OF 

ADDITIVE ORGAN DYSFUNCTION

An admitted advantage of treating all scenarios of >1 organ dysfunction as a count lies in 

ease of application, both in research (often summarized using the organ failure index with 

1 point for each organ dysfunction53) and in clinical practice. Most researchers who have 

reported on the epidemiology of pediatric organ dysfunction have relied on retrospective 

clinical data abstraction in which data informing potential biological mechanisms were 

not prospectively assessed or reliably documented.6,7,54 In addition, newer scoring systems 

that include both count and severity of dysfunction, such as the Pediatric Logistic Organ 

Dysfunction 210 and the pediatric Sequential Organ Failure Assessment55 scores, still do not 

account for the temporal or causal relationship between organ system dysfunctions. Thus, 

as previously noted, it remains unclear whether MODS is more likely to portend a worse 

prognosis than other scenarios of sequential or unrelated additive organ dysfunction. If, as 

we hypothesize, outcomes are indeed worse for the syndrome of multiple organ dysfunction 

compared with other scenarios of additive organ dysfunction, investigators should attend to 

relevant mechanisms of organ dysfunction rather than simply a count of dysfunctional organ 

systems to optimize enrollment of critically ill children into future clinical trials.

An example where the distinction between MODS and non-MODS additive organ 

dysfunction could prove useful is pediatric acute respiratory distress syndrome (PARDS). 

Previous studies revealed that up to three-quarters of children with PARDS have 

extrapulmonary organ dysfunction.27,56,57 In indirect PARDS, respiratory dysfunction 

occurs secondary to an extrapulmonary source (most often sepsis or trauma) in which 

lung injury is 1 manifestation of systemic pathobiology, such as inflammation and 

endotheliopathy. In direct PARDS, however, extrapulmonary organ dysfunction may be 

mechanistically distinct from the cause of lung injury (eg, hypovolemic prerenal AKI in 

a dehydrated child with severe respiratory syncytial virus infection) or a consequence of 

PARDS itself (eg, systemic inflammation induced by pulmonary biotrauma). Thus, although 

extrapulmonary organ dysfunction is often present in both indirect and direct PARDS, 

MODS is more likely in indirect PARDS where respiratory and extrapulmonary organ 

dysfunction share common underlying mechanisms of injury, including a predominance of 

endothelial rather than epithelial dysfunction.58,59 Thus, although lung-protective strategies 

(eg, low tidal volumes, prone positioning) may improve lung function in both direct and 

indirect PARDS, amelioration of extrapulmonary organ dysfunction by reducing ventilator-

induced lung injury may be less evident in indirect PARDS where extrapulmonary organ 

dysfunction is also driven by other systemic mechanisms. The extent to which additional 

attention to the syndrome of multiple organ dysfunction in indirect PARDS—and thus 
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more aggressive extrapulmonary therapies—could close the gap in observed outcomes from 

patients with direct PARDS is not yet clear.

THERAPEUTIC STRATEGIES FOR MODS

The treatment of patients with organ dysfunction is a fundamental charge of modern-day 

intensive care. Notably, the care of patients with established organ dysfunction remains 

largely supportive and organ specific, with a primary goal being to limit new and progressive 

organ injuries. Some efforts may hasten recovery from organ dysfunction, such as timely 

resuscitation from shock, infectious and hemorrhagic source control, and lung-protective 

ventilator management, but there have been surprisingly few additions to the intensivists’ 

therapeutic armamentarium that specifically restore organ function, even despite evidence 

that cell death rarely underlies organ system dysfunction until the preterminal period. 

Indeed, most children die with persistent organ dysfunction when supportive care and life-

sustaining therapies are withdrawn rather than as a result of progressive organ dysfunction.60

Current strategies to treat patients with >1 organ dysfunction can be categorized into 

(1) organ-specific therapies that primarily seek to support 1 organ system but may 

have secondary beneficial effects across other organ systems and (2) systemic therapies 

that address shared mechanisms across multiple organ systems. Both categories may 

be beneficial to address organ dysfunction, although we suggest that a key benefit of 

differentiating MODS from other scenarios of additive organ dysfunction is that clinicians 

and researchers will more directly acknowledge and seek out more holistic strategies.

Organ-Specific Therapies

The majority of current therapies for children with >1 organ dysfunction primarily support 

1 organ system, although these often have secondary beneficial effects across other 

organ systems. Such therapies benefit both children with MODS and children with other 

types of additive organ dysfunctions. Examples include fluid and vasoactive resuscitation 

for cardiovascular dysfunction, blood transfusion for hematologic dysfunction, and renal 

replacement therapy for AKI. Additionally, for PARDS, organ-specific therapies to improve 

respiratory function include (1) lung-protective ventilation with low tidal volume, plateau 

pressure limitation, permissive hypoxemia, and hypercapnia; (2) pain and sedation scales to 

monitor and titrate sedation with a goal-directed protocol; (3) temporary neuromuscular 

blockade; and (4) consideration of prone positioning, corticosteroids, inhaled nitric 

oxide, and exogenous surfactant.61 Such therapies are primarily focused on restoring or 

protecting lung function, but secondarily, they may limit extrapulmonary organ dysfunction 

by reducing systemic inflammation originating from lung injury (alveolar biotrauma), 

mitigating systemic hypoxemia, and minimizing detriments to perfusion pressure caused 

by high intrathoracic pressure. Another example is continuous veno-venous filtration, which 

is primarily used to support kidney dysfunction, may also remove cytokines and restore 

immune reactiveness.62
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Systemic Therapies

Some therapies are not targeted to a particular organ system but, rather, to the systemic state 

of critical illness. Examples include early initiation of antibiotic therapy and source control 

in cases of sepsis; optimal medication dosing, as MODS affects pharmacokinetics and 

pharmacodynamics of drugs; nutritional support (preference for the enteral route); glycemic 

control; and fluid management aimed at maintaining intravascular volume while minimizing 

fluid overload.63 The majority of these therapeutic strategies are used to limit secondary 

insults rather than mitigate mechanisms of the underlying MODS state. Therapeutic 

plasma exchange for TAMOF, for example, is an intervention used to reverse a cause of 

MODS.32,33 Other examples may include intravenous immunoglobulins, corticosteroids, 

anakinra, or rituximab for macrophage activation syndrome/secondary hemophagocytic 

lymphohistiocytosis64—66; tranexamic acid for trauma-induced MODS67; eculizumab for 

transplant-associated thrombotic microangiopathy68; and immunomodulatory agents for 

MODS associated with immune paralysis and secondary hospital-acquired infections.69,70 

Unfortunately, far more examples exist of failed efforts to target biological mechanisms that 

underlie MODS, most notably in sepsis-induced MODS.71 A more personalized approach in 

which therapies are better aligned with underlying mechanisms of MODS is likely to yield 

better success.63,72,73

CONCLUSIONS

Since its formal introduction into the medical literature 50 years ago, the term MODS (or 

some variant) has been applied broadly to any patient with >1 concurrent organ dysfunction. 

As the mechanisms underlying organ injury are better understood, we suggest that attempts 

to differentiate the syndrome of multiple organ dysfunction from other states of additive 

organ dysfunction— although not always possible—will help to evolve clinical and research 

priorities in diagnosis, monitoring, and therapy from largely organ-specific to more holistic 

strategies that target systemic pathobiology. Although we recognize that this proposed 

conceptual framework for MODS will, with current scientific knowledge, be difficult to 

apply to all patients, shifting a focus away from counting organ dysfunctions to identifying 

underlying pathobiological mechanisms will help the field of pediatric intensive care to 

advance from largely supportive to more precision-targeted, curative medicine.
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ABBREVIATIONS

ADAMTS-13 activity of disintegrin and metalloproteinase with a thrombospondin 

type 1 motif, member 13

Weiss et al. Page 9

Pediatrics. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



AKI acute kidney injury

MODS multiple organ dysfunction syndrome

PARDS pediatric acute respiratory distress syndrome

PODIUM Pediatric Organ Dysfunction Information Update Mandate

TAMOF thrombocytopenia-associated multiple organ failure
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