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Review

As medical knowledge advances, the management of disease 
becomes more complex. In the 19th century, for example, acute 
appendicitis was typically an autopsy finding, and when it was 
diagnosed antemortem, no specific therapy was available other 
than symptomatic relief with analgesics.1 With the development 
and promulgation of the technique of appendectomy in the 
late 19th century, surgical excision became the accepted mode 
of treatment, and death from appendicitis became a rarity. In 
the absence of alternate therapies, the challenge to the surgeon 
lay in establishing the diagnosis; the therapeutic decision was 

simple—operate. More recently, however, it has become apparent 
that some patients can be managed conservatively with antibiotics 
alone,2 and so surgeons are confronted with a treatment decision, 
and information to guide that decision is needed. A means of 
stratifying patients within an overall population of patients with 
appendicitis could aid in determining who is better served by 
conservative and who by operative management.3

When therapeutic options are limited, the need for staging 
patients with a disease is minimal; at best a staging system 
can serve to provide an early indication of probable clinical 
trajectory, and so predict outcome. As the management options 
increase, however, so does the need for reliable stratification 
models that will ensure that the best treatment or combination 
of treatments is directed against the illness experienced by an 
individual patient. This maxim is most fully developed in the 
field of oncology, and particularly in the treatment of epithelial 
malignancies for which multiple treatment options—surgery, 
radiotherapy, chemotherapy, and emerging therapies targeting 
specific pathways involved in malignant cell growth—are 
available, each with its benefits, but also each having its risks. 
Insights derived from collaborative efforts over the past century 
to stratify patients with cancer have important implications for 
the future management of patients with acute life-threatening 
illnesses.

The Evolution of Cancer Staging

Cancer is not a single disease but a generic descriptor for a 
group of diseases characterized by the abnormal regulation 
of cell growth and differentiation. For cancers arising in solid 
organs, a developmental model has been proposed, suggesting 
that the tumor arises from a transformed cell that proliferates 
locally before spreading—initially along lymphatics to regional 
lymph nodes, and subsequently to remote tissues where ongoing 
proliferation results in the death of the patient. Cancers differ 
primarily on the basis of the cell type involved, but also on the 
basis of distinct patterns of gene expression within that cell, and 
to the extent to which the disease has spread at the time of its 
initial diagnosis.

This biologic model of disease progression, and the recognition 
that the cancer patients who were more likely to die were those 
with more locally extensive or disseminated disease inspired a 
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Multimodal therapy for diseases like cancer has only become 
practicable following the development of staging systems like 
the TNM (tumor, nodes, metastases) system. Staging enables 
the identification of subgroups of patients with a disease who 
not only have a differing prognosis, but who are also more 
likely to benefit from a specific therapeutic modality. Critically 
ill patients represent a highly heterogeneous population for 
whom multiple therapeutic options are potentially available, 
each carrying not only the potential for differential benefit, 
but also the potential for differential harm. The PIRO system 
(predisposition, insult, response, organ dysfunction) is a 
template proposal for a staging system for acute illness that 
incorporates assessment of pre-morbid baseline susceptibility 
(predisposition), the specific disorder responsible for acute 
illness (insult), the response of the host to that insult, and 
the resulting degree of organ dysfunction. However the 
creation of a valid, robust, and clinically useful system presents 
significant challenges arising from the complexity of the 
disease state, the lack of a clear phenotype, the confounding 
influence of the effects of therapy and of cultural and socio-
economic factors, and the relatively low profile of acute illness 
with clinicians and the general public. This review summarizes 
the rationale for such a model of illness stratification and the 
results of preliminary cohort studies testing the concept. It 
further proposes two strategies for building a staging system, 
recognizing that this will be a demanding undertaking that will 
require decades of work. 
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variety of initiatives to create staging systems that could stratify 
patients into subgroups who were more or less likely to experience 
progression of their illness, and ultimately to die from it.

The best known and most durable of these staging systems 
was developed by the French oncologist, Pierre Denoix, head 
of the International Union Against Cancer (UICC).4 Denoix 
proposed an anatomic model based on independent consideration 
of the size and degree of local infiltration of the tumor, the 
presence and extent of regional spread to local lymph nodes, 
and the presence or absence of distant metastases. Through a 
large scale international collaboration, the model has been tested 
and validated empirically on the basis of the ability of each of 
these domains to predict recurrence following treatment and 
ultimately, survival. Patients were initially stratified on the basis 
of the anatomic site and histologic type of the primary tumor. 
Prognostic characteristics of the tumor (size, differentiation, 
degree of invasion), nodes (number, vascularity), and metastases 
were evaluated to refine the system.5 As staging has evolved, it 
has become apparent that even within discrete histologic tumor 
types there are distinct subgroups identifiable on the basis of both 
differential prognosis and response to treatment and differential 
expression of key genes associated with tumor progression.6-8

Cancer as a disease lends itself to the development of reliable 
staging models. It has a pathologic phenotype that enables it to be 
diagnosed locally and detected systemically, and so that provides 
an objective basis for the evaluation of staging systems. It develops 
slowly, it evolves in a relatively predictable anatomic fashion, and 
its progression can be monitored over time, facilitating studies 
of natural history. Its therapy is multimodal, including surgery, 
radiation, cytotoxic chemotherapy, and biologically targeted 
therapy, so the need for staging is apparent to practitioners. 
Finally, it is common and resonates in the public perception, so 
that research funding to enable large-scale studies is more readily 
available than it is for research in the domain of acute illness.

The challenges of creating an analogous staging system for 
patients with acute life-threatening illness are substantial; the 
PIRO model is an initial exercise to address this challenge.

Clinical Staging of Acute Illness: The PIRO Model

The PIRO model arose from an exercise to create a candidate 
staging model analogous to the TNM system for staging a 

homogeneous cohort of patients admitted to a surgical intensive 
care unit in Halifax, Canada.9 By analogy to the TNM system, 
patients were stratified on the basis of the initial insult (documented 
infection vs. no infection), the magnitude of the host response 
and the extent of organ dysfunction. The diagnosis of infection 
required the identification of a pathogen invading normally sterile 
tissues, the magnitude of the host response was quantified using 
a sepsis score9 (Table 1), and the degree of organ dysfunction 
quantified using the multiple organ dysfunction (MOD) score.10

In a study of 477 patients (APACHE II score 13.4 ± 6.8, hospital 
mortality 18.7%), we found that outcome was independently 
impacted by each of these domains. The presence of infection was 
independently associated with an increased risk of ICU mortality 
(Table 2). Neither the site nor the microbiology of the infection 
significantly altered the risk of death. However the prognostic 
impact of infection was dependent upon the concomitant severity 
of the host response as measured by the sepsis score (Table 3). 
Although a diagnosis of infection increased the risk of death 
at all levels of severity of the sepsis score, the relative effect was 
greatest in those patients who had minimal evidence of a systemic 
inflammatory response.

Whether infection was present or not, the magnitude of the 
clinical inflammatory response correlated with the probability 
of ICU mortality and with the degree of organ dysfunction 
evolving over the ICU stay. These concepts formed the basis for 
discussions at the 2002 SCCM/ESICM Consensus Conference 
on definitions of sepsis.11 At that meeting, a further domain—
predisposition—was added to the construct, creating the PIRO 
model.

Although it is not clear how each of these domains is best 
described and measured, there is ample evidence that each 
contributes to the clinical phenotype of critical illness, and to the 
probability of a successful outcome.

Predisposition
The domain of predisposition includes all of those factors 

that are present before the onset of acute illness, and that by their 
presence, can modify the subsequent clinical course. Predisposing 
factors may be genetic, or they may be influences acquired after 
birth; these, in turn, can include socioeconomic factors such 
as poverty and malnutrition, environmental factors, medical 
co-morbidities, and even religious and cultural perspectives on 
illness and death.

Table 1. The sepsis score9

Variable 0 1 2 3

Maximum daily temperature (°C) <38.0 38.0–38.9 39.0–39.9 40.0+

White blood cell count <12 000 12–18 000 18–25 000 25 000+

Decrease in Glasgow coma score (from baseline)a 0 1 2 3+

Insulin requirements (units per hour)b 0 1–2 3 4+

Cardiac output or systemic vascular resistancec
<7.0 7.0–8.9 9.0–10.9 11.0+

>800 600–800 400–600 <400

aThe baseline Glasgow coma score is that obtained 24 to 48 h following SICU admission (after recovery from anesthesia); decreasing levels of consciousness 
are calculated relative to this score. bUnits of exogenous insulin required to achieve a serum glucose level of 10 mM/L or lower (200 mg/mL). cCardiac output 
in liters/minute or systemic vascular resistance in dyne.sec/cm5; the most abnormal value is used. Missing data are recorded as 0; the sepsis score is the sum 
of the worst scores for each variable on a particular day (maximum 15).



www.landesbioscience.com	V irulence	 29

A Danish cohort study underlined the importance of genetic 
factors in the prognosis for survival following infection.12 The 
authors studied a cohort of 960 individuals who had been born 
between 1924 and 1926 and been adopted as infants. They 
studied early deaths (before the age of 50) in the patient cohort, 
and in both the biologic and adoptive parents, classifying these as 
related to cancer, cardiovascular disease, infection, or other causes, 
assuming that concordance in the cause of early death between 
the child and the adoptive parent reflected an environmental 
influence, while that between the child and the biologic parent 
reflected genetic factors. Only early death from cancer showed 
a significant association with environmental factors (odds ratio 
5.16, 95% CI 1.20–22.2). In contrast, all causes except cancer 
showed a genetic link, the strongest being for early death from 
infection (odds ratio 5.81, 95% CI 2.47–13.7).

This association is readily explicable from an evolutionary 
perspective. Infectious diseases have been a constant threat to 
human populations, and a potent driver of evolutionary change; 
genes encoding elements of the innate response to infection 
are the most polymorphic genes in the human genome.13 
Polymorphisms in the gene for hemoglobin, for example, occur 
predominantly in areas where malaria is endemic,14 and both 
genome-wide association (GWA) studies and population studies 
of single nucleotide polymorphisms (SNPs) link heritable factors 
to susceptibility to a broad spectrum of infectious diseases.15 
Studies of cohorts of patients with infection have revealed that 
SNPs that alter the expression of innate immune response genes 
are associated with both altered susceptibility to sepsis,16,17 and 
with an altered risk of death if sepsis develops.18-20 Genetic 
susceptibility to adverse outcome in acute illness has been most 
extensively studied in populations of patients with sepsis, but 
heritable factors have also been linked to clinical outcomes 
following multiple trauma.21-23

Population-based studies demonstrate both sex- and race-
based differences in susceptibility to sepsis,24 and in the risk of 

mortality once sepsis has developed.25-28 Whether these reflect 
genetic variability, socioeconomic factors, or both is poorly 
understood.

Co-morbidities also modify the course and outcome of 
acute illness.29,30 Their incorporation into the APACHE (acute 
physiology, age, chronic health evaluation) prognostic model 
reflects the independent impact of age and co-morbidities on 
the prognosis of acute illness.31 Co-morbidities and age have 
a particular impact on longer term outcomes following ICU 
admission. A population-based study from Denmark disclosed that 
while 30 d mortality for patients with high rates of co-morbidity 
was 27%, by three years, 63% of the population had died.30 Even 
variables such as marital status have been linked to mortality risk 
following ICU admission.32 The impact of co-morbidities and 
socio-economic and cultural variables on outcome is complex. 
The competing mortality risk of a co-morbid illness modifies 
the attributable mortality of the acute illness under study, while 
cultural, social, and religious factors can modify the therapeutic 
approach of the treating clinicians or decision-makers;33 both 
influences impact assumptions regarding the therapeutic signal 
associated with an intervention.

Insult
The nature of the inciting insult impacts the host response, and 

so the ultimate clinical outcome. Infection is the most common 
insult resulting in a deleterious endogenous host response 
(termed sepsis, when infection is the cause); however there is 
considerable heterogeneity in the response, dependent upon the 
infecting organism—a feature that enables characteristic clinical 
descriptions of specific infections. Although both are caused 
by gram-positive bacteria and can produce life-threatening 
illness, necrotizing soft tissue infections caused by group A 
streptococci produce a clinical phenotype that differs from that 
of pneumococcal pneumonia, and life-threatening viral illnesses 
differ strikingly in their clinical manifestations. On the other 
hand, rarely does a pathogen produce a clinical syndrome that is 

Table 2. Morbidity and mortality of culture proven infection

ICU

Infectious status N Stay (days) MOD score Mortality

No infection 364 4.1 ± 4.0 4.5 ± 3.4 3.3%

Infection at any time 113 12.0 ± 11.1a 8.9 ± 5.2a 27.4%a

Primary 51 7.3 ± 6.8b 7.5 ± 4.9c 21.6%c

ICU-acquired 74 15.7 ± 11.9d 10.2 ± 5.1d 31.1%d

aP < 0.0001 compared with uninfected patients; bP = N.S. compared with patients without primary infection; cP = 0.002 compared with all patients without 
primary infection; dP < 0.0001 compared with all patients without ICU-acquired infection

Table 3. The influence of infection on mortality at increasing increments of sepsis score

Maximal sepsis score Number of patients
ICU mortality (%)

Infected Not infected P

0–3 297 5/33 (15.2) 3/264 (1.1) <0.0001

4–6 126 10/46 (21.7) 4/80 (5.0) 0.009

7–9 47 12/29 (41.4) 5/18 (27.8) 0.53

10–12 7 3/4 (75) 1/3 (33.3) 0.74
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sufficiently distinct that it can be diagnosed on clinical grounds 
alone.

Non-infectious insults can evoke the same inflammatory 
mediator response that results from infection, for the mechanisms 
underlying the recognition of danger are similar, or even identical. 
Toll-like receptor 4—the cellular receptor that plays a central 
role in the host response to endotoxin—can also be activated 
by non-infectious ligands such as heat shock proteins, oxidized 
phospholipids, and the alarmin, HMGB1.34 Gene array studies of 
the transcriptional response to differing harmful stimuli disclose 
that these stimuli can evoke overlapping patterns of response.35,36 
Conversely, and even more importantly, it is apparent from 
animal studies that the consequences of modifying the host 
response vary with the nature of the specific insult. In animal 
studies of the consequences of neutralizing tumor necrosis 
factor (TNF), a strong beneficial effect is seen in those models 
in which the insult is systemic challenge with endotoxin, gram-
negative bacteria, and certain gram-positive species, particularly 
S. aureus.37 However TNF neutralization is harmful in models 
of challenge with S. pneumoniae, as well as in models where the 
infecting organism is a fungus or an intracellular pathogen such 
as M. tuberculosis, and without clear benefit or harm in a complex 
polymicrobial infection such as that resulting from cecal ligation 
and puncture (Fig.  1). Data from human studies are limited, 
although studies of endotoxin neutralization in sepsis show 
that neutralization increases mortality in those patients whose 
infections are caused by gram-positive organisms.38,39

Response
The response of the host to an acute insult can be quantified 

by physiologic variables such as temperature and blood pressure, 
or by the levels of circulating cells or molecules whose levels 
change in response to that insult.

Independent of whether infection triggered the response, we 
found, in a cohort of 212 critically ill surgical patients, that the 

magnitude of the host inflammatory response, measured using a 
sepsis score, was strongly and independently associated with the 
risk of death.9 Indeed, when patients were stratified by maximal 
sepsis scores, the influence of infection on mortality risk was no 
longer evident. The impact of the physiologic response also varies 
dependent upon the nature of the insult that evokes it. Fever 
has been shown to be an independent risk factor for mortality 
in patients without infection, but a beneficial adaptive response 
whose correction worsens outcome when fever is present.40 
Moreover, hypothermia is an independent risk factor for mortality 
in patients with septic shock.41

The risk of adverse outcome in sepsis has been associated 
with increasingly abnormal levels of multiple different host-
derived molecules that plausibly play a pathogenic role in disease 
progression.42,43 How each of these reflects discrete components 
of a complex process, and whether the information each provides 
is distinct and non-redundant, is largely unknown. Moreover, 
while abnormal expression of each may correlate with the ultimate 
risk of mortality, their ultimate value lies not in forecasting death 
or mirroring disease severity but in identifying discrete aspects 
of a biologic process that are amenable to intervention, and in 
monitoring the subsequent response to intervention. It follows 
that the optimal marker or markers will be dependent upon the 
intervention planned. Levels of TNF as measured by ELISA in 
a study of the efficacy of an anti-TNF monoclonal antibody in 
sepsis showed enormous variability, ranging from 7 to 56 000 
pg/ml (unpublished). It would seem intuitively apparent (and 
is supported by observations from another study of an anti-
TNF antibody) that therapy would be most efficacious in those 
patients with the highest levels of TNF.

In that same trial, patients were stratified on the basis of the 
serum level of IL-6 at baseline, on the hypothesis that patients 
with higher levels of IL-6 would show a greater response to 
neutralization of TNF. A cutoff level of IL-6 of 1000 pg/ml was 
selected; although the mortality difference for treated patients 
with IL-6 levels above and below this value did not differ, an 
analysis of treatment effect by IL-6 level suggested greater 
efficacy in patients whose IL-6 levels were more than 8000 pg/ml 
(Fig. 2).42,44 In contrast, an analysis of the effects of the adequacy 
of source control intervention on ultimate outcome showed 
that patients whose IL-6 levels were less than 1000 pg/ml had 
significantly improved survival (76.9 vs 60.3%, P < 0.001) if they 
had received adequate source control intervention; this benefit 
was no longer apparent for patients whose IL-6 levels were greater 
than 1000 pg/ml (unpublished).

These observations are admittedly selective and post hoc 
analyses, a reflection of how few data are available on the ability 
of a biomarker to reflect treatment responsiveness, rather than 
overall mortality risk. This principle is well-established in 
oncology. In breast cancer, for example, expression of estrogen 
receptors or the Her2/Neu receptor on the surface of the cancer 
cell identifies a subpopulation of patients who will benefit from 
treatment with anti-estrogen compounds45 or trastuzumab 
respectively.46 In patients with colorectal cancer, microsatellite 
instability identifies a subpopulation that is more likely to benefit 
from adjuvant chemotherapy.7

Figure  1. Studies of the neutralization of tumor necrosis factor in a 
variety of pre-clinical models reveal that the consequences are model-
dependent. Survival is improved in models of systemic challenge with 
endotoxin, E. coli, or S. aureus, unaffected in cecal ligation and puncture 
(CLP) models, and reduced when the challenge organism is S. pneu-
moniae, Candida, Listeria, or M. tuberculosis. Adapted from reference 37.
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Organ dysfunction
Organ dysfunction is the consequence of the activation of an 

inflammatory response, and despite being potentially reversible, 
the proximate event preceding death. In the contemporary 
intensive care unit, death despite maximal resuscitative and 
supportive measures is distinctly uncommon, and when it does 
occur, usually reflects profound cardiopulmonary instability 
secondary to myocardial infarction, pulmonary embolism, or 
uncontrollable hemorrhage. Most deaths in the ICU result from a 
conscious decision to withdraw continuing supportive care in the 
face of a combination of non-resolving dependence on exogenous 
life support technologies and an underlying pre-morbid health 
state that makes a return to an independent life improbable. Thus 
organ dysfunction—its evolution and its persistence—represents 
a critical nexus in the decision-making process regarding ongoing 
support.

In a trivial sense, the development of organ dysfunction 
stratifies patients on the basis of the need for exogenous support 
of the organ whose function is failing. Refractory hypoxemia is 
treated with intubation and positive pressure ventilation, whereas 
declining renal function resulting in azotemia and volume 
overload is managed by dialysis. However the severity of organ 
dysfunction can also identify populations of patients who may 
differentially benefit from other interventions. For example, 
although the merits of early and appropriate antibiotic therapy 
in sepsis are well-established, these benefits accrue largely to 
those patients who do not have significant organ dysfunction at 
the time the treatment decision is made; the administration of 
appropriate antibiotic therapy to patients with more advanced 
organ dysfunction is without obvious benefit.47,48 In contrast, 
activated protein C appeared to be most effective in those patients 
with significant degrees of organ dysfunction.49

Modeling PIRO: What Has Been Done?

There have been a number of studies that have tested the 
underlying hypothesis of the PIRO model—that outcome 
following acute illness is independently impacted by abnormalities 
in each of the four PIRO domains. Their focus—of necessity—
has been prognostication of survival, rather than of response to 
treatment.

Moreno and coworkers evaluated a cohort of 2628 septic 
patients who remained in the ICU for at least 48 h. PIRO variables 
were drawn from the data collected for SAPS 3 scores, and the 
domains of response and organ dysfunction were combined.50 
They showed that mortality risk was increased in patients 
with septic shock, and identified variable reflecting each of the 
three domains that contributed to a prognostic model. Lisboa 
and colleagues studied 441 Spanish patients with ventilator-
associated pneumonia.51 They reported that a four-variable PIRO 
score calculated at the time of VAP onset and reflecting tertiles 
of risk correlated well with both mortality risk and need for 
resource use. They further showed that such a prognostic model 
could also be applied for patients with community-acquired 
pneumonia, and the prognostic capacity of the model exceeded 

that of the APACHE II score and dedicated prognostic criteria 
for pneumonia.52

Using two databases from studies of activated protein C in 
sepsis, Rubulotta found an independent mortality contribution 
associated with variables reflecting each of the four PIRO 
domains, and reported that an aggregate model based on these 
was highly predictive of hospital mortality.53 Granja incorporated 
evaluation of response and organ dysfunction variables over time 
into a model that also showed good prognostic capacity when 
used in a cohort of Portuguese patients admitted to an ICU with 
sepsis.54

Toward a Staging System for Acute Illness

Each of these studies, however, is relatively small, recruited 
patients with an a priori diagnosis of illness, and focused on the 
prediction of clinical outcome, rather than on the prediction of 
response to therapy.

The utility of the TNM system arises not so much from its 
ability to predict mortality or cancer recurrence, although it is 
patently able to do both, but rather from its ability to identify 
subgroups of patients within the larger population of individuals 
with a disease who might benefit from specific modes of 
treatment. A patient with a colon cancer that is confined to 
the site of the primary tumor, with no evidence of spread to 
regional nodes or distant organs has only a 10% to 25% risk of 
recurrence over 5 y following resection, depending on the size 
and local extension of the tumor, and so surgery alone may be 
adequate therapy. On the other hand, evidence of nodal spread 
increase the risk of recurrence to 45% to 50%, and it is this 
group of patients who are optimally managed with both surgery 
and systemic chemotherapy.55 When there is evidence of spread 
beyond the regional nodes at the time of initial presentation, local 
measures will not result in cure, and more aggressive approaches 
are warranted, recognizing that their primary objective is not 

Figure 2. The impact of baseline interleukin-6 levels on survival follow-
ing neutralization of tumor necrosis factor in a randomized controlled 
trial of 2634 patients with sepsis; survival curves were modestly sepa-
rated at the cutoff level of 1000 pg/ml used in the trial, but diverged fur-
ther at higher levels of IL-6.44
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cure but palliation. Successful multimodal therapy in oncology 
has only become a reality with the development of an effective 
disease stratification system.

Can a similar approach better inform multimodal therapy 
for patients with sepsis or other acute inflammatory disorders? 
There are a number of important differences between the 
two disease groupings that make the prospect a challenge. 
First, cancer is a disease that, by and large, begins locally and 
spreads over time, making the distinction between the need 
for local or systemic therapy much more evident. This process, 
moreover, evolves gradually, and so enables the oncologist to 
devote the needed time to accurate pathologic diagnosis and 
staging before finalizing a therapeutic plan. Sepsis, on the other 
hand, characteristically presents as a systemic process with life-
threatening physiologic consequences, and treatment decisions 
must be made expeditiously. Cancer has a visible pathologic 
phenotype—the transformed cells that represent the malignant 
process. It can be detected locally or systemically; its absence can 
also be confirmed with a reasonable degree of accuracy. Sepsis, on 
the other hand, has no distinct pathologic features. It is associated 
with the abnormal expression of hundreds of putative biomarkers; 
however the role each of these might play beyond simply reflecting 
disease severity and mortality risk is largely unknown. Finally, 
and perhaps most importantly, successful staging in oncology 
has evolved over a long period of time because of the large scale 
collaborative efforts of oncologists around the world through 
global organizations such as the International Union Against 
Cancer; similar collaborations do not exist in acute care, and 
so initial attempts to develop models have been built on small 
existing data sets, guided by the particular perspectives of a small 
group of investigators, and constrained by the data available for 
analysis.

These challenges notwithstanding, however, there are at least 
two initiatives that could be undertaken to advance the objective 
of developing a validated and clinically useful staging system for 
acute illness.

PIRO as a Template for the Design of Clinical Trials

At this early stage in its conceptualization as a tool that can 
ultimately inform clinical decisions, PIRO is probably best seen 
as a checklist of domains that should be considered during the 
design of a clinical research program. Explicit consideration of 
each of the 4 PIRO domains may improve the articulation of 
entry and exclusion criteria for clinical trials.

As an example, suppose we are contemplating a trial to evaluate 
the optimal duration of antibiotic therapy for patients with 
ventilator-associated pneumonia, and that our planned primary 
endpoint was the proportion of patients randomized to one of 
two treatment durations who were discharged from hospital 
by day 90. In considering predisposition, we would want to 
exclude patients with co-morbidities associated with a significant 
independent risk of mortality over 90 d, as well as patients who, 
for other reasons, were likely to remain in hospital for an extended 
period of time. Recruitment would be restricted to those patients 
having ventilator-associated pneumonia (insult), and we might 

further restrict entry to patients with a particular response (fever, 
hypoxia, or laboratory findings such as leukocytosis or elevation 
of procalcitonin or TREM-1 levels) that resulted in a sicker group 
of patients who were both more likely to actually have pneumonia, 
and more likely to experience an adverse outcome from that 
disease. Finally, we might exclude patients with significant organ 
dysfunction based on the probability that they would both be 
more likely to experience a prolonged hospitalization and to have 
a less favorable response to antibiotics.

Alternatively, we might be contemplating a clinical trial of 
early albumin resuscitation for patients with septic shock. There 
are no obvious predisposing factors that would identify a group of 
patients who might experience either differential benefit or harm 
from the intervention. On closer consideration of the insult, we 
find no biologic reason why patients with infection as the cause 
of a systemic inflammatory response might experience greater 
benefit, and so elect to enroll all patients with distributive shock 
and evidence of systemic inflammation (response). Since there 
is evidence that albumin is harmful in patients with closed head 
injury,56 we would exclude these patients. Finally, since we have 
no evidence that organ dysfunction modifies the response to 
albumin treatment, we would not consider the degree of organ 
dysfunction as an entry or exclusion criterion, but may choose 
it as a stratification variable to evaluate differential treatment 
efficacy.

We might take a very different approach if the intervention 
was a strategy to neutralize tumor necrosis factor in critically 
ill patients. On the basis of epidemiologic work and studies in 
patients receiving anti-TNF therapies for rheumatic diseases, it 
appears that genetic polymorphisms alter levels of TNF expression 
and predispose to adverse outcomes in sepsis;18 moreover there 
is emerging evidence that genetic factors may alter the response 
to anti-TNF therapy in rheumatoid arthritis.57 We may choose 
to focus our intervention on those patients who are predicted 
to gain the greatest benefit. In reviewing the impact of insult, 
we find no reason to limit the study population to patients with 
infection, since patients with acute non-infectious disorders 
such as burns58 and ruptured abdominal aortic aneurysms59 are 
known to have elevated TNF levels, and anti-TNF therapies have 
found their greatest efficacy in such non-infectious disorders 
as arthritis60 and inflammatory bowel disease.61 Since TNF is 
involved in the adaptive response to infection, we might choose 
to exclude patients with infection for whom there is evidence that 
neutralizing TNF increases infectious susceptibility,62 or worsens 
outcome.37 Finally, as discussed earlier, we might limit our 
study population to patients who do not have significant organ 
dysfunction at the time of study entry.

The explicit consideration of a PIRO classification results in 
the elaboration of very different study populations for each of 
these three interventions. It should also be recognized that the 
classic entry criteria for sepsis trials embody an implicit PIRO 
model: Predisposition is incorporated by the exclusion of patients 
at risk of early death from factors that can’t be modified by the 
intervention, insult is defined variously as suspected or proven 
invasive infection, response by the presence of SIRS criteria, 
and organ dysfunction by the presence of one or more organ 
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