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"Inflammation is the most frequent affection and the one showing the most number of varie
ties ... You will find in everyone a characteristic difference, and through that you will recognize 
the form of inflammation and will find the treatment that suits it. Indeed you will treat different
ly herpes, erysipelas, phygethlon, and all forms of inflammation. So you must be able to diagnose 
the affections beforehand with correctness here also:' 

Galen of Pergamus 

Introduction 

The evolution of intensive care has given rise to a unique challenge in medical tax
onomy - to describe and characterize the course of diseases that have no biologic 
precedent. Intensivists debate the optimal definition of such common disorders as 
sepsis, the acute respiratory distress syndrome (ARDS), and multiple organ failure 
(MOF), but the roots of this debate lie less in the inherent biologic vagaries of the in
dividual processes than in the fact that they are, at root, iatrogenic creations. Acute 
lung injury only develops in patients whose death has been forestalled by the me
chanical ventilator, while the profound physiologic derangements of overwhelming 
infection are rapidly lethal in the absence of fluid resuscitation, anti-infective thera
py, and the spectrum of supportive measures that the contemporary intensive care 
unit (lCU) provides. The concept of the multiple organ dysfunction syndrome 
(MODS) reflects an implicit acceptance that the course of critical illness is defined 
more by what we as physicians have done to sustain the patient, than by the natural 
history of the extrinsic clinical disorders that rendered the patient critically ill. 

Yet there is abundant evidence that common pathologic processes, specifically 
those associated with the expression of inflammation, underlie the clinical evolution 
of critical illness. Elevated levels of the chemokine interleukin 8 (IL-8), for example, 
are seen in disorders as phenotypically diverse as hemorrhage [1], sepsis [2], melioi
dosis [3], and ARDS [4], suggesting that inflammation is involved in their pathogen
esis. Similarly studies of heterogeneous cohorts of critically ill patients have shown 
that circulating endotoxin can frequently be detected [5-7], that protein C levels are 
reduced [8], and that the response to corticotrophin (ACTH) stimulation is blunted 
[9]. These and other similar observations suggest that, in some ill-defined way, crit
ically ill patients share at least some common biological derangements that may, in 
turn, be appropriate targets for clinical intervention. Recent promising results with 
strategies as diverse as neutralization of tumor necrosis factor (TNF), supplementa
tion of activated protein C [10], administration of exogenous corticosteroids, and 
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minimization of lung injury during mechanical ventilation [11] support this con
cept. The challenge, however, has been to determine which patients might best ben
efit from therapy. 

Syndromes, Diseases, and the Challenge of Description 

The problem of description and classification is as old as medicine itself; however 
the advent of the leu has introduced added layers of complexity to this problem 
that, in turn, demand new conceptual approaches. 

First, the expression of critical illness reflects a relatively limited repertoire of 
pathologic responses to a remarkably heterogeneous group of stimuli. The syn
drome of acute lung injury known as ARDS arises following a highly diverse group 
of insults, however its clinical and pathologic features are similar, and reflect not the 
inciting stimulus, but the response of the lung to injury. Examining the lung micro
scopically at post mortem, one cannot determine whether that injury was a conse
quence of pancreatitis, massive transfusion, or eclampsia. At the same time, the 
changes that are observed may be quite variable, and include interstitial edema, neu
trophil influx, hemorrhage, hyaline membrane formation, fibrosis, and thrombosis. 
Similarly the response to injury of other organs produces pathologic changes that 
reflect the evolution of processes of inflammation and repair, rather than the dis
tinctive patterns of injury of the process that caused them. 

Early during the course of critical illness, the clinical picture reflects the evolution 
of a particular pathologic process. In the patient with severe pneumonia, sputum 
production reflects the interaction of neutrophils with bacteria in the lungs, while 
pyrexia and leukocytosis denote the activation of a systemic inflammatory response 
to the infection. However, with treatment and supportive care, the dominant clinical 
phenotype is no longer that of the primary disease, but one that reflects homeostat
ic changes and the injurious consequences of therapy. The infecting organism has 
been eliminated, but systemic antimicrobial agents have altered the indigenous flo
ra, and set the stage for superinfection, while the use of intravenous catheters, naso
gastric tubes, endotracheal tubes, and urinary catheters sets the stage for this altered 
flora to produce invasive infection. Life-sustaining interventions such as positive 
pressure ventilation [11], transfusion [12], and invasive monitoring and vasoactive 
therapy [13, 14] all carry a significant, and often under-appreciated risk of causing 
inadvertent harm. 

Finally, the phenotype of critical illness is made even more complex by virtue of 
the fact that it arises through the interactions of the causative stimuli with multiple 
physiologic and therapeutic responses. The clinical picture of myocardial infarction, 
for example, reflects the consequences of acute myocardial ischemia resulting from 
occlusion of a coronary artery, and such manifestations as chest pain, arrhythmias, 
and cardiogenic shock, can be readily explained by this single pathologic event. On 
the other hand, the clinical expression of septic shock reflects not only a vasculopa
thy resulting from peripheral vasodilatation and increased capillary permeability, 
but also the effects of that vasculopathy in multiple vascular beds, the effects of the 
interventions used to restore systemic perfusion, the effects of the inciting stimulus 
on other tissues, and the amplification of these through the reponse of the host to the 
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secondary injury induced by regional ischemia and clinical resuscitation. Whereas 
most diseases encountered in clinical medicine are reasonably well modelled by 
considering the clinical manifestations of the disease as a direct consequence of the 
causative stimulus, critical illness is better modelled using complexity theory, in 
which an outcome reflects the interactions of multiple factors [15,16]. 

The intrinsically complex nature of critical illness generates a significant descrip
tive challenge. Is ARDS a disease, a syndrome, or a complication of an intervention? 
Similarly is systemic inflammation an adaptive physiologic response or a maladap
tive process, and if the latter, is it a distinct disease, a specific syndrome, or a gener
ic descriptive term for an heterogeneous group of syndromes or diseases? The dis
tinction is more than idle philosophy. The concept that we might be able to develop 
effective therapies for sepsis presupposes that sepsis is a disease whose net conse
quences for the host are deleterious. Moreover it requires that we can identify a co
hort of patients with that disease, and that the intervention will modify a process 
that is directly involved in the pathogenesis of the disorder. To date, neither of these 
assumptions has been convincingly supported. 

In the pages that follow, we examine the evolution of sepsis from a concept to a ge
neric descriptive term for a group of illnesses, to what will hopefully be, in the not 
too distant future, a group of diseases characterized by common pathologic mecha
nisms, whose course can be modified by rational therapies that target these. 

The Concept of Sepsis: From Illness to Disease 

"There is no disturbance in function without organic lesion." 

Galen of Pergamus 

The word 'sepsis' has its linguistic origins in the writings of Hippocrates, more than 
two millennia in the past. Hippocrates described two opposing processes that result
ed in the breakdown of living tissues. Pepsis was a life-giving process, exemplified by 
the digestion of food, or the fermentation of grapes to make wine. In contrast, sepsis 
was tissue breakdown that resulted in illness and death, whose presence was evident 
in the rotting of vegetable matter or the putrefaction of wounds [17]. With the emer
gence of the germ theory of disease. the word became a synonym for severe infec
tion. It is only quite recently, with the recognition that the clinical sequelae of infec
tion reflect the response of the host rather than any intrinsic biologic activity of the 
infecting organism, that the need for a revised definition of sepsis has become acute. 
Persisting ambiguity in the meaning of the word 'sepsis' reflects its use to describe a 
biologic process, its cause, and the clinical syndrome that it produces. 

Derangements in normal physiologic function first become manifest through 
their subjective consequences for the patient; these consequences initiate the pro
cess of medical care, and cause the patient to seek therapy. The patient presents with 
symptoms - subjective manifestations of a physical or psychologic state that is both 
abnormal and disruptive of a normal state of health. The physician, in turn, seeks 
signs - objective manifestations of that state of deranged health that can be integrat
ed to achieve a diagnosis, and recommend a therapy. Symptoms and signs are man
ifestations of an illness - an awareness that something is wrong, even though the bi-
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ologic basis may be undefined. A disease, on the other hand, is an illness whose signs 
and symptoms can be explained as the result of a discrete pathologic process. Often, 
however, the pathologic basis of a particular pattern of signs and symptoms is un
known; a syndrome is a reproducible constellation of signs and symptoms that is be
lieved to have a common pathologic basis, in other words, to be the manifestations 
of a disease (Table O. 

Some specific examples can serve to underline the important differences between 
illnesses, syndromes, and diseases. An illness may manifest itself as fatigue, weight 
loss, and cough. The potential causes of this symptom complex are many, and in
clude tuberculosis, carcinoma of the lung, and pneumoconiosis. If, however, the pa
tient also has lymphadenopathy, Pneumocystis carinii pneumonia, and Kaposi's sar
coma, the pattern will be immediately recognized as a syndrome - the acquired im
mune deficiency syndrome (AIDS), and attributed to a disease, namely infection 
with the human immunodeficiency virus. Similarly developmental retardation and 
an unusual physical appearance may be recognized as Down's syndrome, and attrib
uted to a disease, trisomy 21. The transition from illness to syndrome to disease im
plies an advancing understanding of pathogenetic mechanisms, and by inference, a 
greater probability for therapeutic success by targeting the biologic process respon
sible for the manifestations of the disease. Put differently, the physician can modify 
the symptoms of an illness, but must be able to diagnose a disease to institute poten
tially curative therapy. 

The challenge of contemporary critical care has been that the disorders we treat 
are, by and large, illnesses rather than diseases. Indeed we treat the specific signs and 
symptoms, because we lack a more fundamental understanding of how these com
bine as manifestations of a common biologic process. Tachypnea and hypoxemia are 
treated with mechanical ventilation, hypotension with fluids and vasoactive agents, 
confusion with anxiolytics or sedatives, and fever with antipyretics. While we sus
pect that the occurrence of these abnormalities together in a critically ill patient may 
portend a single underlying disease, we are unable to define that disease, and so 
must resort to treating its manifestations. This is reasonable when the manifesta
tions themselves are a threat to the patient, for example, when profound hypotension 
is treated with intravenous fluids and norepinephrine. But it is a wholly inadequate 
approach to guide the use of therapies that target the biologic processes that result 
in diseases, be they invasion of the lung by bacteria producing pneumonia, or micro
vascular thrombosis producing tissue hypoxia during systemic inflammation. 

To the contemporary intensivist, sepsis is primarily a concept - that a particular 
pattern of physiologic derangements is likely a result of a systemic infectious pro-

Table 1. Definitions in critical illness 

illness A state of aJtered physiologic function that results in a reduction in the quality 
or quantity of a patient's life 

Syndrome A particular combination of symptoms, signs, and/or objective laboratory findings 
that is associated with a predictable clinical outcome, and that is believed to have 
a common pathologic basis 

Disease An illness (i.e., a state of aJtered physiologic function resulting in reduced quality 
or quantity of Life) that has a unique and definable pathogenesis 



From Celsus to Galen to Bone: The Illnesses, Syndromes, and Diseases of Acute Inflammation 7 

cess, and that successful treatment of the patient demands more than simply treat
ing the infection alone. Streptococcal pharyngitis can be managed with penicillin, 
and acute appendicitis with appendectomy; for these common infections, the clini
cian is comfortable that adequate control of the infection will result in resolution of 
symptoms, and restoration of a normal state of health. Sepsis as a concept, however, 
suggests that more than simple anti-infective measures are needed. At present, those 
additional measures are limited to organ system support, although the advent of ad
junctive therapy directed towards the pathologic mechanisms of sepsis is enticingly 
close. Ultimately, the successful evaluation and use of these agents will hinge on our 
ability to transform our understanding of sepsis from a concept to a disease. 

Sepsis as Illness: The Signs and Symptoms of Life-threatening Inflammation 

"Notae vero inflammation is sunt quatuor, rubor et tumor, cum calore et dolore" 

Cornelius Celsus; ca. 30 Be 

There has been no better encapsulation of the cardinal manifestations of local in
flammation than those articulated by Celsus: rubor (redness), calor (heat), dolor 
(pain), and tumor (swelling). Celsus wrote as a non-physician, and his ideas, out
lined in De Re Medicina, were largely ignored by his contemporaries, only coming to 
light with the discovery of his manuscript during the Renaissance [18). But while the 
local signs of inflammation are generally familiar to, and accepted by all physicians, 
the description of the defining signs and symptoms of systemic inflammation has 
proven more difficult. 

Sepsis has been defined as the systemic host response to invasive infection [19), 
therefore its definition requires both the documentation of infection, and the char
acterization of a pattern of clinical phenomena that suggest a response that is poten
tially deleterious. Both requirements have created a significant challenge. Micro
biologic confirmation of infection depends on culture data, however the results of 
such cultures typically are unavailable for 24 hours or longer. Moreover the clinical 
manifestations of sepsis are both extensive and highly variable from one patient to 
the next [20). Early studies of adjuvant therapy in sepsis typically used clinical 
judgment as the basis for enrolling patients, rather than more rigid and reproducible 
criteria. Despite its lack of reproducibility, this approach proved remarkably suc
cessful. Ziegler and colleagues, for example, in a study of neutralization of endotoxin 
with a polyclonal antibody, found that 63% of patients enrolled on criteria of clinical 
judgment alone were subsequently proven to have Gram-negative bacteremia [21). 

A desire to create more objective enrollment criteria for sepsis studies led Bone 
and colleagues to propose the criteria of sepsis syndrome for a multicenter study of 
high dose methylprednisolone in septic shock [22). Sepsis syndrome was defined as 
the occurrence of tachycardia, tachypnea, and hyper- or hypothermia, in association 
with evidence of organ dysfunction, and arising in a patient with suspected or con
firmed infection (Table 2). It is important to recognize that this particular compila
tion of clinical manifestations was neither developed on the basis of a study of the 
natural history of sepsis, nor prospectively validated prior to the initiation of the 
clinical trial. Rather the basis for the proposal was an imperfect process of consen-
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Table 2. Clinical manifestations of systemic inflammation 

epsis Syndrome 

Tachycardia 
( > 90 beats/minute) 
Tachypnea 
(> 20 breaths/minute 
Temperature 
(> 38.4"C or < 35.6°C) 

Altered organ perfusion: 
- Hypoxia 
- Elevated lactate 
- Oliguria 
- Altered mental status 

Systemic Inflammatory 
Response Syndrome (SIRS) 

Tachycardia 
(> 90 beats/minute) 
Tachypnea 
(> 20 breaths/minute) 

Temperature 
(> 38"C or < 36"C) 

White count 
(> 12000/mm or < 4000/mm) 
1\"0 or more of the above 
must be present 

Cardinal Signs of Systemic 
ln11ammation (after Celsus & Galen) 

Rubor (peripheral vasodilatation, 
IowSVR) 
Calor (temperature elevation) 
Dolor (altered mental status) 
Tumor (increased fluid requirements; 
permeability edema) 
Functio laesa (organ dysfunction) 

sus by a group of investigators cloistered in a Las Vegas hotel room (Metz C, person
al communication). Subsequent attempts to show that these criteria delineate an ho
mogeneous population of patients have been largely unsuccessful [23). Levels of key 
pro-inflammatory mediators are variably elevated in patients with sepsis syndrome 
[24), and the effects of neutralization of these in subsequent trials that have used 
sepsis syndrome as entry criteria have been disappointing [25). 

In fact, sepsis syndrome is not a syndrome as we have defined it. Although the 
mortality of patients who manifest this combination of findings is predictably in the 
range of 30 to 40% at 28 days, there is no single common pathologic basis for the 
clinical picture, and the criteria lack both specificity and sensitivity in identifying 
cohorts of patients with such potentially modifiable abnormalities as infection, en
dotoxemia, excessive TNF activity, or impaired anticoagulant activity. Expressed dif
ferently, it is uncertain precisely what patients with sepsis syndrome have in com
mon. They are certainly very ill and at risk of death, but so are patients with multi
ple injuries from trauma, with pancreatitis, or with the sequelae of a ruptured 
abdominal aortic aneurysm, all conditions whose clinical presentation might be 
consumed under the rubric of sepsis syndrome. Sepsis syndrome is only a useful 
construct if we can define sepsis in pathologic or biochemical terms, and if these 
clinical criteria identify patients with those particular pathologic or biochemical ab
normalities. 

The vagaries of definitions for sepsis were the topic of considerable editorial de
bate [26-28), culminating ultimately in the ACCP/SCCM consensus conference of 
1991 that introduced the acronym SIRS (the systemic inflammatory response syn
drome) into the critical care vernacular. Participants at that meeting recognized the 
need to differentiate the causes of inflammation from its clinical manifestations, and 
proposed that the word 'infection' be used to describe the microbiologic phenome
non characterized by the invasion of healthy tissues by miro-organisms and their 
products, while SIRS was held to reflect the host response independent of its trigger 
[19). However the meeting itself did not propose specific criteria to define SIRS: the 
published criteria of tachycardia, tachypnea, hyper- or hypothermia, and leukopenia 
or leukocytosis only appeared later (Table 2). 
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SIRS is not a syndrome for the same reasons outlined above for sepsis syndrome. 
Indeed it is apparent that the four SIRS criteria are simply four of the twelve vari
ables that comprise the APACHE II scoring system, and that SIRS is better seen as an 
abbreviated severity scale. As has been underlined by others, SIRS criteria can be 
met by vigorous exercise or by making love [29]; they are in no way specific for a 
syndrome of systemic inflammation. 

Perhaps a more reliable group of manifestations of systemic inflammation is the 
systemic equivalent of Celsus' four cardinal signs of inflammation, to which Galen 
added a fifth - functio laesa or loss of function (Table 2) [30]. Rubor or redness in lo
cal inflammation reflects increased local blood flow, secondary to local peripheral 
vasodilatation. At the level of the whole organism, systemic inflammation (at least 
satisfactorily resuscitated systemic inflammation) results in peripheral vasodilata
tion, measured as a reduction in systemic vascular resistance, and a corresponding 
increase in cardiac output. Calor or local heat has as its systemic counterpart the de
velopment of fever. Dolor refers to local pain; its systemic equivalent is alterations in 
level of consciousness. Tumor or swelling develops because of increased capillary 
permeability at the inflammatory focus, and corresponds to the generalized increase 
in capillary permeability that accompanies systemic inflammation, and is respon
sible, for example, for the earliest phases of ARDS. Finally, loss of function in an in
flamed part is reflected in the remote organ dysfunction of MODS. These may well 
be accepted as cardinal manifestations of systemic inflammation, but it would be 
presumptuous to designate them as a syndrome, for the same reason that SIRS is not 
truly a syndrome; the abnormalities are relatively common, and not specific for any 
particular etiology, nor pattern of pathologic abnormalities. 

From Symptom Complexes to Diseases 

According to its proponents, the concept of SIRS has two major advantages [19,31]. 
First, it draws attention to the biologic truth that systemic inflammation reflects the 
response of the host, rather than the insult that triggered that response. In contrast 
to sepsis syndrome that assumes a close relationship between infection and inflam
mation, SIRS can result from a variety of stimuli, infectious or non-infectious. Sec
ond, by using generic criteria that are present in a large cohort of patients, the SIRS 
criteria become very sensitive screening criteria for the identification of an at risk 
population. But although SIRS criteria may identify an at risk population, they do 
not sufficiently refine the characterization of that population so that a specific ther
apeutic approach can be evaluated successfully. 

This limitation is illustrated graphically in Figure 1. In designing a clinical study 
of a particular therapeutic strategy, one hopes to use relatively simple and reprodu
cible entry criteria to identify an appropriate population of patients who might be 
expected to benefit from therapy, and to exclude patients for whom the therapy 
would not be of benefit. The ideal situation is illustrated in Figure lA: the population 
who might benefit from therapy (filled circle) comprises most of those who are 
identified by the study entry criteria (open circle). For example, if our therapy is a 
novel vasopressor, and if our entry criterion is fluid-resistant hypotension, most of 
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Fig. 1. Ideally the entry criteria for a trial identify the majority of patients with the disease of inter
est, and miss few or none of these (A). More commonly, however, the population who might benefit 
from therapy (filled circle) is only a small subset of the patients who are identified by study entry 
criteria; moreover the entry criteria may fail to identify patients who might benefit from therapy 
(B). In sepsis trials, in the absence of methods to define discrete diseases that might respond to ther
apy, the extent to which non-specific entry criteria such as SIRS identify a population who might 
benefit from therapy is unknown, and may be exceedingly small (C). In this circumstance, even a po
tent therapeutic effect may be missed, for it is diluted by the effects of the large number of patients 
who could not be expected to respond to therapy 

the population of interest will be identified, although we will end up treating some 
patients whose primary problem is cardiogenic shock, and who might not be expect
ed to benefit from vasopressor therapy. Figure IB reflects a more common situation: 
the population who might benefit from therapy is a subset of the population identi
fied by the entry criteria, but the entry criteria also miss a significant number of pa
tients who might benefit. This situation might be reflected in a study of a novel anti
biotic, given to patients with sepsis syndrome; not every patient with sepsis syn
drome has positive cultures, and conversely, not every patient with an infection 
caused by a sensitive organism meets sepsis syndrome criteria. The patients who 
might truly benefit are represented by the intersection of the two circles: most of 
those entered could not be expected to show a response, and the signal of therapeu
tic efficacy is considerably diluted. For many studies of mediator-directed therapy, 
however, the true situation may be reflected in Figure Ie. The patients who have the 
physiologic abnormality that is targeted, represent only a small percentage of those 
who meet entry criteria (sepsis syndrome). In the absence of more specific diagnos
tic tests to define a population who might truly benefit from therapy, the prevalence 
of these patients within the entire study population is unknown. Put differently, if 
that percent is small, even with a therapy that is highly effective, the therapeutic sig
nal will be small because it is diluted by a large number of patients who cannot be 
expected to show benefit. 

The transition from symptoms to syndrome requires that a particular combina
tion of manifestations have a high degree of specificity for a particular biologic pro
cess, even though the pathologic basis of that process is undefined. In practise, be
cause of the heterogeneity of the patient populations developing sepsis, and the 
considerable variability in clinical presentation, it is unlikely that a particular com
bination of clinical manifestations will be useful in defining a population of patients 
who will benefit from a therapy that targets a distinct biologic process. Rather, more 
sophisticated biochemical or morphologic markers will be needed to define a subset 
of patients whose illness is driven by a particular biologic abnormality, and who 
might, therefore, be expected to benefit from therapy. The search for such markers is 
an important priority for ongoing investigation. 
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Conclusion 

Although their ideas evolved more than two millennia in the past, the insights of 
Celsus and Galen into the clinical manifestations of inflammation, and even more 
importantly, into the intrinsic heterogeneity of the underlying processes that caused 
these manifestations, are of immense importance to our ongoing attempts to char
acterize the clinical process of systemic inflammation. The late Roger Bone was a 
contemporary pioneer of this process, whose insights derived not only from abstract 
clinical thought [32], but also from a personal experience with the symptoms expe
rienced by a patient with sepsis, arising during the course of adjuvant therapy for the 
metastatic renal cell carcinoma that took his life [33]. However the transition from 
an awareness of illness to an understanding of disease is a complex process, and one 
that depends on an ongoing accumulation and evaluation of new scientific knowl
edge. We have created an entirely unprecedented spectrum of iatrogenic diseases 
with the development of ICUs; our challenge is to evolve new methods to transform 
our understanding of these from the unappreciated complications of therapy, to 
quantifiable derangements whose correction will result in improved quality and 
quantity of life. 
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