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Relationship of Systemic Inflammatory Response
Syndrome to Organ Dysfunction, Length of Stay,
and Mortality in Critical Surgical Illness

Effect of Intensive Care Unit Resuscitation

Mia Talmor, MD; Lynn Hydo, BS; Philip S. Barie, MD, FCCM

Background: A systemic proinflammatory response has
been implicated in the pathogenesis of organ dysfunc-
tion. The effects of surgery, surgical stress, anesthesia,
and subsequent intensive care unit (ICU) resuscitation
may affect the components of the systemic inflamma-
tory response syndrome (SIRS) score (temperature, heart
rate, respiratory rate, and white blood cell count). Any
SIRS scores calculated within 24 hours after surgery or
at the onset of nonoperative resuscitation may overesti-
mate the proinflammatory response itself, making quan-
titation of SIRS at that time potentially too sensitive. We
hypothesized that SIRS attributable to ICU resuscita-
tion can be quantitated, and that SIRS after the first day
of therapy in the ICU correlates with several outcomes.

Methods: Prospective analysis of 2300 surgical ICU ad-
missions during a 49-month period. Acute Physiology and
Chronic Health Evaluation III (APACHE III) scores were
recorded after 24 hours. Daily and cumulative multiple
organ dysfunction scores (0-4 points for each of 6 or-
gans, 24 points total) and SIRS scores (1 point for each
parameter, 4 points total) were recorded. Defined end
points were hospital mortality, days in the ICU, and or-
gan dysfunction.

Resulis: On day 1, 49.4% of patients had SIRS (score
=2), whereas 34.5% of patients who remained in the ICU

had SIRS (score =2) on day 2 (P<<.001). The SIRS score
decreased by a mean of 0.8 points from day 1 to day 2,
regardless of the type of admission. A SIRS score that de-
creased on day 2, in comparison with the score on day
1, resulted in less mortality than a unchanged or higher
score on day 2 (11% vs 18% vs 22%, P<<.001). Systemic
inflammatory response scores were higher for nonsur-
vivors than survivors on each of the first 7 days in the
ICU. The day 2 SIRS score correlated well with the ad-
mission APACHE 111 score (P<<.001) and all defined end
points (all P<<.001). The day 2 SIRS score also corre-
lated with the day 2 multiple organ dysfunction score
(P<<.001). By multiple logistic regression, APACHE III
(P<<.001), day 2 SIRS score (P<.01) (but not day 1 SIRS
score, P=.99), and day 2 multiple organ dysfunction score
(P<.001) (but notday 1 multiple organ dysfunction score,
P=.81) predicted mortality.

Conclusions: Systemic inflammatory response syn-
drome attributable to surgery or surgical stress can be
quantitated. Twenty-four hours of ICU resuscitation re-
sults in a decline in the SIRS score. The magnitude of
the proinflammatory response on the second ICU day may
be a useful predictor of outcome in critical surgical
illness.
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HE SYSTEMIC inflammatory
response syndrome (SIRS)
is a clinical response to an
inflammatory or trau-

ture bands.! The consensus stipulated that
these changes should represent an acute
alteration from baseline in the absence of
other known causes for such abnormali-
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matic stimulus of unspeci-
fied etiology. As defined by the American
College of Chest Physicians/Society of
Critical Care Medicine consensus confer-
ence in 1992, SIRS is diagnosed if 2 or more
of the following criteria are met: (1) tem-
perature greater than 38°C or less than
36°C; (2) heart rate greater than 90 beats
per minute; (3) respiratory rate greater
than 20/min or a Paco, less than 32 mm
Hg; or (4) white blood cell count greater
than 12.0 X 10%L or less than 4.0 X 10%/L
or the presence of more than 10 imma-
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ties, such as chemotherapy-induced leu-
kopenia. Although these diagnostic crite-
ria were established via consensus rather
than quantitative study, subsequent in-
vestigations have validated their useful-
ness in predicting groups of patients with
an increased risk of mortality.**

The effect of SIRS on mortality in a
mixed population of medical and surgi-
cal patients in the intensive care unit (ICU)
has been studied? but the differential re-
sponses to surgical stress and anesthesia
were not quantitated. The effects of sur-
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PATIENTS AND METHODS

This study was conducted during a 49-month period in the
general surgical ICU of an urban university tertiary care
medical center that provides surgical care to its local com-
munity and to tertiary care referrals, and functions also as
a level I trauma center. Although the institution serves as
a regional center for burn care and cardiothoracic sur-
gery, those patients are cared for in separate, dedicated units
and thus are excluded from this analysis.

All variables analyzed in this study were calculated
prospectively, with the exception of SIRS scores, which
were calculated retrospectively from raw data collected
prospectively. Acute Physiology and Chronic Health
Evaluation II and III (APACHE II and APACHE III)
scores were calculated manually as described in the
original reports®'® and reported for our patient popula-
tion previously.!! The worst physiologic values during
the first 24 hours of critical care were used for calcula-
tion of the APACHE scores. All patients were analyzed
until hospital discharge or death. In circumstances
where a patient was readmitted to the surgical ICU dur-
ing the same hospital stay, all admissions were included
for the ICU length of stay analysis, but hospital mortality
was calculated as a percentage of patients.

The MOD score of Marshall et al'? was calculated daily
and a maximal score was also determined. The MOD score
grades increasing severity of dysfunction of 6 organ sys-
tems (cardiac, central nervous system, hematologic, he-
patic, pulmonary, and renal) on a 4-point scale, so that a
maximum of 24 points can be accrued. The maximal MOD
score was calculated by summing the individual worst val-
ues at any time during the ICU stay for each of the 6 organ
systems described. Therefore, the maximal MOD score could
only increase for the duration of observation, whereas the
daily MOD score would flucuate with clinical improve-
ment or deterioration. Patients were considered to have some
degree of organ dysfunction if the MOD score was 1 point
or higher. This system was compared previously with that
of Knaus and Wagner," which considers organ failure to
be an all-or-nothing phenomenon, and was found to cor-
relate closely.'*

The SIRS scores were calculated similarly. The SIRS
score assigns 1 point for each parameter (temperature, white
blood cell count, heart rate, and respiratory rate), so that a
maximum of 4 points can be accrued. A maximal SIRS score
was calculated by summing the individual worst value in
each of the 4 parameters.” Thus, a patient might have a maxi-
mal SIRS score of 4, even if the patient had scored 1 point
in each different parameter at different points in the ICU
admission. A daily SIRS score, which fluctuates on a day-
to-day basis similar to the daily MOD score, was also cal-
culated each day of the ICU stay.

The ICU length of stay, hospital length of stay, and
maximal MOD score were assessed for each daily SIRS score
group (eg, day 1 vs day 2, 3, and so on), and compared us-
ing a 1-way analysis of variance (ANOVA) with repeated
measures. Differences between groups were identified us-
ing the Tukey post hoc test. Mortality rates and the inci-
dences of MOD were compared using a x* contingency table
analysis for multiple group comparisons. Comparison of
group mean data for continuous variables between survi-
vors and nonsurvivors was made using an unpaired non-
parametric Wilcoxon analysis. Subset analyses were per-
formed on survivors vs nonsurvivors, and of elective or
emergent operative vs nonoperative admissions. Patients
admitted electively were those who underwent a sched-
uled operation on the day of admission, according to the
published operating room schedule. These patients were
considered to be elective if the ICU admission followed a
destabilizing event during surgery or in the postanesthe-
sia care unit. Nonoperative patients were those admitted
with illness or injury (eg, pancreatitis or multiple trauma)
or those who sustained a superimposed insult (eg, myo-
cardial infarction or pulmonary embolism) necessitating
ICU care at least 24 hours after surgery. Multivariate as-
sessments of the effect of independent variables on depen-
dent outcome variables (magnitude of MOD, length of stay,
and mortality) were made with a multivariate logistic re-
gression analysis.

All statistical analyses were performed by microcom-
puter using commercial software (StatView 4.0.1 with Su-
perANOVA 1.1.1, Abacus Concepts Inc, Berkeley, Calif).
Statistical significance was determined at an « level of .05.
Group mean data are expressed as mean=SE.

gical stress, anesthesia, postoperative pain, and subse-
quent resuscitation may affect the components of the SIRS
score. Critics have argued that SIRS scores, when calcu-
lated in the immediate postoperative period, may over-
estimate the proinflammatory response, making quan-
titation of SIRS at that time potentially too sensitive.”®
Pittet et al* investigated the epidemiology of SIRS in a
population of 170 patients admitted to the surgical ICU
and found that the score was too sensitive, precluding
its usefulness for prediction of outcome. We subse-
quently performed a prospective analysis of 2218 surgi-
cal ICU patients’ and found that the development of
SIRS over the entire duration of the ICU stay correlated
with an increase in the incidence of multiple organ dys-
function (MOD), longer hospital stays, and increased
mortality.

The purpose of this study was to determine the ef-
fect of surgical stress and ICU resuscitation on SIRS. We

hypothesized that SIRS attributable to surgery or resus-
citation can be quantitated, and that failure of the SIRS
score to decrease after day 1, reflective of the true proin-
flammatory state, would correlate with a higher MOD
score and, hence, prolonged length of stay as well as in-
creased mortality.®

— T

Data from 2300 consecutive admissions for critical sur-
gical illness, postoperative complications, or postopera-
tive care were evaluated. The composition of the popu-
lation within the ICU during the first week of care is
depicted in Figure 1. The mean age for the group was
64.6 + 0.3 years, the mean APACHE Il score was 13.9 +
0.2, and the mean APACHE III score was 44.2 + 0.6. Mean
ICU length of stay was 5.5 + 0.2 days, and average hos-
pital length of stay was 22.4 + 0.6 days. Forty-nine per-

ARCH SURG/VOL 134, JAN 1999

82

©1999 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 03/05/2022



2500
O Nonoperative
W Emergent
2000 W Elective
@
S 1500+
E
k=]
2 1000
500+ i i
AL LN RE s
1 2 3 4 5 6 7
ICU Day

O Nonsurvivors
® Survivors

S| RSfcore .
o
L
te
}
@

1 2 3 4 5 6 7

ICU Day

Figure 1. Composition of patients in the intensive care unit (ICU) during the
first week. Note that whereas the number of patients remaining in the ICU
decreases progressively with each ICU day, the relative composition of the
groups remains proportionate for the first 2 days (see legend to Figure 7).
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Figure 2. Daily systemic inflammatory response syndrome (SIRS) scores
are depicted as a function of the ultimate length of stay in the intensive care
unit (ICU). The mean daily SIRS score is higher on day 1 for each successive
length-of-stay group, but the resolution of SIRS (declination of the score in
each group) is similar, so that the SIRS score has declined to less than 1
point on the day of discharge for each group. For example, the patients
discharged on day 5 had a mean SIRS score of 0.8 on that day, whereas the
patients discharged on day 6 had a mean SIRS score of 1.2 on day 5, which
decreased to 0.95 on day 6. The relationship does not hold for ICU stays of 7
days or longer, partly because of small sample sizes. All points are
statistically discrete (P<.01), error bars are obscured by the points
themselves.

cent of patients developed some degree of organ dys-
function, and hospital mortality for the entire group
was 8.3%. The mean maximal SIRS score for the group
was 1.9 + 0.1. On day 1, 49.4% of patients had SIRS
(=2 criteria), whereas 34.5% of patients who remained
in the ICU had SIRS on day 2 (P<<.001). The SIRS
scores on successive days, as a function of ultimate ICU
length of stay, are depicted in Figure 2. The day 1
SIRS scores were successively higher (P<.01) for
patients who were destined for longer ICU length of
stay, but the rate of resolution of SIRS was similar. On
average, the SIRS score on the day of discharge from the
ICU was 0.5 to 0.95.

Mean daily SIRS scores are depicted (Figure 3) for
survivors and nonsurvivors for the first 7 days of the ICU
stay. This analysis is not based on the day of discharge,
therefore patients with multiday stays were considered

Figure 3. Mean daily systemic inflammatory response syndrome (SIRS)
scores are depicted for survivors and nonsurvivors for the first 7 days of the
intensive care unit (ICU) stay. This analysis is not based on the day of
discharge, therefore, patients with multiday stays were considered
repetitively. The SIRS score was significantly higher (P<.01) for
nonsurvivors on each day.

Table 1. Characteristics Associated With Day 2
SIRS Scores*

SIRS Admission ICU Length MOD
Score APACHE Ill Scoret  of Stayt Scoret  Mortality, %t
0 476+1.8 40+£04 3602 3.8
1 51.8+1.7 7007 45+£12 8.2
2 60.3+1.9 11.3+£1.0 7.0+03 18.4
3 58.0+2.3 126+14 7505 24.2
4 785+49 98+21 8506 40.0

*Data are presented as mean + SE unless otherwise indicated. SIRS
indicates systemic inflammatory response syndrome; APACHE Ill, Acute
Physiology and Chronic Health Evaluation IlI; ICU, intensive care unit; and
MOD, multiple organ dysfunction.

1tP<.001.

repetitively. The SIRS score was significantly higher
(P<.01) for nonsurvivors on each day, as were age,
APACHE 1I and III scores, ICU length of stay, and hos-
pital length of stay (all P<<.001) (data not shown). The
APACHE IlI scores, ICU length of stay, MOD score, and
mortality rate all increased with higher day 2 SIRS scores
(P<.001) (Table 1). In actuality, a higher SIRS score
related to higher mortality for each of the first 4 days in
the ICU (P<<.001) (Figure 4). Mortality was negligible
for patients who never had any component of SIRS, but
increased progressively (P<<.01) for higher scores as the
ICU stay became prolonged. Mortality was highest (38%
and 45%, respectively) for patients with a SIRS score of
4 on day 2 or day 3.

Among patients who had an ICU length of stay of 2
days or more, a decreased day 2 SIRS score, compared
with the same-patient SIRS score on day 1, resulted in
less mortality than an unchanged or positive score (11%
vs 18% vs 22%, P<<.001). In contrast, the mean SIRS score
of patients discharged in less than 24 hours was 1.0 =
0.1 and mortality was 3.8%, due in part to 22 patients
who died within the first 24 hours.

A subset analysis of elective or emergent operative
vs nonoperative admissions was performed (Figure 5
and Figure 6). Whereas the mean SIRS score on day 1
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Figure 4. The mortality rate is depicted as a function of the systemic
inflammatory response syndrome (SIRS) score for each of the first 7 days of
the intensive care unit (ICU) stay. Mortality was negligible for patients who
never had any component of SIRS, but increased progressively (P<.01) for
higher scores as the ICU stay became prolonged. This analysis considers
repetitive scores in patients, so the increased SIRS score may reflect either
persistence or worsening. The highest mortality rates (38% and 45%,
respectively) were noted for patients with a SIRS score of 4 on day 2 or 3,
suggesting the importance of failure of early resuscitation to ameliorate the
proinflammatory response in critically ill patients.

2.5+
2.0
[
S
S 154
[%2]
[a=
%)
S 1.0
=
O Emergent Operative
0.5 ® Elective Operative
A Nonoperative
0 T T T T T T ]
1 2 3 4 5 6 7
ICU Day

Figure 5. Subset analysis of systemic inflammatory response syndrome
(SIRS) scores in emergent vs nonemergent admissions and operative vs
nonoperative admissions. This analysis excludes patients who stayed in the
intensive care unit (ICU) for less than 24 hours. Although the SIRS score
was always lower (P<<.001) in the elective patients, note that the response to
24 hours of ICU care was identical (a mean decrease of 0.8 points).

in the elective group (1.5 = 0.1) was lower than in the
emergent or nonoperative groups (both 2.1 + 0.1)
(P<.001), the decrease in SIRS by 0.8 points from day 1
to day 2 was identical (Figure 5). From a nadir on day
2, SIRS scores increased in aggregate on each subse-
quent day, reflective of the illness severity that prolongs
ICU length of stay. Similarly, MOD scores were higher
in relation to prolonged ICU length of stay (Figure 6).
The increase in SIRS and MOD scores was related to
ICU length of stay, in each subset of patients, and in
inverse relation to the number of patients remaining in
the ICU (Figure 7).

The multivariate analysis of the data is summa-
rized in Table 2. The APACHE III score (P=.01), day 2
SIRS score (P<<.001) (but not day 1 SIRS score, P=.88)
and day 2 MOD score (P<<.001) (but not day 1 MOD
score, P=.62) were independent predictors of mortality.

Figure 6. Subset analysis of multiple organ dysfunction (MOD) scores for
the same groups depicted in Figure 5. A longer intensive care unit (ICU)
length of stay was associated with more MOD (P<.001), although elective
surgical admissions had less MOD (P<.001) regardless of the length of the
ICU stay.
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Figure 7. Kaplan-Meier plot of the number of patients remaining in the
intensive care unit (ICU) with respect to time. As length of stay increases to
7 days, elective surgery patients remain in the ICU at a rate equivalent to the
other groups (approximately 3% each).

Table 2. Multiple Logistic Regression Analysis of Early-Stay
ICU Severity Scores and Effect on Mortality*

Score P  p-Coefficient SE 95% Cl

APACHE Il day 1 .84 .0075 0.0375 -0.0660 to 0.0809
APACHE Ill day 1 .01 .0244 0.0097 0.0053 to 0.0435
SIRS scoreday 1 .88 -.0210 0.1413 -0.3051 to 0.2638
SIRS score day 2 <.001 4607 0.1350 0.1960 to 0.7253
MOD score day 1 .62 .0360 0.0714 -0.1040 to 0.1759
MOD score day 2 <.001 .2621 0.0674  0.1299 to 0.3942

*ICU indicates intensive care unit; Cl, confidence interval; APACHE, Acute
Physiology and Chronic Health Evaluation; SIRS, systemic inflammatory
response syndrome; and MOD, multiple organ dysfunction.

— T

The data indicate that SIRS attributable to surgical stress
and ICU resuscitation can be quantitated. Regardless of
admission type, the mean SIRS score decreased by 0.8
points from day 1 to day 2 of the ICU stay, reflective of
ICU resuscitation. Elevated day 1 SIRS scores are largely
artifact in elective surgery patients because the mean score
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decreased by 50% to only 0.8 + 0.1 points on day 2. Fur-
thermore, the SIRS score decreased by an identical amount
from day 1 to day 2 in emergent operative and nonop-
erative patients, making it plausible that the similarity
of responses reflects either resuscitation to comparable
end points or adherence to similar principles (eg, pain
control, suppression of tachycardia)," despite the osten-
sible dissimilarity of the groups.

In 1995, Pittet et al* investigated the epidemiology
of SIRS in a population of 170 surgical ICU patients. The
SIRS criteria (=2) were met by 93% of the patients,
whereas only 8.2% died. The authors concluded that be-
cause of very high sensitivity and poor specificity, SIRS
did not identify those patients who died ultimately. They
did not investigate the relationship of SIRS to the inci-
dence or magnitude of MOD. In a critique of Pittet et al,
Sibbald et al® suggested that the high rate of SIRS re-
ported by Pittet et al could be explained by differences
in definitions for SIRS proposed by the American Col-
lege of Chest Physicians/Society of Critical Care Medi-
cine panelists and those used by the authors. Illustrat-
ing their point, Sibbald et al® suggested that in
postoperative patients, the American College of Chest Phy-
sicians/Society of Critical Care Medicine criteria would
not have defined SIRS on ICU admission because the acute
alteration from baseline occurred due to another known
cause (namely, the surgery). Sibbald et al suggested fur-
ther that by 12 hours postoperatively, ongoing abnor-
malities are referable to a baseline (ICU admission) and
a diagnosis of SIRS may be confirmed once the effects of
anesthesia several hours before had subsided. Menger and
Vollmar® concurred in principle, but argued that pa-
tients might be affected by major surgery for several days,
and that major surgical tissue injury, as with entities such
as trauma, might be an important factor in the develop-
ment of SIRS and severe sepsis.

Indeed, the quantitation of SIRS is potentially overly
sensitive in surgical populations. Major surgical stress,
anesthesia, and postoperative pain can result in a sys-
temic response (temperature >38°C, leukocytosis, tachy-
pnea, and tachycardia) that can mimic acute inflamma-
tion, but the response should be short-lived if resuscitation
is adequate. Therefore, a SIRS score obtained within 24
hours of ICU admission is a poor predictor of outcome,
as Sibbald et al® suggested. However, contrary to the con-
tention of Menger and Vollmar,® this proinflammatory
response seems to be pathological if it persists beyond
24 hours. In this study, an elevated SIRS score obtained
between 24 and 48 hours after admission, despite
aggressive resuscitation, predicted an increased mortal-
ity. Moreover, it is not only the day 2 score in isolation,
but failure of the score to decrease or indeed to increase
during the second 24 hours (which indicates an ongo-
ing or superimposed proinflammatory response) that is
important.

Haga et al'® retrospectively studied 292 ICU pa-
tients after gastrointestinal tract surgery. They found that
not only the number of positive SIRS criteria but also the
duration of SIRS correlated with an adverse outcome.
These authors examined a surgical stress parameter (blood
loss indexed to body mass), operative time, and serum
C-reactive protein concentrations and documented that

surgery itself can lead to a proinflammatory state, as had
been hypothesized.”® However, patients who recovered
from early postoperative SIRS had a lower incidence of
MOD than did those in whom SIRS persisted. Specifi-
cally, SIRS (=2 criteria) continuing consecutively for 2
days after postoperative day 3 had a higher incidence of
both infectious and noninfectious postoperative compli-
cations, as well as a higher incidence of MOD. We agree
that persistent SIRS is deleterious, but our data indicate
that the magnitude of SIRS on the second postoperative
day (3 days before the study of Haga et al) correlates
strongly with adverse outcomes.

Our findings support the current theories regard-
ing the pathogenesis of SIRS and organ dysfunction syn-
drome popularized by Bone.'"'® An elevated day 1 SIRS
score may be secondary to a local proinflammatory cop-
ing reaction. However, by day 2, if a putative anti-
inflammatory response has not balanced the proinflam-
matory response, SIRS persists, resulting in an increased
incidence of MOD and death. Our findings also support
those who point to the narrow time window for effec-
tive resuscitation after surgical or traumatic stress. Abram-
son et al'” showed that trauma patients who were resus-
citated adequately within 24 hours (measured by
normalization of serum lactate levels) all survived. In con-
trast, only 75% of patients survived if their lactate levels
normalized within 24 to 48 hours, and 14% of patients
survived if their lactate levels did not normalize within
48 hours. Similarly, a decreased day 2 SIRS score (pre-
sumably reflective of adequate resuscitation and post-
operative care) correlates with a significantly lower mor-
tality than an increased or unchanged score.

The effect of 24 hours of ICU resuscitation for both
operative as well as nonoperative patients is clear from
our data. Whereas patients admitted emergently had
higher SIRS scores than those admitted electively on day
1, the decrease in SIRS from day 1 to day 2 by 0.8 points
was identical regardless of the cause for admission, re-
flecting the effect of consistent ICU resuscitation. For this
reason, SIRS scores calculated prior to resuscitation may
result in artificially elevated scores that correlate poorly
with outcome.

Current hypotheses of the pathogenesis of MOD may
need to be reexamined. In the classic paradigm that af-
fects most patients, organ failure develops catastrophi-
cally as a late consequence of critical illness, as induced
by a “2-hit” phenomenon.?® The 2-hit phenomenon
represents priming of the inflammatory response by a
primary insult (eg multiple trauma), followed by activa-
tion of the response by a secondary insult (eg, pneumo-
nia). This study and our previous data indicate that clini-
cally meaningful derangements are present and detectable
very early in the course of critical illness.® Sequential el-
ements necessary for the development of SIRS or MOD
may occur within hours rather than days.”* The impor-
tance of early, aggressive resuscitation is underscored,
but the time window for successful intervention may be
narrow.

Presented at the 18th Annual Meeting of the Surgical Infec-
tion Society, New York, NY, May 2, 1998.

ARCH SURG/VOL 134, JAN 1999

85

©1999 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 03/05/2022



Statement of Clinical Relevance

The early identification of seriously ill patients at risk for
an adverse outcome would yield several benefits. Patient
triage and resource utilization will become more effi-
cient, and accurate prognostic information would en-
hance the dialogue with patient or family regarding the plan
of care and the expected result. A simple-to-calculate in-
dicator that correlates closely with outcomes in groups of
patients has the advantage of ease of use, but is not yet sig-
nificantly robust for outcome assessments in individuals.
Of equal importance is the recognition that physiologic re-
sponses so early (day 2) in the ICU stay reflect outcomes.
In contrast to the long-standing observation that organ dys-
function occurs as a late, catastrophic event, meaningful
derangements are detectable early, and the window for suc-
cessful resuscitation appears to be narrow.

Reprints: Philip S. Barie, MD, FCCM, Department of
Surgery, The New York Presbyterian Hospital-Cornell Medi-
cal Center, 525 East 68th St, New York, NY 10021.

DR REFERENCES

1. American College of Chest Physicians/Society of Critical Care Medicine Consen-
sus Conference. Definitions for sepsis and organ failure, and guidelines for the
use of innovative therapies in sepsis. Crit Care Med. 1992;20:864-874.

2. Rangel-Frausto MS, Pittet D, Costigan M, et al. The natural history of the sys-
temic inflammatory response syndrome. JAMA. 1995;273:117-123.

3. Knaus WA, Harrell FE, Fisher CJ, et al. The clinical evaluation of new drugs for
sepsis: a prospective study design based on survival analysis. JAMA. 1993;270:
1233-1241.

4. Pittet D, Rangel-Frausto S, Li N, et al. Systemic inflammatory response syn-
drome, sepsis, severe sepsis, and septic shock: incidence, morbidities and out-
comes in surgical ICU patients. Intensive Care Med. 1995;21:302-309.

5. Sibbald WJ, Doig G, Inman KJ. Sepsis, SIRS and infection. /ntensive Care Med.
1995;21:299-301.

6. Menger MD, Vollmar B. Systemic inflammatory response syndrome (SIRS) and
sepsis in surgical patients. /ntensive Care Med. 1996;22:616-617.

7. Talmor M, Hydo L, Lu A, Barie PS. Interrelationships between systemic inflam-
matory response syndrome (SIRS) and multiple organ dysfunction syndrome
(MODS) in critical surgical illness: impact on outcome [abstract]. Crit Care Med.
1998;26:A125.

8. Barie PS, Hydo LJ. Influence of multiple organ dysfunction syndrome on dura-
tion of critical illness and hospitalization. Arch Surg. 1996;131:1318-1325.

9. Knaus WA, Draper EA, Wagner DP, et al. APACHE II: a severity of disease clas-
sification system. Crit Care Med. 1985;13:818-824.

10. Knaus WA, Wagner DP, Draper EA, et al. The APACHE Il prognostic system:
risk prediction of hospital mortality for critically ill hospitalized patients. Chest.
1991;100:1619-1636.

11. Barie PS, Hydo L, Fischer E. Comparison of APACHE Il and 1l scoring systems
for mortality prediction in critical surgical illness. Arch Surg. 1995;130:77-82.

12. Marshall JC, Sibbald WJ, Cook DA, et al. The multiple organ dysfunction (MOD)
score: a reliable indicator of a complex clinical outcome. Crit Care Med. 1995;
23:1638-1652.

13. Knaus WA, Wagner DP. Multiple systems organ failure: epidemiology and prog-
nosis. Crit Care Clin. 1989;2:221-232.

14. Barie PS, Hydo L, Fischer E. A prospective comparison of two different multiple
organ failure/dysfunction scoring systems for prediction of mortality in critical
surgical iliness. J Trauma. 1994;37:660-666.

15. Mangano DT, Layug EL, Wallace A, Tateo I. Effect of atenolol on mortality and
cardiovascular morbidity after noncardiac surgery: Multicenter Study of Perio-
perative Ischemia Research Group. N Engl J Med. 1996;335:1713-1720.

16. Haga Y, Beppu T, Doi K, et al. Systemic inflammatory response syndrome and
organ dysfunction following gastrointestinal surgery. Crit Care Med. 1997;25:
1994-2000.

17. Bone RC. Sir Isaac Newton, sepsis SIRS and CARS. Crit Care Med. 1996;24:
1125-1128.

18. Bone RC. Toward a theory regarding the pathogenesis of the systemic inflam-
matory response syndrome: what we do and do not know about cytokine regu-
lation. Crit Care Med. 1996;24:163-172.

19. Abramson D, Scalea TM, Hitchcock R, Trooskin SZ, Henry SM, Greenspan J. Lac-
tate clearance and survival following injury. J Trauma. 1993;35:584-588.

20. Moore FA, Moore EE. Evolving conceots in the pathogenesis of post injury mul-
tiple organ failure. Surg Clin North Am. 1995;72:257-277.

21. Godin PJ, Buchman TG. Uncoupling of biological oscillators: a complementary
hypothesis concerning the pathogenesis of multiple organ dysfunction syn-
drome. Crit Care Med. 1996;24:1107-1116.

B DISCUSSION

David Spain, MD, Louisville, Ky: I would like to congratulate
Dr Talmor on an excellent presentation. In this prospective study
it was hypothesized that the SIRS score attributable to ICU re-
suscitation could be quantified and that failure to reduce your
SIRS score in 24 hours in the ICU would correlate with MOD
score, ICU length of stay, and mortality. All of these did prove
to be true. I have 3 straightforward issues to address.

First, your data show that the SIRS score was as good as
the MOD score and the APACHE III in predicting mortality.
This suggests that the tried and true parameters of tempera-
ture, heart rate, respiratory rate, and white blood cell count,
are still reliable indicators of the degree of critical illness and
that it's best to look at them “once the dust has settled.” This
appeals to my somewhat simplistic tendencies and confirms my
suspicion that sick people don’t do well. Should we abandon
the more complex APACHE I1I and other scoring systems, es-
pecially when stratifying patients for clinical studies, and start
using the SIRS score? This would keep me from having to take
my laptop computer to the ICU.

Second, the decrease in SIRS from ICU day 1 to day 2 was
attributable to the ICU resuscitation. This implies that a pa-
tient had an inadequate intraoperative resuscitation. Was this
assessed? Secondly, do you have a standard resuscitation pro-
tocol in your ICU, and how is the adequacy of your resuscita-
tion assessed? Do you use routine vital signs and urine output
or was base deficit or lactate clearance used? When were in-
vasive monitors used and was oxygen delivery optimized? And
did the patients who had a pulmonary artery catheter inserted
have different outcomes; ie, were they more likely to lower their
SIRS score postoperatively? Obviously there would be a selec-
tion bias toward the sicker patients getting pulmonary artery
catheters, but with such a large database you may be able to
answer this question.

As you alluded to, does failure to decrease your SIRS score
from ICU day 1 to day 2 truly reflect the degree of a proinflam-
matory state or is this just another marker of inadequate re-
suscitation? I think that this may be a mixed population of 2
types of patients. If I did my math correctly, approximately 390
of your patients in the ICU on day 2 had a SIRS score greater
than or equal to 2. Is there any way to differentiate these 2 pa-
tient populations and allow appropriate therapeutic interven-
tion? That is, patients who are underresuscitated could be fur-
ther resuscitated, while patients who are truly proinflammatory
may need further operative care or then could be eligible for
clinical drug investigations.

Attempts at curbing the proinflammatory response with
pharmacologic agents have been largely disappointing, and this
study begins to highlight the importance and impact of resus-
citation on the systemic inflammatory response. I congratu-
late the authors and would like to thank the Surgical Infection
Society for the privilege of discussing this paper.

Dr Talmor: With regard to your first question, I think that
the SIRS score is a simplified severity of illness score much like
the APACHE III and APACHE II scoring systems. It would be
very convenient for all of us involved if the SIRS score did yield
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a meaningful prediction, and it might, but having not per-
formed receiver operating characteristic curves or goodness-
of-fit testing for SIRS versus APACHE, I would not recom-
mend abandonment of a more sophisticated system that has
been proven to work.

We did perform a multivariate analysis, and the results
of this analysis suggest that if gone head-to-head the
APACHE III score would prove a stronger system to use.

We have no fixed protocol for resuscitation in our ICU,
in response to your second question, but having worked many
months in that ICU I can tell you that Dr Barie does give us all
special high-intensity training, and we are sort of all on the same
page as far as that goes. We use heart rate monitoring, urine
output, the standard monitoring as appropriate. We do have a
high incidence of elderly patients and, because of this, a high
incidence of coronary disease, and we do tend to use invasive
monitoring, though we like many others have come away from
using Swans, for obvious reasons, as often as we can. I think
given the size of the database we might be able to determine a
difference in our patients who were Swan vs those who weren’t,
but I'am not sure that this would have any clinical significance
or importance.

And finally, I think in answer to your question about sepa-
rating patients who were inadequately resuscitated and those
in whom a proinflammatory state exists, I think it is difficult
to separate the 2. It probably is a mixed population and would
be very difficult to extrapolate the 2 separate populations, but
I do think that the adequacy of the resuscitation in these post-
operative patients may be a determinant of the balance be-
tween the anti-inflammatory response and the proinflamma-
tory response.

Mark A. Malangoni, MD, Cleveland, Ohio: This is a fas-
cinating study and your work is very interesting. What it brought
to mind was in a lot of other scoring systems that have mul-
tiple elements, there is one element or sometimes a few ele-
ments but not all that really make the difference. Earlier in this
meeting, there was discussion about the lack of sensitivity of
fever. Have you looked at that particular parameter or tried to

look at each of these individual components of SIRS, and if you
have, can you tell us which one is the most important and are
there certain elements of SIRS that perhaps we could just quit
looking at?

Dr Talmor: We actually are very interested in that point
ourselves. There have been several papers, especially recently,
looking at heart rate, for example, as a predictor of outcome,
and studies have shown that patients who are treated postop-
eratively with 3-blockade have done better than those who aren’t.
In fact we also stipulated that perhaps a combination of 2 of
these criteria would portend a worst outcome, such as fever and
white blood cell count, which seem to me most predictive of
sepsis, and in just starting these subset analyses, which obvi-
ously involve very, very complicated statistical analyses in these
2300 patients that we have accumulated, it does seem to point
to the fact that heart rate will be the most significant predictor
of the 4, which is not what we would have necessarily pre-
dicted, but the analyses aren’t complete at this point.

Per-Olof Nystrom, MD, PhD, Linkoping, Sweden:

Well, since all the SIRS criteria are contained in the APACHE
IT and especially APACHE Il scoring, I am very happy to learn
that you think we should not substitute those more sophisti-
cated scores in terms of using them for outcome prediction;
however, that begs the question, why should we use the SIRS
score? What purpose, what does it tell us about patients? And
I wish you could speculate a little about why you use it.

Dr Talmor: Idon’t think that the SIRS score tells us more
about the patient obviously than the APACHE II or the APACHE
111 scores, which are far more sophisticated, but as Dr Spain
alluded, those of us who are calculating these APACHE scores,
by hand in our situation because the software is prohibitively
expensive to do this, the calculation of the scoring is ex-
tremely tedious. If we could go to a patient’s bedside, look at
the bedside monitor and immediately know what the SIRS score
was, and if this did give us an accurate prediction that would
allow us to have a dialogue with the patient and the family re-
garding outcome, I think it would be a very powerful tool for
us, and that is what we are hoping to do.
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