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Abstract

Rationale: Tools that screen inpatients for sepsis use the
systemic inflammatory response syndrome (SIRS) criteria
and organ dysfunctions, but most studies of these criteria
were performed in intensive care unit or emergency room
populations.

Objectives: To determine the incidence and prognostic value of
SIRS and organ dysfunctions in a multicenter dataset of hospitalized
ward patients.

Methods: Hospitalized ward patients at five hospitals from
November 2008 to January 2013 were included. SIRS and
organ system dysfunctions were defined using 2001 International
Consensus criteria. Patient characteristics and in-hospital
mortality were compared among patients meeting two or more
SIRS criteria and by the presence or absence of organ system
dysfunction.

MeasurementsandMainResults:A total of 269,951 patientswere
included in the study, after excluding 48 patients with missing
discharge status. Forty-seven percent (n = 125,841) of the included
patientsmet two ormore SIRS criteria at least once during their ward
stay. On ward admission, 39,105 (14.5%) patients met two or more
SIRS criteria, and patients presenting with SIRS had higher in-
hospital mortality than those without SIRS (4.3% vs. 1.2%;
P, 0.001). Fourteen percent of patients (n = 36,767) had at least
one organ dysfunction at ward admission, and those presenting with
organ dysfunction had increased mortality compared with those
without organ dysfunction (5.3% vs. 1.1%; P, 0.001).

Conclusions: Almost half of patients hospitalized on the wards
developed SIRS at least once during their ward stay. Our findings
suggest that screening ward patients using SIRS criteria for
identifying those with sepsis would be impractical.

Keywords: systemic inflammatory response syndrome; sepsis;
multiple organ failure; organ dysfunction scores

The systemic inflammatory response
syndrome (SIRS) was introduced by Bone
and colleagues (1) during a 1991 consensus
conference with the goals of improving the
early detection of patients with sepsis,
facilitating standardization of research
protocols, and providing useful prognostic
information. Since that time, the SIRS
criteria have been widely adopted in both

research and clinical practice (2, 3). In
addition, definitions of organ dysfunction
have been developed that both define the
syndrome of severe sepsis and provide
prognostic value (1, 4–6). However, the
utility of SIRS has been questioned, with
most arguments focusing on the criteria’s
low specificity (7). For example, many
other noninfectious conditions can result

in the development of SIRS, such as
pancreatitis, myocardial infarction, and
pulmonary embolism (1). In addition,
even exercise can result in meeting the
heart rate and respiratory rate portions of
the SIRS criteria. However, the SIRS
criteria are still commonly used in sepsis
bundles and as entry criteria for clinical
trials (2, 3, 8, 9).
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To date, most studies on SIRS and
sepsis-related organ dysfunction have
been performed in the intensive care unit
(ICU) and the emergency department
(4, 10–13). However, further investigation
into the incidence and prognosis
associated with these criteria in ward
patients is essential for several reasons.
First, many patients who develop sepsis
are initially treated on the wards (14), and
it has been shown that patients admitted
to the ICU from the wards have a higher
mortality rate than those admitted to the
ICU from the emergency department
(15, 16). Second, many hospitals are now
expanding their sepsis screening
programs to the wards (17–19), and so
information regarding the incidence and
prognostic value of these criteria would
inform these efforts. Finally, the evolution
of different organ dysfunctions over time
on the wards may impart important
prognostic information for these patients.
Therefore, we aimed to investigate the
incidence and prognostic value of SIRS,
organ dysfunctions, and their evolution
over time in a multicenter dataset of
hospitalized ward patients. Some of the
results have been previously reported in
the form of an abstract (20).

Methods

Study Population
All adult patients hospitalized at four
NorthShore University HealthSystem
hospitals (Evanston, Glenbrook, Highland
Park, and Skokie) and the University of
Chicago from November 2008 to January
2013 with documented ward vital signs were
included in the study. All hospitals admit
both medical and surgical patients, and
additional details for the study hospitals are
shown in Table E1 in the online supplement
(21). Patients were excluded from the
study if they were missing in-hospital
mortality data. In addition, only observations
occurring during a patient’s initial ward stay
were used in this study, and observations
were censored at the time of discharge, death,
or first ward to ICU transfer. The study
protocol was approved, with a waiver of
consent granted based on minimal harm and
general impracticability, by the University of
Chicago Institutional Review Board (IRB
#16995A) and NorthShore University
HealthSystem (IRB #EH11-258).

Data Collection
Patient demographics, location- and time-
stamped vital signs (blood pressure, heart
rate, respiratory rate, oxygen saturation,
temperature, and mental status [coded as
alert, responds to voice, responds to pain, or
unresponsive (AVPU)]), and laboratory
results were obtained from the Clinical
Research Data Warehouse at the University
of Chicago and the Electronic Data
Warehouse at NorthShore. Vital sign
frequency in the data represented standard
practice at each hospital, and was typically
every 4 hours unless the care team ordered
a different frequency. Laboratory data were
collected at the discretion of the treating
physician, which typically included
laboratory testing every 24 hours. Vital sign
data were entered manually into the electronic
health record using a bedside computer,
a computer on wheels, or a central desktop
computer, and laboratory data were
automatically uploaded by the hospital’s
laboratory results system. The time the vital
signs and laboratory results were entered into
the electronic medical record was used as
the observation time for each value in the
dataset. These data were then available for
acquisition from each hospital’s data
warehouse. Nonphysiologic values
(i.e., respiratory rate.70 or,1 breaths/min,
heart rate .300 or ,1 beats/min,

temperature.448C or,328C) were changed
to missing for the purposes of this study.

SIRS and Organ Dysfunction
Definitions
SIRS criteria were defined according to
updates from the 2001 International
Consensus conference (i.e., temperature
.388C or ,368C; heart rate .90 beats/
min; respiratory rate .20 breaths/min or
PaCO2

,32 mm Hg; white blood cell count
.12,000/mm3, ,4,000/mm3, or .10%
immature neutrophils [bands]) (1, 22). The
PaCO2

and immature band criteria were
not available and therefore were not used in
the study. A patient was considered to
have SIRS if any two of the defined
criteria were met simultaneously. Organ
dysfunction criteria were defined by system,
and adapted from 2001 consensus definitions
as follows: neurologic (an observation of
“responds to voice,” “responds to pain,” or
“unresponsive” on the AVPU scale),
hematologic (a platelet count ,100 k/mm3),
renal (a creatinine value .2.0 mg/dl),
pulmonary (a respiratory rate .24
breaths/min, or an oxygen saturation
reading ,90%), metabolic (an anion gap
value .16), cardiovascular (a systolic
blood pressure reading ,90 mm Hg), and
hepatic (a total bilirubin value .4 mg/dl)
(1, 22). Of note, the tachypnea threshold
for pulmonary dysfunction was increased to
greater than 24, as per the Acute Physiology
and Chronic Health Evaluation III
reference range, so as to not overlap with
the definition used for SIRS (23). For each
observation time, any missing values for
SIRS or organ dysfunction determination
were pulled forward from the most recent
previous value during the current admission.
If no prior values were available, then
a normal (i.e., median) value was imputed.
This practice is similar to previous studies
and reflects the fact that vital signs are
collected more frequently than laboratory
values (21, 23, 24).

Statistical Analysis
Demographic characteristics were
compared among patients who ever
developed SIRS during their ward stay and
those who never developed SIRS. In
addition, the relationship between in-
hospital mortality and the individual and
cumulative number of SIRS criteria were
investigated at ward admission. A graph of
the cumulative proportion of patients
remaining on the wards who met SIRS

At a Glance Commentary

Scientific Knowledge on the
Subject: The systemic inflammatory
response syndrome (SIRS) and organ
dysfunction criteria are often used as
part of sepsis screening tools. However,
the incidence and prognostic value of
these criteria have been primarily
studied in intensive care unit and
emergency department patients.

What This Study Adds to the
Field: We found that almost half of
patients hospitalized on the wards
developed SIRS at least once during
their ward stay. In-hospital mortality
was higher for patients who presented
to the wards with SIRS or any organ
dysfunction and increased with the
number of criteria met. Our findings
suggest that screening ward patients
using SIRS criteria for identifying
sepsis would be time-consuming and
impractical.
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criteria at least once during their ward stay
before each time point was constructed
using a best-fit multivariable fractional
polynomial function (25). The associations
between mortality and each individual
organ system dysfunction, the number of
simultaneous organ dysfunctions, and the
change over time of each organ dysfunction
over the first 24 hours since ward admission
were compared. For the change in organ
dysfunction over time comparisons, time
of ward admission was defined as the time
of the first vital sign observed in a hospital
ward location. The earliest set of observations
measured at least 24 hours since admission
was used for the change over time
analyses. In addition, a sensitivity analysis
was performed where only vital signs
measured simultaneously were used for
calculating whether a patient had SIRS and
no previous or missing values were
imputed. In the sensitivity analysis, white
blood cell count was only allowed to be
carried forward a maximum of 24 hours. A
second sensitivity analysis where white
blood cell count was only allowed to be
carried forward a maximum of 1 hour was
also performed.

Patient characteristics were compared
using t tests, chi-square tests, and Wilcoxon
rank sum tests where appropriate. Chi-square
tests were used to compare the proportion
of patients who failed to survive to hospital
discharge for each SIRS and organ
dysfunction analysis. All analyses were
performed using Stata version 12.1 (Stata
Corporation, College Station, TX). A two-
tailed P less than 0.05 denoted statistical
significance for all comparisons.

Results

Study Population and SIRS during
Ward Stay
A total of 269,951 patients were included in
the study, after removing patients with
a missing discharge status (n = 48). In
addition, 726 respiratory rate, 153 heart
rate, and 370 temperature values were
nonphysiologic and thus changed to
missing (,0.01% of values). The median
for time between sequential values in
the same patient was 3 hours (interquartile
range [IQR], 1–5) for heart rate, 4 hours
(IQR, 1–5) for respiratory rate,
4 hours (IQR, 3–6) for temperature, and
24 hours (IQR, 18–25) for white blood cell
count. Forty-seven percent (n = 125,841)

of the included patients met two or more
SIRS criteria simultaneously at least once
during their ward admission. Thirty-one
percent of these patients (n = 39,105)
presented with SIRS first at ward
admission, whereas the remaining 69%
(n = 86,736) developed SIRS after their
first ward observation. The cumulative
proportion of patients who met SIRS
criteria at least once during their
ward stay increased from 15% on ward
admission to more than 70% for those
patients remaining on the wards for 7
days (Figure 1). Of the 144,110
patients who never developed SIRS
during their initial ward admission, 98%
(n = 141,471) were censored because of
being discharged from the hospital and
the remaining 2% (n = 2,639) were
censored because of transfer to the ICU or
death on the wards.

The median length of stay on the wards
for patients discharged before developing
SIRS was 53 hours (IQR, 33–84 h). When
compared with those never having SIRS,
patients who developed SIRS were
more likely to be female (62% vs. 58%),
more likely to be black (22% vs. 15%), and
more likely to have multiple admissions
during the study period compared with

those without SIRS (median, 2 [IQR 1–4]
vs. 2 [IQR 1–3]; P, 0.001 for all
comparisons) (Table 1). Additionally,
patients who developed SIRS had a longer
median hospital length of stay (4 d vs. 3 d)
and higher rate of in-hospital mortality (3%
vs. 0.5%) than those never developing SIRS
(P, 0.001 for all comparisons).

SIRS on Ward Admission
On ward admission, 50% of the patients did
not meet any SIRS criterion, 35% met
one criterion, 12% met two criteria, 2% met
three criteria, and 0.2% met all four
criteria. Patients who met at least two SIRS
criteria at the time of admission had higher
in-hospital mortality than those without
SIRS (4.3% vs. 1.2%; P, 0.001). Also,
in-hospital mortality increased with each
additional SIRS criterion met, with 1.8%
mortality if one of the criteria was met on
admission up to 9.0% if all four criteria
were met (P, 0.001 for trend) (Figure 2).
Meeting the respiratory rate criteria of
SIRS definition on admission had the
highest associated in-hospital mortality
(6.2%) when compared with the heart rate
(3.0%), temperature (2.5%), and white blood
cell (2.2%) criteria (P, 0.001 for all
comparisons).
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Figure 1. Cumulative proportion of patients remaining on the wards who met systemic inflammatory
response syndrome (SIRS) criteria at least once during their ward stay before each time point.
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Sensitivity Analyses
In the sensitivity analysis that used only
simultaneously collected vital signs, a total
of 3,585,716 observation sets in 238,958
unique patient admission were included
(35% and 89% of the original cohort,
respectively). Findings were similar to the
main results of the study, with 47% of
patients meeting SIRS criteria during their
ward stay and 38% of these patients meeting
SIRS criteria at their first ward observation.
Associations with in-hospital mortality were
also similar, with 3.3% in-hospital mortality
for those meeting two out of four SIRS
criteria on admission versus 0.8% for those
not meeting SIRS criteria. In-hospital
mortality increased with each increasing
number of SIRS criteria met on admission in
the sensitivity analysis as well, from 0.5%

mortality if none of the criteria were met to
9.2% if all four were met. Results were
similar after further restricting the analysis
to times where vital signs were simultaneous
and white blood cell count results were
available within 1 hour, with 56% of patients
meeting at least two of four SIRS criteria
during their ward stay and a 4% in-hospital
mortality rate for those meeting SIRS
criteria on admission compared with 0.8%
for those not meeting SIRS criteria.

Organ Dysfunction on Admission and
24 Hours after Admission
Fourteen percent of patients (n = 36,767)
had at least one organ dysfunction at ward
admission, and the presence of any organ
dysfunction at admission was associated
with increased in-hospital mortality (5.3%

vs. 1.1%; P, 0.001). Of the individual
organ systems, pulmonary organ
dysfunction was associated with the highest
risk of death before hospital discharge
(13.2%). Although the presence of
neurologic dysfunction at ward admission
had the third-highest risk of in-hospital
mortality (6.3%) after pulmonary
dysfunction and cardiovascular dysfunction
(12.3%), the presence of neurologic
dysfunction at 24 hours had a higher
association with in-hospital mortality than
any other organ system (19.9%; P, 0.001
for all comparisons). A higher percentage of
patients met organ dysfunction criteria at
24 hours after ward admission (15.3%) than
at admission (P, 0.001). As shown in
Figure 3, in-hospital mortality increased
with each additional organ dysfunction
(P, 0.001 for trend), and this relationship
was similar for organ dysfunctions present
on ward admission and those present at
24 hours after admission.

Change in Organ Dysfunction over
Time
The association between in-hospital
mortality and organ system dysfunction at
24 hours was dependent on the progression
of the dysfunction since admission. For
example, a higher proportion of patients
with new or sustained dysfunction of any
organ system at 24 hours died before
hospital discharge when compared with
patients who remained on the wards without
organ dysfunction or with patients whose
organ dysfunction resolved (4.6% vs. 1.7% in-
hospital mortality, respectively; P, 0.001).
Patients with neurologic dysfunction at
24 hours had a particularly poor prognosis:
new or sustained dysfunction was associated
with an in-hospital mortality of 19.3% and
21.1%, respectively (Figure 4). At 24 hours,
the difference between having a new or
sustained organ dysfunction was associated
with similar in-hospital mortality for each
organ system, with the exception of
cardiovascular and pulmonary systems,
where sustained organ dysfunction was
associated with higher mortality than new
system dysfunction (16.3% vs. 6.7% and
23.3% vs. 13.7%, respectively; P, 0.001).

Discussion

In this multicenter study, we found that the
presence of SIRS was associated with
increased mortality for ward patients.

Table 1. Comparison of Patient Characteristics between Those Who Developed SIRS
during Their Ward Admission and Those Who Never Developed SIRS

SIRS during
Admission
(n = 125,841)

No SIRS during
Admission
(n = 144,110) P Value

Age, mean (SD), yr 61 (20) 60 (20) ,0.001
Female sex, n (%) 89,594 (62) 72,686 (58) ,0.001
Race ,0.001
Black, n (%) 28,254 (22) 21,414 (15)
White, n (%) 63,408 (50) 77,019 (53)
Other/unknown, n (%) 34,179 (27) 45,677 (32)

Hospital length of stay, median (IQR), d 4 (3–7) 3 (2–4) ,0.001
Died during hospital stay, n (%) 3,873 (3) 665 (0.5) ,0.001

Definition of abbreviations: IQR = interquartile range; SIRS = systemic inflammatory response
syndrome.
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Importantly, we found nearly half of all
patients hospitalized on the wards met SIRS
criteria at least once during their stay, with
the likelihood of having met SIRS criteria
increasing with increasing length of stay.
Our findings have important implications
for inpatient sepsis screening, because

a triggering rate of half of the ward
population is operationally untenable and
not feasible to implement.

Patients who present with sepsis on the
wards have a higher mortality rate than
those who present to the emergency room
(26), and there is increasing interest in the

early identification and treatment of these
patients (17). Our study demonstrates that
the SIRS criteria are too nonspecific as the
initial screening mechanism for ward
patients, with almost 50% meeting two of
the four criteria at least once during their
stay. This adds to previous literature in ICU
and emergency department populations
that have demonstrated similar findings (4,
27, 28). A recent study in cardiac surgery
patients also found that increasing the
duration of time of continuously meeting
SIRS criteria improved the prognostic
ability of these criteria (27).

Although meeting these criteria for
longer periods of time is a poor prognostic
factor, it is unclear whether changing the
duration necessary for a patient to be
considered as possibly septic would benefit
ward patients. Because early detection and
treatment of sepsis is paramount, increasing
the time before therapy in ward patients
might delay necessary antibiotics, fluids, and
other potentially life-saving interventions.
Finally, we found that most patients who
develop SIRS on the wards do so several
hours to days after initial ward admission.
This is likely caused by delays in obtaining
laboratory results; fluctuations in
physiologic measurements over the course
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of acute illness; and the fact that sicker
patients, including those that suffer
complications that could lead to the
development of SIRS, tend to have longer
lengths of stay.

Our study adds to prior literature
demonstrating that in-hospital mortality
increases with each additional SIRS criterion
met (4, 29). This work extends recent
findings in ICU patients that mortality
increases relatively linearly with each
additional criterion to patients on the
general wards (29). Interestingly, we also
found that different SIRS criteria had
a wide range of associations with in-
hospital mortality, from 2% for the white
blood cell criterion to 6% for the respiratory
rate criterion. These findings suggest that
the sensitivity and specificity of the SIRS
criteria for severity of disease could be
altered by changing the number of criteria
that need to be met and/or altering the
weight or cut-offs of the included criteria.

It is important to note that early
warning scores, such as the Modified Early
Warning Score and the National Early
Warning Score, which are designed to
identify high-risk ward patients are already
in widespread use and include three of the
four variables that define SIRS (30). If the
goal were to first identify patients at high
risk of death followed by determining
which of these patients were infected, then
one of these tools could be used for sepsis
screening instead of SIRS criteria. In
particular, the National Early Warning
Score and the VitalPAC Early Warning
Score have been shown to be more accurate
than other vital sign–based scores, and our
group and others have demonstrated that
accuracy can be further improved by
adding laboratory results and other
variables (21, 30, 31). Similar associations
were seen with the presence of different
organ dysfunctions, with pulmonary and
cardiovascular dysfunction having the
worst prognosis when present on ward
admission. Additionally, the risk of in-
hospital mortality in patients with
neurologic dysfunction increased

dramatically from 6% when present on
admission to 20% when present at 24 hours
after admission. This important finding
illustrates that the presence of neurologic
dysfunction after 24 hours of therapy on
the wards should alert caregivers that the
patient has a particularly poor prognosis.

To our knowledge, our study is the first
to investigate the associations between in-
hospital mortality and the change in organ
dysfunction over time in the general ward
setting. We found that patients without
evidence of organ dysfunctions at both ward
admission and 24 hours after admission
had the best prognosis, followed by patients
who presented with an organ dysfunction
that subsequently resolved. As noted,
patients with neurologic dysfunction on the
wards 24 hours after admission had
a worse prognosis than those with any other
organ dysfunction. This prognosis was
similar whether the patient presented with
neurologic dysfunction on admission or
whether this dysfunction was newly present
at 24 hours. These findings not only
provide important prognostic information,
but also suggest that screening efforts for
high-risk patients may need to use different
criteria depending on how long the patient
has been admitted.

Our study has several limitations. First,
because this study was performed in a ward
population, the criteria used in the study had
to be modified because some tests, such as
arterial blood gases, are not commonly
performed in these patients. In addition,
band percentages and PaCO2

were not
available so this could not be used as part of
the white blood cell criterion. However, our
criteria were similar to those used in studies
in other settings, and not including
bandemia and PaCO2

resulted in an
underestimation of the proportion of
patients who would meet SIRS and organ
dysfunction criteria. Furthermore, it is
likely that the frequency of vital sign and
laboratory results differ based on a patient’s
severity of illness. This would also alter
the estimated incidence of the SIRS
compared with a population where these

values were always checked at the same
interval regardless of severity of illness.

Second, because of the nature of this
large cohort study, we were unable to
determine a caregiver’s suspicion for
infection, so our study focused on SIRS and
organ dysfunctions and not sepsis
specifically. The high proportion of patients
meeting SIRS criteria does have significant
implications for sepsis screening in ward
patients because these criteria are often
used in screening tools. We also found that
patients with SIRS had a higher number
of hospital admissions during the study
period than patients who never developed
SIRS. This finding is limited by the fact that
some of the patients not readmitted to the
study hospitals may have been admitted
to hospitals not included in our dataset and
that previous admission data were
unavailable before the start of the study
period at each hospital. Finally, it is likely
that the prognosis of SIRS and organ
dysfunction criteria differs based on the
patient’s diagnosis (e.g., pneumonia vs.
urosepsis). We did not have access to these
details in this study and further research
into this area is warranted.

In conclusion, we found that almost
half of patients hospitalized on the wards
developed SIRS at least once during their
ward stay. Our findings suggest that
screening ward patients using SIRS criteria
for the early identification of sepsis would
be time-consuming and impractical. This
study also provides insight into the
prognostic ability of different organ
dysfunctions and their evolution over time
for patients on the wards. n
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