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Abstract

Objectives: Early organ dysfunction in sepsis confers a high risk of in-hospital mortality, but the
relative contribution of specific types of organ failure to overall mortality is unclear. The objective
of this study was to assess the predictive ability of individual types of organ failure to in-hospital
mortality or prolonged intensive care.

Methods: Retrospective cohort study of adult emergency department patients with sepsis from
October 1, 2013, to November 10, 2015. Multivariable regression was used to assess the odds
ratios of individual organ failure types for the outcomes of in-hospital death (primary) and in-
hospital death or ICU stay = 3 days (secondary).

Results: Of 2796 patients, 283 (10%) experienced in-hospital mortality, and 748 (27%)
experienced in-hospital mortality or an ICU stay = 3 days. The following components of
Sequential Organ Failure Assessment (SOFA) score were most predictive of in-hospital mortality
(descending order): coagulation (odds ratio [OR]: 1.60,95% confidence interval [CI]: 1.32-1.93),
hepatic (1.58, 95% CI: 1.32-1.90), respiratory (OR: 1.33,95% ClI: 1.21-1.47), neurologic (OR:
1.20, 95% ClI: 1.07-1.35), renal (OR: 1.14, 95% CI: 1.02-1.27), and cardiovascular (OR: 1.13,
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95% CI: 1.01-1.25). For mortality or ICU stay =3 days, the most predictive SOFA components
were respiratory (OR: 1.97, 95% CI: 1.79-2.16), neurologic (OR: 1.72, 95% ClI: 1.54-1.92),
cardiovascular (OR: 1.38, 95% ClI: 1.23-1.54), coagulation (OR: 1.31, 95% CI: 1.10-1.55), and
renal (OR: 1.19, 95% ClI: 1.08-1.30) while hepatic SOFA (OR: 1.16, 95% CI: 0.98-1.37) did not
reach statistical significance (P=.092).

Conclusion: In this retrospective study, SOFA score components demonstrated varying
predictive abilities for mortality in sepsis. Elevated coagulation or hepatic SOFA scores were most
predictive of in-hospital death, while an elevated respiratory SOFA was most predictive of death or
ICU stay >3 days.

Keywords
sepsis; septic shock; organ failure

Introduction

Patients with sepsis presenting to the emergency department (ED) continue to have a high
risk of in-hospital mortality. A recent analysis of the National Hospital Ambulatory Medical
Care Survey spanning 2009 to 2011 estimated 850 000 cases of sepsis annually in the United
States or 1 of every 120 adult ED visits.! The number of patients presenting to the ED for
sepsis care has continued to rise over the last decade, while the number and rate of
hospitalizations continue to climb each year.2=3 Research shows that early, aggressive
recognition and treatment of sepsis reduce morbidity and mortality.4->

Several scoring systems have been devised to quantify disease severity and predict outcomes
in this patient population. The most recent revision of the sepsis definitions (Sepsis 3)
stresses the defining feature of sepsis as a “dysregulated host response to infection” and
increases focus on quantification of organ dysfunction in sepsis.® The Sepsis-3 guidelines
specifically use the Sequential Organ Failure Assessment (SOFA) score as a measure of
disease severity and a mortality risk stratification tool. Sequential Organ Failure Assessment
score (Table 1) evaluates 6 organ systems with points assigned from 0 (no dysfunction) to 4
(severe dysfunction), with 24 being the highest possible score. A SOFA score =2 reflects an
overall mortality risk of approximately 10% in a general hospital population with suspected
infection.”8 However, an application of a full SOFA score in the ED setting is potentially
problematic, as calculation of the SOFA score is cumbersome. An accurate SOFA score
requires numerous calculations and potentially invasive measurements, including laboratory
measurements that are not routinely ordered in a large percentage of infected ED patients
undergoing routine care. Practically, therefore, the complexity of the tool dissuades routine
bedside use of SOFA in the ED for sepsis risk stratification, suggesting the need for better
understanding of the most critical components that predict patient outcomes and may aid
clinical decision-making. This would allow for practical clinical dissemination to achieve the
root goal of SOFA assessment, namely, an increased focus on organ failure recognition.
Although the quick-SOFA (qSOFA) score, which consists of 3 objective patient parameters
(hypotension, tachypnea, and altered mental status) was designed as a bedside risk
stratification tool, a score of <2 still requires application of full SOFA, limiting its utility in
addressing this need.
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Although it is known that the calculation of a full SOFA score is accurately predictive of in-
hospital mortality from sepsis, it remains less clear which specific types of organ failure are
most strongly associated with the poor outcomes. The objective of this study is to identify
which components of the SOFA score are most predictive of in-hospital mortality and
prolonged ICU stay among patients admitted for sepsis to aid and simplify bedside screening
of patients at increased risk of adverse outcomes.

Study Design and Setting

We conducted a retrospective review of all adult ED patients admitted to our institution for
sepsis from October 1, 2013, to November 10, 2015. Our institution is a 696-bed, level-1
trauma center with 142 intensive care beds and is a regional referral center. Patients meeting
clinical criteria for sepsis on admission and with an /nternational Classification of Diseases,
Ninth Revision (ICD-9) or /CD-10 code for sepsis were identified via the electronic health
record.2 Review of this study and approval were obtained from the hospital’s institutional
review board.

Study Protocol

Data collection and variables.—The retrospective electronic health record query
yielded data on patient demographics (age, sex, and race), initial vital signs, and laboratory
values for the calculation of scoring criteria within 24 hours of ED presentation. Additional
data including culture results, inpatient disposition, ICU length of stay, mechanical
ventilation use, vasopressor use, and in-hospital mortality were also collected. Comorbidities
were quantified using the Charlson Comorbidity Index.

Measures.—All data for SOFA score calculation were abstracted from the chart
retrospectively, and have been previously reported.® For the calculation of SOFA score,
platelet count, creatinine, and total bilirubin were recorded from the first set of recorded
laboratory values on the date of admission. For the respiratory SOFA score, the partial
pressure of oxygen (Pao,) from an arterial blood gas (ABG) sample with its corresponding
fractional percentage of inspired oxygen (FIO,) was preferentially used if performed in the
first 24 hours. If an ABG was not performed, oxygen saturation (Spo,) was used from the
first set of recorded vital signs, and FIO5 closest to the time point of the laboratory or
clinical value was recorded from the chart. For cardiovascular SOFA score, all patient
medications were extracted from the chart for vasopressors or inotropes in the first 24 hours.
We first determined whether or not the patient was on vasopressin and if so assigned a
cardiovascular SOFA score of 4. We then determined whether the patient was on dopamine,
epinephrine, norepi-nephrine, phenylephrine, or dobutamine and then calculated
cardiovascular SOFA using the patient’s recorded weight and highest drug dose. For those
not on medications, we used the initial mean arterial pressure recorded while in the ED to
assign a cardiovascular SOFA of 0 or 1. Glasgow coma scale was obtained from nursing
documentation which is routine practice in higher acuity ED patients at our facility and was
used for neurologic SOFA. If laboratory or clinical parameters necessary to calculate any
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component of the SOFA score were unavailable, these data fields were recorded as missing
and addressed in the statistical analysis.

Data Analysis

Results

Descriptive summaries were frequencies and percentages for categorical variables and
means, standard deviations, medians, and quartiles for continuous variables. The primary
analysis sought to investigate whether individual components of SOFA score (respiratory,
cardiovascular, liver function, renal, coagulation, and neurologic) were associated with the
primary outcome of in-hospital mortality and the composite outcome (in-hospital mortality
or ICU stay =3 days).

Associations between individual SOFA score components and primary and composite
outcomes were first determined by univariate analysis. In the univariate analysis,
associations were assessed using the nonparametric Wilcoxon rank-sum test for continuous
data; Pearson XZ test was used for categorical data. Given a relatively large amount of
missingness in the case of some variables (such as total bilirubin) and clinical practice
patterns, it is highly likely the missing data were not randomly distributed, and therefore
assumption of normal values may not be appropriate. We subsequently fit adjusted
multivariable regression models with in-hospital mortality as the primary outcome and each
individual SOFA component as primary exposure with independent variables with > 5%
missing data (total bilirubin and GCS) imputed using multiple imputation. Variables with
<5% missing data were treated as missing. In the multivariable logistic regression, the
effects of the SOFA components were adjusted for variables including age, gender, race,
Charlson Comorbidity Index, vasopressor use, biomarker values, and mechanical ventilation.
Backward elimination was used to assess the best predictive model. The goodness of fit of
the final model was assessed using Residual XZ score statistic. All analyses were performed
using SAS for Windows Version 9.4 (Cary, North Carolina).

There were 2796 patients with sepsis who met study criteria. Mean age was 58 years
(standard deviation [SD]: 17), with 51% female patients, 50% African American, and 45%
caucasian patients. The overall in-hospital mortality was 10% (283/2796). Of the study
cohort, 27% (748/2796) of patients experienced the composite outcome of in-hospital
mortality or ICU LOS =3 days. Mechanical ventilation was required by 162 (6%) patients,
while 722 (26%) patients received vasopressors during admission. Diabetes mellitus (39%)
and chronic obstructive pulmonary disease (32%) were the most common comorbidities.
Patient demographic and baseline characteristics by in-hospital mortality are presented in
Table 2. Combined outcomes (in-hospital mortality or ICU LOS = 3 days) are also presented
Supplemental Material.

Comparing survivors versus nonsurvivors, only initial WBC count did not differ
significantly (P =.88) between the 2 groups. Similar findings were noted comparing the

Supplemental Material
Supplemental material for this article is available online.
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groups based on the composite outcome. Features of sepsis encounters by in-hospital
mortality are presented in Table 3, while features of sepsis encounters by composite outcome
are presented in Supplemental Material.

Prior to imputation, the most missing SOFA component was for hepatic SOFA for which
74% (2082/2796) of data were complete followed by neurologic for which 88% of data were
complete (2457/2796). Cardiovascular SOFA had 96.6% complete data (2700/2796);
coagulation SOFA was 98.6% (2758/2796) complete; renal SOFA was 99.7% (2789/2796)
complete; and respiratory SOFA was 99.8% complete (2791/2796). After multiple
imputation, data were 96.6% complete, and the median overall SOFA score for patients
experiencing in-hospital mortality was 7 (interquartile range [IQR]: 4-10) versus 1 (IQR: 0—
4) among survivors. The median overall SOFA score for patients experiencing in-hospital
mortality or ICU stay = 3 days was 6 (IQR: 3-9) versus 1 (IQR: 0-3) among patients
without either of these outcomes. The SOFA scores by in-hospital mortality and the
composite outcome are presented in Tables 4 and 5, respectively.

For all patients (2796), the percentage of patients with a component score =1 was as follows:
hepatic 13% (357/2796), coagulation 17% (461/2796), renal 45% (1260/2796), respiratory
27% (754/2796), neurologic 34% (945/2796), and cardiovascular 27% (721/2796). Of the
283 patients who met the primary outcome of in-hospital death, the percentage that had a
component SOFA score elevation >1 were as follows: hepatic 26% (74/283), coagulation
32% (88/283), renal 68% (192/283), respiratory 59% (168/283), neurologic 54% (153/283),
and cardiovascular 65% (171/283). After multivariable regression and adjustment for
demographics, each SOFA component was independently associated with in-hospital
mortality based on adjusted odds ratios in descending order: coagulation (OR: 1.60, 95% CI:
1.32-1.93), hepatic (1.58, 95% CI: 1.32-1.90), respiratory (OR: 1.33, 95% ClI: 1.21-1.47),
neurologic (OR: 1.20, 95% CI: 1.07-1.35), renal (OR: 1.14, 95% Cl :1.02-1.27), and
cardiovascular (OR: 1.13, 95% CI: 1.01-1.25). For the primary outcome of in-hospital
mortality, elevated coagulation and hepatic SOFA were the strongest independent predictors.
Figure 1 depicts the frequencies of in-hospital deaths by individual SOFA score values (0-4)
for each SOFA component.

Similar results were observed with the composite outcome. The adjusted odds ratios were in
descending order: respiratory (OR: 1.97, 95% CI: 1.79-2.16), neurologic (OR: 1.72, 95%
Cl: 1.54-1.92), cardiovascular (OR: 1.38, 95% ClI: 1.23-1.54), coagulation (OR: 1.31, 95%
Cl: 1.10-1.55), and renal (OR: 1.19, 95% CI: 1.08-1.30). Hepatic SOFA (OR: 1.16, 95%
Cl: 0.98-1.37) did not reach statistical significance for this outcome (# =.092). Results of
regression models with unadjusted odds ratios, goodness-of-fit data, and other included
predictor variables are presented in Supplemental Tables 3 and 4.

Discussion

We observed that the coagulation component of SOFA was the strongest predictor of in-
hospital mortality, while respiratory SOFA was the strongest predictor of in-hospital
mortality or ICU stay >3 days. These results demonstrate an association between the
elevations of individual SOFA components in sepsis and increased the risk of death, with the
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greatest odds of death being associated with elevated coagulation or hepatic SOFA and the
greatest odds of death or prolonged ICU stay with elevated respiratory SOFA, followed
closely by neurologic. Data from this study may inform clinical practice by bringing the
attention of clinicians to high-risk organ failure, that if present, would potentially mandate
critical care services.

In this study, coagulation SOFA had the greatest predictive ability for death, while the odds
ratios for hepatic SOFA were nearly identical. One potential explanation for the increased
mortality predicted by coagulopathy and hepatic dysfunction is that certain liver products
(hemostasis and fibrinolytic factors, carrier proteins, hormones, and prohormones) are vital
for defense against systemic infection. In addition, the coagulation score (platelet count)
closely follows the hepatic score (total bilirubin) because it is also a surrogate marker for
liver dysfunction; thrombopoetin, which regulates the differentiation of platelets, is produced
by hepatocytes such that impaired liver function leads to decreased platelet production.
10.11,12,13 Elevated bilirubin causes thrombocytopenia by stimulating apoptosis via
mitochondrial-induced p38 and p53 activation as shown by Kumar et al.13 And Ogura et al
showed that coagulopathy and organ dysfunction progress with significant mutual
correlation in patients with thrombocytopenia.14 The impairment of synthetic function in our
cohort with elevated hepatic SOFA is plausible, as elevated bilirubin used in hepatic SOFA
is a relatively late finding indicative of more advanced liver pathology. This corresponds
with only 12% of patients having an elevated hepatic SOFA score in contrast to other SOFA
components that were more frequently elevated. Finally, higher lactate values have been
associated with increased severity of sepsis,1>16 and Sterling et al demonstrated that liver
dysfunction during sepsis was associated with impaired lactate clearance,6 which may
partly explain an increased mortality from sepsis in this population.

Since the composite outcome included prolonged ICU stay, we hypothesize that respiratory
score and neurological scores were most predictive because patients who are on mechanical
ventilation are likely to have elevations in both neurologic and respiratory SOFA scores and
require disposition to the ICU. Mechanical ventilation is also likely to account for the need
for an ICU stay of at least 3 days, as these patients are less likely to be downgraded from
intensive care early. In addition, intubated patients with sepsis are more critically ill than
their nonrespiratory failure counter-parts.1” The trend seen for predictors of in-hospital
mortality was also seen for the composite outcome as well with regard to coagulation being
more predictive than renal. We hypothesize that the cardiovascular score was higher in the
composite outcome secondary to the need for vasopressors which would be administered
exclusively in an ICU setting and may lead to longer ICU LOS. Interestingly, the hepatic
SOFA was least predictive of the composite outcome, which is difficult to explain from the
data. We initially thought that this might be due to higher early mortality and thus shorter
ICU stays in patients with elevated hepatic SOFA, but this was not actually the case. It is
more likely that the impact of hepatic SOFA on ICU stay was outweighed by organs that
require critical care services for organ support, including respiratory, neurologic,
cardiovascular, and renal dysfunction, all which require specific treatments that can only be
provided in an ICU setting.
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Our results help identify individual SOFA component predictors of in-hospital mortality or
prolonged ICU stay that may facilitate recognition of a subset of patients with sepsis who
are at an increased risk of adverse outcomes. More importantly, the results underscore that
individual SOFA components have independent relationships with our outcomes of interest
and that not all organ dysfunction has similar predictive ability. This knowledge might help
focus clinicians’ attention on the implicated organ systems as indicators of high-risk organ
failure in patients with sepsis. For example, it is likely that recognition of thrombocytopenia,
and its association with death in ED patients with sepsis is underrecognized.

Although previous literature demonstrates that higher SOFA scores are correlated with
increased mortality, to our knowledge, few studies have examined the individual predictive
values of the SOFA components.18-20 Knox et al found the GCS score to be most predictive
of 30-day mortality in a mixed ICU patient populationZ? At the same time, other studies
refute the accuracy of GCS score when used in clinical practice citing that many times it is
calculated incorrectly.?1.22

Limitations

This study had several limitations. This was a retrospective, single-center study of patients
with sepsis. The retrospective nature of the study has inherent limitations with regard to the
accuracy of the sepsis diagnosis, particularly using diagnostic codes. Although this may
have been an issue, our admission and discharge diagnosis codes are reviewed by trained
medical coders and are routinely adjusted when indicated. Determining the particular
elements of care each patient received is difficult in a retrospective study and was beyond
the scope of this study. In future studies, we hope to better elucidate particular elements of
sepsis care so that we may address inadequacies in treatment. For instance, we did not have
individual patient-level data on treatment variables such as fluids, time to antibiotics, and
time to vasopressors. By evaluating these variables, we may be able to make more definitive
conclusions. Finally, one caveat that must be considered when interpreting the
aforementioned results is that the confidence intervals of the individual component SOFA
score odds ratios for both the primary and the secondary outcomes are overlapping. This
implies that although the odds ratios of each SOFA component were different, we cannot say
there is a true statistical difference between individual components in cases where the
confidence intervals overlap. In calculating SOFA scores, not all patients had all the
laboratory values collected at initial presentation, but we addressed this using multiple
imputation for neurologic and hepatic SOFA components. Otherwise, the degree of
missingness was low at 3.5% or less for all other SOFA components. We did not account for
baseline liver disease in this study population. Because bilirubin does not become elevated
until days after hepatic injury, patients in this study with a higher hepatic SOFA score on
presentation more likely had baseline liver disease than sepsis-associated hepatic
dysfunction. Finally, hepatic SOFA was most strongly associated with the primary outcome
of in-hospital death but was also the most missing of all the data. Although there may be
concerns with regard to the integrity of the data with this respect, this is likely more due to
the fact that hepatic function tests are not routinely measured in patients with sepsis unless
there is a specific indication. We believe this was handled properly from the statistical
standpoint with multiple imputation.
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conclusion, an elevated coagulation or hepatic SOFA score was most predictive of in-

hospital death, while an elevated respiratory or neurologic SOFA score was most predictive

of

death or ICU stay = 3 days. The type of organ failure in adult ED patients admitted for

sepsis may have differential predictive value for the outcomes of in-hospital mortality and
ICU length of stay. These results require further external validation.
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B. Inpatient Mortality by Coagulation Score
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Table 4.

SOFA Scores Components by In-hospital Mortality.

Variable

Category Alive, 2513 Dead, 283 Overall, 2796

Neurologic, GCS

Cardiovascular

Coagulation

Liver

Renal

Respiratory

0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4

1721 (68)
438 (17)
162 (6)
158 (6)
34(1)
1885 (77)
299 (12)
18 (1)
160 (7)
73 (3)
2106 (85)
239 (10)
113 (5)
18 (1)
3(0)
2230 (89)
157 (6)
104 (4)
17 (1)

5 (0)
1439 (57)
541 (22)
269 (11)
111 (4)
147 (6)
1922 (77)
198 (8)
136 (5)
166 (7)
86 (3)

130 (46)
40 (14)
24 (8)
53 (19)
36 (13)
94 (35)
24(9)
11 (4)
70 (26)
66 (25)
191 (68)
45 (16)
29 (10)
8 (3)
6(2)
209 (74)
26 (9)
32 (11)
11 (4)
5(2)
90 (32)
68 (24)
58 (21)
33 (12)
33 (12)
115 (41)
27 (10)
40 (14)
52 (18)
49 (17)

1851 (66)
478 (17)
186 (7)
211 (8)
70 (3)
1979 (73)
323 (12)
29 (1)
230 (9)
139 (5)
2297 (83)
284 (10)
142 (5)
26 (1)
9(0)
2439 (87)
183 (7)
136 (5)
28 (1)
10 (0)
1529 (55)
609 (22)
327 (12)
144 (5)
180 (6)
2037 (73)
225 (8)
176 (6)
218 (8)
135 (5)
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Table 5.
SOFA Scores by In-hospital Mortality or ICU Length of Stay >=3.

NoMortality  Mortality or

orICU<3 ICU>3 Overall,

Variable Category days,n=2048 days,n=748 n=279
Neurologic, 0 1721 (68) 130 (46) 1851 (66)
GCS 1 438 (17) 40 (14) 478 (17)

2 162 (6) 24 (8) 186 (7)

3 158 (6) 53 (19) 211 (8)

4 34 (1) 36 (13) 70 (3)
Cardiovascular 0 1885 (77) 94 (35) 1979 (73)
1 299 (12) 24 (9) 323 (12)

2 18 (1) 11 (4) 29 (1)

3 160 (7) 70 (26) 230 (9)

4 73(3) 66 (25) 139 (5)
Coagulation 0 2106 (85) 191 (68) 2297 (83)
1 239 (10) 45 (16) 284 (10)

2 113 (5) 29 (10) 142 (5)

3 18 (1) 8(3) 26 (1)

4 3(0) 6 (2) 9 (0)
Liver 0 2230 (89) 209 (74) 2439 (87)
1 157 (6) 26 (9) 183 (7)

2 104 (4) 32 (11) 136 (5)

3 17 (1) 11 (4) 28 (1)

4 5 (0) 5(2) 10 (0)
Renal 0 1439 (57) 90 (32) 1529 (55)
1 541 (22) 68 (24) 609 (22)
2 269 (11) 58 (21) 327 (12)

3 111 (4) 33 (12) 144 (5)

4 147 (6) 33(12) 180 (6)
Respiratory 0 1922 (77) 115 (41) 2037 (73)
1 198 (8) 27 (10) 225 (8)

2 136 (5) 40 (14) 176 (6)

3 166 (7) 52 (18) 218 (8)

4 86 (3) 49 (17) 135 (5)

Abbreviations: ICU, intensive care unit.
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