American Journal of Emergency Medicine 37 (2019) 1237-1241

Contents lists available at ScienceDirect The

American Journal of
Emergency Medicine

American Journal of Emergency Medicine

journal homepage: www.elsevier.com/locate/ajem

Original Contribution

Predictive performance of the SOFA and mSOFA scoring systems for ")
predicting in-hospital mortality in the emergency department

updates

Zahra Rahmatinejad ?, Hamidreza Reihani ”, Fariba Tohidinezhad ?, Fatemeh Rahmatinejad ©, Samira Peyravi ¢,
Ali Pourmand ¢, Ameen Abu-Hanna f, Saeid Eslami &™*

@ Student Research Committee, Department of Medical Informatics, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

b Department of Emergency Medicine, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

¢ Student Research Committee, Department of Health Information Technology, Faculty of Paramedical, Mashhad University of Medical Sciences, Mashhad, Iran
d Student Research Committee, Department of Emergency Medicine, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

€ Department of Emergency Medicine, The George Washington University, 2120 L St, NW, Washington, DC, United States of America

f Department of Medical Informatics, Academic Medical Center, University of Amsterdam, Amsterdam, the Netherlands

& Department of Medical Informatics, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

" Pharmaceutical Research Center, Mashhad University of Medical Sciences, Mashhad, Iran

ARTICLE INFO ABSTRACT

Article history:

Received 1 April 2018

Received in revised form 1 September 2018
Accepted 4 September 2018

Background: The Sequential Organ Failure Assessment (SOFA) and modified SOFA (mSOFA) are risk stratification
systems which incorporate respiratory, coagulatory, liver, cardiovascular, renal, and neurologic systems to quan-
tify the overall severity of acute disorder in the intensive care unit.

Objective: To evaluate the prognostic performance of the SOFA and mSOFA scores at arrival for predicting in-
hospital mortality in the emergency department (ED).

Methods: All adult patients with an Emergency Severity Index (ESI) of 1-3 in the ED of Imam Reza Hospital,
Pro ) northeast of Iran were included from March 2016 to March 2017. The predictive performance of the SOFA or
gnostic models X ) X - oo
Performance measures mSOFA scores were expressed in terms of accuracy (Brier Score, BS and Brier Skill Score, BSS), discrimination

Iran (Area Under the Receiver Operating Characteristic Curve, AUC), and calibration.

Results: A total of 2205 patients (mean age 61.8 + 18.5 years, 53% male) were included. The overall in-hospital
mortality was 19%. For SOFA and mSOFA the BS was 0.209 and 0.192 and the BSS was 0.11 and 0.09, respectively.
The estimated AUCs of SOFA and mSOFA models were 0.751 and 0.739, respectively. No significant difference was
observed between the AUCs (P = 0.186). The Hosmer-Lemeshow test did not show that the predictions deviated
from the true probabilities. Also, the calibration plots revealed good agreement between the actual and predicted
probabilities.

Conclusion: The SOFA and mSOFA scores demonstrated fair discrimination and good calibration in predicting in-
hospital mortality when applied to ED. However, further external validation studies are needed before their use
in routine clinical care.
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1. Introduction Prediction models are potentially useful tools in decision making

which help clinicians to quantify the level of organ dysfunction by ana-

Emergency departments (EDs) are high-pressure overcrowded units
in the inpatient service delivery system that treat highly heterogeneous
patients in terms of disease and severity [1]. Mortality is the most im-
portant outcome in ED which highlights the need for accurate and reli-
able triage systems for optimal use of limited resources and inclusion in
early interventions [2]. A patient's death is usually preceded by cumula-
tive deterioration of vital signs due to organ dysfunction which are the
basis of most calculations in available prioritization systems [3,4].
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lyzing past observations and extrapolating possible future events with
an acceptable error. Several prediction models are designed to gauge
the assessment of organ failure in critical care settings [5-8]. Although
these risk stratification systems have been associated with acceptable
predictive performance in the Intensive Care Unit (ICU) [9-11], few
studies have attempted to evaluate the predictive performance of such
systems when adapted to ED [12].

The Sequential Organ Failure Assessment (SOFA) score is an objective
scoring system which incorporates six organ systems (i.e. respiratory,
coagulation, liver, cardiovascular, renal, and neurologic), each of which
is scored from O to 4 and results in an ordinal total score ranging
from O to 24 in which higher score reflects more severity of acute
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disorder [8]. The modified SOFA (mSOFA) is a simplified version of SOFA,
which requires only one laboratory measurement and has been previ-
ously found to be as effective as SOFA for predicting in-hospital mortality
among patients admitted to ICU [13].

The present study aims to gauge the predictive value of the SOFA and
mSOFA scores for in-hospital mortality among patients presented to ED.

2. Methods
2.1. Study design

This was a retrospective study performed from March 2016 to March
2017 at the ED of the Imam Reza Hospital in Mashhad, in the northeast-
ern part of Iran. At the time of the study, this hospital was the largest
one in the east of Iran and the average admission to its 60-bed ED was
>180,000 patient visits annually. The study was approved by the
institutional review board of Mashhad University of Medical Sciences
(Number: IRMUMS.fm.REC.1395.16) and conformed to the Declaration
of Helsinki principles.

2.2. Study population

Patients with 18 years of age or older with higher acuity level at
arrival (an Emergency Severity Index (ESI) of 1, 2, or 3) were included.
Patients who were discharged within less than 4 h, died upon arrival,
and the patients who were admitted due to a traumatic event, gyneco-
logic disorder, or a poisoning event were excluded from the study. In ad-
dition, individuals with at least one assessment missing, patients with
no identifications, or readmitted patients were discarded. Fig. 1 details
the patient inclusion process in the study.

2.3. Data collection and study variables

To evaluate the respiratory component of SOFA and mSOFA, the par-
tial pressure of arterial oxygen (PaO,), arterial oxygen saturation
(Sp0,), and the fraction of inspired oxygen (FiO,) were measured to
calculate Pa0O,/FiO, and SpO,/FiO, ratios, respectively. Platelets, biliru-
bin, creatinine, and urine output were also measured to quantify the

function level of coagulatory, liver, and renal systems. The Mean Arterial
Pressure (MAP) and dosage of vasopressor agents (i.e. epinephrine, nor-
epinephrine, dopamine, and dobutamine) were monitored to assess the
cardiovascular system. The Glasgow Coma Scale (GCS) was calculated to
assess the neurologic system for each particular patient. All covariates,
except for bilirubin, were measured in routine clinical care. Bilirubin
was specifically measured for the study using the same serum to calcu-
late the liver covariate in both models. The endpoint used for validation
of the SOFA and mSOFA scores was in-hospital all-cause mortality after
admission to ED.

24. Statistical analyses

Two logistic regression models were developed to predict outcome
based on the SOFA and mSOFA scores, separately. The predictive perfor-
mance was assessed in terms of three dimensions. The overall accuracy
was assessed using the Brier Score (BS). The BS is the mean squared dif-
ference between the predicted probability and actual outcomes which
can range from O to 1, with O for a perfect model, 0.25 for a model
which is not better than chance, and 1 for a model with completely in-
correct predictions [ 14]. In addition, the Brier Skill Score (BSS) measures
the proportional improvement of the SOFA and mSOFA forecasts over a
non-informative model that simply uses the prior probability to all
patients. The maximum value for BSS is 1 that indicates a perfect
deterministic forecast [15]. The discrimination between alive and dead
individuals was measured by the Area Under the Receiver Operating
Characteristic Curve (AUC) and its confidence interval using the
bootstrapping with 1000 bootstrap samples to correct for optimism.
This method was also used to calculate the confidence interval of the
difference in the AUC between the SOFA and mSOFA models. In addi-
tion, P-value for the comparison of the AUCs was calculated using the
Delong's method [16]. The Youden Index method was used to calculate
the sensitivity, specificity, Positive Predictive Value (PPV), Negative Pre-
dictive Value (NPV), and accuracy. Calibration, which gauges the agree-
ment between the observed and predicted outcomes, was evaluated
using the Hosmer-Lemeshow test [17]. Because this test has its limita-
tions, we also performed a graphical assessment of the calibration
graph plotted using 1000 bootstrap replicates. When all points are on
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Fig. 1. Flowchart of patient selection for inclusion.
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Table 1
Baseline demographic and clinical characteristics of patients admitted to emergency department.
Characteristic Dead Alive Total Pvalue
(N = 426) (N=1779) (N =2205)

Age 67.9 + 15.9 60.4 + 18.8 61.8 + 185 <0.001°
Gender

Male 232 (20%) 944 (80%) 1176 (53%) 0.62°
ESI

Level 1 77 (39%) 121 (61%) 198 (9%) 0.001¢

Level 2 199 (24%) 632 (76%) 831 (38%)

Level 3 150 (13%) 1026 (87%) 1176 (53%)
PO, 91.5 + 6.9 93.7 + 5.1 933 4+ 5.6 <0.001°
FiO, 29.54+ 153 24 +£83 25.0 +10.2 <0.001*
PCO, 395 +18.1 391+ 124 151.8 + 101 0.623°
HCO; 20.0 + 8.0 227+ 6.0 74401 <0.001°
Sp0,/FiO, 359.9 4+ 109.2 4155+ 794 404.7 + 88.7 <0.001°
MAP 89.9 £+ 20.8 949 + 184 939+ 19 <0.001*
Urea 1132 £ 91.0 66.5 & 59.7 75.5 £ 69.3 <0.001°
Creatinine 25425 19+23 348 + 838 <0.001°
Urine output 1301.4 + 405.0 1428.2 + 274.7 11.9 + 13.8 <0.001*
Total bilirubin 34+£73 1.8+ 37 43+1.0 <0.001°
Platelets 206.5 4 143.1 226.9 + 1304 223.0 + 133 0.007%
GCS 13.51 + 2.15 146 + 1.0 39.1 +13.7 <0.001*
SOFA 50+ 3.0 25+22 3.0+ 25 <0.001*
mSOFA 38+26 1.7+ 18 21421 <0.00?
MV 93 (76%) 30 (24%) 123 (6%) <0.001°
EMS 244 (24%) 775 (64%) 1019 (46%) <0.001°
Diabetes mellitus 114 (20%) 444 (80%) 558 (25%) 0.45°
Smoking 47 (17%) 229 (83%) 276 (13%) 0.32°
Icteric 59 (32%) 126 (68%) 185 (8%) <0.001°
Diagnosis <0.001¢

Certain infectious and parasitic diseases 59 (14%) 117 (7%) 176 (7%)

Neoplasms, diseases of the blood 90 (21%) 193 (11%) 352 (16%)

Diseases of the circulatory system 58 (14%) 221 (12%) 279 (16%)

Diseases of the respiratory system 60 (14%) 236 (13%) 296 (13%)

Diseases of the digestive system 79 (19%) 470 (26%) 549 (25%)

Diseases of the genitourinary system 41 (10%) 194 (11%) 235 (10%)

Symptoms 13 (3%) 132 (7%) 173 (7%)

Other reasons 26 (6%) 216 (12%) 145 (6%)

Abbreviations: ESI, Emergency Severity Index; PaO,, partial pressure of arterial oxygen; FiO,, fraction of inspired oxygen; PCO,, partial pressure of carbon dioxide; HCO3, bicarbonate; SpO,,
pulse oxygen saturation; MAP, mean arterial pressure; GCS, Glasgow Coma Scale; SOFA, Sequential Organ Failure Assessment; mSOFA, modified SOFA; MV, mechanical ventilation; EMS,

emergency medical services.

Mean =+ SD for continues and N (%) for categorical variables are presented.
2 Analysis by independent-samples t-test.
b Analysis by Fisher's exact test.
¢ Analysis by Chi-square test.

the 45° line denoting the y = X line, then the model fits the data well
[18]. Independent-samples t-test, Fisher exact test, and chi-square test
were used to identify any significant differences in baseline characteris-
tics of alive and dead patients. All analyses were performed in R studio
using pROC, Hmisc, rms, and ResourceSelection packages.

3. Results

A total of 3064 patients meeting the inclusion criteria were enrolled.
After applying the exclusion criteria, 2205 patients remained with an
overall in-hospital mortality of 19% (N = 426) (Table 1). Patients
were predominantly elderly (median age 64 years, IQR: 50-77,
minimum-maximum: 18-98) with fairly equal gender distribution
(53% male). The included patients were mostly admitted due to

hematological (21%), digestive (19%), respiratory (14%), circulation
(14%), and infectious (14%) disorders. This may also include sepsis pa-
tients. The frequency of level 1, 2, and 3 ESI ratings were 9%, 38%, and
53%, respectively. The mean SOFA and mSOFA scores for all patients
were 3 4 2.53 and 2.1 + 2.13, respectively. About 46% of patients
were brought in by emergency medical services and only 6% of patients
required mechanical ventilation support. The data in Table 1 indicate
that significant differences between alive and dead patients were ob-
served for all inspected variables except for gender, diabetes mellitus,
smoking, and partial pressure of carbon dioxide (PCO;) (P> 0.32).

The linear predictor of the logistic regression models was equal to
—2.781 + (0.375 x SOFA) and —2.529 + (0.419 x mSOFA), respec-
tively. As shown in Table 2, for SOFA and mSOFA the BS was 0.209 and
0.192 and the BSS was 0.11 and 0.09, respectively. The estimated AUCs

;l’-:lr)flt)errznance measures of SOFA and mSOFA models to predict inhospital mortality in emergency department.
Model Overall accuracy Discrimination Calibration
Brier Score Brier Skill Score 95% CI H-L test Pvalue
SOFA 0.209 0.11 0.735 to 0.769 X?(8) =25 0.963
mSOFA 0.192 0.09 0.736 to 0.765 X2(8) =39 0.865

Abbreviations: AUC, Area Under the Receiver Operating Characteristic Curve; Cl, confidence interval; H-L, Hosmer-Lemeshow; SOFA, Sequential Organ Failure Assessment; mSOFA, mod-

ified SOFA.
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Fig. 2. Receiver Operating Characteristic (ROC) curves of SOFA (0.751) and mSOFA (0.739)
models in emergency department.

Table 3
Sensitivity, specificity, PPV, NPV, and accuracy for the SOFA and mSOFA models to predict
inhospital mortality in emergency department.

Model Threshold Sensitivity Specificity PPV NPV Accuracy
SOFA 35 0.68 0.69 0.34 090 069
mSOFA 2.5 0.66 0.69 0.34 0.89 0.68

Abbreviations: PPV, Positive Predictive Value; NPV, Negative Predictive Value; SOFA, Se-
quential Organ Failure Assessment; mSOFA, modified SOFA.

of SOFA and mSOFA models were 0.751 (95% CI 0.735 to 0.769) and
0.739 (95% C10.736 to 0.765), respectively with no significant difference
(95% CI —0.027 to 0.006, P = 0.186) (Fig. 2). The best discriminative
thresholds for SOFA and mSOFA were 3.5 and 2.5, respectively. Further
performance indices are reported in Table 3. The Hosmer-Lemeshow
test did not show deviations between the predicted probabilities
and the proportions of mortality (SOFA: X?(8) = 2.5, P = 0.963
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and mSOFA: X2 (8) = 3.9, P = 0.865). Also, the calibration plots re-
vealed good agreement between the actual and predicted probabilities
(Fig. 3).

4. Discussion
4.1. Main findings

Overcrowding and understaffing of ED have turned into a topic
of discussion especially in developing countries, where resource-
limitation is a serious problem. Under such circumstances, employing
an accurate and easy-to-use risk stratification scoring system is a sensi-
ble approach to prioritize heterogeneous and medically complicated
patients admitted to the ED. We have demonstrated that SOFA and
mSOFA models have fair to good accuracy for predicting in-hospital
mortality when applied to patients in ED. Among patients who
experienced in-hospital mortality, the initial SOFA and mSOFA scores
were significantly higher (5 vs. 2.5 and 3.8 vs. 1.7, respectively) relative
to patients who did not experience the outcome.

Furthermore, we found that in addition to all SOFA and mSOFA var-
iables, alive and dead samples differed significantly with respect to age,
ESI, partial pressure of carbon dioxide (PCO,), bicarbonate (HCO3), urea,
support for mechanical ventilation, ambulance transferring mode, and
diagnosis (P < 0.007). The aforementioned variables might be consid-
ered as potential predictors of in-hospital mortality to be included in
future versions of SOFA in ED.

Quantitative performance measures revealed that both models
performed equally well in predicting in-hospital mortality in ED (AUC
SOFA = 0.751 and mSOFA = 0.739), which conforms to the previous
findings [13]. Thus, mSOFA is easier to implement in the current time-
limited setting [19]. The sensitivity (SOFA: 0.68 and mSOFA: 0.66) and
specificity (SOFA: 0.69 and mSOFA: 0.69) values were fair on the best
threshold scores (SOFA: 3.5 and mSOFA: 2.5). Moreover, an NPV value
>0.89 indicates that these models predict alive cases better than the
dead cases (PPV = 0.34).

4.2. Comparison to similar studies

The inability of comorbidities (i.e. diabetes mellitus and smoking) to
differentiate between deceased and alive patients, confirms the results
of a recent study by Arnold et al. [20] showing that diabetes and drug
abuse fail to be accurate predictors for in-hospital mortality when the
patients are admitted to the ED with a non-metabolic disorder. It has
been previously found that gender also is not a significant risk factor
for in-hospital mortality in the emergency setting [21,22]. As shown in
Table 4, most of similar studies have evaluated the predictive perfor-
mance of SOFA for predicting in-hospital mortality in ED among
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Fig. 3. Smoothed calibration plots of the SOFA (left) and mSOFA (right) models using 1000 bootstrap replicates of 2205 patients admitted to the emergency department.



Z. Rahmatinejad et al. / American Journal of Emergency Medicine 37 (2019) 1237-1241 1241

Table 4
Published evaluation studies of SOFA and mSOFA in emergency department.
Study Year Country Patients Male Age Common diagnosis Model AUC
(N) Gender SOFA-mSOFA SOFA-mSOFA
[21] 2009 United States 248 48% 57 £ 16 Sepsis 71 0.75
[23] 2014 Australia 240 64% 56 Sepsis 5 0.78
[24] 2016 Iran 140 46% 68 + 18 Sepsis and infection 7 0.73
[25] 2016 China 477 38% 73 Infection 4 0.68
[22] 2017 Turkey 200 19% 74 £ 15 Sepsis 4 0.68
Current study 2017 Iran 2205 53% 62 +£ 19 Case-mix 3-2.1 0.75-0.74

(8% sepsis)

Abbreviations: SOFA, Sequential Organ Failure Assessment; mSOFA, modified SOFA.

patients with infection [21-25]. The AUC of SOFA ranged from 0.68 to
0.78 which is in line with the findings of the present study.

4.3, Limitations and strengths

This study has various limitations. First, since there were no
previously published models providing probabilities based on SOFA
and mSOFA scores, we developed logistic regression models aiming
to internally validate the models based on these scores. In terms of
model discrimination, our results effectively amount for an external
validation because the logistic regression models based on the sole
SOFA or mSOFA score will have the same discrimination ability as the
scores themselves. However, in terms of calibration, the generalizability
of the results to new samples may be more limited. Second, a single
point was considered to evaluate the performance of the models,
while a time series design with multiple time-points would have pro-
vided more complete assessment of the models' behavior over time.
Third, inclusion of patients admitted to a single ED limits the generaliz-
ability of results.

5. Conclusions

The SOFA and mSOFA scores had comparable fair discrimination and
good calibration in predicting in-hospital mortality when adapted to all-
cause emergency admissions. However, clinical use of such models at
the individual patient level is not warranted and would require external
validation and impact assessment.
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