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OVERVIEW OF THE THESIS PAPERS
The Emergency Surgery Score (ESS) has been derived and validated by the Trauma,
Emergency Surgery and Critical Care research laboratory at the Massachusetts General
Hospital in 2015. ESS was intially devolped to predict perioperative mortality in
Emergency General Surgery (EGS) patients1. This risk stratification system was derived
from the American College of Surgeons – National Surgical Quality Improvement
Program (ACS-NSQIP) database using multiple logistic regression models to identify
independent predictors of mortality in EGS patients1. The independent predictors were
patient demographics, comorbidities, and several perioperative laboratory variables. The
odds ratio of the twenty-two variables within these independent predictors was used to
derive the ESS, with a total score of twenty-nine1.

Subsequently, the novel scoring system was validated using an updated ACS-NSQIP
cohort by calculating its C-statisic and evaluating its ability to predict mortality. ESS had a
C-statisic of 0.86 in the derivation and validation cohorts, therefore accurately predicting
death in EGS patients1. Further studies have evaluated the utility of ESS’s to predict
postoperative complications (e.g. respiratory failure and renal failure), the need for
postoperative Intensive Care Unit (ICU) admission and postoperative infections in EGS
patients 2,3,4. ESS has also been prospectively validated in a multicenter study, proving its
accurate ability to be predict various postoperative outcomes in EGS patients nationwide 5.
In addition, ESS recently demonstrated that it can predict morbidity, mortality and the need
for ICU care in elderly patients undergoing EGS procedures, even when one or more data
elements are missing6,7,8.

5

This dissertation examines the ability of ESS to: 1) predict the destination of discharge of
EGS patients and 2) predict outcome in patients undergoing emergency surgery across
multiple surgical specialties. with further demonstrating its value as suggested above, ESS
could be used to set patient and family expectations preoperatively including emphasis on
functional recovery and to expedite discharge planning, thus decreasing hospital length of
stay and healthcare costs in addition to improving the quality of life of emergency surgery
patients1-8.

1

: Sangji NF, Bohnen JD, Ramly EP, Yeh DD, King DR, DeMoya M, Butler K, Fagenholz PJ, Velmahos GC,
Chang DC, Kaafarani HM. Derivation and validation of a novel Emergency Surgery Acuity Score (ESAS). J
Trauma Acute Care Surg. 2016 Aug;81(2):213-20. doi: 10.1097/TA.0000000000001059. PMID: 27032007.
2
: Nandan AR, Bohnen JD, Sangji NF, Peponis T, Han K, Yeh DD, Lee J, Saillant N, De Moya M, Velmahos
GC, Chang DC, Kaafarani HMA. The Emergency Surgery Score (ESS) accurately predicts the occurrence of
postoperative complications in emergency surgery patients. J Trauma Acute Care Surg. 2017 Jul;83(1):84-89.
doi: 10.1097/TA.0000000000001500. PMID: 28422908.
3
: Kongkaewpaisan N, Lee JM, Eid AI, Kongwibulwut M, Han K, King D, Saillant N, Mendoza AE,
Velmahos G, Kaafarani HMA. Can the emergency surgery score (ESS) be used as a triage tool predicting the
postoperative need for an ICU admission? Am J Surg. 2019 Jan;217(1):24-28. doi:
10.1016/j.amjsurg.2018.08.002. Epub 2018 Aug 23. PMID: 30172358.
4
: Han K, Lee JM, Achanta A, Kongkaewpaisan N, Kongwibulwut M, Eid AI, Kokoroskos N, van Wijck S,
Meier K, Nordestgaard A, Rodriguez G, Jia Z, Lee J, King D, Fagenholz P, Saillant N, Mendoza A,
Rosenthal M, Velmahos G, Kaafarani HMA. Emergency Surgery Score Accurately Predicts the Risk of PostOperative Infection in Emergency General Surgery. Surg Infect (Larchmt). 2019 Jan;20(1):4-9. doi:
10.1089/sur.2018.101. Epub 2018 Sep 29. PMID: 30272533.
5
: Kaafarani HMA, Kongkaewpaisan N, Aicher BO, Diaz JJ Jr, O'Meara LB, Decker C, Rodriquez J,
Schroeppel T, Rattan R, Vasileiou G, Yeh DD, Simonoski UJ, Turay D, Cullinane DC, Emmert CB,
McCrum ML, Wall N, Badach J, Goldenberg-Sandau A, Carmichael H, Velopulos C, Choron R, Sakran JV,
Bekdache K, Black G, Shoultz T, Chadnick Z, Sim V, Madbak F, Steadman D, Camazine M, Zielinski MD,
Hardman C, Walusimbi M, Kim M, Rodier S, Papadopoulos VN, Tsoulfas G, Perez JM, Velmahos GC.
Prospective validation of the Emergency Surgery Score in emergency general surgery: An Eastern
Association for the Surgery of Trauma multicenter study. J Trauma Acute Care Surg. 2020 Jul;89(1):118124. doi: 10.1097/TA.0000000000002658. PMID: 32176177.
6:
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Schroeppel T, Rattan R, Vasileiou G, Yeh DD, Simonosk U, Turay D, Cullinane D, Emmert C, McCrum M,
Wall N, Badach J, Goldenberg-Sanda A, Carmichael H, Velopulos C, Choron R, Sakran J, Bekdache K,
Black G, Shoultz T, Chadnick Z, Sim V, Madbak F, Steadman D, Camazine M, Zielinski M, Hardman C,
Walusimbi M, Kim M, Rodier S, Papadopoulos V, Tsoulfas G, Perez J, Kaafarani H. The emergency surgery
score (ESS) and outcomes in elderly patients undergoing emergency laparotomy: A post-hoc analysis of an
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Does the Emergency Surgery Score predict failure to discharge
the patient home? A nationwide analysis
Reem AlSowaiegh, MD, MSc, Leon Naar, MD, Ava Mokhtari, MSc, Jonathan J. Parks, MD, Jason Fawley, MD,
April E. Mendoza, MD, MPH, Noelle N. Saillant, MD,
George C. Velmahos, MD, PhD, and Haytham M.A. Kaafarani, MD, MPH, FACS, Boston, Massachusetts
BACKGROUND:

The Emergency Surgery Score (ESS) is a point-based scoring system validated to predict mortality and morbidity in emergency
general surgery (EGS). In addition to demographics and comorbidities, ESS accounts for the acuity of disease at presentation. We
sought to examine whether ESS can predict the destination of discharge of EGS patients, as a proxy for quality of life at discharge.
METHODS:
Using the 2007 to 2017 American College of Surgeons National Surgical Quality Improvement Program database, we identified all
EGS patients. EGS cases were defined as per American College of Surgeons National Surgical Quality Improvement Program as
those performed by a general surgeon within a short interval from diagnosis or the onset of related symptomatology, when the patient’s well-being and outcome may be threatened by unnecessary delay and patient’s status could deteriorate unpredictably or rapidly. Emergency Surgery Score patients were then categorized by their discharge disposition to home versus rehabilitation or
nursing facilities. All patients with missing ESS or discharge disposition and those discharged to hospice, senior communities,
or separate acute care facilities were excluded. Emergency Surgery Score was calculated for each patient. C statistics were used
to study the correlation between ESS and the destination of discharge.
RESULTS:
Of 6,485,915 patients, 84,694 were included. The mean age was 57 years, 51% were female, and 79.6% were discharged home.
The mean ESS was 5. Emergency Surgery Score accurately and reliably predicted the discharge destination with a C statistic of
0.83. For example, ESS of 1, 10, and 20 were associated with 0.9%, 56.5%, and 100% rates of discharge to a rehabilitation or nursing facility instead of home.
CONCLUSION:
Emergency Surgery Score accurately predicts which EGS patients require discharge to rehabilitation or nursing facilities and can
thus be used for preoperatively counseling patients and families and for improving early discharge preparations, when appropriate.
(J Trauma Acute Care Surg. 2021;90: 471–476. Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: Prognostic and epidemiological, level III.
KEY WORDS:
Emergency Surgery Score; discharge; rehabilitation; emergency general surgery; quality improvement.

T

mortality, complications, and the need for intensive care unit
(ICU) care in the EGS patient.6–10

he heterogeneity of the emergency general surgery (EGS)
patient population with variable comorbidity and acuity of disease
profiles has made benchmarking the EGS quality of care in general
and destination of discharge in specific challenging.1–4 One can
argue that the ability to successfully discharge patients to home is a
more critical and often overlooked outcome and indica-tor of the
quality of care in EGS, compared with mortality and

While several tools exist that aid physicians in forecasting
hospital outcomes, such as morbidity and mortality in the American
College of Surgeons National Surgical Quality Im-provement
Program (ACS-NSQIP) surgical risk calculator and the Predictive
OpTimal Trees in Emergency Surgery Risk calcu-lator, ESS has the
two advantages: (1) it accounts for the acuity of disease upon
presentation, and (2) it can be used readily and easily for quality
benchmarking in EGS.11 The ability of ESS to predict functional
outcome and quality of life at discharge has not been examined.
Specifically, its ability to predict success in discharging a patient
home instead of rehabilitation centers or nursing homes remains
unclear. In this study, we sought to exam-ine whether ESS can predict
the discharge destination of EGS pa-tients, as a proxy to the patient’s
quality of life at discharge.

complications.5
The Emergency Surgery Score (ESS) is a well-validated
point-based preoperative scoring system created from EGS and
for EGS patients. It has been validated retrospectively and prospectively as an accurate predictor of postoperative 30-day
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PATIENTS AND METHODS
The 2007 to 2017ACS-NSQIP was used to assess ESS’s
ability to predict the discharge destination of EGS patients. The
ACS-NSQIP is a national well-validated database that in-cludes
more than 700 hospitals. Information is collected in a deidentified
fashion for patients undergoing surgery. Data in-cluded in ACSNSQIP include preoperative, intraoperative,
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and up to 30 days of postoperative information.12–14 The data
dictionary with all variable definitions are standardized and
dis-tributed to all participating hospitals.15

ESS Calculation

Patient Population

Definition of Destination of Discharge

Emergency Surgery Score was calculated for all
patients. A description of the variables included in the
calculation of ESS score is summarized in Table 1.

We identified patients undergoing an emergency procedure using the ACS-NSQIP variables “EMERGNCY.” An emergency surgery is defined in the ACS-NSQIP as a case performed
within a short interval from diagnosis or the onset of related
symptomatology, when the patient’s well-being and outcome may
be threatened by unnecessary delay and patient’s status could
deteriorate unpredictably or rapidly. Using the variable
“SURGSPEC,” we defined EGS patients as those who underwent
an emergency procedure performed by a general sur-geon.
Patients with missing ESS data points, those who left against
medical advice, those who died during hospitalization, and those
who were discharged to hospice care, senior commu-nities,
separate acute care facilities, or their preadmission reha-bilitation
or nursing facilities were excluded.

The ACS-NSQIP variable “DISCHDEST” was used for
the primary outcome of interest. Emergency general surgery
patients were classified into those who were discharged home
and those who were discharged to rehabilitation centers,
skilled facil-ities, or unskilled facilities.

ESS Versus Destination of Discharge
We assessed the ability of ESS to accurately predict destination of discharge in patients undergoing an EGS procedure. The
receiver operating characteristic curve was computed, and we
determined the C statistic (area under the curve). C statistics
represent the probability that a randomly chosen patient who was
not discharged home had a higher ESS compared with a randomly
chosen patient who was discharged home.16 To ensure

TABLE 1. Baseline Characteristics of Patients That Were Discharged to Home, Rehabilitation Centers, and Skilled or Unskilled Facilities
Points

Home (n = 67,431)

Rehab (n = 4,577)

Skilled/Unskilled
(n = 12,686)

p

2
1
1

24,695 (36.6%)
53,777 (79.8%)
4,941 (7.3%)

3,540 (77.3%)
3,799 (83.0%)
464 (10.1%)

10,327 (81.4%)
10,342 (81.5%)
1,375 (10.8%)

<0.001
<0.001
<0.001

1

2,919 (4.3%)

516 (11.3%)

1,217 (9.6%)

<0.001

1

1,731 (2.6%)

236 (5.2%)

647 (5.1%)

<0.001

1
3
1
1
1
1
1
3

8,559 (12.7%)
2,324 (3.4%)
3,382 (5.0%)
1,987 (2.9%)
3,360 (5.0%)
26,588 (39.4%)
3,774 (5.6%)
799 (1.2%)

694 (15.2%)
227 (5.0%)
573 (12.5%)
760 (16.6%)
612 (13.4%)
3,235 (70.7%)
557 (12.2%)
462 (10.1%)

2,231 (17.6%)
879 (6.9%)
1,702 (13.4%)
2,773 (21.9%)
2,100 (16.6%)
9,046 (71.3%)
1,455 (11.5%)
1,209 (9.5%)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

1

1,682 (2.5%)

245 (5.4%)

760 (6.0%)

<0.001

1
1
1
2
1

10,791 (16.0%)
8,494 (12.6%)
3,129 (4.6%)
11,232 (16.7%)
3,797 (5.6%)

2,140 (46.8%)
845 (18.5%)
953 (20.8%)
1,915 (41.8%)
798 (17.4%)

6,155 (48.5%)
2,472 (19.5%)
2,840 (22.4%)
5,455 (43.0%)
2,117 (16.7%)

<0.001
<0.001
<0.001
<0.001
<0.001

Platelets <150 10 /μL
SGOT >40 U/L
Sodium >145 mmol/L
3
WBC <4.5 10 /μL
3
WBC >15 and ≤325
10 /μL

1
1
1

7,264 (10.8%)
10,012 (14.8%)
830 (1.2%)

799 (17.5%)
938 (20.5%)
220 (4.8%)

2,202 (17.4%)
2,591 (20.4%)
606 (4.8%)

<0.001
<0.001
<0.001

1

2,974 (4.4%)
14,662 (21.7%)

341 (7.5%)
1,159 (25.3%)

879 (6.9%)
3,056 (24.1%)

<0.001

1

WBC >25 10 /μL

2

1,758 (2.6%)

372 (8.1%)

1,020 (8.0%)

<0.001

Variables
Demographics
Age >60 y
White race
Transfer from outside emergency
department
Transfer from an acute care hospital
inpatient facility
Comorbidities
Ascites
2
BMI <20 kg/m
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48 h
preoperatively
Weight loss >10% in the preceding 6 mo
Laboratory values
Albumin <3.0 U/L
Alkaline phosphatase >125 U/L
Blood urea nitrogen >40 mg/dL
Creatinine >1.2 mg/dL
International normalized ratio >1.5
3

<0.001

BMI, body mass index; COPD, chronic obstructive pulmonary disease; SGOT, serum glutamic-oxaloacetic transaminase; WBC, white blood cell.
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that the observed prediction for failure to discharge home is
not driven by a few select ESS variables, we constructed a
multivar-iable regression model, including all variables
involved in ESS calculation.
Furthermore, using the β coefficients derived from the
multivariable regression above, we determined the predicted
probability of failure to being discharged home for the patients included in our cohort. The Brier score, which measures the accu-racy
of probabilistic predictions and ranges from 0 to 1, with a lower score
indicating a more accurate prediction, was calculated.

Sensitivity and Missing Data Analyses
We conducted sensitivity analyses, specifically looking into
ESS’s ability to separately predict discharge to a rehabilitation center and ESS’s ability to predict discharge to nursing care facilities.

We also conducted a missing data analysis assessing the
ability of ESS to predict destination of discharge in a cohort of
EGS patients with missing data points required for the ESS
cal-culation. For the purpose of this analysis, based on a recent
pub-lication by Naar et al.,17 we calculated the ESS in patients
with missing data assuming that a missing variable is normal,
the null value, and therefore does not contribute additional
points to the ESS calculation.

Statistical Analyses
2

Categorical variables were compared using the χ test and
are presented as absolute numbers of patients and the respective
percentages. All statistical analyses were performed using the
Stata v15.1 (StataCorp 2017, Stata Statistical Software, Release
15; StataCorp LLC, College Station, TX).

Ethical Oversight
The institutional review board at our institution waived
permission because this is a deidentified national database.

RESULTS
Of a total of 6,485,915 patients, 84,694 EGS patients were
included (Fig. 1). Supplemental Digital Content (Appendix,
http://links.lww.com/TA/B821) summarizes the distribution of
the ESS variables between the cohort of EGS patients with missing data, as compared with the cohort of EGS patients with all
data available for the calculation of ESS. The two most commonly missing variables were the preoperative international normalized ratio (195,243 patients) and aspartate aminotransferase
(serum glutamic-oxaloacetic transaminase) (76,903 patients). The
mean age was 57 years, 49% were males, and 80% were White.
Table 1 summarizes the univariate analyses of ESS variables
between the cohort of patients discharged home and those
discharged to rehabilitation or nursing facilities.
The distribution of ESS in our patient population is
depicted in Supplemental Digital Content (Supplementary Fig. 1,
http://links.lww.com/TA/B820). In summary, the maximum ESS
noted was 20, and 92.5% of the patients had an ESS of ≤9. Figure
2A shows the relationship between ESS and failure to discharge
a patient home (i.e., discharge to rehabilitation or nursing
facility). In summary, ESS reliably and incrementally predicted
the failure to discharge home. For example, the rates of failure to
discharge home in patients with an ESS of 1, 10, and 14 were 1%,
57%, and 80%, respectively. Beyond an ESS

Figure 1. Flowchart of selection process for our
patient population.

of 14, the rates reached a plateau. None of the patients with an
ESS of 20 were discharged home. The C statistic for the prediction of failure of home discharge was 0.8290 (95% confidence
interval [CI], 0.8259–0.8320) (Fig. 2B). Figure 3 shows the sensitivity and specificity of ESS in predicting failure to discharge
home. Based on these results, we recommend an ESS of ≥6 as a
cutoff point to start the necessary discharge preparations for rehabilitation or nursing facilities.
Table 2 shows the multivariable regression analyses for
failure to discharge home. The Brier score was calculated to be
0.12 (values approaching 0 show higher accuracy of prediction).
In summary, all variables included in ESS calculation retained
their independent predictive capability for failure to discharge
473
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Figure 2. (A) Emergency Surgery Score versus probability for failure to discharge home. (B) Receiver operating characteristic
curve for ESS versus failure to discharge home. ROC, receiver operating characteristic.

patients to their home, except for low platelet count (platelets,
3
<150 10 /μL) suggesting that the correlation between ESS and
failure to discharge home is driven by the combination of all the
variables included in ESS and not by few select ones.
In the sensitivity analyses, ESS correlated very well with
discharge to a rehabilitation center and skilled or unskilled
facilities, separately (Fig. 4). The C statistic for the prediction
of discharge to a rehabilitation center and skilled or unskilled
facilities was 0.8172 (95% CI, 0.8119–0.8226) and 0.8332
(95% CI, 0.8299–0.8365), respectively.
In the missing data analysis, we assessed ESS ability to
correlate with failure to discharge home in the cohort of EGS
patients who did not have all the data available for the calculation
of ESS. From the 338,767 patients with missing information,
227,078 patients (67.0%) were discharged home, 3,504 (1.0%)
were discharged to a rehabilitation cen-ter, and 10,445 (3.1%)
were discharged to a skilled or un-skilled facility. Assuming that
all missing information was the null value (i.e., assumed to be
normal and therefore did not increase the ESS) ESS correlated
extremely well with the pa-tient destination of discharge. The C
statistics for failure to dis-charge home, discharge to a
rehabilitation center, and discharge to skilled or unskilled
facilities were as follows: 0.8833 (95%

CI, 0.8806–0.8860), 0.8850 (95% CI, 0.8801–0.8898), and
0.8828 (95% CI, 0.8796–0.8859), respectively.

DISCUSSION
In this report, we demonstrate that ESS can accurately pre-dict
failure to discharge a patient home after EGS. Such informa-tion
would be helpful to set patient and family expectations preoperatively
with emphasis on functional recovery and not mortality and
complications only. In addition, such predictive in-formation can
potentially expedite discharge planning to rehabil-itation or nursing
facilities, when needed. One factor that has been shown to prolong
hospital length of stay for trauma and EGS pa-tients is difficulty in
18
post–acute care facility placement. Specif-ically, we recommend
the use of an ESS of 6 or higher as a trigger to start early discharge
planning to decrease unnecessarily pro-longed length of stay due to
logistical barriers.18
Preoperative personalized counseling in surgical patients has
been shown to improve postoperative quality of life.19,20 Per-

sonalized counseling should include discussing discharge dispo19,21
sition preoperatively.
Informing surgical patients about their
return to preoperative physical function and the need for

Figure 3. The ESS versus sensitivity and specificity for failure to discharge patients home.
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Increasing age and open colonic resection, as opposed to laparoscopic colon resection, have been suggested in general surgery to
19,23
predict the need for rehabilitation.
In vascular surgery, open
surgical repair of abdominal aortic aneurysms compared with
endovascular repair of abdominal aortic aneurysms pre-dicted
24,25
discharge to a rehabilitation facility.

TABLE 2. Multivariable Regression Model for Failure to
Discharge Home Including All ESS Variables
Failure to Discharge Home

Odds Ratio

p

95% CI

Age >60 y
White race
Transfer from outside
emergency department
Transfer from an acute care
hospital inpatient facility
Ascites

4.77
1.11
1.23

<0.001
<0.001
<0.001

4.55–5.01
1.05–1.17
1.15–1.32

1.52

<0.001

1.41–1.65

1.15

0.007

1.04–1.27

1.32
1.19
1.16
4.16
1.61
1.64
1.28
3.61

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

1.25–1.40
1.09–1.30
1.08–1.24
3.89–4.45
1.50–1.72
1.56–1.71
1.19–1.37
3.25–4.00

1.33

<0.001

1.21–1.47

2.67
1.12
1.91
1.51
1.74

<0.001
<0.001
<0.001
<0.001
<0.001

2.55–2.79
1.09–1.18
1.79–2.04
1.44–1.59
1.63–1.85

Platelets <150 10 /μL
SGOT >40 U/L
Sodium >145 mmol/L
3
WBC <4.5 10 /μL
3
WBC >15 and ≤325
10 /μL

0.97
1.08
1.72

0.264
0.007
<0.001

0.91–1.03
1.02–1.14
1.52–1.94

1.39
1.26

<0.001

1.28–1.52

<0.001

1.20–1.33

WBC >25 10 /μL

1.86

<0.001

1.69–2.03

2

BMI <20 kg/m
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within
48 h preoperatively
Weight loss >10% in the
preceding 6 mo
Albumin <3.0 U/L
Alkaline phosphatase >125 U/L
Blood urea nitrogen >40 mg/dL
Creatinine >1.2 mg/dL
International normalized ratio >1.5
3

In cardiothoracic, gynecological, and orthopedic surgery,
older age, severe chronic comorbidities, malnutrition, advanced
cancer stage, and decreased functional, cognitive, and/or mental
status before surgery have all been suggested as predictors of the
failure to discharge home.26 While many of these articles have
attempted to develop a preoperative screening tool to predict postoperative discharge disposition, none exists for EGS. With the data
we present here, we suggest that ESS is able to predict not only
postoperative outcomes, such as mortality and complica-tions, but
also discharge destination and can be used to help start early
preparation for rehabilitation or nursing facility discharge.

The impact of EGS on quality of life may be assessed by
several measures, such as functional status, ICU length of stay,
25,28–30
and frequency of hospital readmissions.
It has been documented that EGS patients have higher odds of ICU stay com28,29
pared with non-EGS patients.
Also, 70% of older EGS
patients face prolonged ICU stay with a low chance of returning to
independent living after rehabilitation enrollment and hence
encounter poorer quality of life.25,31 Interestingly, Lyu et al.30 reported that many EGS readmissions were to a hospital other than
where their index surgery was performed, coining the term care
discontinuity.32 In addition, it has been documented that one in

five EGS patients are readmitted within 30 days of dis25,30,32
charge.
Hence, EGS patients are disadvantaged in both in32
hospital experiences and postdischarge outcomes. Therefore, educating patients about their likely expected quality of
life post-EGS is essential.25,30–32
Our study has a few limitations. First, it is a retrospective
analysis of a prospective database. Second, we did not factor in
the impact of the patient’s insurance status, wealth, or family
2
structure on the discharge destination. Third, for the purposes of
this study, we excluded patients who died during their index
hospitalization, which may have introduced a survival bias in our
results. Finally, we made the reasonable assumption that home as
a discharge destination is an indicator of a better func-tional
outcome and to a certain extent quality of life at discharge. That
assumption does not take into consideration that

BMI, body mass index; COPD, chronic obstructive pulmonary disease; SGOT,
serum glutamic-oxaloacetic transaminase; WBC, white blood cell.

supportive care after discharge aids to govern the patients’
decision-making process.8,19,22 Thus, physicians’ use of the
ESS preoperatively can allow for active patient participation
in care and thus for informed patient decision making.
There is a growing need to predict discharge destination in
19–21,23–27
patients undergoing any type of surgery and EGS.

Figure 4. Emergency Surgery Score ROC curve for (A) home versus rehabilitation centers, and (B) home versus skilled/unskilled facilities.

ROC, receiver operating characteristic.
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discharging a patient to rehabilitation might be actually
indicat-ing a higher quality of care at the institutional level,
specifically delineating thoughtfulness about functional
recovery and access to rehabilitation and nursing facilities.

12. Hall BL, Hamilton BH, Richards K, Bilimoria KY, Cohen ME, Ko CY.
Does surgical quality improve in the American College of Surgeons
National Sur-gical Quality Improvement Program: an evaluation of all
participating hospi-tals. Ann Surg. 2009;250(3):363–376.
13. Cohen ME, Ko CY, Bilimoria KY, et al. Optimizing ACS NSQIP
modeling for evaluation of surgical quality and risk: patient risk
adjustment, procedure mix adjustment, shrinkage adjustment, and
surgical focus. J Am Coll Surg. 2013;217(2):336–46.e1.
14. Hall BL, Richards K, Ingraham A, Ko CY. New approaches to the
National Surgical Quality Improvement Program: the American College
of Surgeons experience. Am J Surg. 2009;198(Suppl 5):S56–S62.

CONCLUSIONS
In conclusion, ESS accurately predicts discharge
destina-tion of EGS patients, specifically the failure to
discharge pa-tients home. Emergency Surgery Score can
therefore be used for patient/family counseling and to improve
early discharge preparations, especially for patients with
preoperative ESS of 6 or higher. Further research is still
needed to directly study and predict the long-term functional
outcome and quality of life of EGS patients.

15. Shiloach M, Frencher SKJr., Steeger JE, Rowell KS, Bartzokis K, Tomeh MG,
Richards KE, Ko CY, Hall BL. Toward robust information: data quality and interrater reliability in the American College of Surgeons National Surgical Quality
Improvement Program. J Am Coll Surg. 2010;210(1):6–16.

16. Hanley JA, McNeil BJ. The meaning and use of the area under a receiver operating characteristic (ROC) curve. Radiology. 1982;143(1):29–36.
17. Naar L, El Hechi M, Kokoroskos N, Parks J, Fawley J, Mendoza AE, Saillant N,
Velmahos GC, Kaafarani HMA. Can the Emergency Surgery Score (ESS) predict
outcomes in emergency general surgery patients with missing data elements? A
nationwide analysis. Am J Surg. 2020. Online ahead of print.
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SUPPLEMENTAL DIGITAL CONTENT
Appendix A: Comparison of the distribution of the ESS variables in patients excluded from the
analysis due to missing data vs. patients included in the analysis.
Variables
Demographics
Age > 60 years
White race
Transfer from outside emergency
department
Transfer from an acute care hospital
inpatient facility
Comorbidities
Ascites
BMI < 20 kg/m2
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48 hours
preoperatively
Weight loss > 10% in the preceding 6
months
Laboratory values
Albumin < 3.0 U/L
Alkaline phosphatase > 125 U/L
Blood urea nitrogen > 40 mg/dL
Creatinine > 1.2 mg/dL
International normalized ratio > 1.5
Platelets < 150 x 103 /µL
SGOT > 40 U/L
Sodium > 145 mmol/L
WBC <4.5 103 /µL
WBC >15 and ≤25 103 /µL
WBC >25 103 /µL

Available ESS
(n=132,030)

Missing ESS
(n=338,767)

p-value

63,795 (48.3%)
106,460 (80.6%)
8,547 (6.5%)

90,341 (26.7%)
219,349 (83.4%)
17,175 (5.1%)

<0.001
<0.001
<0.001

8,840 (6.7%)

11,593 (3.4%)

<0.001

6,389 (4.8%)
19,592 (14.8%)
6,031 (4.6%)
13,505 (10.2%)
17,776 (13.5%)
11,499 (8.7%)
64,272 (48.7%)
9,946 (7.5%)
8,420 (6.4%)

4,539 (1.3%)
36,921 (12.6%)
5,377 (1.6%)
12,880 (3.8%)
14,733 (4.4%)
11,386 (3.4%)
92,448 (27.3%)
10,001 (3.0%)
5,429 (1.6%)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

5,372 (4.1%)

4,385 (1.3%)

<0.001

36,812 (27.9%)
20,528 (15.5%)
14,800 (11.2%)
34,625 (26.2%)
13,670 (10.4%)
18,483 (14.0%)
24,771 (18.8%)
3,401 (2.6%)
7,361 (5.6%)
29,918 (22.7%)
6,310 (4.8%)

22,544 (10.3%)
24,332 (9.4%)
12,249 (3.9%)
40,680 (12.6%)
6,624 (8.0%)
21,423 (6.5%)
31,235 (12.6%)
3,240 (1.0%)
8,575 (2.5%)
86,114 (25.4%)
7,176 (2.1%)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
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Figure A: Distribution of ESS in patients undergoing EGS included in our analysis.
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PAPER 2: THE EMERGENCY SURGERY SCORE (ESS) IS A POWERFUL
PREDICTOR OF OUTCOMES ACROSS MULTIPLE SURGICAL SPECIALTIES:
RESULTS OF A RETROSPECTIVE NATIONWIDE ANALYSIS
ABSTRACT
Background: The Emergency Surgery Score (ESS) was recently validated in a prospective
multicenter study as an accurate predictor of mortality in Emergency General Surgery (EGS)
patients. ESS is easily calculated using multiple demographics, comorbidities, laboratory, and
acuity of disease variables. We aimed to investigate whether ESS can predict 30-day
postoperative mortality across patients undergoing emergency surgery in multiple surgical
specialties.
Methods: Our study is a retrospective cohort study using data from the national ACS-NSQIP
database (2007-2017). We included patients that underwent emergency gynecological, urologic,
thoracic, neurosurgical, orthopedic, vascular, cardiac, and general surgical procedures. ESS was
calculated for each patient, and the correlation between ESS and 30-day mortality was assessed
for each specialty using the C-statistics methodology.
Results: Out of 6,485,915 patients, 173,890 patients were included. The mean age was 60 years,
50.6% were females, and the overall mortality was 9.7%. ESS predicted mortality best in
emergency gynecological, general, and urological surgery (C-statistics: 0.97, 0.87, 0.81,
respectively), and moderately well in emergency thoracic, neurosurgical, orthopedic, and
vascular surgery (C-statistics 0.73-0.79). For example, the mortality of gynecology patients with
ESS of 5, 9 and 13 was 2%, 27%, and 50%, respectively. ESS performed poorly in cardiac
surgery.
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Conclusion: ESS accurately predicts mortality across patients undergoing emergency surgery in
multiple surgical specialties, especially general, gynecologic, and urologic surgery. ESS can
prove useful for perioperative patient counseling and for benchmarking the quality of surgical
care.
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INTRODUCTION
The burden of Emergency General Surgery (EGS) is substantial. In 2017, EGS admissions
accounted for nearly three million hospitalizations in the US (1). These admissions have a
significant financial impact, leading to an estimated annual cost of $28 billion (2). In addition,
EGS is associated with high postoperative mortality (3-9). While it represents 11% of all surgical
admissions, EGS accounts for 50% of all surgical mortality in the United States (10). A recent
multi-institutional level study identified that EGS outcomes, such as mortality, could be as high as
47% in the subset of patients with severe disease or comorbidities (11). Therefore, accurately
predicting a priori the outcome in EGS may allow mitigation of complications and better rescue
of the patients, subsequently decreasing the associated healthcare burden and costs (6).

The Emergency Surgery Score (ESS) was developed and validated in 2015 as a preoperative
mortality prediction calculator that incorporates patients’ demographics, comorbidities, laboratory
investigations, and the acuity of the disease variables (9). Since then, it has been shown to
accurately predict not only mortality but also postoperative complications and ICU admissions in
EGS patients (3-5). Recently, ESS was prospectively validated in a multicenter study as a reliable
risk calculator for mortality and morbidity in patients undergoing an emergency laparotomy (8).

Several studies highlighted how ESS can be used in preoperative counseling and benchmarking
the quality of care in EGS patients (3, 5-8, 12). However, no study thus far has assessed ESS’s
ability to predict outcomes in patients undergoing emergency surgery across different surgical
specialties. We sought to assess whether ESS can predict 30-day mortality in patients undergoing
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emergency surgery across multiple surgical specialties, including gynecology, urology, thoracic,
neurosurgery, orthopedics, vascular, cardiac, as well as general surgery.
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METHODS
We used the 2007-2017 American College of Surgeons-National Surgical Quality Improvement
Program (ACS-NSQIP) to assess ESS’s ability to reliably predict 30-day postoperative mortality
in patients undergoing emergency surgery across multiple surgical specialties. The ACS-NSQIP
is a well-validated national dataset in which more than 700 hospitals across the United States
contribute data to. The ACS-NSQIP database includes pre-, intra- and post-operative information
for up to 30 days after surgery (13-15). Patient data is de-identified, and data dictionaries with
standardized definitions for the variables included in the database are distributed to all contributing
institutions (16).
Patient Population
We included all patients undergoing emergent surgery using the variable “emergncy” in ACSNSQIP. An emergency case is defined in the ACS-NSQIP as one that needs to be performed within
a short interval of time between the patient diagnosis or the onset of related preoperative
symptomatology, otherwise the patient’s well-being and outcomes are potentially threatened by
unnecessary delay and the patient’s status could deteriorate unpredictably or rapidly. Patients
undergoing an elective procedure were identified using the “electsurg” variable and subsequently
excluded. The primary surgical team performing the emergent procedure was identified in our
analysis using the variable “surgspec”. Patients undergoing an emergent otolaryngology, plastics,
or interventional radiological procedure were excluded due to very low number of cases in the
database. Patients with missing data elements required for the calculation of the ESS were
excluded from the primary analysis.
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ESS calculation
Algorithms were generated to calculate ESS in all patients. A description of the variables required
for the calculation of ESS is summarized in Table 1.
Definition of outcome
The primary outcome was postoperative 30-day mortality. The ACS-NSQIP variable “dopertod”
(days from operation to death) was used to identify the patients that expired within 30-days
following the index emergency procedure.

ESS versus mortality across the multiple surgical specialties
We evaluated ESS’s ability to predict postoperative mortality of patients undergoing emergency
surgery across the different surgical specialties. Receiver Operative Characteristic (ROC) curves
were computed. The C-statistics (or the area under the curve, AUROC), which represent the
probability of an arbitrarily chosen patient without the outcome of interest (30-day survivor)
having a lower ESS compared to an arbitrarily chosen patient with the outcome of interest (30-day
mortality) from the same surgical specialty, were calculated (17). Multivariable regression models
were constructed to assess which of the variables included in the ESS calculation are independent
predictors of morbidity and mortality in the subset of patients with missing variables.
(Supplementary Tables B-J).

Sensitivity analyses
Most of the patients included in ACS-NSQIP undergoing an emergency surgical procedure had
missing information required for the ESS calculation. Missing data was coded to zero for
dichotomies. In our recent study, we showed that ESS remains a powerful outcome predictor in
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patients with missing data, with the assumption that all missing information are normal (i.e., the
null value and do not further increase the ESS) (7). Based on that, we performed a sensitivity
analysis assuming that all missing information were normal, and we plotted the AUROCs curves
calculating the new C-statistics (Table 4).
We also conducted a second sensitivity analysis looking into ESS’s predictive capabilities for
patients undergoing an emergency procedure immediately (or soon thereafter) of admission to the
hospital and in patients hospitalized already before the emergency procedure. The variable
“htooday” available in NSQIP was used. We defined an emergent procedure immediately after
admission as any operation that happened either on hospital day 0 or hospital day 1. Patients
undergoing emergency surgery on or after hospital day 2 were considered to be inpatients prior to
the surgical procedure.

Statistical analysis
All statistical analyses were performed using Stata v15.1 (StataCorp 2017. Stata Statistical
Software: Release 15. College Station, TX: StataCorp LLC).

Ethical Oversight
The Mass General Brigham Institutional Review Board (IRB) waived permission as this is a
deidentified national database.
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RESULTS
Out of 6,485,915 patients included in the ACS-NSQIP database, a total of 612,672 underwent an
emergent surgical procedure from the included specialties; 173,890 patients had all the data
available for the calculation of ESS and were included in the analysis (Figure 1). The mean age
was 60 years, 50.6% were females, and the overall mortality was 9.7%. Table 2 summarizes the
number of emergent surgical procedures performed across the different surgical specialties as well
as the corresponding mortality rate for each. The majority of patients underwent an EGS procedure,
and the highest mortality was recorded in patients undergoing an emergency neurosurgical
procedure. Supplementary Table A shows the most common procedures performed in each
surgical specialty included in the analysis. As shown in Table 3, the distribution of the variables
(demographics, comorbidities, laboratory values) included in the ESS calculation were
significantly different in patients undergoing an emergent surgical procedure across the different
specialties. Supplementary Table B summarizes the results of the multivariable regression for
mortality including all variables required for the ESS calculation in patients from all surgical
specialties. As shown, all variables included in ESS were identified as independent predictors of
mortality. However, these results were not consistently maintained when looking into each surgical
specialty separately, where only some of the ESS variables maintained their statistical significance
(Supplementary Tables C-J).

ESS versus mortality across specialties
The ability of ESS to predict postoperative mortality varied across the different surgical specialties
with C-statistics ranging between 0.67 for cardiac surgery and 0.97 for gynecological surgery
(Figure 2).
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ESS versus mortality in emergency general, gynecological, and urological procedures
ESS correlated extremely well with postoperative mortality in patients undergoing an EGS,
gynecological, or urological procedure (C-statistics 0.87, 0.97, and 0.81, respectively, Figure 3).
The corresponding mortality for each ESS score in general, gynecological and urological
emergency surgery is shown in Figure 4. Mortality increased incrementally as ESS increased. For
example, the mortality rates of EGS in patients with an ESS 5, 9, 13, and 21 were 4%, 20%, 46%,
and 94%, respectively. The mortality rates of gynecological patients with an ESS of 5, 9, and 13
were 2%, 27%, and 50% mortality, respectively.

ESS versus mortality in emergency thoracic, neurosurgical, orthopedic, and vascular surgery
ESS correlated moderately well with 30-day postoperative mortality in patients undergoing an
emergency thoracic, neurosurgical, orthopedic, and vascular surgery with C-statistics of 0.79, 0.76,
0.75, and 0.73, respectively (Figure 2). ESS performed poorly in patients undergoing an
emergency cardiac surgery procedure (C-statistics=0.67).

Sensitivity analyses
Out of 612,672 patients, 438,782 patients (71.6%) had at least one variable missing that is required
for the calculation of ESS (Figure 5). The most frequently missing variables were albumin
(183,591 missing), international normalized ratio (292,722 missing), serum glutamic-oxaloacetic
transaminase (159,592 missing), and alkaline phosphatase (147,718 missing) (Supplementary
Table K). Mortality was significantly higher in the patient cohort with all information available
for the ESS calculation, as compared to patients with at least one variable missing (9.7% vs. 3.6%,
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p-value<0.001). Based on our previous work, and for this sensitivity analysis, we considered that
any missing information was the null value and did not contribute towards a higher ESS. Table 4
summarizes the C-statistics for each surgical specialty in patients with and without missing data,
also showing that ESS outperformed ASA across all specialties in the cohort of patient with no
missing information. Briefly, ESS retained and improved its correlation with mortality in patients
undergoing emergency surgery across all surgical specialties.

Out of the 173,890 patients that had all information available for the calculation of the ESS,
173,871 had information available regarding the days from hospital admission to operation. Of
those, the vast majority of the emergent procedures [127,954 (73.6%)] were performed either on
hospital day 0 or hospital day 1. As shown in Table 5, apart from Vascular and Cardiac Surgery
ESS performed better when used for patients undergoing emergency surgery immediately upon
admission to the hospital.
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DISCUSSION
In this study, we found that ESS is an accurate predictor of mortality not only in patients
undergoing an emergency general surgery procedure, but also in patients undergoing emergency
surgery across a wide range of surgical specialties. Specifically, ESS predicted mortality extremely
well in emergent gynecological and urological patients and moderately well in thoracic,
neurosurgical, orthopedic, and vascular surgery, but not in cardiac surgery, where its performance
was poor. A possible explanation for ESS’s differential performance across different specialties,
as well as the observed loss of independent association with mortality for some of the ESS
components on multivariable regression for different surgical specialties, is that it was initially
created and validated using general surgery data only. Different specialties have different patient
and procedure profiles from general surgery. For example, most vascular surgery is now performed
endovascularly and the mortality and morbidity risk of endovascular surgery is very different from
open vascular surgery. Gynecology deals exclusively with female patients. Orthopedics and
neurosurgical procedures rarely result in the same amount of fluid shifts and resultant
physiological changes associated with abdominal or pleural cavities. In cardiac surgery in specific,
ESS performed poorly, likely as a result of a combination of a different patient profile as well as
physiological changes associated with emergency cardiac surgery. As such, and based on this
study’s results, we recommend the multi-specialty use of ESS to predict outcome only in patients
undergoing non-cardiac emergency surgery.

Several scoring systems have been developed in surgery to predict mortality. The Surgical Risk
Scale (SRS), POSSUM, Portsmouth-POSSUM (P-POSSUM), APACHE II, American Society of
Anesthesiologists (ASA) and the ACS-NSQIP Calculator all predict mortality yet fail to focus on
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emergency surgical procedures. For example, the SRS predicts lower than observed mortality in
surgery (9, 18). POSSUM is complex to use at the bedside setting and has been shown to have a
higher predictive mortality than expected (9, 19-22). P-POSSUM is also complex requiring intraoperative variables, however it predicts only in-patient hospital mortality (9, 22). APACHE II is
restricted to predict death in the intensive care unit (7, 23). ASA is subjective and has a low
discriminatory power (9). Lastly, the ACS-NSQIP Calculator has great variability in performance
of patients undergoing different surgical procedures (6, 24). ESS stands out by taking into account
the disease acuity at presentation and by accurately predicting not only mortality, but also
morbidity and the need for an ICU admission, even when a surgical patient does not have all the
data elements needed to calculate the ESS (3-7, 9). While it was initially derived for EGS patients,
this study has demonstrated that it can be potentially used for predicting mortality in emergency
surgery across different specialties.

Based on our findings, one of the potential implications of ESS is benchmarking the overall quality
of surgical care, irrespective of specialty (25, 26). At a national level, the Centers for Medicare
and Medicaid Services (CMS) have changed some of their inpatient funding policies and are now
targeting output-based funding, therefore mortality prediction calculators like the ESS can
clinically aid surgeons into taking care of the highest risk patients that need surgery without the
fear of being unfairly penalized, as risk adjustment can be performed, and observed/expected ratios
can be derived using ESS (7, 27).

Another implication of ESS is preoperative patient counseling (6, 7, 9). Bernat et al (28) discussed
surgical consent in the context of patient centered medicine. Shared decision making is a key
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component of patient centered medicine, whereby a resolution is sought between the physician’s
expertise and the patient’s treatment preferences (28, 29). Shared decision making in the critical
care setting requires that both the surgeon and patient have a reasonable understanding of the
postoperative outcome (7, 29). ESS can be calculated preoperatively to help in shared patient
decision making across multiple surgical specialties (6). However, to date, ESS has been evaluated
only in operated cohorts of patients. To build on this work and further establish ESS as a tool that
can be incorporated in clinician’s treatment algorithms and decision making, next steps should
evaluate ESS’s performance in patients managed non-operatively, including patients who refuse
surgery and patients where the surgical team deems surgery to be futile.

Our study has a few limitations. First, it is a retrospective cohort study from a prospective
database (ACS-NSQIP). Second, the hospitals that contribute data to ACS-NSQIP may have
different operative protocols for patient care across multiple surgical specialties. Third, we could
not assess ESS’s predictive capabilities in patients who underwent an emergency procedure as a
complication of a previous elective surgery. Also, inputting preoperative data in the ACS-NSIP
database is subject to coding and documentation error. Our database included only patients who
underwent emergency surgery, and this may have contributed to a potential selection bias, since
we cannot assess ESS’s capabilities in predicting outcomes of patients managed non-operatively.
Moreover, comparisons between different scoring systems (e.g., APACHE II, POSSUM, PPOSSUM) on the same population, procedure and surgical specialty could not be performed.
Furthermore, nearly 70% of the patients included in ACS-NSQIP had at least one variable
required for the calculation of ESS missing. Although these patients were included in the
sensitivity analysis, exclusion from our primary analysis may have introduced selection bias in
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our study (Supplementary Table L). Adding on, false positive results may have been generated
when we analyzed the same model in the surgical sub-specialties. Therefore, future studies
should consider a formal interaction term to test to see if the associations differ according to
surgical sub-specialties and compare this with externally validated ROC curves and AUC
estimates. Finally, although ACS-NSQIP is a well validated database, a few surgical specialties
(e.g., otolaryngology) were low in numbers and were therefore excluded from our analyses to
draw valid statistics.
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CONCLUSION
In conclusion, our study found that ESS accurately predicts mortality in emergency surgery across
multiple surgical specialties, especially gynecology, general, and urology surgery. These findings
support the use of ESS as a bedside tool for preoperative counselling of surgical patients, and for
benchmarking the quality of surgical care in various surgical fields.
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TABLES
Table 1: The Emergency Surgery Score (ESS)
Variables
Demographics
Age > 60 years
White race
Transfer from outside emergency department
Transfer from an acute care hospital inpatient facility
Comorbidities
Ascites
BMI < 20 kg/m2
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48 hours preoperatively
Weight loss > 10% in the preceding 6 months
Laboratory values
Albumin < 3.0 U/L
Alkaline phosphatase > 125 U/L
Blood urea nitrogen > 40 mg/dL
Creatinine > 1.2 mg/dL
International normalized ratio > 1.5
Platelets < 150 x 103 /µL
SGOT > 40 U/L
Sodium > 145 mmol/L
WBC <4.5 103 /µL
WBC >15 and ≤25 103 /µL
WBC >25 103 /µL
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Points
2
1
1
1
1
1
3
1
1
1
1
1
3
1
1
1
1
2
1
1
1
1
1
1
2

Table 2: Number of patients undergoing an emergency procedure in each specialty included in
the analysis.
Surgical Specialty

Number of patients*

Mortality†

General Surgery, n (%)
132,030 (75.9)
12,242 (9.3)
Gynecology, n (%)
1,703 (1.0)
27 (1.6)
Urology, n (%)
1,102 (0.6)
68 (6.2)
Thoracic Surgery, n (%)
990 (0.6)
142 (14.3)
Neurosurgery, n (%)
4,825 (2.8)
778 (16.1)
Orthopedics, n (%)
13,821 (8.0)
777 (5.6)
Vascular Surgery, n (%)
18,139 (10.4)
2,745 (15.1)
Cardiac Surgery, n (%)
1,280 (0.7)
124 (9.7)
*Percentages are reported out of the total number of patients included in the analysis
(n=173,890)
†Percentages are reported out of the total number of patients undergoing an emergency
procedure within each surgical specialty
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Table 3: Distribution of the variables used in the calculation of the Emergency Surgery Score (ESS) across patients undergoing an
emergency surgical procedure in the different specialties included in our analysis.
Variables

General Surgery

Gynecology

Urology

n=132,030

n= 1,703

n= 1,102

Thoracic
Surgery
n= 990

Neurosurgery

Orthopedics

n= 4,825

n= 13,821

Vascular
Surgery
n= 18,139

Cardiac
Surgery
n= 1,280

p-value

12,910
(71.2%)
14,769
(81.4%)
2,944
(16.2%)

793 (62.0%)

<0.001

1,083
(84.6%)
132 (10.3%)

<0.001

Demographics
Age > 60 years

63,795 (48.3%)

151 (8.9%)

585 (53.1%)

494 (49.9%)

2,461 (51.0%)

11,393 (82.4%)

White race

106,460 (80.6%)

1,122 (65.9%)

866 (78.6%)

796 (80.4%)

3,712 (76.9%)

12,451 (90.1%)

8,547 (6.5%)

115 (6.8%)

82 (7.4%)

99 (10.0%)

956 (19.8%)

899 (6.5%)

8,840 (6.7%)

77 (4.5%)

85 (7.7%)

139 (14.0%)

678 (14.1%)

773 (5.6%)

2,211
(12.2%)

305 (23.8%)

<0.001

Transfer from
outside emergency
department
Transfer from an
acute care hospital
inpatient facility

<0.001

Comorbidities
Ascites

6,389 (4.8%)

68 (4.0%)

14 (1.3%)

16 (1.6%)

24 (0.5%)

70 (0.5%)

191 (1.1%)

11 (0.9%)

<0.001

19,592 (14.8%)

222 (13.0%)

120 (10.9%)

162 (16.4%)

612 (12.7%)

3,229 (23.4%)

93 (7.3%)

<0.001

6,031 (4.6%)

87 (5.1%)

68 (6.2%)

139 (14.0%)

540 (11.2%)

411 (3.0%)

2,969
(16.4%)
376 (2.1%)

19 (1.5%)

<0.001

13,505 (10.2%)

65 (3.8%)

91 (8.3%)

397 (40.1%)

261 (5.4%)

1,155 (8.4%)

467 (36.5%)

<0.001

Functional
dependence
History of COPD

17,776 (13.5%)

50 (2.9%)

139 (12.6%)

169 (17.1%)

827 (17.1%)

2,984 (21.6%)

204 (15.9%)

<0.001

11,499 (8.7%)

22 (1.3%)

106 (9.6%)

164 (16.6%)

277 (5.7%)

1,707 (12.4%)

139 (10.9%)

<0.001

Hypertension

64,272 (48.7%)

232 (13.6%)

603 (54.7%)

526 (53.1%)

2,669 (55.3%)

9,213 (66.7%)

901 (70.4%)

<0.001

9,946 (7.5%)

35 (2.1%)

61 (5.5%)

103 (10.4%)

325 (6.7%)

888 (6.4%)

3,120
(17.2%)
4,250
(23.4%)
2,804
(15.5%)
13,801
(76.1%)
1,165 (6.4%)

43 (3.4%)

<0.001

BMI < 20 kg/m2
Disseminated
cancer
Dyspnea

Steroid use

Ventilator
requirement within
48 hours
preoperatively
Weight loss > 10%
in the preceding 6
months

8,420 (6.4%)

20 (1.2%)

31 (2.8%)

148 (14.9%)

1,103 (22.9%)

107 (0.8%)

1,407 (7.8%)

157 (12.3%)

<0.001

5,372 (4.1%)

30 (1.8%)

35 (3.2%)

72 (7.3%)

147 (3.0%)

244 (1.8%)

581 (3.2%)

22 (1.7%)

<0.001

5,688
(31.4%)
3,237
(17.8%)

269 (21.0%)

<0.001

101 (7.9%)

<0.001

2,533
(14.0%)
7,606
(41.9%)
2,791
(15.4%)

109 (8.5%)

<0.001

391 (30.5%)

<0.001

101 (7.9%)

<0.001

261 (20.4%)

<0.001

345 (27.0%)

<0.001

28 (2.2%)

<0.001

Laboratory values
Albumin < 3.0 U/L

36,812 (27.9%)

277 (16.3%)

352 (31.9%)

424 (42.8%)

820 (17.0%)

2,654 (19.2%)

Alkaline
phosphatase > 125
U/L
Blood urea nitrogen
> 40 mg/dL
Creatinine > 1.2
mg/dL
International
normalized ratio >
1.5
Platelets < 150 x
103 /µL
SGOT > 40 U/L

20,528 (15.5%)

121 (7.1%)

170 (15.4%)

229 (23.1%)

725 (15.0%)

1,954 (14.1%)

14,800 (11.2%)

31 (1.8%)

165 (15.0%)

118 (11.9%)

259 (5.4%)

1,027 (7.4%)

34,625 (26.2%)

103 (6.0%)

470 (42.6%)

274 (27.7%)

793 (16.4%)

3,204 (23.2%)

13,670 (10.4%)

56 (3.3%)

86 (7.8%)

122 (12.3%)

236 (4.9%)

806 (5.8%)

18,483 (14.0%)

134 (7.9%)

199 (18.1%)

135 (13.6%)

716 (14.8%)

2,833 (20.5%)

24,771 (18.8%)

140 (8.2%)

159 (14.4%)

216 (21.8%)

927 (19.2%)

1,877 (13.6%)

Sodium > 145
mmol/L
WBC <4.5 103 /µL

3,401 (2.6%)

13 (0.8%)

23 (2.1%)

21 (2.1%)

197 (4.1%)

218 (1.6%)

3,508
(19.3%)
4,100
(22.6%)
441 (2.4%)

7,361 (5.6%)

52 (3.1%)

41 (3.7%)

51 (5.2%)

171 (3.5%)

388 (2.8%)

475 (2.6%)

41 (3.2%)

<0.001

WBC >15 and ≤25
103 /µL
WBC >25 103 /µL

29,918 (22.7%)

287 (16.9%)

194 (17.6%)

212 (21.4%)

744 (15.4%)

1,244 (9.0%)

157 (12.3%)

<0.001

6,310 (4.8%)

42 (2.5%)

51 (4.6%)

61 (6.2%)

101 (2.1%)

114 (0.8%)

3,494
(19.3%)
766 (4.2%)

24 (1.9%)

<0.001

Median ESS [IQR]

5 [2, 7]

2 [1, 3]

6 [3, 8]

7 [4, 9]

5 [3, 7]

5 [4, 7]

7 [5, 9]

5 [4, 8]

<0.001
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Table 4: Area under the receiver operative characteristic curves for each surgical specialty in the
patients with all information required for ESS calculation present and in the cohort of patients with
missing data, after considering all missing information to be the null value. Also, a comparison
between ESS and ASA is shown, with ESS consistently outperforming ASA.
Surgical Specialty

General Surgery
Gynecology
Urology
Thoracic Surgery
Neurosurgery
Orthopedics
Vascular Surgery
Cardiac Surgery

C-statistics (no missing
data)
ESS
ASA
0.87
0.83
0.97
0.89
0.81
0.76
0.79
0.66
0.76
0.72
0.75
0.68
0.73
0.69
0.67
0.62

C-statistics (with
missing data)
ESS
0.92
0.98
0.89
0.79
0.78
0.77
0.74
0.72

Table 5: Area under the receiver operative characteristic curves for each surgical specialty in
patients who underwent an emergency procedure upon admission to the hospital (hospital days 0 &
1) and patients that were inpatients before the emergency procedure.
Surgical Specialty

Upon admission

Prior inpatients

General Surgery
Gynecology
Urology
Thoracic Surgery
Neurosurgery
Orthopedics
Vascular Surgery
Cardiac Surgery

0.88
0.98
0.82
0.82
0.76
0.75
0.72
0.65

0.82
0.91
0.77
0.76
0.76
0.73
0.77
0.70
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FIGURES
Figure 1: Flowchart of selection process for our patient population.

Figure 2: Receiver operative characteristic (ROC) curves and corresponding AUC estimates
for all surgical specialties.
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Figure 3: Receiver operative characteristic curves for patients undergoing an emergency:
a) general surgery, b) gynecological, and c) urological surgical procedure.
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Figure 4: Bar graph of mortality across ESS in the three specialties (emergency general
surgery, gynecology, and urology) with the highest ESS performance.

Figure 5: Distribution of numbers of missing ESS variables per patient

DISTRIBUTION OF NUMBERS OF MISSING ESS VARIABLES PER
PATIENT
40
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SUPPLEMENTAL TABLES
Supplementary Table A: Most common procedures that the patients underwent in each specialty
included in the analysis.
Surgical Specialty
Five most common procedures
General Surgery Laparoscopic appendectomy
Laparoscopic cholecystectomy
Small bowel resection with anastomosis
Partial colectomy with end colostomy
Partial colectomy with anastomosis
Gynecology
Laparoscopic treatment of ectopic pregnancy with salpingo-oophorectomy
Total abdominal hysterectomy with or without salpingo-oophorectomy
Abdominal salpingo-oophorectomy
Salpingectomy
Colporrhaphy suture for vaginal injury
Urology
Transurethral resection of the prostate
Skin debridement for necrotizing soft tissue infection
Cystourethroscopy with destruction or removal of bladder tumor
Scrotal wall abscess drainage
Surgical correction of testicular torsion
Thoracic Surgery Pericardial window for drainage of fluid
Thoracoscopy with partial pulmonary decortication
Thoracoscopy with total pulmonary decortication and intrapleural pneumonolysis
Thoracoscopy with pleurodesis
Thoracotomy with exploration
Neurosurgery
Craniectomy for supratentorial extra/subdural hematoma
Craniectomy for supratentorial intracerebral bleeding
Craniectomy for supratentorial tumor resection
Craniectomy/craniotomy with or without duraplasty without lobectomy
Laminotomy of one lumbar interspace with decompression of the nerve root(s)
Orthopedics
Open repair of femoral fracture between, around, or below the trochanters with
intramedullary implant or plate and screws
Partial hemiarthroplasty of the hip joint
Arthroplasty of the hip joint with or without using an autograft or allograft
Open treatment of bimalleolar ankle fracture
Open treatment of trimalleolar ankle fracture with plates, screws, wires, or pins at two
malleoli, the medial and lateral malleoli, but he applies no fixation to the posterior
malleolus
Vascular Surgery Embolectomy/thrombectomy from the femoral, popliteal, aorto-iliac artery
Removal of arterial clot
Endovascular repair/stent for abdominal aortic aneurysm
Artery bypass graft
Embolectomy/thrombectomy from the axillary, brachial, subclavian, or innominate artery
Cardiac Surgery Coronary artery bypass graft with single arterial graft
Ascending aorta graft with cardiac bypass and valve replacement (SSP)
Pericardial window for drainage of fluid
Coronary artery bypass graft with two arterial grafts
Replacement of aortic valve
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Supplementary Table B: Multivariable regression model for mortality with all ESS variables in
patients from all surgical specialties included in the analysis.
Variables

Odds Ratio p-value
Demographics
Age > 60 years
2.80
<0.001
White race
1.24
<0.001
Transfer from outside emergency department
1.46
<0.001
Transfer from an acute care hospital inpatient
1.14
<0.001
facility
Comorbidities
Ascites
1.64
<0.001
BMI < 20 kg/m2
1.54
<0.001
Disseminated cancer
3.03
<0.001
Dyspnea
1.23
<0.001
Functional dependence
1.77
<0.001
History of COPD
1.48
<0.001
Hypertension
1.17
<0.001
Steroid use
1.27
<0.001
Ventilator requirement within 48 hours
3.14
<0.001
preoperatively
Weight loss > 10% in the preceding 6
1.49
<0.001
months
Laboratory values
Albumin < 3.0 U/L
1.69
<0.001
Alkaline phosphatase > 125 U/L
1.14
<0.001
Blood urea nitrogen > 40 mg/dL
1.36
<0.001
Creatinine > 1.2 mg/dL
1.94
<0.001
International normalized ratio > 1.5
1.78
<0.001
Platelets < 150 x 103 /µL
1.51
<0.001
SGOT > 40 U/L
1.57
<0.001
Sodium > 145 mmol/L
1.50
<0.001
WBC <4.5 103 /µL
1.45
<0.001
WBC >15 and ≤25 103 /µL
1.31
<0.001
WBC >25 103 /µL
1.75
<0.001
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95% Confidence Intervals
2.67-2.92
1.18-1.30
1.37-1.55
1.07-1.21

1.54-1.76
1.47-1.61
2.84-3.23
1.17-1.29
1.70-1.85
1.41-1.56
1.12-1.22
1.20-1.35
2.98-3.30
1.39-1.60

1.62-1.75
1.09-1.19
1.29-1.42
1.86-2.02
1.70-1.86
1.45-1.59
1.51-1.64
1.38-1.63
1.36-1.56
1.25-1.37
1.64-1.87

Supplementary Table C: Multivariable regression model for mortality with all ESS variables in
patients who underwent emergent gynecologic surgery.
Variables

Odds Ratio p-value
Demographics
Age > 60 years
7.93
0.001
White race
0.92
0.892
Transfer from outside emergency department
1.91
0.443
Transfer from an acute care hospital inpatient
0.66
0.655
facility
Comorbidities
Ascites
0.57
0.508
BMI < 20 kg/m2
1.72
0.523
Disseminated cancer
12.69
<0.001
Dyspnea
1.44
0.633
Functional dependence
2.66
0.214
History of COPD
6.47
0.048
Hypertension
0.48
0.266
Steroid use
0.21
0.248
Ventilator requirement within 48 hours
10.52
0.026
preoperatively
Weight loss > 10% in the preceding 6
0.10
0.054
months
Laboratory values
Albumin < 3.0 U/L
1.00
0.996
Alkaline phosphatase > 125 U/L
2.08
0.309
Blood urea nitrogen > 40 mg/dL
2.91
0.192
Creatinine > 1.2 mg/dL
4.79
0.016
International normalized ratio > 1.5
1.22
0.825
Platelets < 150 x 103 /µL
3.48
0.044
SGOT > 40 U/L
1.37
0.665
Sodium > 145 mmol/L
4.40
0.152
WBC <4.5 103 /µL
4.45
0.083
WBC >15 and ≤25 103 /µL
2.19
0.271
WBC >25 103 /µL
13.47
0.002
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95% Confidence Intervals
2.25-27.92
0.28-3.07
0.37-9.93
0.10-4.14

0.11-3.01
0.33-8.97
3.23-49.79
0.32-6.45
0.57-12.48
1.02-41.07
0.13-1.75
0.01-2.97
1.33-83.09
0.01-1.04

0.31-3.21
0.51-8.50
0.58-14.45
1.33-17.21
0.21-7.30
1.03-11.71
0.33-5.71
0.58-33.32
0.82-24.12
0.54-8.84
2.56-70.79

Supplementary Table D: Multivariable regression model for mortality with all ESS variables in
patients who underwent emergent general surgery.
Variables
Age > 60 years
White race
Transfer from outside emergency
department
Transfer from an acute care hospital
inpatient facility
Ascites
BMI < 20 kg/m2
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48
hours preoperatively
Weight loss > 10% in the preceding 6
months
Albumin < 3.0 U/L
Alkaline phosphatase > 125 U/L
Blood urea nitrogen > 40 mg/dL
Creatinine > 1.2 mg/dL
International normalized ratio > 1.5
Platelets < 150 x 103 /µL
SGOT > 40 U/L
Sodium > 145 mmol/L
WBC <4.5 103 /µL
WBC >15 and ≤25 103 /µL
WBC >25 103 /µL

Odds Ratio
Demographics
2.89
1.27
1.23

p-value

95% Confidence Intervals

<0.001
<0.001
<0.001

2.74-3.05
1.20-1.35
1.14-1.33

0.091

0.99-1.14

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

1.57-1.81
1.51-1.69
2.85-3.30
1.20-1.34
1.77-1.95
1.52-1.71
1.11-1.23
1.23-1.39
2.45-2.77

<0.001

1.39-1.63

Laboratory values
1.94
<0.001
1.19
<0.001
1.45
<0.001
2.11
<0.001
1.88
<0.001
1.54
<0.001
1.62
<0.001
1.45
<0.001
1.59
<0.001
1.23
<0.001
1.70
<0.001

1.86-2.04
1.13-1.25
1.37-1.53
2.01-2.22
1.79-1.98
1.47-1.63
1.55-1.71
1.32-1.59
1.48-1.72
1.17-1.30
1.58-1.83

1.06
Comorbidities
1.69
1.60
3.07
1.27
1.85
1.61
1.17
1.31
2.60
1.51
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Supplementary Table E: Multivariable regression model for mortality with all ESS variables in
patients who underwent emergent urologic surgery.
Variables
Age > 60 years
White race
Transfer from outside emergency
department
Transfer from an acute care
hospital inpatient facility
Ascites
BMI < 20 kg/m2
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48
hours preoperatively
Weight loss > 10% in the
preceding 6 months
Albumin < 3.0 U/L
Alkaline phosphatase > 125 U/L
Blood urea nitrogen > 40 mg/dL
Creatinine > 1.2 mg/dL
International normalized ratio >
1.5
Platelets < 150 x 103 /µL
SGOT > 40 U/L
Sodium > 145 mmol/L
WBC <4.5 103 /µL
WBC >15 and ≤25 103 /µL
WBC >25 103 /µL

Odds Ratio p-value
Demographics
1.84
0.066
0.80
0.52
0.76
0.647
0.56

95% Confidence Intervals
0.96-3.52
0.41-1.56
0.24-2.45

0.302

0.19-1.68

Comorbidities
5.80
0.012
1.71
0.155
2.73
0.019
1.31
0.522
2.64
0.003
1.62
0.219
0.78
0.42
1.28
0.605
2.27
0.139

1.48-22.76
0.82-3.61
1.18-6.33
0.57-3.02
1.41-4.96
0.75-3.48
0.42-1.44
0.50-3.29
0.77-6.71

2.12

0.138

0.79-5.72

Laboratory values
2.34
0.006
0.95
0.884
1.48
0.258
2.12
0.032
2.29
0.031

1.28-4.27
0.47-1.93
0.75-2.93
1.07-4.23
1.08-4.85

0.91
1.56
0.38
1.60
0.55
1.67
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0.781
0.218
0.375
0.456
0.144
0.29

0.47-1.77
0.77-3.16
0.05-3.18
0.47-5.45
0.24-1.23
0.65-4.32

Supplementary Table F: Multivariable regression model for mortality with all ESS variables in
patients who underwent emergent thoracic surgery.
Variables
Age > 60 years
White race
Transfer from outside emergency
department
Transfer from an acute care
hospital inpatient facility
Ascites
BMI < 20 kg/m2
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48
hours preoperatively
Weight loss > 10% in the
preceding 6 months
Albumin < 3.0 U/L
Alkaline phosphatase > 125 U/L
Blood urea nitrogen > 40 mg/dL
Creatinine > 1.2 mg/dL
International normalized ratio >
1.5
Platelets < 150 x 103 /µL
SGOT > 40 U/L
Sodium > 145 mmol/L
WBC <4.5 103 /µL
WBC >15 and ≤25 103 /µL
WBC >25 103 /µL

Odds Ratio p-value
Demographics
2.26
0.001
0.86
0.565
0.88
0.768
1.40

95% Confidence Intervals
1.41-3.61
0.52-1.44
0.39-2.00

0.228

0.81-2.42

Comorbidities
1.20
0.792
1.90
0.014
4.36
<0.001
1.25
0.313
1.85
0.013
1.64
0.051
0.77
0.278
1.54
0.131
2.37
0.001

0.31-4.68
1.14-3.17
2.67-7.11
0.81-1.93
1.14-3.01
1.00-2.68
0.49-1.23
0.88-2.70
1.41-3.96

1.33

0.401

0.68-2.61

Laboratory values
1.29
0.251
1.22
0.425
1.50
0.197
1.30
0.332
2.60
<0.001

0.84-1.98
0.75-1.97
0.81-2.79
0.77-2.20
1.54-4.42

3.15
1.40
0.63
0.49
1.19
1.75
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<0.001
0.162
0.505
0.168
0.499
0.151

1.89-5.27
0.87-2.26
0.16-2.47
0.18-1.34
0.72-1.98
0.81-3.75

Supplementary Table G: Multivariable regression model for mortality with all ESS variables in
patients who underwent emergent neurosurgery.
Variables
Age > 60 years
White race
Transfer from outside emergency
department
Transfer from an acute care
hospital inpatient facility
Ascites
BMI < 20 kg/m2
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48
hours preoperatively
Weight loss > 10% in the
preceding 6 months
Albumin < 3.0 U/L
Alkaline phosphatase > 125 U/L
Blood urea nitrogen > 40 mg/dL
Creatinine > 1.2 mg/dL
International normalized ratio >
1.5
Platelets < 150 x 103 /µL
SGOT > 40 U/L
Sodium > 145 mmol/L
WBC <4.5 103 /µL
WBC >15 and ≤25 103 /µL
WBC >25 103 /µL

Odds Ratio p-value
Demographics
2.05
<0.001
1.31
0.012
1.09
0.418
0.75

95% Confidence Intervals
1.70-2.47
1.06-1.61
0.88-1.35

0.033

0.58-0.98

Comorbidities
1.33
0.545
1.25
0.078
2.23
<0.001
1.25
0.199
1.34
0.006
0.98
0.893
1.26
0.016
1.26
0.154
6.50
<0.001

0.53-3.38
0.97-1.61
1.71-2.91
0.89-1.75
1.09-1.65
0.69-1.39
1.04-1.52
0.92-1.72
5.39-7.84

1.48

0.087

0.95-2.32

Laboratory values
0.96
0.763
1.18
0.175
1.12
0.541
1.62
<0.001
1.84
<0.001

0.77-1.22
0.93-1.50
0.78-1.59
1.29-2.05
1.34-2.54

1.95
1.10
1.42
1.28
1.31
1.72
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<0.001
0.361
0.054
0.264
0.019
0.033

1.57-2.43
0.89-1.37
0.99-2.03
0.83-1.98
1.04-1.64
1.04-2.82

Supplementary Table H: Multivariable regression model for mortality with all ESS variables in
patients who underwent emergent orthopedic surgery.
Variables
Age > 60 years
White race
Transfer from outside emergency
department
Transfer from an acute care
hospital inpatient facility
Ascites
BMI < 20 kg/m2
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48
hours preoperatively
Weight loss > 10% in the
preceding 6 months
Albumin < 3.0 U/L
Alkaline phosphatase > 125 U/L
Blood urea nitrogen > 40 mg/dL
Creatinine > 1.2 mg/dL
International normalized ratio >
1.5
Platelets < 150 x 103 /µL
SGOT > 40 U/L
Sodium > 145 mmol/L
WBC <4.5 103 /µL
WBC >15 and ≤25 103 /µL
WBC >25 103 /µL

Odds Ratio p-value
Demographics
3.95
<0.001
1.31
0.053
1.05
0.772
1.07

95% Confidence Intervals
2.78-5.61
1.00-1.73
0.78-1.41

0.659

0.79-1.46

Comorbidities
1.77
0.085
1.91
<0.001
3.28
<0.001
1.38
0.006
2.50
<0.001
1.35
0.004
1.20
0.045
0.98
0.912
2.61
<0.001

0.92-3.38
1.62-2.25
2.43-4.42
1.10-1.74
2.14-2.92
1.10-1.67
1.00-1.44
0.74-1.31
1.54-4.44

1.56

0.024

1.06-2.29

Laboratory values
1.78
<0.001
1.29
0.013
1.49
0.001
1.42
<0.001
1.83
<0.001

1.50-2.11
1.06-1.58
1.17-1.92
1.18-1.71
1.42-2.35

1.50
1.19
2.56
1.09
1.35
2.84
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<0.001
0.095
<0.001
0.684
0.015
<0.001

1.26-1.78
0.97-1.47
1.72-3.81
0.72-1.66
1.06-1.72
1.67-4.83

Supplementary Table I: Multivariable regression model for mortality with all ESS variables in
patients who underwent emergent vascular surgery.
Variables
Age > 60 years
White race
Transfer from outside emergency
department
Transfer from an acute care
hospital inpatient facility
Ascites
BMI < 20 kg/m2
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48
hours preoperatively
Weight loss > 10% in the
preceding 6 months
Albumin < 3.0 U/L
Alkaline phosphatase > 125 U/L
Blood urea nitrogen > 40 mg/dL
Creatinine > 1.2 mg/dL
International normalized ratio >
1.5
Platelets < 150 x 103 /µL
SGOT > 40 U/L
Sodium > 145 mmol/L
WBC <4.5 103 /µL
WBC >15 and ≤25 103 /µL
WBC >25 103 /µL

Odds Ratio p-value
Demographics
2.49
<0.001
1.30
<0.001
1.46
<0.001
1.30

95% Confidence Intervals
2.21-2.81
1.15-1.47
1.30-1.64

<0.001

1.14-1.47

Comorbidities
1.99
<0.001
1.34
<0.001
2.74
<0.001
1.11
0.079
1.39
<0.001
1.22
0.001
0.95
0.317
1.15
0.109
2.68
<0.001

1.43-2.77
1.19-1.50
2.15-3.48
0.99-1.24
1.26-1.53
1.09-1.37
0.85-1.05
0.97-1.35
2.35-3.06

1.49

<0.001

1.21-1.85

Laboratory values
1.31
<0.001
0.96
0.44
1.10
0.112
1.64
<0.001
1.38
<0.001

1.19-1.44
0.85-1.07
0.98-1.25
1.49-1.81
1.23-1.54

1.50
1.54
1.72
0.80
1.72
1.95
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<0.001
<0.001
<0.001
0.13
<0.001
<0.001

1.35-1.66
1.39-1.69
1.38-2.15
0.60-1.07
1.55-1.91
1.62-2.35

Supplementary Table J: Multivariable regression model for mortality with all ESS variables in
patients who underwent emergent cardiac surgery.
Variables
Age > 60 years
White race
Transfer from outside emergency
department
Transfer from an acute care
hospital inpatient facility
Ascites
BMI < 20 kg/m2
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48
hours preoperatively
Weight loss > 10% in the
preceding 6 months
Albumin < 3.0 U/L
Alkaline phosphatase > 125 U/L
Blood urea nitrogen > 40 mg/dL
Creatinine > 1.2 mg/dL
International normalized ratio >
1.5
Platelets < 150 x 103 /µL
SGOT > 40 U/L
Sodium > 145 mmol/L
WBC <4.5 103 /µL
WBC >15 and ≤25 103 /µL
WBC >25 103 /µL

Odds Ratio p-value
Demographics
1.51
0.066
1.00
0.99
1.03
0.921
1.00

95% Confidence Intervals
0.97-2.34
0.58-1.74
0.53-2.01

0.991

0.63-1.59

Comorbidities
2.34
0.273
1.69
0.104
1.93
0.309
0.92
0.708
1.58
0.072
1.66
0.067
0.98
0.926
1.62
0.297
1.61
0.088

0.51-10.71
0.90-3.18
0.54-6.84
0.61-1.41
0.96-2.61
0.97-2.85
0.62-1.53
0.66-3.98
0.93-2.80

0.61

0.512

0.14-2.63

Laboratory values
1.49
0.081
0.77
0.493
0.99
0.987
1.38
0.172
2.74
<0.001

0.95-2.34
0.37-1.61
0.52-1.91
0.87-2.17
1.59-4.72

0.91
1.40
1.59
1.45
1.26
1.23
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0.691
0.119
0.347
0.469
0.403
0.721

0.56-1.48
0.92-2.13
0.60-4.19
0.53-3.94
0.73-2.17
0.40-3.74

Supplementary Table K: Preoperative characteristics of patients with missing data.
Variables

Demographics
Age
Race
Transfer status
Comorbidities
Ascites
BMI
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48 hours
preoperatively
Weight loss > 10% in the preceding 6
months
Laboratory values
Albumin
Alkaline phosphatase
Blood urea nitrogen
Creatinine
International normalized ratio
Platelets
SGOT
Sodium
WBC

Proportion of
patients with
missing value
(n)(%)
4 (0%)
2282 (8.6%)
933 (0.2%)
3 (0%)
64509 (10.5%)
1 (0%)
3 (0%)
5186 (0.9%)
1 (0%)
2 (0%)
3 (0%)
1 (0%)
1 (0%)
183591 (30.0%)
147718 (24.1%)
36243 (5.6%)
26267 (4.3%)
292722 (47.8%)
16952 (2.8%)
159592 (26.0%)
25530 (4.2%)
16182 (2.6%)
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Supplementary Table L: Comparison of the distribution of the ESS variables in patients excluded from the
analysis due to missing data vs. patients included in the analysis.

Variables
Demographics
Age > 60 years
White race
Transfer from outside emergency
department
Transfer from an acute care hospital
inpatient facility
Comorbidities
Ascites
BMI < 20 kg/m2
Disseminated cancer
Dyspnea
Functional dependence
History of COPD
Hypertension
Steroid use
Ventilator requirement within 48 hours
preoperatively
Weight loss > 10% in the preceding 6
months
Laboratory values
Albumin < 3.0 U/L
Alkaline phosphatase > 125 U/L
Blood urea nitrogen > 40 mg/dL
Creatinine > 1.2 mg/dL
International normalized ratio > 1.5
Platelets < 150 x 103 /µL
SGOT > 40 U/L
Sodium > 145 mmol/L
WBC <4.5 103 /µL
WBC >15 and ≤25 103 /µL
WBC >25 103 /µL

Available ESS
(n=173,890)

Missing ESS
(n=438,782)

p-value

92582 (53.2%)
141,259 (81.2%)
13,774 (7.9%)

149504 (34.1%)
267808 (83.1%)
28,034(6.4%)

<0.001
<0.001
<0.001

13,108 (7.5%)

20,041(4.6%)

<0.001

6783 (3.9%)
26999 (15.5%)
7671 (4.4%)
19061 (11.0%)
26,399 (15.2%)
16718 (9.6%)
92217 (53.0%)
125,66 (7.2%)
11393 (6.6%)

4,822 (1.1%)
50,559 (13.5%)
7,873 (1.8%)
19,889 (4.5%)
28,186 (6.5%)
19,167 (4.4%)
142,296 (32.4%)
14,009 (3.2%)
8,567 (2.0%)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

6503 (3.7%)

5,568 (1.3%)

<0.001

47,296 (27.2%)
27065 (15.6%)
19,042 (11.0%)
47466 (27.3%)
17868 (10.3%)
26269 (15.1%)
32535 (18.7%)
4342 (2.5%)
8580 (4.9%)
36250 (20.8%)
7469 (4.3%)

29,776 (11.7%)
28,557 (9.8%)
17,619 (4.4%)
59,787 (14.5%)
10,661 (7.3%)
33,798 (8.0%)
36,346 (13.0%)
4,473 (1.1%)
10,716 (2.5%)
97,313 (23.0%)
8,544 (2.0%)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
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SUMMARY OF PAPER 1 AND PAPER 2
PAPER 1:
In summary, ESS is a reliable triage tool to predict discharge destination postoperatively (Cstatistic: 0.8290). ESS correlated very well with discharge to a rehabilitation center and skilled or
unskilled facilities (C-statistics: 0.8172 and 0.8332). ESS can be used in preoperative personalized
counseling, as it sets patient and family expectations preoperatively with emphasis on functional
postoperative recovery. We recommend an ESS of 6 or higher to start early discharge preparation
for rehabilitation or nursing facilites, thereby decreasing hospital length of stay. This scoring
system is a benchmark of the quality of life of EGS patients at discharge.

PAPER 2:
Succinctly, ESS is an accurate predictor of 30-day mortality in patients undergoing emergency
surgery across a wide range of surgical specialties. ESS correlated extremely well with postoperative
mortality in patients undergoing an EGS, gynecological and urological procedure (C-statistics: 0.87,
0.97, and 0.81). Also, our results portrayed that ESS performed better when used for patients
undergoing an emergency surgery immediately upon admission to the hospital (hospital day 0 or
hospital day 1). However, the distribution of the variables (demographics, comorbidities, laboratory
values) within the ESS, was significantly different in patients undergoing an emergent surgical
procedure across the different specialties.

Nevertheless, this study has demonstrated that while ESS was initially derived for EGS patients, it
can be used to predict mortality in patients undergoing non-cardiac emergency surgery in the future.
Thus, highlighting its utility as a bedside tool for preoperative counselling of surgical patients and
its value as a benchmark of the quality of surgical care, irrespective of speciality.
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DISCUSSION AND PERSPECTIVES

STRENGTHS
In the context of current knowledge, the results of both papers imply that the ESS can play an
important role in patient centered medicine across multiple surgical specialties. This includes
preoperative patient counseling and shared clinical decision making between the patient and
surgeon, to set patient and family expectations preoperatively. Also, ESS can expedite discharge
planning and therefore decrease unnecessary prolonged hospital length of stay.
Another strength of ESS, is aiding physicians in clinical decision making preoperatively. This is
acheived by taking care of the highest risk patients that need surgery without being penalized by
insurance companies. Lastly, ESS may be applicable to benchmarking the overall quality of
surgical care, irrespective of the type of surgical practice.

LIMITATIONS:
These studies include several limitations. First, both studies are retrospective cohort studies from a
prospective database. Second, biases may have been introduced in our analysis. Survival bias
occurred when we excluded patients that died during their index hospitalization. Whereas,
selection bias arose when we included patients who only underwent emergency surgery and
excluded patients who had missing variables for the calculation of ESS.
Although ACS-NSQIP is a validated database, preoperative data is subject to coding and
documentation error. Also, up to our current knowledge, the various hospitals that contribute data
to ACS-NSQIP have different operative protocols across multiple surgical specialties. Finally, ESS
may be limited in practice, in terms of predicting mortality in patients undergoing cardiac
emergency surgery.
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FUTURE DIRECTIONS:
Further research is needed to predict the long-term functional outcome of EGS patients and the
quality of life of EGS patients after discharge. Next steps should aim to evaluate ESS’s
performance in patients managed non-operatively. This could be investigated in the future, via
prospective and re-validation studies to capture greater numbers of surgical patients using updated
versions of the ACS-NSQIP database.
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