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ABSTRACT
Background The decision to undertake a surgical 
intervention for an emergency general surgery (EGS) 
condition (appendicitis, diverticulitis, cholecystitis, hernia, 
peptic ulcer, bowel obstruction, ischemic bowel) involves a 
complex consideration of factors, particularly in older adults. 
We hypothesized that identifying variability in the application 
of operative management could highlight a potential 
pathway to improve patient survival and outcomes.
Methods We included adults aged 65+ years with an EGS 
condition from the 2016–2017 National Inpatient Sample. 
Operative management was determined from procedure 
codes. Each patient was assigned a propensity score (PS) for 
the likelihood of undergoing an operation, modeled from 
patient and hospital factors: EGS diagnosis, age, gender, race, 
presence of shock, comorbidities, and hospital EGS volumes. 
Low and high probability for surgery was defined using a PS 
cut- off of 0.5. We identified two model- concordant groups 
(no surgery- low probability, surgery- high probability) and 
two model- discordant groups (no surgery- high probability, 
surgery- low probability). Logistic regression estimated the 
adjusted OR (AOR) of in- hospital mortality for each group.
Results Of 375 546 admissions, 21.2% underwent surgery. 
Model- discordant care occurred in 14.6%; 5.9% had no 
surgery despite a high PS and 8.7% received surgery with 
low PS. In the adjusted regression, model- discordant care 
was associated with significantly increased mortality: no 
surgery- high probability AOR 2.06 (1.86 to 2.27), surgery- low 
probability AOR 1.57 (1.49 to 1.65). Model- concordant care 
showed a protective effect against mortality (AOR 0.83, 0.74 
to 0.92).
Conclusions Nearly one in seven EGS patients received 
model- discordant care, which was associated with higher 
mortality. Our study suggests that streamlined treatment 
protocols can be applied in EGS patients as a means to save 
lives.
Level of evidence III.

INTRODUCTION
In the USA, older individuals bear a disproportionate 
burden of associated mortality, morbidity, and costs of 
emergency general surgery (EGS).1–4 Decisions around 
whether to operate are not always clear in this popula-
tion. Even for seemingly straightforward cases such as 
cholecystectomy, some literature suggests that surgery 
is safe and possibly preferred in the older patient,5–7 
whereas other literature shows that older patients 
face up to 10- fold higher perioperative mortality.8 An 
article by Kaufman et al compared operative and non- 
operative management in EGS conditions and showed 

that the effect on mortality varied over conditions and 
across time, suggesting that operative management is 
not the universally favored management and varies 
by as a factor of both disease type and comorbidity 
burden.9 Currently, the most used tool to support 
decision- making in these scenarios is the American 
College of Surgeons National Surgical Quality Improve-
ment Program (NSQIP) surgical risk calculator.10 11 
Unfortunately, the NSQIP risk calculator provides the 
estimated risk of mortality and complications after 
operative management, but no equivalent evidence 
exists to estimate the risks of non- operative manage-
ment. Because there are not easily applicable decision 
aids to help clinicians decide between operative and 
non- operative management, there is likely significant 
variation in the use of operative management.

Variation in surgical care is generally interpreted as 
evidence of uncertainty among providers regarding 
optimal strategies.12 Accordingly, reducing variation 
through dissemination of best- practice evidence is a key 
strategy for improving quality of care and improving 
patient outcomes across surgical specialties.12 13 One 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Variation in surgical care is generally 
interpreted as evidence of uncertainty among 
providers regarding optimal strategies. There 
is likely significant variation in the use of 
operative management in emergency general 
surgery (EGS); the extent of variation would 
expose an opportunity to improve outcomes 
and could be used to quantify the effect of the 
impact of decision aids.

WHAT THIS STUDY ADDS
 ⇒ Our study attempts to address this key gap in 
knowledge, using national data to (1) quantify 
the extent of variation in operative decision- 
making in EGS, and (2) determine if this 
variation represents an opportunity to improve 
guidance for operative decision- making.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Our study suggests that nearly one in 
seven EGS patients received care that was 
different from expected by their disease 
and comorbidities, which subsequently was 
associated with higher mortality. Streamlined 
treatment protocols could be applied in EGS 
care as a means to save lives.
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key illustrative example on the value of reducing variation can be 
seen in trauma care, which parallels EGS in many ways including the 
urgent nature and high mortality risk. Reducing variation in trauma 
care has been accomplished through standardization of diagnostic 
testing, transfer and triage protocols, clinical protocols, and multidis-
ciplinary involvement, and this has been shown to reduce complica-
tions, mortality, and length of care.14 15 Given the uncertainty of the 
benefits of surgery in older adults presenting with EGS diseases, we 
hypothesize that there may be considerable variation in the choice to 
pursue operative management. The presence and extent of variation 
would expose an opportunity to improve outcomes as it would indi-
cate that providers have uncertainty about optimal management, and 
could be used to quantify the effect of the impact of decision aids.

Our study attempts to address this key gap in knowledge, using 
national data to (1) quantify the extent of variation in operative 
decision- making in EGS, and (2) determine if this variation represents 
an opportunity to improve guidance for operative decision- making. 
To do this, we developed propensity score for the likelihood of 

having an operative procedure for an EGS condition. The propen-
sity score would represent the ‘average’ operative decision, and we 
could then test how often patients received care that was discordant 
with the average decision. We had two hypotheses: (1) we would see 
variation in the use of operative management, and (2) care discor-
dant with the ‘average’ decision would be associated with increased 
mortality.

METHODS
Study population
This study uses the 2016 and 2017 National Inpatient Sample (NIS) 
from the Healthcare Cost and Utilization Project, supported by the 
Agency for Healthcare Research and Quality.16 The NIS includes a 
weighted sample of hospital admissions across the USA and approx-
imates a 20% stratified sample that is representative of hospitals 
throughout the USA. In addition to demographics, the NIS includes 
up to 40 diagnosis codes and 25 procedure codes per inpatient 

Table 1 Study Population

Variable
Total population
N=365 514

No operation
N=287 729

Operation
N=77 785 Std diff

Age, years (median (IQR)) 77 (71–84) 78 (70–85) 75 (70–82) 0.255

Female 207 087 (56.7) 164 857 (57.3) 42 230 (54.3) 0.060

Shock 8100 (2.2) 6318 (2.2) 1782 (2.3) 0.006

EGS disease type 1.617

  Appendicitis 7584 (2.1) 1438 (0.5) 6146 (7.9)

  Diverticulitis 142 320 (38.9) 135 549 (47.1) 6771 (8.7)

  Cholecystitis 48 476 (13.3) 19 983 (7.0) 28 493 (36.6)

  Peptic ulcer 66 188 (18.1) 63 198 (22.0) 2990 (3.8)

  Hernia 15 339 (4.2) 4861 (1.7) 10 478 (13.5)

  Bowel obstruction 70 481 (19.2) 54 930 (19.1) 15 551 (20.0)

  Ischemic bowel 8821 (2.4) 5330 (1.9) 3491 (4.5)

  Perforated viscus 6305 (1.7) 2440 (0.9) 3865 (5.0)

Frailty quintile 0.322

  1 (least frail) 61 273 (16.8) 42 533 (14.8) 18 740 (24.1)

  2 70 428 (19.3) 53 106 (18.5) 17 322 (22.3)

  3 73 670 (20.2) 58 059 (20.2) 15 611 (20.1)

  4 63 377 (17.3) 51 596 (17.9) 11 781 (15.2)

  5 (most frail) 96 766 (26.5) 82 435 (28.7) 14 331 (18.4)

Elixhauser score (median (IQR)) 4 (2–6) 4 (3–6) 3 (2–5) 0.260

Race 0.102

  White 268 401 (75.8) 210 686 (75.5) 57 715 (76.7)

  Black 37 926 (10.7) 31 551 (11.3) 6375 (8.5)

  Hispanic 29 386 (8.3) 22 453 (8.1) 6933 (9.2)

  Asian/PI 9438 (2.7) 7246 (2.6) 2192 (2.9)

  Native American 1208 (0.3) 921 (0.3) 287 (0.4)

  Other 7950 (2.2) 6222 (2.2) 1728 (2.3)

Hospital region 0.081

  Northeast 72 386 (19.8) 58 037 (20.2) 14 349 (18.5)

  Midwest 81 386 (22.3) 65 221 (22.7) 16 165 (20.8)

  South 139 445 (38.2) 109 080 (37.9) 30 365 (39.0)

  West 72 297 (19.8) 55 391 (19.3) 16 906 (21.7)

Location/teaching 0.049

  Rural 35 751 (9.8) 28 624 (10.0) 7127 (9.2)

  Urban non- teaching 103 478 (28.3) 80 188 (27.9) 23 290 (29.9)

  Urban teaching 226 285 (61.9) 178 917 (62.2) 47 368 (60.9)

In- hospital mortality 14 558 (4.0) 10 686 (3.7) 3872 (5.0) 0.062

N (%) unless specified as median (IQR).
EGS, emergency general surgery; PI, Pacific Islander.
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admission, allowing for extraction of multiple procedures. The NIS 
includes data from inpatient stays, not individual patients, and there-
fore records of events and diagnoses before or after the stay are not 
available and not included in this analysis.

We included any hospitalization of a patient aged 65 years or older 
who had a non- elective admission for one of eight EGS conditions 
with complete data. Patients with a traumatic mechanism of injury 
were excluded from the population. These conditions were iden-
tified using International Classification of Diseases, 10th revision 
(ICD- 10) diagnosis codes, using a method developed by Guttman 
et al.17 These conditions included appendicitis, cholecystitis, diver-
ticulitis, hernia, intestinal ischemia, bowel obstruction, peptic ulcer 
disease, and perforated intestine. To allow risk stratification, each 
patient was categorized as having one EGS diagnosis. Patients with 
more than one EGS diagnosis present on the admission were catego-
rized as having the disease type with the highest unadjusted mortality 
within the population. We classified patients as having operative 
management if any of the following procedure codes were associ-
ated with this hospitalization: appendectomy, gallbladder surgery, 
colon surgery, laparotomy, laparoscopy, adhesiolysis, small bowel 
surgery, hernia, and ulcer surgery. We based this categorization on 
Smith et al’s prior work.18 Although older data were used, these data 
allowed use of pre- existing ICD coding strategies which have already 

been published and validated so that these could be compared across 
existing studies.

Study variables and analysis
The main outcome of interest was in- hospital mortality, identified 
using the NIS discharge disposition variable. Additional variables 
collected included patient factors and hospital factors. Patient factors 
included age, sex, race, the presence of shock (ICD- 10 code R57 or 
T811), Elixhauser comorbidities,19 and frailty score using a deficit 
accumulation method incorporating 38 diagnoses, designed for 
ICD- 10 code used by Lai et al.20 Race was included in the propen-
sity score as a surrogate for sociologic constructs as it is known that 
race- related and socioeconomic disparities exist in the provision of 
EGS operations.21–24 Individual component diagnoses for the frailty 
score were identified, as well as a composite frailty score. This frailty 
score can range from 0 (least frail) to 1 (most frail); for analysis, 
the frailty score was divided into quintiles. Hospital factors included 
hospital region (Northeast, Midwest, South, and West) and hospital 
teaching status (rural, urban non- teaching, urban teaching). Given 
that multiple years of NIS were used and hospitals could not be iden-
tified between years, hospital volumes were not included. Distribu-
tions of factors associated with having an operation are reported. 
Given the large sample size present in this dataset, we do not present 
p values for group comparisons. Differences between subgroups are 
shown using standardized differences.

Propensity score
We developed a score for patients’ propensity to undergo an oper-
ative procedure. This score included EGS disease type (with each 
disease included as a categorical variable within the model), hospital 
factors (region, teaching status), age, sex, the presence of shock, and 
the Elixhauser comorbidities.25 26 We also included all diagnoses 
identified for the above frailty deficit accumulation score, which 
encompassed 38 diagnoses (see online supplemental file for ICD- 10 
codes used).20 Use of the variables which make up these composite 
indices ensures the inclusion of aging- related variables which influ-
ence a surgeon’s or patient’s decision to undergo an operation. The 
deficit accumulation frailty method has been described and validated 
as a method of operationalizing the accumulation of health issues 

Figure 1 Receiver operating curve (ROC) for propensity model.

Figure 2 Density graph for surgical decision groups. PS, propensity 
score.
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which can compromise function.27–29 Examples of diagnoses which 
were included in our model were the presence of fluid and electro-
lyte imbalances, dementia, hypertension, arrhythmias, osteoporosis, 
and history of cerebrovascular infarct (see online supplemental file). 
We present a receiver operating curve with classification to deter-
mine the cut- off point at which point the propensity score had the 
highest accuracy.

Model concordance and identification of subgroups
We identified four surgical decision subgroups based on (1) the like-
lihood of having an operation using a propensity score cut- off of 
0.5 and (2) whether an operation was performed. This defined two 
model- concordant groups: patients who did not undergo surgery 
who had a low probability for surgery based on their propensity score 
(no surgery- low probability), and patients who underwent surgery 
with a high probability for surgery based on their propensity score 
(surgery- high probability). Similarly, we also defined two model- 
discordant groups: patients who did not undergo surgery with a high 
probability of receiving surgery (no surgery- high probability), and 

patients who underwent surgery with a low probability of surgery 
(surgery- low probability). Factors associated with membership in 
these groups are described (model concordant vs. model discordant 
and between each of the four surgical decision groups). Differences 
between model- concordant and model- discordant groups are also 
displayed using standardized differences.

Regression modeling on in-hospital mortality
An adjusted logistic regression was created for the effect of subgroup 
membership on in- hospital mortality. We used the no surgery- low 
probability group as the reference group. Because relationships 
between factors and mortality would likely differ from the relation-
ships between factors and the propensity to choose an operative 
management strategy, the logistic regression was further adjusted for 
age, female sex, presence of shock, frailty quintile, EGS diagnosis 
type, race, and hospital factors.

Regulatory research
STATA/MP, V.17.0 (STATACorp, College Station, Texas, USA) 
was used, with use of the elixhauser,19 stddiff, and the psmatch230 
programs.

RESULTS
We identified 365 514 individuals in NIS who met our inclusion 
criteria. Over half of the population was female, at 56.7%. The 
median age was 77 years, with an IQR 71–84. Just over one- fifth of 
the population (n=77.785, 21.3%) had an operative procedure and 
4.0% (n=14 558) died during the hospitalization. Diverticulitis was 
the most frequently encountered diagnosis, encompassing 38.9% 
of the cohort, followed by bowel obstruction (19.3%), peptic ulcer 
(18.1%), and cholecystitis (13.3%). Table 1 shows the distribution of 
variables for the entire population, as well as between the operatively 
and non- operatively managed patients. Standardized differences and 
p values are shown to demonstrate the differences in factors between 
the operative and non- operative groups. The operative group was 
younger (median age 78 (IQR 71–84) vs 75 (70–82)), with a higher 
proportion of appendicitis, cholecystitis, hernia, ischemic bowel, and 
perforated viscus but lower proportions of diverticulitis and peptic 
ulcer. Patients with higher levels of frailty were more likely to be 
treated non- operatively.

Our propensity score for the likelihood of having an operation had 
an area under the receiver operating characteristic curve of 0.87. The 
plot of the density curve of the propensity score by treatment group 
is presented in figure 1. In this figure, we also highlight the cut- off 
point which was used to create the four subgroups: no surgery- low 
probability, surgery- high probability, surgery- low probability, and 
no surgery- high probability. The no surgery- low probability was the 
most common category, and this is used as the reference group for 
subsequent comparisons. The distribution of propensity scores and 
grouping is presented in figure 2.

We compared patients with model- concordant and model- 
discordant care. Model- concordant care was associated with 
an unadjusted in- hospital mortality of 3.3%, compared with 
model- discordant care mortality of 7.9%. Model- concordant 
care was higher in patients with higher levels of frailty (quintiles 
4 and 5) as well as in patients with diverticulitis and peptic ulcer 
disease (table 2). Model- discordant care was higher in patients 
with shock, cholecystitis, bowel obstruction, ischemic bowel, 
and perforated viscus. Patients who were black and Hispanic 
had higher proportions of concordant care than those who were 
white, Asian, Native American, or categorized in another racial 
category.

Table 2 Model- concordant versus model- discordant care

Variable
Model concordant
N=312 495 (85.5)

Model discordant
N=52 975 (14.5) Std diff

Age, years (median (IQR)) 77 (71–84) 77 (71–84) −0.048

Female 177 817 (56.9) 29 270 (55.3) 0.034

Shock 6584 (2.1) 1516 (2.9) 0.049

EGS disease type 1.094

  Appendicitis 6190 (2.0) 18.4 (2.6)

  Diverticulitis 135 753 (43.4) 6567 (12.4)

  Cholecystitis 31 535 (10.1) 16 941 (32.0)

  Peptic ulcer 63 302 (20.3) 2886 (5.5)

  Hernia 10 629 (3.4) 4710 (8.9)

  Bowel obstruction 55 482 (17.8) 14 999 (28.3)

  Ischemic bowel 5575 (1.8) 3246 (6.1)

  Perforated viscus 4073 (1.3) 2232 (4.2)

Frailty quintile 0.075

  1 (least frail) 51 913 (16.6) 9360 (17.7)

  2 59 723 (19.1) 10 705 (20.2)

  3 62 681 (20.1) 10 989 (20.7)

  4 54 028 (17.3) 9348 (17.7)

  5 (most frail) 84 193 (26.9) 12 573 (23.7)

Elixhauser score (median (IQR)) 4 (2–6) 4 (3–6) 0.025

Race 0.038

  White 227 947 (75.7) 40 454 (76.4)

  Black 32 721 (10.9) 5205 (9.8)

  Hispanic 25 023 (8.3) 4363 (8.2)

  Asian/PI 7927 (2.6) 1511 (2.9)

  Native American 995 (0.3) 213 (0.4)

  Other 6721 (2.2) 1229 (2.3)

Hospital region 0.043

  Northeast 61 485 (19.7) 10 901 (20.6)

  Midwest 70 329 (22.5) 11 057 (20.9)

  South 119 188 (38.1) 20 257 (38.2)

  West 61 537 (19.7) 10 760 (20.3)

Location/teaching 0.032

  Rural 30 868 (9.9) 4883 (9.2)

  Urban non- teaching 88 840 (28.4) 14 638 (27.6)

  Urban teaching 192 831 (61.7) 33 454 (63.2)

In- hospital mortality 10 399 (3.3) 4159 (7.9) 0.198

N (%) unless specified as median (IQR).
EGS, emergency general surgery; PI, Pacific Islander.
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Examining EGS group subtypes commonly seen in model- 
discordant care, the reason for discordance varied (table 3). 
When model- discordant care was provided in patients with 
cholecystitis and perforated viscus, this tended to be distributed 
in the no surgery- high probability group. However, when model- 
discordant care was provided for patients with ischemic bowel 
and bowel obstructions, it was distributed in the surgery- low 
probability group. Examining surgical decision subgroups within 
race and ethnicity, patients who were white or black were more 
likely to have operative care that was model discordant, whereas 
patients from Hispanic and Asian subgroups were more likely to 
have non- operative discordant care.

In table 4, model- concordant provision of surgery (surgery- 
high probability) was associated with lower odds of in- hospital 
death (OR 0.70, 95% CI 0.64 to 0.77) compared with the no 
surgery- low probability group. Model- discordant treatment was 
associated with increased odds of death for both groups: no 
surgery- high probability (OR 1.81, 95% CI 1.66 to 1.97) and 
surgery- low probability (OR 1.39, 95% CI 1.32 to 1.47).

DISCUSSION
In our study of over 300 000 older adults with an EGS condition, 
over one- fifth received surgery, and 4% died during the hospital-
ization. Patients whose care was consistent with their predicted 
treatment had better outcomes—those who received discordant 
care were more likely to experience in- hospital mortality. Our 
findings demonstrated that not only that there is variation in 

the provision of operative management but that when patients 
received care which fell outside of the ‘average’ treatment para-
digm, mortality was higher. This information is important for 
both providers and the EGS community, as these data support 
important ongoing work to develop improved standards for EGS 
practice.

Patients who received surgery tended to be younger, less frail, 
and have specific EGS conditions: appendicitis, gallbladder 
disease, hernia, ischemic bowel, and perforated viscus. Patients 
with diverticulitis and peptic ulcer disease were more likely to be 
treated non- operatively. Multiple prior studies have shown that 
medically complex patients or those with high levels of frailty 
are more likely to be treated non- operatively.9 31–33 For patients 
who are unlikely to survive their EGS condition no matter the 
treatment, non- operative management is a reasonable approach. 
However, non- operative management can also weaken an 
already frail patient and increase the increase the risk of a subse-
quent surgery. In studies of frail patients with appendicitis and 
cholecystitis using the National Readmissions Database, nearly 
one in five patients treated non- operatively at the index admis-
sion eventually failed and required a later surgery, which resulted 
in higher rates of complication and higher mortality than those 
who had an operation performed at the index admission.32 33

Multiple factors influence surgical decision- making in EGS 
conditions and can influence the surgeon’s recommenda-
tions and patients’ decisions. Instrumental qualitative work on 
perspectives of older patients and surgeons regarding high- stakes 

Table 3 Four- group distribution of factors

Variable

Model concordant Model discordant

No surgery- low probability
265 841 (72.8)

Surgery- high probability
46 568 (52.0)

No surgery- high probability
21 272 (6.0)

Surgery- low probability
31 183 (8.5)

Age, years 78 (72–85) 74 (69–81) 76 (70–83) 77 (71–84)

Female 153 585 (57.8) 24 232 (52.0) 11 272 (51.7) 17 998 (57.7)

Shock 5764 (2.2) 820 (1.8) 554 (2.5) 961 (3.1)

EGS disease type

  Appendicitis <50 6142 (13.2) 1390 (6.4) <10

  Diverticulitis 135 549 (51.0) 204 (0.4) 0 6567 (21.1)

  Cholecystitis 6558 (2.5) 24 997 (53.6) 13 425 (61.6) 3516 (11.3)

  Peptic ulcer 63 198 (23.8) 104 (0.2) 0 2886 (9.3)

  Hernia 455 (0.2) 10 174 (21.8) 4406 (20.2) 304 (1.0)

  Bowel obstruction 54 802 (20.6) 680 (1.5) 128 (0.6) 14 871 (47.7)

  Ischemic bowel 4663 (1.8) 912 (2.0) 667 (3.1) 2579 (8.3)

  Perforated viscus 664 (0.3) 3409 (7.3) 1776 (8.2) 456 (1.5)

Frailty quintile

  1 (least frail) 38 414 (14.4) 13 499 (29.0) 4119 (18.9) 5240 (16.8)

  2 48 493 (18.2) 11 230 (24.0) 4613 (21.2) 6092 (19.5)

  3 56 430 (20.1) 9251 (19.9) 4629 (21.2) 6360 (20.4)

  4 47 741 (18.0) 6288 (13.5) 3855 (17.7) 5493 (17.6)

  5 (most frail) 77 859 (29.3) 6334 (13.6) 4576 (21.0) 7997 (25.7)

Elixhauser score 4 (3–6) 3 (2–5) 4 (2–5) 4 (3–6)

Race

  White 194 275 (75.5) 33 672 (76.5) 16 411 (75.3) 24 043 (77.1)

  Black 29 641 (11.5) 3080 (7.0) 1910 (8.8) 3295 (10.6)

  Hispanic 20 359 (7.9) 4664 (10.6) 2094 (9.6) 2269 (7.3)

  Asian/PI 6539 (2.5) 1388 (3.2) 707 (3.2) 804 (2.6)

  Native American 814 (0.3) 181 (0.4) 107 (0.5) 106 (0.3)

  Other 5659 (2.2) 1062 (2.4) 563 (2.6) 666 (2.1)

In- hospital mortality 8795 (3.3) 1604 (3.4) 1891 (8.7) 2268 (7.3)

N (%) unless specified as median (IQR).
EGS, emergency general surgery; PI, Pacific Islander.
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surgical decision- making was published by Nabozny et al, 
who showed that even though patients and surgeons highly 
value quality of life, this notion is difficult to incorporate into 
surgical decisions.34 Many simply view this as a simple choice 
between life and death, where choosing surgery is a surrogate 
for choosing life, even though surgery is not synonymous with 
survival.34 For surgeons, conversations are often framed by the 
structure of an informed consent, which is a poor framework for 
decision- making because these frameworks rely on disclosure of 
discrete procedural complications rather than prioritizing align-
ment with individual patient preferences.34 35 Surgeons struggle 
with framing these difficult conversations, and in some circum-
stances, it can be ‘easier to just operate than to explain to the 
family why surgery is not the right treatment.’34

Unfortunately, the current lack of data on outcomes after 
non- operative management limits our ability to use data to show 
whether there is clinical equipoise between operative and non- 
operative management. Clinical experience and single- center 
studies tend to favor operative management in those who can 
tolerate the operation. For those who are referred to surgery but 
cannot tolerate an operation, outcomes are poor. A single- center 
retrospective study examined outcomes after non- operative 
EGS management and showed very high 1- year mortality rates: 
11% at 30 days and 23% at 1 year. When surgical consultants 
deemed the patient too high risk for an operative procedure, 

the 1- year mortality was 53%.36 However, these single- center 
studies may have selection bias, as these are patients who have 
been selected for a surgical consultation. Population- based long- 
term studies may show more potential for equipoise in certain 
clinical scenarios. A study by Kaufman et al used Medicare data 
to examine patient populations using a matched instrumental 
variable analysis and found that mortality over 180 days varied 
by condition. Although operative management in hepatobiliary 
conditions was associated with a lower risk of mortality at 30, 
90, and 180 days, in upper gastrointestinal and colorectal condi-
tions, the opposite was true.9

This study had several key limitations, mostly related to 
the use of administrative data. A key limitation of the study 
is that the NIS does not have any clinical information about 
disease severity, functional status, other terminal diseases, 
or patient preferences, which could have influenced treat-
ment decisions and outcomes; likewise, no information was 
extracted about non- operative management strategies such 
as use of antibiotics or drains. In addition, these data are 
older, from 2016 to 2017; these data allowed use of ICD 
code methodologies that were developed previously and 
avoided changes in decision- making that occurred during 
the COVID- 19 pandemic. To limit the effect of the lack of 
functional status, our propensity score did include not only 
Elixhauser diagnoses, but 38 diagnoses which are included 
in a deficit accumulation frailty score. The deficit accumu-
lation method is a reproducible method which can quantify 
frailty, which can serve well as a proxy for development 
of functional deficits and accelerated aging.27–29 37 Another 
potential limitation of our study is the inability to account 
for variation in provider and hospital characteristics, such as 
medical and surgical expertise and biases. Our study was also 
only able to examine in- hospital mortality as the outcome 
of interest, which limits our understanding of the overall 
impact of treatment decisions on long- term patient quality 
of life. In some circumstances, such as the patient who is 
unlikely to survive an operation, non- operative management 
despite a high probability for surgery may be the preferred 
treatment strategy despite high mortality. Because our study 
goal was to outline existing variation in surgical practice for 
the field of EGS, examining nuances between varying disease 
types was also outside the scope of this study. It is likely that 
the variation between practices and the effects of that varia-
tion differ greatly between EGS disease types.

In summary, the aim of this study was to characterize 
variation in use of operative management for EGS condi-
tions in the USA; our secondary aim was to determine if this 
variation had subsequent clinical consequences. Our find-
ings highlight that there is variation in provision of opera-
tive management in EGS conditions, and that patients had 
a higher risk of mortality if they received care which was 
not concordant with the treatment which was predicted. By 
demonstrating the consequences of variation in care, our 
study underscores the need for further studies that examine 
whether standardized treatment protocols or decision aids 
can reduce variation and improve care. Our study suggests 
that there is an opportunity to improve operative decision- 
making in EGS care through reduction of variation.
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