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Abstract

Background—~Patients managed non-operatively have been excluded from risk-adjusted
benchmarking programs, including the American College of Surgeons (ACS) National Surgical
Quality Improvement Program (NSQIP). Consequently, optimal performance evaluation is not
possible for specialties like emergency general surgery (EGS) where non-operative management is
common. We developed a multi-institutional EGS clinical data registry within ACS NSQIP that
includes patients managed non-operatively to evaluate variability in non-operative care across
hospitals and identify gaps in performance assessment that occur when only operative cases are
considered.

Methods—Using ACS NSQIP infrastructure and methodology, surgical consultations for acute
appendicitis, acute cholecystitis, and small bowel obstruction (SBO) were sampled at 13 hospitals
that volunteered to participate in the EGS clinical data registry. Standard NSQIP variables and 16
EGS-specific variables were abstracted with 30-day follow-up. To determine the influence of
complications in non-operative patients, rates of adverse outcomes were identified and hospitals
were ranked by performance with and then without including non-operative cases.

Results—2,091 patients with EGS diagnoses were included, 46.6% with appendicitis, 24.3%
with cholecystitis, and 29.1% with SBO. The overall rate of non-operative management was
27.4%, 6.6% for appendicitis, 16.5% for cholecystitis, and 69.9% for SBO. Despite comprising
only 27.4% of patients in the EGS Pilot, non-operative management accounted for 67.7% of
deaths, 34.3% of serious morbidities, and 41.8% of hospital readmissions. After adjusting for
patient characteristics and hospital diagnosis mix, addition of non-operative management to
hospital performance assessment resulted in 12 of 13 hospitals changing performance rank, with 4
hospitals changing by 3 or more positions.

Conclusions—This study identifies a gap in performance evaluation when non-operative
patients are excluded from surgical quality assessment and demonstrates the feasibility of
incorporating non-operative care into existing surgical quality initiatives. Broadening the scope of
hospital performance assessment to include non-operative management creates an opportunity to
improve the care of all surgical patients, not just those who have an operation.
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Level of Evidence—IIl, Prognostic and Epidemiological
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Background

Methods

Efforts to enhance the quality of surgical care have resulted in improved clinical outcomes
following surgery.(1-4) The foundation of successful surgical quality initiatives is the
collection of accurate clinical information that can be translated into meaningful, risk-
adjusted hospital performance feedback. This approach has helped quality programs such as
the American College of Surgeons (ACS) National Surgical Quality Improvement Program
(NSQIP) decrease perioperative complication rates, mortality rates, and costs at participating
hospitals.(5-7)

The scope of existing surgical quality initiatives is primarily limited to the care of patients
undergoing operative interventions. However, there are an increasing number of patients
with surgical diagnoses being managed non-operatively each year, particularly for patients
presenting to hospitals with acute surgical diagnoses such as diverticulitis, small bowel
obstruction (SBO), cholecystitis, and appendicitis.(8) The systematic exclusion of this
growing segment of the surgical patient population from current surgical quality initiatives
has created a “blind spot” in surgical quality assessment. For many surgeons, non-operative
management of surgical disease may only comprise a small portion of their clinical practice.
However, for surgeons who routinely provide emergency general surgery (EGS) care, non-
operative management may play a far more substantial role.

Patients with EGS diagnoses are an important component of the surgical patient population,
accounting for nearly 7% of all hospital admissions in the United States each year at a cost
of nearly $38 billion.(9) Despite the higher complication rates and increased costs associated
with the acute management of surgical disease, widely accepted surgical quality initiatives
do not currently focus on EGS.(10-12) Although the reasons for this are multi-factorial,
challenges collecting data on patients managed non-operatively and difficulties providing
adequately risk-adjusted performance feedback are likely key contributing factors.

We hypothesized that by leveraging ACS NSQIP to create an EGS clinical data registry, we
could 1) evaluate clinical outcomes for both the operative and non-operative management of
surgical disease, 2) assess hospital performance on key surgical quality metrics for operative
and non-operative treatment modalities, and 3) demonstrate the influence the addition of
non-operative management can have on overall hospital-level performance rankings.

Data were obtained from the ACS NSQIP Emergency General Surgery (EGS) Pilot Project.
The ACS NSQIP is a clinical data registry containing more than 200 variables related to
peri-operative surgical care, including pre-operative patient characteristics, operative
information, and post-operative outcomes. Trained clinical abstractors at participating
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institutions prospectively collect all data included in ACS NSQIP. To ensure the consistency
and reliability of included data, highly standardized data definitions are used. Results of data
collection audits periodically performed at participating hospitals have proven the data
contained within the NSQIP clinical data registry to be highly reliable.(13) Full details of the
ACS NSQIP have been previously described.(14-16)

The EGS Pilot Project was developed by the ACS NSQIP in conjunction with the American
Association for the Surgery of Trauma (AAST) to collect data important to the care of
patients with common EGS diagnoses, regardless of whether or not they underwent
operative intervention. This pilot project is the first time that the ACS NSQIP has been used
to collect data on the non-operative management of surgical patients. Thirteen NSQIP
hospitals in the United States and Canada volunteered to participate in the initial phase of
the EGS Pilot. Data were collected at participating sites between March 1, 2015 and
November 30, 2015.

Eligibility criteria for patients to be included in the EGS Pilot were documentation of acute
appendicitis, acute cholecystitis, or small bowel obstruction (SBO) by a physician, imaging
supporting the diagnosis, evaluation or management by a general surgeon, and age =18 years
old. Patients were excluded if the diagnosis of appendicitis, cholecystitis, or SBO was made
=48 hours after admission or if any diagnosis-specific exclusion criteria were met. The three
included diagnoses were selected for the EGS Pilot because they are common surgical
diagnoses, are often managed by surgeons, and can be managed either operatively or non-
operatively. Detailed inclusion and exclusion criteria are provided in Supplement A.

Standard ACS NSQIP demographic, risk factor, and 30-day outcome data were collected for
each patient included in the EGS Pilot. Patient characteristics included in these analyses are
listed in Tables 1 and 2. When necessary, ACS NSQIP variable definitions were modified to
make them applicable to patients managed non-operatively. EGS-specific demographic and
risk factor data were also collected, including initial admitting service, physiologic and
laboratory data at the time of general surgery consultation, initial management plan (i.e.
operative vs. non-operative), AAST disease severity grade(17), and presence of abdominal
co-morbidities such as previous operations, Crohn’s disease, radiation, and carcinomatosis.

To determine the extent to which non-operative management was used in the treatment of
appendicitis, cholecystitis, and SBO, operative and non-operative management rates at
participating hospitals were calculated in aggregate and by diagnosis. Demographic and
comorbidity information were assessed for the overall EGS patient population, as well as
independently for the appendicitis, cholecystitis, and SBO patient cohorts.

Clinical outcomes associated with appendicitis, cholecystitis, and SBO were evaluated by
calculating rates of adverse events occurring within 30-days of initial evaluation by a
surgeon. Outcome rates were independently derived for both the operative and non-operative
management of patients with each diagnosis to quantify the complication burden of both
management strategies. Statistical comparisons between operative and non-operative
management strategies were not performed because this was beyond the scope of this study.
The clinical outcome metrics assessed included death, serious morbidity, a death or serious
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morbidity composite measure (DSM), failure to rescue, and hospital readmission. Serious
morbidity is an ACS NSQIP composite measure defined by the presence of one or more of
the following post-operative occurrences: cardiac event (myocardial infarction or cardiac
arrest), pneumonia, venous thromboembolism (deep venous thrombosis or pulmonary
embolism), acute renal failure, septic shock, urinary tract infection, deep or organ space
surgical site infection, wound dehiscence, unplanned operation, and unplanned intubation. In
this analysis, a patient meeting criteria for failure to rescue was a patient who died after
experiencing one or more serious post-operative morbidities.

To assess hospital-level performance in emergency general surgery, each of the thirteen
participating hospitals were ranked based on rate of DSM. Unadjusted DSM rates were
derived for both operative and non-operative management at each hospital. Performance
rankings from 1-13 were then assigned to hospitals based on rates of DSM. A performance
ranking of 1 reflects the hospital with the lowest DSM rate, while a performance ranking of
13 was assigned to the hospital with the highest rate.

The influence of incorporating non-operative management into surgical quality assessment
was evaluated by ranking hospital performance on the DSM outcome measure with and
without the inclusion of patients managed non-operatively. To account for variability in
patient factors and hospital diagnosis mix, risk-adjusted odds ratios for DSM were derived
for each hospital with and without the inclusion of non-operative patients using a
hierarchical logistic regression model with hospital random intercepts. Age, gender,
functional status, co-morbidities (see “Preoperative History” in Table 1 for full list), BMI,
hospital diagnosis mix, and disease severity were each selected as covariates a priori and
adjusted for in the model. Hospitals were ranked from 1-13 using the risk-adjusted odds
ratios calculated with and without the inclusion of non-operative patients in the model.

All analyses were conducted using SAS version 9.4 (SAS Institute, Cary NC). The
Chesapeake Research Review Institutional Review Board approved this study and granted a
waiver of informed consent due to the de-identified nature of the data that were collected.

Of the 2,091 patients meeting inclusion criteria, 975 (46.6%) had a diagnosis of appendicitis,
508 (24.3%) had cholecystitis, and 608 (29.1%) had a SBO. The rate of non-operative
management was 6.6% for appendicitis, 16.5% for cholecystitis, and 69.9% for SBO,
yielding a 27.4% overall rate of non-operative management in the EGS Pilot. Baseline
characteristics of the operative and non-operative patient cohorts are provided in Table 1.

EGS Pilot patients who underwent operative management experienced a 5.8% rate of serious
morbidity, a 0.7% rate of mortality, and a 6.5% rate of DSM. The most common serious
morbidity among these patients was deep/organ space surgical site infection, occurring at a
rate of 2.8%. Among patients managed non-operatively, the serious morbidity rate was
8.0%, the mortality rate was 3.7%, and the DSM rate was 11.7%. The most common serious
morbidity for patients managed non-operatively was unplanned operation, which occurred in
3.1% of patients following discharge from the hospital. Rate of hospital readmission
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following operative management was 6.3%, while the readmission rate after non-operative
management was 12.0%. Despite comprising only 27.4% of patients included in the EGS
Pilot, patients managed non-operatively accounted for a significant portion of the overall 30-
day morbidity and mortality, including 42.0% of all DSMs, 34.3% of serious morbidities,
67.7% of deaths, and 41.8% of hospital readmissions. Complete unadjusted 30-day outcome
data are provided in Table 2.

Hospital-level performance assessment revealed substantial variability in unadjusted rates of
DSM across hospitals. Among the 13 hospitals participating in the EGS Pilot, DSM rates
following operative management ranged from 3.2% at the top performing hospital to 14.3%
at the bottom performing hospital. DSM rates for non-operative management ranged from
4.4% to 22.2% among participating hospitals (Table 3). DSM rates for operative
management did not closely correlate with those for non-operative management with
hospitals. This is reflected in the differences in performance ranking for DSM between
operative and non-operative management at participating hospitals, with 8 hospitals having
rank changes of 3 or more positions between these two management approaches (Table 3)

Following risk-adjustment, odds ratios for 30-day DSM across hospitals ranged from 0.80 to
1.44 for the operative management cohort and from 0.81 to 1.26 for the overall EGS patient
cohort (Table 4). However, due to limited size of patient sample all confidence intervals
overlap. Measures of fit this model included a c-statistic of 0.86 (95% CI: 0.83-0.90) and
Hosmer-Lemeshow test of 21.9 (p<0.01). Odds ratios could not be derived for the non-
operative management cohort due to limited sample size. Comparison of risk-adjusted
performance rankings for operative management alone to those including both operative and
non-operative management reveal the influence the addition of non-operative care can have
on surgical performance assessment. The addition of non-operatively managed patients to
risk-adjusted hospital performance assessment influenced the performance ranking of 12 of
the 13 hospitals included in the analysis, with 4 hospitals changing rank by 3 or more
positions (Figure 1). The c-statistic of the model for the combined operative and non-
operative patient population was 0.82 (95% ClI: 0.79-0.85) and the Hosmer-Lemeshow test
was 12.87 (p=0.12).

Discussion

Non-operative management is an important treatment modality in emergency general
surgery that is used in more than one-fourth of patients with common EGS diagnoses,
though utilization rates vary considerably by diagnosis. Patients receiving non-operative
surgical care are also at risk for adverse outcomes, including complications, readmissions,
and/or death, as demonstrated by the rates of adverse outcomes among patients who receive
this treatment modality. The potential value in incorporating non-operative management into
surgical quality assessment is supported by the effect its inclusion has on hospital
performance rankings.

The results of this pilot study suggest that operative and non-operative management
approaches both contribute to adverse outcome burden in EGS. In fact, the non-operative
management of surgical disease may actually account for a disproportionately high rate of
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complications when compared to operative management of the same diagnoses. Hospital-
level outcomes analyses identified considerable variability in morbidity and mortality rates
among hospitals participating in the EGS Pilot for both operative and non-operative care.
These findings highlight opportunities for performance improvement at hospitals for both
operative and non-operative EGS care.

In addition to the identification of variability in outcomes across hospitals, this study
revealed performance variability within hospitals as well. Hospital-level outcomes analyses
revealed that morbidity and mortality rates for operative management do not consistently
correlate with adverse outcome rates for non-operative management within hospitals. This
finding is reflected in differences in hospital performance rankings that exist when
independently evaluating operative and non-operative management. The changes in rankings
identified in this study demonstrate that the delivery of high quality operative care does not
always translate into the delivery of high quality non-operative care. These results
underscore the importance of incorporating non-operative management into surgical quality
assessment efforts and the opportunity that exists to improve upon the quality of care being
delivered to surgical patients.

The majority of outcomes research in EGS has focused on the burden of EGS diagnoses in
the United States and the post-operative morbidity and mortality associated with these
diagnoses.(9, 11, 18, 19) Despite the increasing utilization of non-operative management in
surgery, clinical outcomes related to non-operative management strategies are rarely
evaluated. Diseases such as diverticulitis, SBO, cholecystitis, choledocholithiasis, and even
appendicitis are being managed non-operatively at increasingly high rates.(20-26) However,
little has been done to systematically evaluate the way in which non-operative care is being
provided. Similarly, little has been done to identify which patients should be selected for
non-operative management and how long patients should be managed non-operatively
before converting to operative management. This study establishes the feasibility of
collecting data on the non-operative management of surgical disease in a national clinical
data registry and highlights the benefits of including non-operative care in surgical quality
assessment efforts.

The ability to leverage the infrastructure of an existing clinical data registry was a major
strength of this study. While this study represents the first time that non-operatively
managed surgical patients have been included in ACS NSQIP, detailed patient characteristics
and clinical outcome information were able to be collected. The ability to collect EGS-
specific data points, including disease severity, was another strength of this study. The data
collected during the ACS NSQIP EGS Pilot can facilitate robust analyses beyond those that
are possible using institutional or administrative data sets. Additional strengths of this study
include the utilization of a well-established methodology for hospital-level performance
assessment in surgery, the inclusion of a diverse group of hospitals, and the ability to obtain
reliable 30-day outcome information.

However, this study was not without limitations. As a pilot project, the primary objective
was to demonstrate the feasibility of collecting data and evaluating performance on the non-
operative management of surgical disease using the ACS NSQIP. The EGS Pilot was
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therefore not powered to conduct robust risk-adjusted analyses. Consequently, statistical
analyses were unable to be performed on each of the included diagnoses independently.
Similarly, meaningful statistical comparisons between outcomes for operative and non-
operative management strategies were not possible. Small sample size in conjunction with
low event rates limited statistical analyses of clinical outcomes to the DSM composite
outcome measure. Lastly, the inability to follow patients for longer than 30 days is a
significant limitation. This is particularly true in the non-operative management of surgical
disease, where failures of non-operative management (complications) are likely to manifest
as disease recurrence requiring hospital readmission and/or operative intervention beyond
the 30 days patients are followed by the ACS NSQIP. The optimal duration of time EGS
patients should be followed for adverse outcomes is unclear. Practical constraints are likely
to limit the potential for consistent follow-up beyond one year. However, extending the
follow-up period to one year would likely provide valuable outcome information beyond
what is currently collected, particularly among the non-operatively managed patients.

The results of this study illustrate the importance and the feasibility of expanding the scope
of surgical quality assessment to include the non-operative management of surgical disease.
However, establishing the importance and feasibility of non-operative surgical quality
assessment is just the first step. Moving forward, non-operative care should be incorporated
into surgical quality initiatives such as clinical data registries and public reporting programs.
The detailed clinical data collected for these initiatives will hold the information necessary
to identify optimal practices in the non-operative management of surgical disease and
ultimately improve the quality of care provided to surgical patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Operative Management + Non-Operative Management Comparative Performance Ranking
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Figurel.

Concordance of risk-adjusted hospital performance rankings for 30-day death or serious
morbidity with and without the inclusion of patients managed non-operatively.
1Hospitals located along the diagnol have no differences in performance ranking between

operative and non-operative management. Hospital distance from the diagnol correlates with
differences in performance ranking between operative and non-operative management at that

hospital.
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Table 3

Unadjusted hospital performance for 30-day death or serious morbidity

Page 16

Hospital A
(n=242)

Hospital B
(n=118)

Hospital C
(n=188)

Hospital D
(n=208)

Hospital E
(n=107)

Hospital F
(n=285)

Hospital G
(n=233)

Hospital H
(n=36)

Hospital |
(n=91)

Hospital J
(n=243)

Hospital K
(n=152)

Hospital L
(n=114)

Hospital M
(n=74)

Event Rate, %

Operative Management

Non-Oper ative Management

Performance Ranking

Oper ative M anagement

Non-Oper ative M anagement

3.2%

3.6%

3.6%

3.6%

4.2%

6.2%

6.4%

6.7%

7.3%

8.2%

11.5%

12.1%

14.3%

12.9%

16.7%

6.3%

10.0%

11.1%

9.3%

15.1%

16.7%

22.2%

12.9%

13.6%

4.4%

16.7%

1st

T-2nd

T-2nd

T-2nd

5th

6th

7th

8th

9th

10th

11th

12th

13th

T-6th

T-10th

2nd

4th

5th

3rd

9th

T-10th

13th

T-6th

8th

1st

T-10th
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Risk-adjusted odds ratios for 30-day death or serious morbidity, by hospital

Table 4

Hospital A
(n=242)

Hospital B
(n=118)

Hospital C
(n=188)

Hospital D
(n=208)

Hospital E
(n=107)

Hospital F
(n=285)

Hospital G
(n=233)

Hospital H
(n=36)

Hospital |
(n=91)

Hospital J
(n=243)

Hospital K
(n=152)

Hospital L
(n=114)

Hospital M
(n=74)

Operative Management

OddsRatio (95% CI)

Operative + Non-Oper ative M anagement

1.06 (0.57-1.97)

0.85 (0.51-1.42)

1.02 (0.58-1.79)

0.83 (0.48-1.45)

1.27 (0.81-1.97)

1.44 (0.67-3.06)

0.84 (0.49-1.43)

1.05 (0.84-1.32)

1.32 (0.81-2.16)

0.83 (0.54-1.27)

0.80 (0.43-1.48)

1.29 (0.66-2.53)

0.81 (0.50-1.32)

1.01 (0.67-1.53)

0.89 (0.59-1.33)

0.98 (0.66-1.57)

0.93 (0.62-1.40)

1.22 (0.77-1.93)

1.05 (0.71-1.55)

0.81 (0.48-1.37)

1.01 (0.71-1.42)

1.16 (0.73-1.82)

0.92 (0.63-1.33)

1.03 (0.70-1.51)

1.26 (0.68-2.34)

0.89 (0.59-1.35)

1 ] . oo .
Please note that all confidence intervals overlap due to limited sample size and low event rates.
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