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Abstract

Objective: This study aimed to answer 2 questions: first, to what degree does hospital operative 

volume affect mortality for adult patients undergoing 1 of 10 common emergency general surgery 

(EGS) operations? Second, at what hospital operative volume threshold will nearly all patients 

undergoing an emergency operation realize the average mortality risk?

Background: Nontrauma surgical emergencies are an underappreciated public health crisis in 

the United States; redefining where such emergencies are managed may improve outcomes. The 

field of trauma surgery established regionalized systems of care in part because studies 

demonstrated a clear relationship between hospital volume and survival for traumatic emergencies. 

Such a relationship has not been well-studied for nontrauma surgical emergencies.

Methods: Retrospective cohort study of all acute care hospitals in California performing 

nontrauma surgical emergencies. We employed a novel use of an ecological analysis with beta 

regression to investigate the relationship between hospital operative volume and mortality.

Results: A total of 425 acute care hospitals in California performed 165,123 EGS operations. 

Risk-adjusted mortality significantly decreased as volume increased for all 10 EGS operations (P 

< 0.001 for each); the relative magnitude of this inverse relationship differed substantially by 

procedure. Hospital operative volume thresholds were defined and varied by operation: from 75 

cases over 2 years for cholecystectomy to 7 cases for umbilical hernia repair.

Conclusions: Survival rates for nontrauma surgical emergencies were improved when 

operations were performed at higher-volume hospitals. The use of ecological analysis is widely 

applicable to the field of surgical outcomes research.
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Inadequate timely availability of definitive operative interventions for patients with 

nontrauma surgical emergencies in the United States has been termed a “crisis” in 

emergency surgical care (ESC).1–3 The scope of this crisis is on par with major medical 

conditions considered public health problems, including diabetes mellitus, coronary artery 

disease, and cancer.4 The lack of access to decisive surgical treatment for readily curable 

surgical diagnoses has worsened over time, driven by the growing, aging US population and 

the increasing shortage of surgeons to cover emergency operations.5,6 Multiple surgical and 

medical organizations in the United States have expressed the need to find solutions to the 

ESC crisis, but as of now, no consensus decision or recommendation has been made.1–3,7

One potential solution is the complete restructuring of emergency surgical systems of care in 

the United States, which would include changing how such emergencies are triaged and 

redefining when and where they are managed. Such a drastic departure from our current 

systems of delivery for surgical care must be empirically driven, but to date there is little 

direct evidence to support or initiate such change. It was exactly such evidence that 

catalyzed the regionalization of trauma surgery 35 years ago, and trauma systems continue 

to mature, evolve, and be investigated today.8–15

One body of research which helped to validate the creation of regionalized trauma systems 

was establishing that there is a clear relationship between the volume of trauma patients a 

hospital treats and its outcomes for those patients.16–18 To date, however, there conflicting 

studies on the importance of the hospital volume-to-outcomes relationship for emergency 

general surgery (EGS) operations.19,20 Establishing this relationship could lead to data-

driven support for the restructuring and regionalization of the entire system of ESC and 

potentially improve outcomes.

Volume-outcome relationships have been studied extensively in patients having elective, 

nonemergent operations. This research has shown that increased hospital operative 

volume21–27 and increased individual surgeon volume27–29 leads to better outcomes. These 

relationships have been generalized to exist for emergent operations. This generalization, 

however, may not be valid, as the EGS patient population is vastly different from its elective 

counterpart.30,31

This study aimed to answer 2 questions: first, to what degree does hospital operative volume 

impact mortality for adult patients undergoing 1 of 10 common EGS operations? Second, at 

what hospital operative volume threshold will nearly all patients undergoing an emergency 

operation realize the average mortality risk? We hypothesized that increased hospital volume 

would be associated with decreased mortality across a range of 10 emergency operations, 

and that this inverse relationship would cross a volume threshold beyond which there was a 

very high likelihood that an institution was performing at or above the average mortality 

rate.
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METHODS

This study was approved by the Yale University Human Research Protection Program 

Institutional Review Board for biomedical research, known as the Human Investigation 

Committee. Because the data were from publicly available, deidentified, administrative 

datasets, informed consent was not required.

Datasets and Variables

This is a population-based, retrospective cohort study of all adult patients who underwent 1 

of 10 EGS operations in the state of California over a 24-month period, from January 1, 

2010 to December 31, 2011. Both laparoscopic and open operations were included; trauma 

operations were excluded. The 10 operations analyzed were appendectomy; 

cholecystectomy; colectomy; inguinal and femoral hernia repair (analyzed together as 1 type 

of operation); lysis of adhesions (note by definition no bowel resections were performed in 

the lysis of adhesion group); necrotizing soft tissue infection (NSTI) resection; repair of 

perforated peptic ulcer disease [repair of perforated gastric or duodenal ulcers (RPU)]; small 

bowel resection; umbilical hernia repair; and ventral hernia repair. The 2-year period was 

chosen as it provided a uniform comparison of operations during which surgical techniques 

were not greatly changing, and we were more likely to capture events in a 2- versus 1-year 

window.

Two types of datasets were used. The first were the State Inpatient Databases (SIDs) for 

California from 2010 and 2011, the most recent years available. The SIDs are part of a 

family of datasets developed by the Healthcare Cost and Utilization Project, and sponsored 

by the Agency for Healthcare Research and Quality.32 California was chosen as it is the 

most populous state in the United States, with a diverse population and geography, with both 

urban and rural areas represented. Data abstracted included patient demographics, chronic 

health conditions, hospital-based metrics, and in-hospital mortality. The second dataset was 

the American Hospital Association (AHA) Annual Survey of Hospitals Database for 2010 

and 2011.33 California hospitals in the SID and the AHA were matched, and thus enabling 

risk adjustment at the hospital level.

For the current analyses, only patients undergoing emergent operations with specific EGS 

diagnoses were included. International Classification of Disease, 9th Edition (ICD-9), 

procedural codes (Table 1) were used to identify patients who had undergone 1 of the 10 

primary core operations. ICD-9 diagnosis codes (Table 2) identified patients with a specific 

diagnosis of an EGS condition. Multiple EGS conditions and diagnoses were included, all 

requiring emergent surgical management. Given the ability to longitudinally track patients 

within SID, patients were not included more than once for the same operation/condition.

The patient populations were chosen as they are among most prevalent emergent surgical 

diagnoses requiring operative intervention in the United States, and have a nontrivial risk of 

postoperative morbidity and mortality.31,34,35 An emergency operation was defined within 

the dataset using the SID emergency operation qualifier. This is done when an operation is 

performed emergently/urgently.
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Transfer status of the patient to and from another acute care hospital was incorporated into 

our inclusion/exclusion criteria. This is important, because there is evidence that in patients 

with time-sensitive surgical emergencies, transferred patients have poorer outcomes than 

those not transferred.36,37 For patients who were emergently operated on at 1 hospital and 

later transferred out to a second hospital, mortality was attributed to the transferring/primary 

hospital; this is consistent with public reporting of mortality rates.38

Hospital volume was calculated per operation and was defined as the total number of each 

type of operation performed at each acute care hospital over the 2-year period, in patients 

with the defined diagnoses of interest. Dedicated pediatric hospitals and dedicated 

rehabilitation hospitals were excluded from our analysis as such hospitals do not have 

expertise in or practice operating on adult emergency surgery patients. For each of the 10 

types of emergent operations, any hospital that performed 2 or fewer of those operations 

over the 2 years was excluded from the analyses. We rationalized that hospitals doing an 

average of 1 emergent type of operation per year were not representative of the hospital 

types of interest. Operative mortality was defined as a death during the index inpatient 

hospitalization.

Statistical Analyses and Outcome Measures

Unit of Analysis—Our first research question assessed to what degree hospital operative 

volume affects hospital mortality rates for a specified operation. We performed ecological 

analysis based on the hospital, not the patient, as the unit of analysis. An ecological analysis 

is the proper approach for a study of the relationship between a hospital-level risk factor 

(volume) and a hospital-level incidence rate (mortality),39 that is, for a study of the effects of 

contextual risk factors on contextual outcomes (see Discussion section for more on this).

Statistical Modeling—We employed beta-logistic generalized linear regression40 to 

examine the relationship between hospital volume and emergency operative mortality, with 

adjustment for both patient case mix and other hospital characteristics. The primary outcome 

measure was the proportion of in-hospital mortality, defined for each operation as the 

number of patients who died after undergoing the operation divided by all patients 

undergoing the operation at that hospital over the 2 years. Mortality proportion data typically 

exhibit a sigmoidal, or S-shaped, curve with asymptotes at the limits of zero and one when 

plotted against a predictor. In general, ordinary regression does not capture this relationship, 

whereas a generalized linear model using the beta distribution and logit link function does 

capture this relationship. The beta distribution supports a range from zero to one, and the 

logit link ensures that the predicted mean stays within bounds (0, 1). Our model regressed 

the mortality proportion at each hospital on the natural logarithm of the hospital volume plus 

hospital-level characteristics as covariates to adjust for variation in case-mix across 

hospitals.

The natural logarithm transformation of volume, as opposed to actual volume alone, was 

used in our model for the predictor. One reason this transformation was chosen is because 

the logit is the canonical link function for the beta regression, and therefore both the 

predictor of interest (hospital volume) and the outcome of interest (proportion of mortality 
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expressed as the odds of mortality) would both be on the natural log scale. Secondly, from a 

practical interpretation standpoint, the hospital volume is believed to have a multiplicative 

rather than an additive effect. An additive effect would represent the difference of 10 

between hospitals with volumes of 5 and 15 procedures (3 times as large) as the same as 

having a difference of 10 between hospitals with volumes of 100 and 110 procedures (1.1 

times as large).

Adjustment for Covariates—We included patient characteristics as hospital-level means 

or percentages to serve as covariates in the models that adjust for case-mix differences 

between hospitals. These included mean age, mean Elixhauser-van Walraven comorbidity 

index, sex, race, and payer status. The Elixhauser-van Walraven is a validated, weighted 

measure of a person’s chronic disease burden.41 Coexisting conditions were identified using 

ICD-9 diagnosis codes, which were then compiled into an Elixhauser-van Walraven 

comorbidity index. Both unadjusted and risk-adjusted multivariable models were tested to 

predict in-hospital mortality; ratios represented the effects of hospital volume on survival 

proportion.

Model Goodness-of-fit Statistics—For the beta regression model of each operation, we 

calculated a pseudo-R2 statistic42 to calibrate the generalized linear model analog to the 

linear regression R2 statistic (the proportion of the variance of the dependent variable 

explained by the model predictor of interest with covariates).

Descriptive Comparison of Patients by Survival Status—Patient-level 

characteristics were first compared using bivariate techniques between those who died and 

those who survived. Chi-squared (χ2) tests were used to compare differences in proportions 

of categorical variables; such data were summarized by frequencies with percentages. Group 

means were compared using t tests for normally distributed continuous variables; such data 

were summarized by mean values with standard deviations (±SD). Hospital-level 

characteristics (trauma center status; high technology capability; medical school affiliation) 

were evaluated and presented as frequencies with percentages. Trauma center status is based 

on American College of Surgeons Committee on Trauma verified level 1 or level 2 trauma 

centers.43 High-technology patient management capability was defined as hospitals which 

perform at least 1 of the following 3 types of major operations: adult open heart surgery 

and/or major heart or liver organ transplantation.33,44 The high technology variable captures 

a hospital’s perioperative acute care capabilities, because these 3 major operations demand 

intense levels of acute perioperative care, including often admission to an intensive care unit; 

given that it was highly correlated with other potential acute care capability variables in the 

AHA dataset (such as: total number of ICU beds; having any ICU beds; intensivists 

providing care) coupled with the fact that these other variables were missing from nearly 

25% of hospitals, we only included high tech in the final model. Medical school affiliation 

was based on the hospital being a teaching hospital for an accredited medical school.45

Volume Thresholds—Our second research question asked at what hospital operative 

volume would patients undergoing an emergency operation realize average mortality risk. 

For each EGS operation, this volume threshold was analyzed using the results of the beta-
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regression models. The threshold was defined as the hospital operative volume above which 

95% of the remaining hospitals were performing at or above the average mortality rate. By 

this construct, if a patient were to have an operation at a hospital with an EGS operative 

volume for that specific surgery greater than the volume threshold, there would be a 95% 

chance that that patient’s mortality risk (as defined by hospital mortality proportion) would 

be lower than the average risk-adjusted mortality for all hospitals performing that same EGS 

operation. Average mortality risk was defined by operation as the mean in-hospital risk-

adjusted mortality for each EGS operation.

General Statistical Considerations—A P value of less than 0.05 was defined as 

significant. All statistical analyses were conducting using SAS 9.4 (SAS Institute Inc, Cary, 

NC).

RESULTS

At 425 acute care hospitals in California, a total of 165,123 patients underwent EGS 

operations (Table 3). Overall unadjusted mortality rate was 2%, although it varied 

significantly by operation, from less than 1.0% for appendectomy to 14% for RPU. Relative 

to the nondecedents, the decedents were more likely to be women, white, older, and on 

Medicare (Table 3). Further breakdown of patient level characteristics, by operation, are 

found in the supplementary online material, Appendix A, http://links.lww.com/SLA/B591.

The 3 highest volume operations were cholecystectomy (69,052), appendectomy (52,905), 

and colectomy (12,574). The 3 lowest volume operations were umbilical hernia repair 

(1737), RPU (2231), and excision of NSTI (2616). Of the 425 acute care hospitals in 

California, the number meeting our inclusion criterion performing emergent operations 

ranged from 209 doing umbilical hernia repairs to 310 doing cholecystectomies. Further 

breakdown of hospital level characteristics by operation are found in the supplementary 

online material, Appendix B, http://links.lww.com/SLA/B591.

Multivariable beta regression models confirmed that risk-adjusted mortality significantly 

decreased as volume increased for all 10 EGS operations; the relative magnitude of this 

inverse relationship varied substantially by procedure (Table 4). Even with operations that 

have a lower risk of mortality (<2%), there remained a survival benefit to having the 

operation done at a higher volume hospital. The inverse volume to mortality relationship is 

shown graphically in the fit plots for all 10 operations (Fig. 1). In nearly every figure, the 

high-volume hospitals begin to cluster together, indicating less variability and higher 

precision, whereas at the lower volume hospitals there is wide variation of outcome. In terms 

of model fit, each operation’s beta regression pseudo R2 was excellent, ranging from 0.26 

for NSTI to 0.93 for appendectomy. Full results of beta regression by operation, including 

hospital-level and patient-level covariates that were significantly associated with death, are 

found in the supplementary online material, Appendix C, http://links.lww.com/SLA/B591.

The hospital operative volume thresholds at which there was a 95% chance that that 

institution performed at or above the average risk-adjusted mortality rate varied by operation 

(Table 5), from 75 cases for cholecystectomy to 7 cases for umbilical hernia repair. The 
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number of operations performed at these below-threshold institutions also varied, from 4% 

of all cases for appendectomy and cholecystectomy, to 57% of the operations for RPU. The 

number of hospitals failing to meet these threshold mortality standards varied by operation 

type, from 25% of all hospitals for appendectomy and 24% for cholecystectomy, to 78% of 

institutions for RPU.

DISCUSSION

Mortality risk was significantly lower at higher-volume acute care hospitals in California 

compared to lower-volume hospitals for all 10 emergent EGS operations over the 2-year 

study. Increased operative volume independently translated into improved probability of 

survival, regardless of the baseline mortality risk of the operation. Consistent with our 

primary hypothesis, hospital operative volume is a statistically significant predictor of 

outcome for all EGS operations.

The data also indicate that at relatively low hospital operative volume thresholds, patients 

can realize at or better than average survival benefit. This threshold level, which was 

different for each operation, provides an objective mortality benchmark for these common 

EGS operations, at which there is 95% chance that that institution performed at or above the 

average risk-adjusted mortality rate. Although there are outliers at both ends of the 

spectrum, from exceptionally high-survival rate hospitals to low-survival rate hospitals, 

most, though not all, hospitals performing EGS operations have good outcomes. For 

appendectomy and cholecystectomy among the most common operations in adults in the US

—1 out of every 4 hospitals in California (~25%) fail to meet the volume threshold to 

achieve the average mortality standard, although only 4% of patients underwent these 

operations at below benchmark institutions. At the other end of the spectrum is RPU, for 

which 3 out of 4 hospitals (~75%) fail to meet the average mortality standard; 57% of 

patients underwent RPU at below benchmark institutions.

Overall, these results confirm that hospital operative volume is an important metric of 

surgical quality in the field of EGS. For many surgical disciplines, the American College of 

Surgeons’ (ACS) Quality Programs46 use hospital volume as a fundamental criterion that 

institutions must meet for accreditation as a verified surgery center. For example, to become 

an ACS and American Society for Metabolic and Bariatric Surgery certified 

“Comprehensive Center” in metabolic and bariatric surgery, a hospital must perform at least 

50 operations per year.47 For a hospital to secure certification as an ACS Committee on 

Trauma certified level I trauma center, it must admit at least 1200 trauma patients yearly, or 

have 240 admissions with an Injury Severity Score of more than 15.43 And for a medical 

center to meet criteria as an ACS level I Pediatric Surgery Center, it must perform at least 

1000 surgical procedures per year on children.48

By quantifying the hospital operative volume at which mortality reaches a volume threshold 

(Table 5) for each of the most common EGS operations, this study has defined levels of 

hospital volume which could be used as a quality standard benchmark to improve survival 

for these cases. Although using hospital volume as a basis for surgical quality is not without 

its detractors,49 this may prove to be important moving forward, as the field of EGS 
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considers implementation of a verification review process and accreditation of medical 

centers for surgical emergencies.

Studies within the field of trauma surgery have shown that there is a clear relationship 

between hospital volume and outcomes for trauma patients.16–18 This body of research has 

helped to validate the creation of regionalized trauma care, within set trauma systems. Based 

on the current study of EGS operations, hospital operative volume is also a key determinant 

of the variation in hospital performance for EGS operations. To lessen the negative impact of 

the wide variation in survival outcomes at lower volume hospitals, EGS patients may equally 

benefit from a formal system of emergency surgical care that consolidates operative 

emergencies to higher volume centers.

Although mortality outcomes at the lowest volume hospitals in our study are generally poor, 

for certain EGS operations (colectomy; excision of NSTIs; repair of perforated peptic ulcers; 

small bowel resection) a small subset of the lower volume hospitals do have acceptable, 

below-average mortality rates. As has been shown in the elective surgical literature,50 this 

may reflect system-level hospital characteristics that have a strong influence on improving 

survival despite the lower operative volume. Therefore, a more complete understanding of 

why these lower volume institutions have below-average mortality is needed before 

restricting where patients undergo EGS operations.

Variation in surgical mortality is a truly multidimensional construct, and hospital operative 

volume is just 1 determinant of postoperative mortality. While the current study was only 

able to assess a few system-level hospital characteristics (trauma center status; high 

technology capability; medical school affiliation), future in-depth qualitative investigations 

are needed to broadly investigate all potential factors influencing mortality variation in EGS 

patients. We suspect that system-level factors such as EGS-specific processes of care, 

process compliance, quality improvement structure, selective referral, consultation patterns, 

interdisciplinary teamwork, and organizational culture are key factors that contribute to 

high-quality EGS outcomes. These potentially lifesaving system-level characteristics can be 

assessed utilizing qualitative methods, and can in turn inform subsequent quantitative 

research that would then evaluate for the most significant determinants. Armed with these 

determinants, we can then develop EGS management guidelines and criteria for 

accreditation of medical centers for surgical emergencies. Without such information, these 

factors will continue to go unmeasured and underappreciated in quantitative EGS analyses 

using standard datasets.

Although many factors predicting poor outcomes in EGS patients cannot be altered before 

operative intervention—age, comorbidities, inflammatory state—the current study defines 

one metric that can be optimized: hospital volume. In this manner, akin to trauma patients, 

the trajectory of outcomes in EGS patients may be defined just as much preoperatively as 

intraoperatively or postoperatively. This would make sense, as EGS patients often have 

profound physiologic abnormalities entering the operating room, and as such are more 

closely comparable to trauma patients than they are to elective general surgery patients.30,31
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Unlike elective general surgery, where patients can choose their surgeon ahead of an 

operation, this is rarely the case in unplanned nonelective surgical situations. Therefore, akin 

to the exceedingly safe field of anesthesia, we in general surgery should strive to make EGS 

operations safe regardless of individual surgeon experience or volume. In the present study, 

given the limitations of the SID Healthcare Cost and Utilization Project datasets, we did not 

have information on individual surgeons to investigate the importance of the individual 

surgeon. In the context of where the field of EGS stands at present, this may be viewed as a 

limitation to the study. However, an alternative viewpoint, and 1 we agree with, is that to 

investigate the individual surgeon level in a setting where a patient cannot choose their 

individual surgeon is incongruous with the real-world setting of emergency surgical care. 

With that said, there is a valid argument from the hospital’s perspective that perhaps surgeon 

volume should be considered and included in the analyses. This is because hospitals 

credential surgeons for the management of certain patient populations, and perhaps surgeon 

volume is a valid proxy for surgeon ability and expertise—leading to improved outcomes—

in the management of complex EGS patients.

The use of an ecological analysis, with outcome as a hospital’s mortality incidence rate, 

rather than a patient’s probability of death, is a major strength of this study. This is because 

we are interested in comparing hospitals as a function of procedure volume, not comparing 

patient-types within or between hospitals. As an alternative, modeling risk of mortality for 

individual patients within hospitals via multilevel models with random hospital effects 

would assume conditional independence of patient outcomes within hospitals. Patient 

outcomes would depend only on the characteristics of that patient and the volume of the 

patient’s hospital, regardless of the actual mortality rate of the hospital. Thus, 2 patients with 

identical individual characteristics, from the same hospital or from different hospitals with 

the same volume, will have the same risk. This ignores contextual effects on mortality risk, 

such that if you are the only high-risk patient at a hospital, or among exclusively high-risk 

patients at a hospital with the same volume, you have the same risk of procedure failure. 

Another alternative would be generalized estimating equations with “sandwich” variance 

estimation. Such a model assumes all patients are from the same population, but adjusts 

variance estimates to acknowledge that there are fewer than N independent data points. With 

these explanations in mind, ecological analyses are optimally designed to capture the true 

relationship between hospital operative volume and survival.

The current study has limitations. First, our conclusions are based on results from 

retrospective administrative data, and are thus constrained by the limitations and biases 

therein. These biases could potentially be avoided with a prospective analysis with objective 

criteria for operative selection. Second, the definition of an emergency patient is a construct 

of the study. Therefore, generalizing to all emergency surgical patients may not be valid, as 

definitions of “emergency patient” are not standardized.7,51 Thirdly, the data are from 1 

state, and California may not be representative of a national sample from which to make 

conclusions. Fourth, we were unable to include a rural/nonrural potential predictor into our 

models, given the high numbers of missing variables for this metric in the AHA dataset, and 

our concern therefore of introducing bias into the models. It is therefore possible that low 

volume is simply a marker for hospitals that are under-resourced in underserved geographic 

locations; this warrants further investigation. Fifth, the ability to risk-adjust the data was 
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limited to the variables within the dataset. Specifically, physiologic parameters were not 

recorded; they can play a role in the outcomes of EGS patients.

In conclusion, across a variety of common emergent general surgery operations, survival 

rates for all adult patients were significantly improved when their operations were performed 

at higher volume hospitals. For each of the 10 emergency operations studied, hospital 

operative volume thresholds were defined to improve survival, and can potentially act as 

hospital volume benchmarks. These findings signify a major paradigm shift in the way we 

think of emergent operations: the experience of the hospital matters to the outcome as much 

as the patient’s illness at presentation. These results hint at the benefits to restructuring the 

current system of emergency surgical care and to the importance of accrediting EGS surgery 

centers. More data-driven research must be conducted to elucidate which of these 

challenging surgical patients would most benefit from higher-volume hospitals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Two beta fit plots for each of the 10 emergency general surgery operations. The left plot 

shows the inverse volume to mortality relationship: the x-axis is hospital operative volume 

over 2 years, the y-axis is risk-adjusted hospital mortality rate, the average risk-adjusted 

mortality is represented by the flat line, and every dot represents an individual hospital. The 

right plot is the relationship modeled in our beta regression analyses: the x-axis is natural 

log-transformed hospital operative volume, the y-axis is risk-adjusted hospital mortality rate, 

and every dot represents an individual hospital.
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