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Abstract

Objective—To investigate the effect of subspecialty practice and experience on the relationship 

between annual volume and inpatient mortality following hepatic resection.

Summary Background Data—The impact of annual surgical volume on post-operative 

outcomes has been extensively examined. However, the impact of cumulative surgeon experience 

and specialty training on this relationship warrants investigation.

Methods—The New York Statewide Planning and Research Cooperative System inpatient 

database was queried for patients ≥18 years who underwent wedge hepatectomy or lobectomy 

from 2000-2014. Primary exposures included annual surgeon volume, surgeon experience (early 

vs. late career), and surgical specialization – categorized as general surgery (GS), surgical 

oncology (SO), and transplant (TS). Primary endpoint was inpatient mortality. Hierarchical 

logistic regression was performed accounting for correlation at the level of the surgeon and the 

hospital, and adjusting for patient demographics, comorbidities, presence of cirrhosis, and annual 

surgical hospital volume.

Results—13,467 cases were analyzed. Overall inpatient mortality was 2.35%. On unadjusted 

analysis, late career surgeons had a mortality rate of 2.62% versus 1.97% for early career 

surgeons. GS had a mortality rate of 2.98% compared to 1.68% for SO and 2.67% for TS. Once 

risk-adjusted, annual volume was associated with reduced mortality only among early-career 

surgeons (OR 0.82, p=0.001) and general surgeons (OR 0.69, p=0.01). No volume effect was seen 

among late-career or specialty-trained surgeons.

Conclusion—Annual volume alone likely contributes only a partial assessment of the volume-

outcome relationship. In patients undergoing hepatic resection, increased annual volume did not 

confer a mortality benefit on subspecialty surgeons or late career surgeons.

Introduction

Annual surgeon volume has been identified as a major predictor of mortality after major 

operations, including hepatectomy.1 Although studies have demonstrated a survival benefit 
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for patients undergoing major resection at high volume hospitals by high volume surgeons,
2–4 debate has arisen on the potential unintended consequences of restricting cases above 

individual surgeon volume thresholds and whether annual volume alone is the best marker to 

allow for optimization of patient outcomes.5–8

Utilizing annual surgeon volume offers an easy to measure proxy for quality;9 however, 

annual surgeon volume alone may not appropriately capture the underlying phenomena that 

differentiates high performing and low performing surgeons. One can imagine that beyond 

volume, there are other measures of a surgeon’s expertise or proficiency, which can 

contribute beneficially to patient outcomes. Supporting such a hypothesis, recent work has 

demonstrated that other factors, such as surgeon procedure specialization, can be predictive 

of mortality independent of annual surgeon volume.10

In addition to specialization, experience over time, a cumulative volume effect, may have a 

role in predicting outcomes following surgery.11, 12 The goal of our study was to investigate 

the effect of cumulative experience over an entire career, as well as subspecialty practice, on 

the relationship between volume and inpatient mortality following hepatic resection.

Methods

Patient Database

The New York (NY) Statewide Planning and Research Cooperative System (SPARCS) 

inpatient database was utilized to capture patients undergoing surgery from 2000-2014. 

SPARCS is a database for the state of NY that captures all patients and payers and collects 

information on patients, treatments, and providers for every emergency department 

admission, inpatient admission/hospital discharge, outpatient visit, and ambulatory surgery. 

SPARCS also contains a unique physician identifier that allows for identification of each 

patient’s physicians for an episode of care. Unique physician identifiers in SPARCS 

correspond to identifiers maintained in the New York Physician License database, which 

contains information on physician identity, including year of medical school graduation.

Study Population

All patients over the age of 18 years who underwent wedge hepatectomy or lobectomy were 

identified and included using International Classification of Diseases, Ninth Revision, 

Clinical Modification (ICD9-CM) procedure codes (50.3, 50.22). Patients who underwent 

trauma or recipient (i.e. transplant) hepatectomy were excluded. Each procedure was 

attributed to an individual surgeon by a unique surgeon identifier within the dataset.

Main Exposures

Our main exposures were individual surgeon annual volume, surgeon experience, and 

surgeon specialty.
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Surgeon Identification by Annual Volume

Using the above specified procedure codes, annual hepatic volumes were determined per 

surgeon, across the study period. Surgeon volume was included in the models both as a 

continuous variable and a categorical variable based on quartiles of annual volume.

Surgeon Identification by Career Stage

Surgeon status as “early career” vs. “late career” was determined by calculating years since 

medical school graduation. Surgeons with fewer than twenty years out from graduation were 

labeled as early career and those twenty years or greater from graduation were labeled as 

late career. Twenty years was selected as the cut-off for an early career surgeon under the 

assumption that surgical residency lasts five to seven years and fellowship training (if 

applicable) lasts one to two years. Thus, a twenty-year cut-off could be reasonably expected 

to capture the first 10-12 years of a surgeon’s independent practice.

Surgeon Identification by Specialty

Liver transplant centers were identified using the Scientific Registry of Transplant 

Recipients (SRTR). Institutional websites of liver transplant centers were mined for liver 

transplant faculty affiliation and linked to the New York Physicians License database to 

allow linking of transplant surgeon (TS) status to SPARCS data. The Society of Surgical 

Oncology (SSO) physician database was utilized to identify surgeons with a SSO affiliation 

and linked to the New York Physicians License database to allow for linking of SSO 

affiliation to SPARCS data. These surgeons are subsequently referred to as surgical 

oncologists (SO). SO status was cross-referenced against institutional websites for 

verification of surgeon specialty. All other surgeons were categorized as general surgeons 

(GS).

Outcome Measures

The primary outcome measure was inpatient mortality (i.e. death on index admission for 

hepatectomy). Death was determined based on a mortality variable coded into the SPARCS 

dataset.

Statistical Analysis

Baseline demographic characteristics were analyzed. Unadjusted analysis was performed to 

compare patients who were operated on by early versus late career surgeons, and those 

operated on by GS versus SO vs. TS.

Several multilevel logistic regressions were performed to investigate the volume-specialty 

and volume-experience relationship. We accounted for clustering of surgeon and hospital by 

using a nested multilevel model. We adjusted for age, year of operation, race, payer status, 

Charlson Comorbidity Index (CCI), need for biliary-enteric reconstruction, presence of 

hepatic malignancy (primary vs. secondary tumor), hepatic necrosis, and presence of one or 

more complications (e.g. postoperative shock, hemorrhage, cardiac complication, wound 

complication, postoperative infection, respiratory/ventilator-associated complications, 
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anastomotic leak, and urinary complication) and annual hospital volume. Annual individual 

surgeon volume was initially examined as a continuous variable.

Subset analysis was performed to assess for the role of annual surgeon volume on mortality 

in early career and late career surgeons, as well as in general, oncologic, and transplant 

surgeons. Additionally, patients were divided into quartiles based on their surgeon’s annual 

volume to enable visualization of the relationship of experience and specialization across 

sub-groups of annual volume. Adjusted mortality rates were calculated from odds ratios 

using the marginal standardization form of predictive margins.13 Significance level was set 

at alpha=0.05.

Statistical analysis was performed using STATA 14/IC (StataCorp, College Station, TX).

Results

A total of 13,467 hepatectomies were performed from 2000-2014 in the state of NY with a 

crude inpatient mortality rate of 2.35%. The majority of patients were Caucasian, and half 

were female. Patients of TS tended to be racial minorities, had a diagnosis of cirrhosis, and 

were more likely to undergo lobectomy than wedge hepatectomy, compared to patients of 

GS and SO (Table 1).

A total of 909 individual surgeons were identified. The majority of surgeons were GS 

(n=850, 93.5%), of which most were late career (Table 2). Late career surgeons were more 

likely to perform a hepatic lobectomy than early career surgeons (Table 1). One third of 

patients were operated on by GS, one quarter by TS, and the remaining patients by SO.

On unadjusted analysis, ate career surgeons had a mortality rate of 2.62% versus 1.97% for 

early career surgeons (p<0.014). GS had a mortality rate of 2.98% compared to 1.68% for 

SO and 2.67% for TS.

After risk adjustment, patient age greater than 60 years, Medicare payer status, primary liver 

tumor, need for biliary-enteric reconstruction, and lobectomy were significant predictors of 

inpatient mortality (Table 3, all p<0.02). Early career status and surgeon specialization were 

not significant predictors of mortality. In the overall patient cohort, annual surgeon volume 

was not a significant predictor for inpatient mortality (OR 0.94, 95% CI 0.85-1.05, p=0.259).

On subset analysis, annual surgeon volume was a significant predictor of inpatient mortality 

for early career surgeons and GS. For every ten additional cases performed per year there 

were significantly decreased odds of inpatient mortality for early career surgeons (OR 0.81, 

95% CI 0.73-0.92, p=0.001) and general surgeons (OR 0.65, 95% CI 0.5-0.85, p=0.002). 

Annual surgeon volume was not a significant factor in prediction of inpatient mortality for 

late career surgeons (OR 0.97, 95% CI 0.89-1.06, p=0.5), SO (OR 1.08, 95% CI 0.92-1.28, 

p=0.3), or TS (OR 0.92, 95% CI 0.8-1.04, p=0.2).

Adjusted mortality rate by annual volume quartiles demonstrates a significantly higher 

mortality rate for early career surgeons in the bottom volume quartile (p=0.008) (Figure 1). 

In addition, adjusted mortality rate of GS was significantly higher in the bottom volume 
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quartile (p=0.04) (Figure 2). No significant differences in adjusted mortality rate were seen 

across quartiles for late career surgeons, SO, or TS.

Discussion

The results of this study demonstrate that annual surgical volume is associated with lower 

inpatient mortality following hepatic resection performed by early career surgeons and 

general surgeons. No significant effect of annual volume was seen on predicted mortality for 

late career surgeons or surgeons who specialize in liver surgery (i.e. SO and TS). These 

findings suggest that annual surgical volume alone may not be predictive of decreased 

inpatient mortality for all surgeons. Our work suggests that the need for surgeons to maintain 

high annual volume may be more relevant for some groups of surgeons and not others. 

Accrual of cumulative experience (as reflected by years since medical school graduation) or 

specialization in liver surgery may obviate the need for surgeons to maintain high annual 

volume in order to optimize their mortality rate after hepatectomy.

Cumulative experience is a difficult metric to capture as no central database captures 

longitudinal data of all surgeons and their patient outcomes across states; thus, alternative 

methods have been utilized to attempt to determine whether cumulative experience is 

predictive of operative outcomes. For example, surgeon age has been investigated as a 

surrogate marker with mixed findings depending on case complexity.14 Using a different 

technique for assessment of surgeon experience, Yeo et al (2017) found, similar to our 

results, that cumulative experience matters. The authors calculated case volumes over a 5-

year period to estimate cumulative experience and found cumulative experience, in 

conjunction with annual volume, to be a significant predictor of decreased complications 

after rectal surgery.12 We utilized years since graduation from medical school as a surrogate 

marker for cumulative experience and found significant predictive effect of annual volume in 

early – but not late – career surgeons. The latter suggests that experienced surgeons may not 

need to maintain high annual volume to optimize postoperative mortality rates after 

hepatectomy.

Prior research has suggested that surgeon specialization is more likely to yield improved 

operative outcomes, though the effect varies by type of operation.15 Sahni et al (2016) 

demonstrated in a Medicare population that surgeon specialization was a predictor of 

operative mortality independent of annual volume for coronary artery bypass grafting, valve 

replacement, carotid endarterectomy, abdominal aortic aneurysm repair, cystectomy, and 

lung resection. Their work further suggested that surgeon specialization may account for 

part of the volume-outcome relationship in operative mortality.10 Through a different 

approach, our findings suggest a similar phenomenon in hepatectomy. For surgeons who 

specialize in liver surgery, annual volume thresholds may not be the best mechanism to 

optimize postoperative mortality rates after hepatectomy.

This study has several limitations – many of which arise from the utilization of a single state 

database. However, many of the limitations of using this single state database may be offset 

by its relative strengths. While utilization of a single state database raises concern about the 

generalizability of the results, SPARCS is one of the only all-payer databases that allows for 
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identification of individual surgeons over a longitudinal period. Furthermore, it is the only 

all-payer database that allows for additional data enhancement such as identification of 

surgeons’ subspecialty practice. Use of a single state database does not allow for complete 

data capture of specific cumulative case volume that a surgeon performs over their career, 

unless a surgeon spends their entire career in that single state. Thus, years since medical 

school graduation are used as a surrogate marker for cumulative experience. Alternative 

methods, such as capturing cumulative case volume over a pre-determined five-year time 

frame, may not be representative of the cumulative case volume of an entire career.11, 12 Use 

of institutional and society affiliation may not capture fellowship training but is more likely 

to include surgical subspecialists who may not have been fellowship eligible at the start of 

their career but whose practices are predominantly hepatobiliary in nature (i.e. 

“grandfathered” into a specialty).

Despite these limitations, our findings have policy implications related to work surrounding 

the volume-outcome relationship and can help influence the practice of surgeons. Our work 

suggests that implementing surgeon annual volume cutoffs for hepatectomy may not result 

in improvements in inpatient mortality rate for experienced or subspecialist surgeons. 

Furthermore, low volume early career surgeons and general surgeons may consider 

partnering with more experienced surgeons or subspecialists when performing hepatectomy 

to allow for the greatest benefit in operative risk reduction. Such mentoring relationships 

likely already informally exist at many institutions, and studies of formal mentoring 

programs suggest it is an effective strategy to optimize outcomes.16 Similarly, partnership 

between hospitals that were high and low volume in hepatobiliary surgery has resulted in 

improvements to postoperative outcomes;17 however, such partnerships may come across 

regulatory obstacles depending on the local political and economic environment. Therefore, 

additional work should evaluate the effectiveness of pairing low volume early career or 

general surgeons with experienced mentors to determine what types of mentoring 

partnerships are most beneficial. Finally, future research should assess whether similar 

relationships between experience and outcomes exist in other types of operations.

Conclusion

While annual individual surgeon volume matters, annual volume alone likely gives a partial 

picture of the volume-outcome relationship. In hepatectomy, increased annual volume does 

not confer a mortality benefit on late career or subspecialty surgeons; thus, experienced 

surgeons may not have to maintain high annual volume of hepatectomy to optimize inpatient 

mortality rate. Additional research should further investigate other characteristics which may 

modify the volume-outcome relationship and whether similar phenomena are noted in other 

major operations.
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Figure 1. 
A) Risk adjusted mortality rate of early career surgeons by quartile of annual volume. 

*p<0.05 B) Risk adjusted mortality rate of late career surgeons by quartile of annual volume.
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Figure 2. 
Risk adjusted mortality rate by surgeon specialty and quartile of annual volume. Quartiles 

are compared within each specialty. * p<0.05
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Table 3

Overall risk-adjusted multilevel, multi-effect logistic regression model of all patients to determine independent 

predictors of inpatient mortality after hepatectomy. P-values in bold are significant predictors.

OR 95% CI p-value

Annual surgeon volume (per 10 additional cases/year) 0.94 0.85, 1.05 0.259

Early career surgeon (vs. late) 0.99 0.71, 1.38 0.971

Surgeon Specialization (vs. General Surgeon)

 Surgical Oncologist 0.75 0.43, 1.29 0.3

 Transplant Surgeon 1.07 0.6, 1.92 0.816

Patient Age (vs. 18-40 years)

 41-50 years 1.77 0.78, 4.02 0.172

 51-60 years 1.83 0.85, 3.92 0.122

 61-70 years 2.65 1.24, 5.63 0.012

 71-80 years 3.13 1.41, 6.92 0.005

 81-90 years 5.51 2.33,13.01 <0.001

 >90 years 16.2 2.78, 94.1 0.002

Female (vs. male) 0.71 0.54, 0.92 0.011

Race (vs. white)

 Black 0.97 0.59, 1.58 0.891

 Native American 1.8 0.27, 11.9 0.543

 Asian 0.98 0.6, 1.6 0.941

 Other/Unknown 1.14 0.77, 1.69 0.527

Hispanic (vs. non-hispanic) 1.13 0.67, 1.88 0.652

Charlson Comorbidity Index ≥3 (vs. CCI <3) 1.43 0.95, 2.16 0.088

Insurer (vs. private)

 Medicare 1.78 1.24, 2.54 0.002

 Medicaid 1.25 0.79, 2.0 0.342

 Self-Pay 1.32 0.48, 3.62 0.584

Year (2001–14 vs. 2000) 0.94 0.91, 0.98 0.001

Primary tumor (vs. other indication) 2.21 1.66, 2.95 <0.001

Necrotic liver (vs. non-necrotic) 22.96 15.69, 33.6 <0.001

Biliary reconstruction (vs. no reconstruction) 2.35 1.65, 3.35 <0.001

Lobectomy (vs. wedge) 1.76 1.35, 2.3 <0.001
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