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Chapter 2

ABSTRACT

Aims:

To conduct a systematic review and meta-analysis of the literature on the relationship 

between procedural volume and outcome of esophagectomies.

Methods:

A systematic search to identify articles investigating effects of hospital (HV) or surgeon 

volume (SV) on short- and long-term outcomes, published between 1995 and 2010. Articles 

were scrutinized on methodological quality and after inclusion of only high-quality studies a 

meta-analysis assuming a random effects model was done to estimate the effect of higher 

volume on patient outcome. Heterogeneity in study results was evaluated with an I2-test 

and risk of publication bias with an Egger’s regression intercept.

Results:

Forty-three studies were found. Sixteen studies met the strict inclusion criteria for the 

meta-analysis on HV and postoperative mortality and 4 studies on HV and survival. The 

pooled estimated effect size was significant for high-volume providers in the analysis of 

postoperative mortality (OR 2.30; CI 1.89-2.80) and in the survival analysis (OR 1.17; CI 

1.05-1.30). The meta-analysis on SV and outcome showed no significant results.

Studies in which the results were adjusted not only for patient characteristics, but also for 

tumor characteristics and urgency of the operation, showed a stronger correlation between 

HV and mortality. Also, studies performed on data from the United States showed higher 

effect sizes.

Conclusions:

The evidence for HV as an important determinant of outcome in esophageal cancer surgery 

is strong. Concentration of procedures in high volume hospitals with a dedicated setting 

for the treatment of esophageal cancer, might lead to an overall improvement in patient 

outcome.
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Volume and outcome for esophagectomies

INTRODUCTION

Improving quality and effectiveness of health care is one of the priorities of health policies. 

In surgical oncology there has been a continuous debate about how to assure that every 

patient gets the optimal treatment for his or her cancer. Despite improvements in targeted 

therapies and adjuvant treatments, surgery is still the key to cure cancer patients with solid 

malignancies. In the past, surgical outcomes and causes of variation were largely unknown, 

but since the beginning of this century there are an increasing number of population-based 

studies evaluating differences in practice patterns and outcomes between providers. 

Many studies suggest that procedural volume is an important determinant of outcome in 

cancer surgery1. Especially for high-risk, low-volume surgical procedures, like esophagectomies 

and pancreatectomies, differences in outcomes between high- and low-volume providers 

have been reported2,3. Though the number of volume-outcome studies in the literature is 

high and continues to increase, there is solid criticism on the methodological quality of these 

studies. The vast majority of volume-outcome studies in cancer surgery is observational 

and based on administrative data collected for other purposes. Moreover, potential 

differences in case mix between high- and low-volume hospitals are not always accounted 

for and postoperative mortality is often presented as the sole outcome measure. Inadequate 

reporting of volume-outcome studies restricts the generalizability and credibility of study 

results, feeds a fruitless debate and hampers the introduction of minimal volume standards 

for cancer surgery in several countries, for example in the Netherlands4. 

Esophagectomy for cancer is a high-risk, low-volume surgical procedure for which the 

volume-outcome relationship could be important. In many countries esophagectomies are 

performed in a low-volume setting. For example, until 2007 approximately 350 of these 

operations were performed annually in the Netherlands, shared by more than 50 different 

hospitals5. It is believed that concentration of these procedures with high-volume providers 

could improve overall patient outcome. 

The aim of this study was to inform the debate on the volume-outcome relationship in 

esophageal cancer surgery, by conducting a systematic review of the literature on this 

subject. The methodological quality of the studies in this review was scrutinized and only 

high-quality volume-outcome studies were included in a meta-analysis. 

METHODS

Systematic Search Strategy

We performed a systematic search to identify all articles describing the association between 

hospital or surgeon volume of esophagectomies and clinical outcomes (morbidity, mortality, 

survival, quality of life), published after January 1st 1995. The search was conducted in the 
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electronic Medline database (Pub med) with a combination of MESH terms and text words 

(Table 1). Because volume is not well indexed in the electronic databases, we formulated the 

search terms as sensitive as possible to ensure no publications were missed. The last search 

was done on July 1st 2010. 

Study selection	

Two reviewers (MW, GG) independently screened titles and abstracts of all retrieved articles. 

Studies were selected using the following inclusion criteria:
l	 The article was in the English language
l	 The study used primary data (i.e., letters, editorials, and reviews were excluded)
l	 The subject of the study was the surgical treatment of esophageal cancer.
l	 The study did not describe the results of a single hospital or surgeon. 

After this first selection on titles and abstracts, the remaining articles were obtained in full 

text and were further selected by the same two reviewers using the following exclusion 

criteria:
l	 Lack of comparisons between providers (hospitals or surgeons). 
l	 No definition for procedural volume as a distinct number or cut-off value (i.e., studies 

that defined volume as ‘specialization’ were excluded)
l	 No postoperative morbidity, mortality, survival or quality of life among outcome 

parameters.

 

Any discrepancies regarding inclusion or exclusion of a study were solved by consulting a 

third investigator (RT). In addition, reference lists of relevant articles and recent reviews 

were hand-searched to identify additional articles, which could have been missed in the 

initial search6,7. We also used the “related articles” function in Pub med.

Assessment of study quality

Two authors (MW, GG) critically appraised each study in the review on methodological quality 

and risk of bias. Data of the included studies were gathered in a data-extraction form, which 

was based on the Strengthening the Reporting of Observational studies in Epidemiology 

(STROBE) criteria (www.strobe-statement.org). From each study, characteristics were 

collected regarding the unit of analysis (hospital or surgeon), the data source (administrative 

Table 1. Search terms used in the search in the Medline database

Medline (Pubmed)

(“Esophagectomy”[MAJR] OR “Esophageal Neoplasms/surgery”[MAJR] OR (“Surgical Procedures, 
Operative”[MAJR:NoExp] AND “Neoplasms”[MAJR:NoExp])) AND (“hospital volume” OR “surgeon 
volume” OR “provider volume” OR “Outcome Assessment (Health Care)”[MAJR] OR regionalization[ti] OR 
regionalization[ti] OR “Health Facility Size”[majr] OR “Workload”[majr] OR (outcome*[ti] AND volume*[ti]) 
OR (outcome*[ti] AND complication*[ti]) OR (outcome*[ti] AND mortality*[ti]) OR (outcome*[ti] AND 
morbidity*[ti]) OR (outcome*[ti] AND survival*[ti]) OR (outcome*[ti] AND quality of life*[ti]))
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or clinical data), study period, the study design (prospective or retrospective), the country 

of origin, the number of analyzed patients, hospitals and surgeons, volume categories for 

hospitals and surgeons, outcome parameters (morbidity, mortality, survival, quality of life) 

and results regarding these outcome parameters (statistically significant or not significant) 

and the degree of risk adjustment. We noted the case mix factors for which statistical 

adjustment was done. Case mix factors were categorized as demographic parameters (age, 

gender, race and income); co morbidities; tumor characteristics (stage, grade, location); 

treatment characteristics (neo-adjuvant treatments) and urgency of the operation. In 

addition, some studies adjusted for in-hospital mortality in the survival analyses. 

Study inclusion criteria were checked to verify if there was a probability of selection bias. 

Cut-off values for high- and low-volume were noted per volume group, along with how 

these cut-off points were determined. The study results were recorded separately for 

each unit (surgeon or hospital) and for each outcome parameter (postoperative morbidity, 

postoperative mortality, 2- or 5-year survival and quality of life). The crude outcomes for 

each volume group were noted (if reported). Subsequently, we noted for each volume 

group and outcome parameter the estimated effect size after adjustment, expressed as 

odds ratio’s (OR), hazard ratio’s (HR) or risk rates (RR) with confidence intervals (CI) and 

measures of significance. 

Synthesis of the data for meta-analysis

A meta-analysis was performed for the relationship between hospital volume and surgeon 

volume on the one hand and postoperative mortality and survival on the other. No 

meta-analysis was performed for postoperative morbidity because this outcome parameter 

was defined too heterogeneous among the included studies. For quality of life, only one 

study was available. 

Only high quality studies were included in the meta-analyses. A high quality study was defined 

as a multicenter study in which a multivariate analysis was performed including casemix 

factors, such as demographic parameters (age, gender, race and income); comorbidities; 

tumor characteristics (stage, grade, location); treatment characteristics (neo-adjuvant 

treatments) and urgency of the operation. Studies without a multivariate analysis and/or no 

reporting of OR, HR or RR were excluded from the meta-analysis. The reference category 

varied between studies. Therefore, we had to convert the effect sizes so that the highest 

volume group was the reference in all studies. As a result, the OR of mortality or the HR of 

survival reflected the odds of mortality in the lowest volume group compared to the odds of 

mortality in the highest volume group. 

To determine a pooled estimated effect, we used the random effect model for meta-analyses. 

The random effects model accounts for expected heterogeneity, which is more appropriate 

with pooling of observational studies.

Heterogeneity was quantified by the I2 test. An I2 < 40 was considered homogeneous, 

between 40 and 60 moderately heterogeneous and > 60 very heterogeneous8. We 

conducted a sensitivity analysis to further explore heterogeneity and to assess the impact 
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of subgroups. A subgroup analysis was done by data source (administrative versus clinical), 

adjustments for urgency of the operation (adjusted versus not adjusted), adjustments for 

tumor characteristics (adjusted versus not adjusted) and by study country (United States 

versus non-United States). No subgroup analysis by patient characteristics was performed, 

because all studies were adjusted for age, gender and co morbidities.  

Publication bias was assessed with an Egger’s regression intercept and shown in a 

funnelplot9. 

The meta-analysis was conducted with Comprehensive Meta Analysis, professional version 

2.2 (©2006, Biostat inc. Englewood, USA).

RESULTS

Search results

Our initial search identified 97 potentially relevant articles regarding the volume-outcome 

relationship in the surgical treatment of esophageal cancer (figure 1). After the first 

screening on titles and abstracts we excluded 37 studies. The other 60 articles were 

retrieved for more detailed evaluation. Among these 35 articles were excluded: in 27 

studies, comparisons were made between treatment techniques or patient groups, instead 

of comparing the outcome between providers (hospitals or surgeons). In 3 studies, degree 

of specialization (board-certified vs. non-certified surgeons, academic vs. non-academic 

hospitals) or nurse-to-patient ratio was evaluated, instead of procedural volume10-12. And 

in 5 studies, other outcome parameters than morbidity, mortality, survival or quality of life 

were evaluated13-17. The remaining 25 papers were selected. After this first selection, the 

related articles feature in Pub med was used and the reference lists of retrieved articles were 

hand-searched. We identified 18 additional articles which met the predefined criteria for our 

systematic review. 

Figure 1. Selection of reviewed studies

Potentially relevant 
studies identified in 

Pubmed (table 1)
N=97

Studies retrieved for 
more detailed evaluation 

N=60

First study selection 
N=25

37 studies excluded: 

2   not in the english language
6   studied no esophageal resections 
25 contained no primary data
4   single center studies    

35 studies excluded:

27 studies made no comparisons 
between providers
2 no volume categories
6 evaluated other outcome 
parameters*

18 studies included:

through reference lists
(selected articles, reviews)
through related articles feature 
Pubmed 

Final study selection 
N=43
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Systematic review

Table 2 shows the characteristics of the 43 studies included in the review. Most studies 

are from the United States and Canada, though the number of European studies has been 

growing. Study data have been obtained frequently from insurance companies’ databases 

(Medicare, National Inpatient Sample). The number of patients, hospitals and surgeons 

varied widely between the included studies. In most studies, results were adjusted for 

differences in case mix between high- and low-volume providers, but the parameters used 

for adjustments differed largely among studies. In some studies, data were corrected for 

differences in age and gender only. In other studies, adjustments were made for race, 

income, co morbidities, ASA-classification, tumor characteristics (stage, grade and location), 

urgency of the operation, (neo-adjuvant) treatments and (other) hospital characteristics. 

There was a considerable variation in the cut-off values for the volume groups in the included 

studies. For hospital volume, cut-off values of the highest volume strata varied between 3 

and 87 procedures annually. The cut-off values of the lowest hospital volume strata varied 

between 1 and 20 procedures per year. The rationale for the cut-off values used was seldom 

explained in the methodological paragraph of the articles. 

Hospital volume

In 36 studies, the relationship between hospital volume and outcome was evaluated. 

Postoperative mortality was used as an outcome parameter in 32 studies, and in 24 of 

these studies, a significant inverse relationship between hospital volume and postoperative 

mortality was found. In 9 studies, hospital volume and postoperative morbidity were 

investigated; in 4 studies, a statistically significant association was found, favoring high 

volume. Differences in survival between high- and low-volume hospitals were evaluated in 

7 studies of which 4 were positive. Quality of life was evaluated in only one study; in this 

study, there was no correlation between hospital volume and quality of life18. 

Meta-analysis: hospital volume & postoperative mortality

Of the 32 studies evaluating the relationship between hospital volume and postoperative 

mortality, 16 met the inclusion criteria for the meta-analysis. All of these studies had an 

observational design and only three studies were based on clinical data, often collected in 

regional or national cancer registries. The other 13 studies were based on administrative 

data. In all but one study, the results of the multivariate analysis were adjusted for age, 

gender and co morbidities and in 9 studies the results were adjusted for urgency of the 

operation. A few studies adjusted for other confounding factors like stage of the disease, 

type of resection and neo-adjuvant treatments. 

Figure 2a shows the forest plot of the included studies regarding hospital volume and 

postoperative mortality. The pooled estimated effect size was significant in favor of 

high-volume providers (OR 2.30; CI 1.89-2.80). There was moderate heterogeneity between 

the studies (I2=60). 
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Table 2. Studies included in the systematic review of the literature on the relationship between volume and 
outcome of esophagectomies for cancer (adjusted from Gruen et al.6).

Study Country Data Patients Hospitals Surgeons Casemix
adjustment

Hospital volume Surgeon volume

Volume
categories

Morbidity Mortality Survival QoL Volume
categories

Morbidity Mortality Survival QoL

Leigh 2009 27 UK Adm 9034 n.r. n.r. D <20> - S - - - - - - -

Meguid 2009 28 US Adm 4080 1506 n.a. D, C, V <15> - S - - - - - - -

Rutegard 2009 29 Swe Clin 615 n.a. n.a. D, C, S, T - - - - - <2-7> NS - - -

Gasper 2009 30 US Adm 1210 183 n.a. D, C <1-2-4-6> - S - - - - - - -

Yasunaga 2009 31 Jap Adm 642 n.a. 183 n.r. - - - - - <50-100> S - - -

Sundelöf 2008 32 Swe Clin 232 33 n.r. D, C, S, T <10> NS NS S - <10> NS NS S -

Reavis 2008 33 US Adm 5236 107 n.a. n.r. <6-13> S S - - - - - - -

Wouters 2008 34 Neth Clin 903 12 n.a. D, C, U, S, T, M <7> - S S - - - - - -

Ra 2008 35 US Adm 1172 361 n.a. D, C, S <.68-2.33> - S - - - - - - -

Rutegard 2008 18 Swe Clin 355 n.a. n.a. D, C, S, T <10> - - - NS <7> - - - NS

Hollenbeck 2007 36 USA Adm 421 151 n.a. D, C, U, S n.r. - NS - - - - - - -

Thompson 2007 37 UK Clin 1079 53 n.a. D, C, U, S <13-20-35> - - NS - - - - - -

Jensen 2007 38 Den Adm 1152 26 n.a. none <5-21> - NS - - - - - - -

Allareddy 2007 20 US Adm 2437 717 n.a. D, C, U, V <13> - S - - - - - - -

Rodgers 2007 21 US Adm 8075 995 1651 D, C, V <5-10> - NS - - <2-7> - S - -

Rouvelas 2007 39 Swe Clin 1199 53 n.a. D, C, S, T <10> - NS NS - - - - - -

Birkmeyer 2007 19 US Adm 822 206 n.a. D, C, U, S, T, M <4-14> - - S - - - - - -

Rouvelas 2007 39 Swe Clin 328 n.a. n.r. D, C, S, T - - - - - <2-7> - NS - -

Simunovic 2006 40 Can Clin 629 n.r. n.a. D, C <8-20-44> - NS NS - - - NS NS -

Lin 2006 41 Tai Adm 6674 111 n.a. D, C <20-34-59-87> - S - - - - - - -

Urbach 2005 42 Can Adm 613 58 93 D, C <2.2-7.1-12.1> - NS - - <2.4-4.6-6.9> - NS - -

Wenner 2005 43 Swe Clin 1429 74 n.a. D <5-16> - S S - - - - - -

Birkmeyer 2004 44 US Adm 4350 n.r. n.a. none <13> - S - - - - - - -

Ward 2004 45 US Adm 44 14 n.a. D, C <13> - NS - - - - - - -

Goodney 2003 46 US Adm n.r. n.r. n.a. D, C, U <2-5-8-20> NS - - - - - - - -

Elixhauser 2003 47 US Adm 1623 710 n.a. none <7> - S - - - - - - -

Dimick 2003 48 US Adm 3023 192 n.a. D, C, U, T <3-6-17> - S - - - - - - -

McCulloch 2003 49 UK Clin 955 32 n.a. D, C, S, T <11-21> NS S - - - - - -

Dimick 2003 50 US Adm 1226 n.r. n.a. D, C, U <median> S S - - - - - -

Birkmeyer 2003 3 US Adm n.r. n.a. n.r. D, C, U - - - - - <2-6> - S - -

Dimick 2003 51 US Adm 366 52 n.a. D, C, U, T <8.5> S S - - - - - -

Urbach 2003 52 Can Adm 613 47 n.a. D, C quartiles - S - - - - - -

Finlayson 2003 53 US Adm 5282 603 n.a. D, C, U <4-10> - S - - - - - -

Gillison 2002 54 UK Clin 1125 n.a. 64 D, U, S - - - - - <4-12> - S NS -

Bachmann 2002 55 UK Clin 322 n.a. 23 D, C, U, S - - - - - continuous - S S -

Birkmeyer 2002 2 US Adm 6337 1575 n.a. D, C, U <2-5-8-20> - S - - - - - - -

Kuo 2001 56 US Adm 1193 64 n.a. D, C, U <6> - S - - - - - - -

Dimick 2001 57 US Adm 1136 62 n.a. D, C, U <4-16> S S - - - - - - -

vLanschot 2001 58 Neth Adm 1792 100 n.a. D, S <11-20> - S - - - - - - -

Swisher 2000 59 US Adm 340 25 n.a. D,C, U <5> NS S - - - - - - -

Begg 1998 60 US Adm 503 190 n.a. D, C, S <6-11> - S - - - - - - -

Patti 1998 61 US Adm 1561 273 n.a. D, C <1-2-4-6> NS S - - S

Miller 1997 62 Can Clin 74 n.a. 20 none - - - - - <6> NS S - -

QoL = Quality of life; Adm = based on administrative data ; Clin = based on clinical data; n.r. = not reported; n.a. 
=not applicable; D = adjusted for demographic data (e.g. patient age, gender, race, income); C = adjusted for 
comorbidities (including ASA-classification); U = adjusted for urgency of the operation; S = adjusted for tumor 
characteristics (e.g. stage, grade, location); T = adjusted for treatment differences (e.g. surgical approach; 

(neo)adjuvant treatments); M = survival analysis adjusted for postoperative mortality; V = adjusted for other 
hospital characteristics (e.g., teaching or academic status); <10-20> = low-volume group less than 10, medium-
volume group 10-19 and high-volume 20 or more esophageal resections a year; S = statistically significant; NS 
= statistically not significant.
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Table 2. Studies included in the systematic review of the literature on the relationship between volume and 
outcome of esophagectomies for cancer (adjusted from Gruen et al.6).

Study Country Data Patients Hospitals Surgeons Casemix
adjustment

Hospital volume Surgeon volume

Volume
categories

Morbidity Mortality Survival QoL Volume
categories

Morbidity Mortality Survival QoL

Leigh 2009 27 UK Adm 9034 n.r. n.r. D <20> - S - - - - - - -

Meguid 2009 28 US Adm 4080 1506 n.a. D, C, V <15> - S - - - - - - -

Rutegard 2009 29 Swe Clin 615 n.a. n.a. D, C, S, T - - - - - <2-7> NS - - -

Gasper 2009 30 US Adm 1210 183 n.a. D, C <1-2-4-6> - S - - - - - - -

Yasunaga 2009 31 Jap Adm 642 n.a. 183 n.r. - - - - - <50-100> S - - -

Sundelöf 2008 32 Swe Clin 232 33 n.r. D, C, S, T <10> NS NS S - <10> NS NS S -

Reavis 2008 33 US Adm 5236 107 n.a. n.r. <6-13> S S - - - - - - -

Wouters 2008 34 Neth Clin 903 12 n.a. D, C, U, S, T, M <7> - S S - - - - - -

Ra 2008 35 US Adm 1172 361 n.a. D, C, S <.68-2.33> - S - - - - - - -

Rutegard 2008 18 Swe Clin 355 n.a. n.a. D, C, S, T <10> - - - NS <7> - - - NS

Hollenbeck 2007 36 USA Adm 421 151 n.a. D, C, U, S n.r. - NS - - - - - - -

Thompson 2007 37 UK Clin 1079 53 n.a. D, C, U, S <13-20-35> - - NS - - - - - -

Jensen 2007 38 Den Adm 1152 26 n.a. none <5-21> - NS - - - - - - -

Allareddy 2007 20 US Adm 2437 717 n.a. D, C, U, V <13> - S - - - - - - -

Rodgers 2007 21 US Adm 8075 995 1651 D, C, V <5-10> - NS - - <2-7> - S - -

Rouvelas 2007 39 Swe Clin 1199 53 n.a. D, C, S, T <10> - NS NS - - - - - -

Birkmeyer 2007 19 US Adm 822 206 n.a. D, C, U, S, T, M <4-14> - - S - - - - - -

Rouvelas 2007 39 Swe Clin 328 n.a. n.r. D, C, S, T - - - - - <2-7> - NS - -

Simunovic 2006 40 Can Clin 629 n.r. n.a. D, C <8-20-44> - NS NS - - - NS NS -

Lin 2006 41 Tai Adm 6674 111 n.a. D, C <20-34-59-87> - S - - - - - - -

Urbach 2005 42 Can Adm 613 58 93 D, C <2.2-7.1-12.1> - NS - - <2.4-4.6-6.9> - NS - -

Wenner 2005 43 Swe Clin 1429 74 n.a. D <5-16> - S S - - - - - -

Birkmeyer 2004 44 US Adm 4350 n.r. n.a. none <13> - S - - - - - - -

Ward 2004 45 US Adm 44 14 n.a. D, C <13> - NS - - - - - - -

Goodney 2003 46 US Adm n.r. n.r. n.a. D, C, U <2-5-8-20> NS - - - - - - - -

Elixhauser 2003 47 US Adm 1623 710 n.a. none <7> - S - - - - - - -

Dimick 2003 48 US Adm 3023 192 n.a. D, C, U, T <3-6-17> - S - - - - - - -

McCulloch 2003 49 UK Clin 955 32 n.a. D, C, S, T <11-21> NS S - - - - - -

Dimick 2003 50 US Adm 1226 n.r. n.a. D, C, U <median> S S - - - - - -

Birkmeyer 2003 3 US Adm n.r. n.a. n.r. D, C, U - - - - - <2-6> - S - -

Dimick 2003 51 US Adm 366 52 n.a. D, C, U, T <8.5> S S - - - - - -

Urbach 2003 52 Can Adm 613 47 n.a. D, C quartiles - S - - - - - -

Finlayson 2003 53 US Adm 5282 603 n.a. D, C, U <4-10> - S - - - - - -

Gillison 2002 54 UK Clin 1125 n.a. 64 D, U, S - - - - - <4-12> - S NS -

Bachmann 2002 55 UK Clin 322 n.a. 23 D, C, U, S - - - - - continuous - S S -

Birkmeyer 2002 2 US Adm 6337 1575 n.a. D, C, U <2-5-8-20> - S - - - - - - -

Kuo 2001 56 US Adm 1193 64 n.a. D, C, U <6> - S - - - - - - -

Dimick 2001 57 US Adm 1136 62 n.a. D, C, U <4-16> S S - - - - - - -

vLanschot 2001 58 Neth Adm 1792 100 n.a. D, S <11-20> - S - - - - - - -

Swisher 2000 59 US Adm 340 25 n.a. D,C, U <5> NS S - - - - - - -

Begg 1998 60 US Adm 503 190 n.a. D, C, S <6-11> - S - - - - - - -

Patti 1998 61 US Adm 1561 273 n.a. D, C <1-2-4-6> NS S - - S

Miller 1997 62 Can Clin 74 n.a. 20 none - - - - - <6> NS S - -

QoL = Quality of life; Adm = based on administrative data ; Clin = based on clinical data; n.r. = not reported; n.a. 
=not applicable; D = adjusted for demographic data (e.g. patient age, gender, race, income); C = adjusted for 
comorbidities (including ASA-classification); U = adjusted for urgency of the operation; S = adjusted for tumor 
characteristics (e.g. stage, grade, location); T = adjusted for treatment differences (e.g. surgical approach; 

(neo)adjuvant treatments); M = survival analysis adjusted for postoperative mortality; V = adjusted for other 
hospital characteristics (e.g., teaching or academic status); <10-20> = low-volume group less than 10, medium-
volume group 10-19 and high-volume 20 or more esophageal resections a year; S = statistically significant; NS 
= statistically not significant.
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In table 3 the results of the sensitivity analysis of the 16 included studies are depicted. 

A larger effect size was noted in studies from the United States (OR 2.56; P<0.001), in 

studies based on clinical data (OR 2.29; P<0.001), in studies with data that were adjusted for 

urgency of the operation (OR 2.84; P<0.001) and in studies with data that were adjusted for 

tumor characteristics (OR 2.20; P<0.001). 

Figure 4 shows the qualitative analysis of publication bias of all studies regarding hospital 

volume and postoperative mortality using OR’s. The results were suggestive for publication 

Figure 2a. Forest plot of the included studies in the meta-analysis on hospital volume and postoperative 
mortality for esophageal resections for cancer. Year = year of publication; Low = highest annual volume of low 
volume category; High = lowest annual volume of high volume category; CI = confidence interval

Figure 2b. Forest plot of the included studies in the meta-analysis on hospital volume and survival of esophageal 
resections for cancer. Year = year of publication; Low = highest annual volume of low volume category; High = 
lowest annual volume of high volume category; CI = confidence interval

Study name Year Low High Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Allareddy 2007 12 13 1.980 1.279 3.066 3.061 0.002
Birkmeyer 2002 2 20 2.778 2.003 3.852 6.124 0.000
Dimick, Cataneo 2001 4 16 4.762 2.324 9.759 4.263 0.000
Dimick, Cowan 2003 16 2.900 1.708 4.923 3.943 0.000
Dimick, Pronovost 2003 2 7 5.700 2.015 16.122 3.281 0.001
Finlayson 2003 4 10 2.632 1.637 4.230 3.996 0.000
Gasper 2009 1 6 1.650 1.011 2.693 2.004 0.045
Kuo 2001 5 6 4.300 2.350 7.868 4.732 0.000
Leigh 2009 20 1.620 1.377 1.906 5.818 0.000
Lin 2006 20 87 1.538 1.024 2.311 2.076 0.038
McCulloch 2003 20 2.041 1.015 4.103 2.002 0.045
Ra 2008 1 2 1.810 1.179 2.778 2.714 0.007
Simunovic 2006 44 0.900 0.312 2.598 -0.195 0.846
Swisher 2000 4 5 3.970 1.141 13.813 2.167 0.030
Urbach 2003 3 19 1.900 0.988 3.655 1.923 0.054
Wouters 2008 6 7 3.050 1.820 5.111 4.234 0.000

2.300 1.890 2.799 8.308 0.000

0.1 0.2 0.5 1 2 5 10
Favors Low Volume    Favors High Volume

Hospital mortality

Study name Year Low High Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Rouvelas 2007 1 7 1.110 0.968 1.273 1.490 0.136

Sundelöf 2008 9 10 1.300 0.943 1.792 1.602 0.109

Simunovic 2006 7 44 1.200 0.849 1.697 1.031 0.303

Birkmeyer 2007 3 14 1.320 1.000 1.742 1.962 0.050

1.170 1.049 1.305 2.824 0.005

0.5 1 2
Favors low volume Favors high volume

Hospital Survival
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bias, which indicates that smaller negative studies are missing, which to some degree could 

have influenced the results of this meta-analysis. 

Meta-analysis: hospital volume & survival

Of the seven studies evaluating the relationship between hospital volume and survival, four 

met the criteria for the meta-analysis. All four studies were observational, though three 

studies used clinical instead of administrative data. Adjustments for age, gender and co 

morbidities were made in all four studies; three of them adjusted for tumor characteristics 

(e.g. stage and grade) and two studies corrected also for (neo)adjuvant treatments in their 

survival analysis. Figure 2b shows the forest plot of the included studies on hospital volume 

and survival. Again, the meta-analysis showed a significant pooled estimated effect size in 

favor of high-volume hospitals (HR 1.17; CI 1.05-1.31). This result was very homogeneous 

(I2=0.0). 

Surgeon volume

In 12 studies, the relationship between surgeon volume and outcome was investigated. 

Nine of these studies used postoperative mortality as an outcome parameter and 5 of them 

showed a significant result favoring high volume. In 4 studies, postoperative morbidity was 

an outcome parameter; only one study was positive. The relationship between surgeon 

volume and survival was investigated in 4 studies; in two of them, a significant relationship 

was found. Quality of life was evaluated in one study; again the result was negative. 

Meta-analysis: surgeon volume & postoperative mortality

Of the nine studies evaluating surgeon volume and postoperative mortality, only three 

met the inclusion criteria for the meta-analysis. In all three studies age, gender and co 

morbidities were included in the multivariate analysis. Figure 3a shows the forest plot of 

the included studies regarding the effect of surgeon volume on postoperative mortality. 

In the meta-analysis a pooled estimated effect size was detected in favor of high-volume 

Table 3. Sensitivity analysis of the 16 included studies on hospital volume and postoperative mortality with 
Odds ratios as effect size. 

Factor Subgroup N OR CI P-value

Country US 10 2.56 2.17-3.00 <0.001

other countries 6 1.70 1.48-1.94 <0.001
Datasource Administrative 13 1.99 1.79-2.22 <0.001

Clinical 3 2.29 1.56-3.37 <0.001
Urgency Not adjusted 7 1.69 1.49-1.92 <0.001

Adjusted 9 2.84 2.37-3.40 <0.001
Tumor stage Not adjusted 13 1.99 1.78-2.22 <0.001

Adjusted 3 2.20 1.63-2.97 <0.001

N = number of studies; OR = Odds ratio; CI = confidence interval; I2 = result of I square test on heterogeneity 
of study results8. US = United States 
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surgeons, but this effect did not reach statistical significance (OR 1.55; 0.88-2.75) and was 

very heterogeneous ( I2=75). 

Meta-analysis: surgeon volume & survival

Two out of four studies evaluating surgeon volume and survival were included in the 

meta-analysis and both adjusted for tumor characteristics in their survival analyses. Figure 

3b shows the forest plot of the two included studies regarding the effect of surgeon 

volume on survival. In the meta-analysis there was a pooled estimated effect size in favor 

of high-volume surgeons (HR 1.16; 0.94-1.45), which was not significant. The result was 

moderately heterogeneous (I2=48).

DISCUSSION

The present study contains the first meta-analysis on the relationship between procedural 

volume and outcome of esophageal resections for cancer, with strict criteria for 

Study name Year Low High Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Bachmann 2002 . . 7.690 1.104 53.579 2.060 0.039
Birkmeyer 2003 1 6 1.800 1.129 2.869 2.472 0.013

Rodgers 2007 1 7 1.110 1.062 1.160 4.598 0.000

1.551 0.876 2.745 1.506 0.132

0.1 0.2 0.5 1 2 5 10
Favors low volume Favors high volume

Surgeon Mortality

Study name Year Low High Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Bachmann 2002 . . 1.090 1.008 1.178 2.168 0.030

Sundelöf 2008 9 10 1.400 0.990 1.980 1.903 0.057

1.164 0.938 1.445 1.379 0.168

0.5 1 2

Favors low volume Favors high volume

Surgeon Survival

Figure 3a. Forest plot of the included studies in the meta-analysis on surgeon volume and postoperative 
mortality of esophageal resections for cancer. Year = year of publication; Low = highest annual volume of low 
volume category; High = lowest annual volume of high volume category; CI = confidence interval

Figure 3b. Forest plot of the included studies in the meta-analysis on surgeon volume and survival of esophageal 
resections for cancer. Year = year of publication; Low = highest annual volume of low volume category; High = 
lowest annual volume of high volume category; CI = confidence interval
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methodological quality. Our systematic review shows that there is an increasing number of 

studies on this subject originating from different parts of the world and evaluating hospitals’ 

as well as surgeons’ procedural volume. Not only short-term outcomes like postoperative 

morbidity and mortality have been evaluated, but also long-term outcomes like survival and 

quality of life. Only a minority of these studies met the methodological inclusion criteria for 

our meta-analysis. We found that hospital volume has a strong inverse relationship with 

postoperative mortality and that patients operated in high-volume centers have a better 

survival. This relationship is much stronger than that between surgeon volume and outcome 

of esophageal cancer resections. 

There is solid criticism on the level of evidence for a volume-outcome relationship regarding 

low-volume, high-risk surgical procedures, like esophagectomies for cancer10. Our review 

confirms that most studies are observational, retrospective and based on administrative data 

collected for other purposes, instead of carefully designed comparative studies (Table 2). 

Moreover, studies originate from different health care systems all over the world introducing 

a large variety in demographical, geographical and epidemiological factors as well as 

standards of care. For example, our analyses showed larger differences in postoperative 

mortality between high- and low-volume hospitals identified in the United States than in 

other countries. In the evaluation of the methodological quality of the available studies 

substantial heterogeneity was identified. Especially, the choice of volume categories 

was extremely diverse among all studies. The rationale for specific volume cut-offs was 

Figure 4. Analysis of risk of publication bias: funnel plot of studies included in the meta-analysis on hospital 
volume and postoperative mortality using odds ratio’s. The funnel plot is asymmetric, missing smaller negative 
studies, suggesting publication bias. Quantitative analysis with the Egger’s regression intercept showed an 
intercept of 1.7 with a two-sided P value of 0.03, confirming the suggestion of publication bias.
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seldom explained in the methodological paragraphs suggesting a potential selection bias. 

In addition, the risk of publication bias was calculated for the studies on hospital volume 

and postoperative mortality, missing the smaller negative studies, which obviously had little 

chance for publication in peer-reviewed medical journals.

Only high-quality comparative studies were included in our meta-analyses. All but one 

study included at least age, gender and co morbidity in the multivariate analysis on the 

relationship between hospital volume and postoperative mortality. Several studies used 

additional parameters as potential confounders (e.g., neo-adjuvant treatments, urgency of 

the operation, tumor characteristics). This led to higher effect sizes and less heterogeneity 

in results between properly adjusted studies, as was shown in our sensitivity analyses (Table 

3). Because of these robust effect sizes, the risk of publication bias detected in our analyses 

(Figure 4), is expected to have influenced the results of this meta-analysis insignificantly.   

Adjustments for tumor characteristics not only gave higher effect sizes in studies on hospital 

volume and postoperative mortality. Also, in three out of four studies on hospital volume 

and survival in which results were adjusted for tumor stage, a significantly better outcome 

was found in high-volume hospitals (Table 2). 

In the meta-analysis on surgeon volume and outcome, the correlations between volume and 

postoperative mortality and volume and survival were not significant. This suggests that 

outcome of esophageal cancer surgery is not only dependent on the experience and skills 

of individual surgeons. The hospital setting in which they perform their operations seems 

more important. The above results indicate that - for high-quality of care - experience with 

esophageal cancer surgery is important on a hospital’s level rather than on an individual 

surgeon’s level. 

Apart from the methodological shortcomings mentioned above, volume-outcome studies 

have other important limitations. First, surgery is not the only treatment used in esophageal 

cancer patients. Differences in treatment patterns, like the use of (neo)adjuvant chemo- 

and/or radiotherapy may also influence long-term survival. In our meta-analysis on the 

relationship between hospital volume and survival, data in three out of four studies have 

been adjusted for differences in the use of (neo)adjuvant therapies. Especially in the study 

of Birkmeyer, based on the SEER-Medicare database, it is shown that the percentage 

of patients that receives chemo- and / or radiotherapy besides surgical treatment is not 

different between low-, medium- and high-volume hospitals19. 

In addition, in only few studies, data have been corrected for (other) provider 

characteristics20,21, such as the available infrastructure, teaching or academic status, 

inner city or private hospital status, experience with other high-risk operations, expertise 

in multimodality cancer treatments, a hospital’s budget, focus and/or referral bias. These 

factors are often related to, but not identical with procedural volume. In a recent study, 

Courrech-Staal et al. have reported the results of esophageal cancer surgery in a tertiary 
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referral center, with a mean annual hospital volume of more than 100 esophageal cancer 

patients a year22. Due to selective referral of patients with higher tumor stages only 20% 

of them had potentially curable disease, an unfavorable tumor mix when compared to the 

50% reported in most series. Nevertheless, the authors have shown excellent results of 

esophageal cancer surgery despite a low procedural volume (<10 resections/year). The use 

of procedural volume as the sole measure of quality of care might fall short in identifying 

high-leverage processes of care in individual institutions. In our opinion policy makers should 

bare this in mind when efforts are made to centralize complex high-risk surgical procedures. 

In the Netherlands, the Quality of Cancer Care taskforce of the Dutch Cancer Society has 

recently proposed to concentrate specific cancer treatments in those hospitals that meet 

a set of criteria. These criteria do not only focus on procedural volume, but also on the 

available infrastructure, specialization of medical professionals and outcome measures, 

that should be reported by individual institutions23. From a patients’ perspective outcome 

information might be more interesting and informative than volume alone. However, also 

from a professional perspective too much focus on proxy variables like ‘volume’ is not 

preferable. Volume standards do have little ability to move the medical field forward24. 

Identifying ‘best practices’ in patient selection, treatment strategies, technical procedures 

and peri-operative care is much more important and the central issue in outcomes research 

and surgical audits25,26. Careful analysis of data retrieved from different hospitals, that 

vary in patterns of care and outcomes, might identify ways to improve the whole field of 

esophageal cancer treatment. 

In conclusion, this meta-analysis has shown that procedural volume is associated with less 

postoperative mortality and better survival in esophageal cancer surgery. A hospital’s annual 

volume seems more important than the experience of individual surgeons. Although there is 

no evidence for a specific volume cut-off in the literature, centralization of esophageal cancer 

surgery in dedicated high-volume centers could lead to better outcome in this patient group. 
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