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Historical reviews of outcome following major operations for cancer have focused on the readily measurable, operative mortality. The


interrelationship of surgeon and institutional volume to improved perioperative outcome has been confirmed. More current studies now relate long


term cancer survival to other issues of specialization, volume, payor and institution. The challenge is to determine what volume thresholds are


sufficient for acceptable outcomes.
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Outcome research has moved ahead from observations in the early


1990s [1] which identified the association of operative mortality with


institutional surgeon volume. In our initial report, it was noted that


97% of the surgeons in New York State (NYS) who performed a


pancreaticoduodenectomy in the years 1983–1991 for malignant


tumor did one or less a year. Other interesting data identified the


association of operative mortality not only with volume, but also with


payor and ethnic origin [2]. Data such as this was subsequently


confirmed for gastrectomy [3] in NYS and replicated in multiple other


states.


The expansion from statewide databases to national databases


utilizes the combination of the SEER (surveillance epidemiology and


end results) database and the Medicare population to better


characterize outcome. In an article from our own institution [4], the


association of mortality for major complicated operations for


malignancy, the operative mortality was firmly established to be


related to volume for pancreatectomy, esophagectomy, pneumonect-


omy, and hepatic resection. For example, the operative mortality in low


volume institutions was 17.3% and in high volume institutions 3.9%


for esophagectomy. It was at this time, that the relatively small


numbers required to define high volume were identified, for example


>6 but <10 per year approximated the operative mortality for those


doing greater than 11 per year. What was also derived from these data


was, how few patients actually underwent an operative procedure for a


malignant process. For example, there were 19,205 identified cancers


of the pancreas, but only 3.9% underwent an operative procedure for a


malignant process, in esophagectomy it was 7.4% and less than 1% in


hepatic malignancy. This presents a major issue for patient care, as


there is no prospect for cure in these malignancies without surgical


intervention.


The initial assumption was that the results in perioperative mortality


would not be identified in more common operations. However, an


examination of hospital volume versus colon cancer [5] identified


similar relationships with the operative mortality for hospitals having


less than 10 cases being 5.5% and those having greater than 28 cases,


3.5%. The important issue in this article is that each quartile


represented a similar number of patients but ever decreasing the


number of hospitals. Calculations were then made to look at what were


the consequences if patients in the low volume hospital were operated


on in the high volume hospitals. Actual ‘‘potential lives saved’’ then


became evident. These data for malignancies were further expanded


[2] to include operative procedures, not malignancy associated such as


coronary artery bypass grafting and elective abdominal aortic aneurism


resection. Between 20% and 40% reduction in operative mortality


was identified when comparing low volume hospitals to high volume


hospitals. An analysis of the impact of hospital and physician surgical


volume on in-patient cancer mortality was then described derived from


the NYS SPARCS (Statewide Planning and Research Cooperative


System) database for 1999 (Table I) updated for 2006, which examined


over 47,000 operative procedures. A patient had an operative mortality


of 1.36% in a high physician volume, high hospital volume institution


but 3.48% mortality in a low volume institution with a low volume


surgeon. A 250–300% difference, based on a proximity measured in


less than 10 miles! The fortunate association is the marked


improvement in operative mortality in all hospitals in less than


10 years.


The natural extension of all of these observations was the


examination, that if volume really mattered in perioperative mortality,


just how many cases are sufficient to obtain an acceptable low


mortality. A further analysis of the SPARCS database for 1999 showed


that in a high volume institution of specialist type, operative mortality


was reached early even by a low volume surgeon, whereas in a low


volume institution, such mortality decrease by high volume surgeons


was not reached until a far greater number. These data are updated for


2006 (Fig. 1). More importantly, in a high volume hospital the


likelihood of having a high volume surgeon performing a procedure


dramatically increased. For example, in the highest volume institution


there was at least a 64% probability of having a surgeon to perform


such a procedure greater than 40 times during the year, as opposed to a


low volume institution, where there was less than a 25% chance of such


a procedure being performed by a high volume surgeon.


It was clear that the volume levels had to be procedure-specific [2]


where looking at quintiles to define very low from very high volume


surgeons in coronary artery bypass graft that might be less than 230 for


a very low hospital and greater than 849 for a high volume hospital.


Similar numbers for abdominal aortic aneurysm, colectomy, gastrect-


omy, and pancreatectomy are illustrated in Table II. In addition to the
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awareness that volume was procedure specific, clear identification of


changes in length of stay as a surrogate for complications were also


identified. In our own institution, since 1984, when we first began our


prospective database of resected adenocarcinoma of the pancreas, the


median length of stay has gone from approximately 4 weeks to 1 week.


This in itself provides additional important information because


operative mortality is characteristically described as 30-day mortality,


which can now be misleading, and it becomes imperative that operative


mortality after postdischarge is recorded. For example, in our own


institution operative mortality in less than 30 days for pancreatico-


duodenectomy is 2%, but for less than 90 days is 4%. Presumably those


patients dying between 30 and 90 days have the combined component


of either a major complication or progression of disease, which would


predicate for selection albeit unknown.


Length of stay and mortality are intimately linked. In institutions


where there are patients with the lowest operative mortality, the length


of stay is shortest, and volume dependent. In the analysis of 1,512,339


cases from New York City between 1995 and 2006 a large volume


institution performing more cases than any other institution had the


lowest length of stay and the lowest mortality (Fig. 2).


If institution and surgical volume and specialist status all matter,


can society afford high volume specialist centers? Data on this is
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TABLE I. Impact of Hospital and Physician Surgical Volume on Inpatient


Cancer Mortality—1999


NYS SPARCS Database.


Fig. 1. New York City cancer mortality analysis 2006 for cases performed in the operating room by each surgeon. Source: NYS SPARCS
Inpatient Database; MSKCC¼Memorial Sloan-Kettering Cancer Center.
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difficult to find. However, as length of stay is a very good surrogate in


the United States system for in-hospital cost it is presumed that if


length of hospital stay is less then cost would be less. This can be


dramatically illustrated from the New York City cancer mortality data


for 1995–2006 showing charges at large volume centers are to be


associated with lesser mortality (Fig. 3).


Have all these observations on perioperative mortality actually


improved the situation? It is now clear by looking at 1994–1999 data


[6], that there has been improvement in the way in which patients have


become referred. For example, in pancreatectomy if one looks at those


patients who are now being operated on in a hospital that does greater
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TABLE II. Hospital Volume—Variation in Volume Loads


Quintiles AV/procedures/year


Very low Medium Very high


CABG <230 349–549 >849


AAA <17 31–49 >79


Colectomy <33 57–84 >124


Gastrectomy <5 9–13 >21


Pancreatectomy <1 3–5 >16


Medicare 1994–1999.


Adapted from Birkmeyer et al. [2].


Fig. 2. New York City cancer outcome analysis for length of stay (1995–2006). Source: NYS SPARCS Inpatient Database;
MSKCC¼Memorial Sloan-Kettering Cancer Center; Peer¼ other academic institutions of equal standing; NYC¼New York City.


Fig. 3. New York City cancer outcome analysis for charge per case (1995–2006). Source: NYS SPARCS Inpatient Database;
MSKCC¼Memorial Sloan-Kettering Cancer Center; Peer¼ other academic institutions of equal standing; NYC¼New York City.
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than 18 a year it has gone from 16% in 1994 to 21% in 1999, with


similar changes in gastrectomy and esophagectomy (Table III).


Another way to look at whether there has been improvement


over time is to utilize the surgical cancer mortality from NYS and it is


clear that mortality in both academic institutions, a large specialist


referral cancer hospital, and other New York City hospitals while still


showing a marked difference, associated with volume, there has been


an improvement with time in all hospitals (Fig. 4) in surgical cancer


mortality.


The specialist versus non-specialist issue has been addressed in a


number of different ways, both in North America and in Great Britain


[7] clearly showing that in colorectal cancer the postoperative


mortality, incidence of an anastomotic leak, the subsequent recurrent


free survival and long-term survival are all impacted when comparing


the specialist to the non-specialist. Such information can also be


obtained for breast carcinoma [8], which showed that with both


increasing volumes and specialist treatment there is a decreasing


failure rate both local and systemic.


The issue of whether or not such changes in perioperative mortality,


which are volume dependent, can be translated into long-term survival


was not initially appreciated. This can now be done by examination of


the United States Medicare 5-year survival data, for example for


esophagectomy where specialized cancer institutions have an


improved overall 5-year survival when compared to other peer


institutions and general institutions. An example from New York City


is seen (Fig. 5). The same can be said of gastrectomy (Fig. 6). Not


surprisingly the differences for colectomy, while they persist, are not as


dramatic as in the more complicated procedures consistent with the


differences in mortality seen in the actual perioperative mortality.


Again, such data can be defined in mortality versus cost format (Fig. 7).


The question of whether or not mortality is related to the underlying


payor has been one debated significantly (Fig. 8). It does appear that


even by payor there is some improvement in time but this is variable


across various payors. Where there are large volumes for data, such as


in Medicare, it does appear that there is a progressive improvement


with time but it is differential between institutions, with a higher


volume specialist institution consistently showing the lesser mortality.


All of these data would suggest that volume and specialist


outcomes, both in the perioperative period measured by mortality


and morbidity and in the long-term measured in survival, are improved


in focused high volume centers with high volume physicians and


surgeons.


A more challenging approach is how do we translate changes in


perioperative management that are associated with perioperative


morbidity into adaptation by the general surgical and hospital


populous?


A number of perioperative studies have been performed looking at


the influence of operative drains, first initiated in cholecystectomy, and


then subsequently in prospective randomized trials both in our


institution and in others. A good example (Table IV) is the randomized
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TABLE III. Operative Mortality—Improvement With Time or Volume


1994 1995 1996 1997 1998 1999


Pancreatectomy


Op mortality 10.8 11.3 12.6 11.5 10.5 10.2


% in >16/year hospital 17 19 18 23 22 24


Gastrectomy


Op mortality 10.7 11.8 12.0 10.9 11.3 11.8


% in >21/year hospital 18 19 19 20 21 21


Esophagectomy


Op mortality 16.5 15.4 17.0 15.1 15.0 15.1


% in >18/year hospital 16 18 19 19 18 21


Medicare 1994–1999.


Adapted from Goodney et al. [6].


Fig. 4. New York City surgical cancer mortality (1995–2006). MSKCC¼Memorial Sloan-Kettering Cancer Center; Peer¼ other academic
institutions of equal standing; NYC¼New York City.
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control trial for intra-abdominal drainage after elective liver resection


[9]. We were not able to show a difference in any entity that relates to


complications or indeed to need for subsequent major intervention.


More importantly perhaps, that while drainage may become necessary;


it is rarely associated with infection particularly after liver resection. In


pancreatic drainage, our retrospective observation [10] suggested that


in patients undergoing pancreatic resection who had no drain there


was, if anything, a lesser complication rate than in those that did have a


drain, although the hospital stay was the same. This retrospective


observation was taken to a prospective randomized trial looking at the


influence of drainage in perioperative management of pancreatic


adenocarcinoma [11] and in that situation, while the groups were


remarkably comparative (Table V) mortality was the same, but the


fistula and collection rates were markedly different. In the main,


the presence of a drain rarely resolved the issue, and was much more


likely to be associated with a subsequent infectious complication. Once


again, it is important to emphasize the point that unless one follows


patients with great care including post hospital discharge then the true


prevalence of infectious complications will be grossly underestimated.


Similar trials emphasizing the lack of benefit of drains following


gastric cancer resection have been shown [12].


The time-honored practice of perioperative nasogastric suction has


been challenged on a number of occasions. Essentially all randomized


trials that have looked at the value of nasogastric tubes have failed to


demonstrate a benefit. Translation of this information to the practicing


surgeon has been difficult. There is a reluctance to accept such change


and a reluctance to accept that postoperative complications such as


pneumonia [13] increased after liver resection with nasogastric


drainage.


Perhaps more dramatic are the randomized trials looking at


mechanical bowel preparation in elective colonic resection. It is


intrinsically difficult to accept that the presence of fecal material in the
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Fig. 5. United States Medicare 5-year survival for esophagectomy. MSKCC¼Memorial Sloan-Kettering Cancer Center; Peer¼ other academic
institutions of equal standing; NYC¼New York City.


Fig. 6. United States Medicare 5-year survival for gastrectomy. MSKCC¼Memorial Sloan-Kettering Cancer Center; Peer¼ other academic
institutions of equal standing; NYC¼New York City.
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Fig. 7. New York City Medicare 5-year outcomes by mortality and charge per surviving patient. MSKCC¼Memorial Sloan-Kettering Cancer
Center; Peer¼ other academic institutions of equal standing; NYC¼New York City.


Fig. 8. New York City mortality rate by payor (1995–2006). MSKCC¼Memorial Sloan-Kettering Cancer Center; Peer¼ other academic
institutions of equal standing; NYC¼New York City.
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colon can do anything but increase the rate of complications following


a colonic procedure. However, randomized trials [14] (Table VI) have


not shown a difference with mechanical bowel preparation and, if


anything, may be associated with greater complications.


A similar observation is the routine application of postoperative


nutrition either by the parenteral [15] or enteral [16,17]. In our studies,


we could not show a benefit of routine application of either parenteral


or enteral feeding, but this has been difficult to convey or get translated


into general management. If anything, unnecessary vigorous attempts


at nutritional support for patients undergoing uncomplicated operative


procedures are usually associated with greater complications.


One is chastened by the rapid adoption of perioperative blockade as


a routine measure for all major procedures in cancer only to find that


the application in other randomized trials was associated with a


decrease in myocardial infarct risk but actually an increase in the


stroke risk [18] (Table VII). While criticism can be equally aimed at


both negative and positive trials, the injudicious adaptation of the


results of any trial to entire populations remains difficult.


In similar fashion, early studies of aggressive use of insulin to


maintain a blood sugar (almost invariably in the association with high


glucose levels or total parenteral nutrition) suggested a decrease in


perioperative and in-hospital mortality [19]. It has long been known,


however, that improved total body protein kinetics could be maintained


by euglycemic hyper-insulinemic clamp utilizing exogenous insulin


and glucose [17]. Subsequent studies, which utilized postoperative


patients who did not receive high glucose and amino acid support but


intensive insulin therapy, had no benefit on survival rates, and were


associated with an increase in hypoglycemic events. A recent study by


Brunkhorst [20] looking at patients with severe sepsis receiving


intensive insulin therapy was stopped early for safety reasons. This was


mainly as there was no difference in outcome, and the rate of severe


hypoglycemia was sufficiently high in the intensive therapy group


(17% vs. 4%), and associated with serious adverse affects in 10.9%


versus 5.2%. Parenthetically, in that study where hydroxy ethylene


starch (HES) was utilized in comparison to Ringers lactate HES was


associated with higher rates of acute renal failure, which was increased


with accumulating dose. All of these issues suggest there is still time


for clinical judgment.
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TABLE IV. Randomized Controlled Trial of Intra-Abdominal Drainage


After Elective Liver Resection


Drain No drain


N 60 60


Age 57� 2 57� 2


�Lobectomy 44 43


Mortality 2 2


Complications total 36 34


Complications patients 29 26


Percutaneous drainage 5 11


Infected collection 3 0


All NS.


Adapted from Fong et al. [9].


TABLE V. Prospective Randomized Trial of Intra-Operative Drainage


After Pancreatic Resection


Drain


(N¼ 88)


No drain


(N¼ 91) Total


Co-morbidity 67 86 153 (85%)


Hypertension 28 38 66 (39%)


Diabetes 13 21 34 (19%)


Jaundice 27 32 59 (33%)


Pre-op antibiotics 87 90 177


Pre-op biliary stent 26 26 52


Data from Conlon et al. [11].


TABLE VI. Randomized Controlled Trial of Mechanical Bowel


Preparation in Elective Colonic Resection


MBP No MBP


N 686 657


Cardiovascular comp 5.1% 4.6%


General infection 7.9% 6.8%


Surgical site infection 15.0% 16.1%


Adapted from Jung et al. [14].


TABLE VII. POISE Trial—Effects of Study Treatment on Outcomes at


30 Days


Metoprolol Placebo P-value


N 4174 4177


Myocardial infarct 176 (4.2%) 239 (5.7%) 0.002


Deaths 129 (3.1%) 97 (2.3%) 0.03


Stroke 41 (1.0%) 19 (0.5%) 0.005


Adapted from POISE Study Group [18].
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6 SURGERY


SINCE THE FIRST VOLUME-OUTCOME RELATIONSHIPS


in the provision of medical care were reported 2
decades ago by Luft et al,1 scores of studies have
demonstrated that for a wide variety of surgical


The influence of hospital and surgeon
volume on in-hospital mortality for 
colectomy, gastrectomy, and lung 
lobectomy in patients with cancer
Edward L. Hannan, PhD, Mark Radzyner, JD, MBA, David Rubin, BS, James Dougherty, MD, MBA,
and Murray F. Brennan, MD, Rensselaer and New York, NY


Background. This study explores the volume-mortality relationship for 3 groups of cancer procedures to
determine whether higher-volume hospitals, higher-volume surgeons, or both are associated with lower 
in-hospital mortality.
Methods. New York’s Statewide Planning and Research Cooperative System was used to identify more
than 32,000 hospital inpatients with a cancer diagnosis who underwent colectomy, lobectomy of the
lung, or gastrectomy between January 1, 1994, and December 31, 1997. The association of in-hospital
mortality rates with provider (hospital and surgeon) volume was examined after adjusting for differ-
ences in age, demographics, organ metastasis, socioeconomic status, and comorbidities.
Results. For hospital volume for gastrectomy, the highest-volume quartile had an absolute risk-adjusted
mortality rate that was 7.1% lower (P < .0001) than the lowest-volume quartile, although the overall
mortality rate for the procedure was only 6.2%. For surgeon volume for colectomy, the highest- and 
lowest- volume quartiles differed by 1.9% (P < .0001), although the procedure mortality rate was only
3.5%. For hospital volume for lung lobectomy, the absolute difference in mortality was 1.7%. Patients
undergoing operations performed by high-volume surgeons in high-volume hospitals usually had signifi-
cantly lower risk-adjusted mortality rates than did patients who had low-volume surgeons or who were
in low-volume hospitals, or both.
Conclusions. For all 3 procedure groups, the risk-adjusted in-hospital mortality is significantly lower
when the procedures are performed by high-volume providers. (Surgery 2002;131:6-15.)
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Surgical outcomes research


procedures and medical conditions, providers
(hospitals and surgeons) who treat higher vol-
umes of patients have better patient outcomes
than their lower-volume counterparts. Many of
these studies have shown significant volume-
outcome relationships in the treatment of
patients with cancer.2-21


Most of these studies were restricted to a single
measure of provider volume—either hospital vol-
ume or surgeon volume. The purpose of this
study is to examine the relationship between out-
comes of care (with in-hospital mortality as an
end point) and provider volume (both hospital
and surgeon volume) for 3 procedures that
patients with cancer undergo: colectomy (left
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hemicolectomy, right hemicolectomy, sigmoidec-
tomy, and resection of the transverse colon), lung
lobectomy, and gastrectomy. This study has the
advantage of being very comprehensive (with
more than 32,000 patients) and population-based
(including all patients undergoing these proce-
dures in non-federal hospitals in NY State
between 1994 and 1997).


METHODS
The data used in the study were obtained from


the NY State Department of Health’s acute care
hospital discharge database, the Statewide
Planning and Research Cooperative System, which
contains automated discharge data that includes
the age, sex, race, admission status, principal diag-
nosis and up to 14 secondary diagnoses, principal
procedure and up to 14 secondary procedures,
unique hospital identifier, unique surgeon identifi-
er, and discharge status. Data in the system are
abstracted from medical records by trained med-
ical records personnel in each hospital, and the
Department of Health is responsible for verifying
the accuracy of reported information. 


The Statewide Planning and Research Cooperative
System was used to identify all patients discharged
from acute care hospitals in New York between
January 1, 1994, and December 31, 1997, for whom 1
of 3 procedures or groups of similar procedures was
coded as a principal procedure and for whom a relat-
ed cancer diagnosis (eg, colon cancer for a colecto-
my) was coded as the principal diagnosis. The
procedure groups were colectomy (right hemi-
colectomy, resection of the transverse colon, left 
hemicolectomy, sigmoidectomy), with respective
ICD-9-CM codes 45.73-45.76, lobectomy of lung (ICD-
9-CM code 32.4), and gastrectomy (ICD-9-CM codes
43.5-43.99). These 3 procedure groups were chosen
because they have relatively high mortality rates in
relation to other frequently performed cancer proce-
dures, such as mastectomy and prostatectomy.


The following methods were used separately for
each of the 3 procedure groups in the study.
Prevalences were computed, and the relationships
to mortality were tested for several potential
patient risk factors. These factors included patient
age, sex, race, organ metastasis (ICD-9-CM diagno-
sis codes 197-198.89), Medicaid status, and a variety
of comorbidities. Chi-square tests (with P < .05)
were used to determine significance.


Subsequent analyses were used to determine
whether patient mortality rates were significantly
related to 4-year hospital volume and 4-year sur-
geon volume for each procedure while controlling
for differences in patient risk factors. Before devel-


oping final models for each of the procedure
groups, preliminary models were examined to
assess whether there were significant mortality dif-
ferences for individual procedures within the pro-
cedure group (eg, right hemicolectomy, left
hemicolectomy, sigmoidectomy, resection of trans-
verse colon for colectomy), while controlling for
differences in patient risk factors. Although there
were differences before risk adjustment, no signifi-
cant intra-group differences were found after risk
adjustment. Consequently, multivariable analyses
were performed for each group of procedures after
combining the procedures within each group.


Because the database has a hierarchical struc-
ture with patients assigned to surgeons, who in turn
are within hospitals, a generalized linear mixed
model with binary outcomes was used to model the
volume-outcome relationship for each procedure
group.22,23 PROC MIXED (version 6.12; SAS
Institute, Cary, NC) was used to conduct the analy-
ses, because the GLIMMIX macro did not converge
as a result of the large numbers of hospitals and
surgeons in the analyses.22 The unit of analysis was
the patient, with the binary dependent variable in
each of the models denoting whether the patient
died in the hospital during or after the procedure
was performed, or if the patient was discharged
alive. The independent variables for each model
included patient age, sex, race, organ metastasis,
Medicaid status, several comorbidities, and hospital
and surgeon volume measures. Comorbidities were
chosen as candidates for the models on the basis of
their associated mortality rate (at least 1.5 times the
overall mortality rate for the procedure group) and
their prevalence (at least 1%). It should be noted
that one of the “comorbidities,” congestive heart
failure (CHF), could be a complication of care
rather than a condition that was present at admis-
sion. For that reason, the analyses were redone to
determine whether the impact of provider volume
on mortality changed when CHF was not included
as a risk factor. In fact, for most analyses the 
volume-outcome association increased. Results
reported here are based on models that include
CHF when it proved to be significant. Linear and
quadratic functions of age were used in the models
after confirming that they were more strongly relat-
ed to mortality than categorical age intervals.


Hospital volumes were calculated for the 
4-year period for each procedure group by sum-
ming the number of times a procedure in the
group was performed in that hospital during the
period. Surgeon volumes were calculated for
each procedure group by summing the number
of times the surgeon performed 1 of the proce-







8 Hannan et al Surgery
January 2002


dures in the group, regardless of the hospital in
which the procedure was performed. Four-year
provider (hospital and surgeon) volumes corre-
lated well with annual volumes, and there were
no trends with regard to provider volumes from
year to year. Models were developed with patient
volume quartiles as categorical variables for each
of the 2 volume measures, with the highest-
volume quartile used as the reference category.
Model coefficients for the other 3 volume quar-
tiles were used to estimate the risk-adjusted mor-
tality for those quartiles relative to the rate in the
highest-volume quartile. Next, 2 hospital volume
and 2 surgeon volume groups were created by
splitting the volumes at the median value, and 4
hospital volume and surgeon volume groups were
created based on intersections of these groups.
Risk-adjusted mortality rates were calculated for
the groups with the high-hospital volume and
high-surgeon volume group as a reference.


Other analyses were conducted to validate the
findings and further explore the nature of the rela-
tionship between the provider volume measures
and in-hospital mortality. First, a national “center
of excellence” was removed from the database to
determine whether the volume-mortality findings
remained significant. Next, a stepwise logistic
regression model was used to test for differences
among volume quartiles while controlling for
patient risk factors. A commercial severity of illness
software package from 3M Health Care (APR-
DRGs) was used as an aid in controlling for pre-
admission severity of illness to check on the
consistency of results. In 1 test, each patient’s pre-
dicted probability of mortality from the APR-DRG


system was added to the candidate-independent
variables in the logistic regression model. In anoth-
er test, 3 of the 4 APR-DRG categories for “risk 
of mortality” were added to the set of candidate-
independent variables in the logistic regression
model. The other category—the lowest risk—was
used as the reference category in the model. All
these analyses yielded stronger volume-mortality
relationships than the ones reported here.


RESULTS
Table I presents, for each procedure group in


the study, the number of patients, in-hospital mor-
tality rate, numbers of hospitals in which the pro-
cedure(s) is performed, number of surgeons
performing the procedure(s), and the quartiles
for hospital and surgeon volume. The statistics
reported are for NY State between 1994 and 1997.
The number of procedures performed during
the 4-year period ranged from 3711 for gastrecto-
my to 22,128 for colectomy. In-hospital mortality
rates ranged from 1.86% for lung lobectomy to
6.17% for gastrectomy. The majority of the
roughly 250 hospitals in New York performed
each of the procedures, with the range from 178
to 229 hospitals. For all procedure groups, there
was a large difference between the 25th per-
centile of hospital volume and the maximum vol-
ume for the 4-year period. For example, for
colectomy, 83 or fewer procedures were per-
formed in 25% of the hospitals, whereas 619 pro-
cedures (2.8%) were performed in 1 hospital.
The same phenomenon was true for surgeon vol-
ume. For instance, for lung lobectomy, 25% of
the surgeons performed 22 or fewer procedures


Table I. Mortality and provider characteristics for procedures in the study (1994-1997)


Colectomy Lobectomy of lung Gastrectomy


Total no. of patients 22,128 6954 3711
In-hospital deaths 779 129 229
Mortality rate (%) 3.52 1.86 6.17
No. of hospitals 229 178 207
No. of surgeons 2052 373 1114
Four-year hospital 
Volume


25th percentile 83 37 15
50th percentile 144 114 33
75th percentile 253 168 62
Maximum 619 1170 328


Four-year surgeon
Volume


25th percentile 11 22 2
50th percentile 20 49 4
75th percentile 34 130 11
Maximum 262 318 99
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in the 4-year period, but 1 surgeon performed
318. The following is a more detailed description
of the results for each procedure group present-
ed in Table II through Table V.


Colectomy. Table II demonstrates that 10 of the
14 patient risk factors were significantly associated
with higher in-hospital mortality rates for patients
undergoing colectomy. The mortality rates for sig-
nificant risk factors ranged from 4.3% for patients
older than 65 years to 12.8% for patients with CHF.
In contrast, the mortality rate for all colectomy
patients was 3.5%. 


Table III presents the number of providers,
number of patients, observed mortality rate, and
risk-adjusted mortality rate relative to the highest-
volume quartile for each of the hospital volume
quartiles and surgeon volume quartiles for colecto-
my. As indicated, one fourth of all colectomies were
performed in the 15 highest-volume hospitals (93
per hospital per year), whereas one fourth of all
colectomies were performed by the 134 lowest-
volume hospitals (10 per hospital per year).
Observed mortality rates decreased with increasing
hospital volume, from 4.61% for the lowest-volume
quartile to 2.13% for the highest-volume quartile. 


With respect to the risk-adjusted differences in
mortality rates among quartiles, age, Medicaid sta-
tus, female gender, airway obstruction, CHF, atrial
fibrillation, organ metastasis, and African-
American race were identified as significant risk
factors in the mixed model. The binary factors with
the strongest association with mortality were CHF


(a 7.8% absolute mortality difference between
patients with and without CHF) and organ metas-
tasis (a 3.5% difference).


After adjusting for the impact of the risk factors,
patients undergoing operations in the 2 lowest-
volume hospital quartiles had mortality rates that
were 1.93% and 1.80% higher than patients under-
going operations in the highest-volume hospital
quartile, and these differences were both highly sig-
nificant (P < .0001).


For surgeon volumes, 67% (1382 out of 2052) of
the surgeons performed only 25% of the proce-
dures (1 per surgeon per year), whereas the 114
highest-volume surgeons (6%) also performed one
fourth of the procedures (13 per surgeon per
year). The observed mortality rate fell from 4.81%
for the quartile of patients undergoing colectomy
performed by the lowest-volume surgeons to 2.23%
for the quartile of patients undergoing operations
performed by the highest-volume surgeons.


After adjusting for the significant patient risk
factors noted previously, patients undergoing oper-
ations in the 2 lowest-volume surgeon quartiles
were found to have mortality rates that were 1.86%
and 1.12% higher than patients undergoing opera-
tions in the highest-volume surgeon quartile, and
these differences were both highly significant 
(P < .0001 and P = .002, respectively). The 0.65%
difference in the 2 highest-volume surgeon quar-
tiles was significant only at the .10 level (P = .07). 


The correlation between hospital volume and
surgeon volume for colectomy was reasonably


Table II. Patient characteristics: prevalences and in-hospital mortality rates


Colectomy Lung lobectomy Gastrectomy


No. of points Mortality rate No. of points Mortality rate No. of points Mortality rate
Characteristic (%) (%) (%) (%) (%) (%)


Age >65 16,463 (74.4) 4.3* 3963 (57.0) 2.3* 2454 (66.1) 8.2*
Female gender 12,078 (54.6) 3.6 3449 (49.6) 1.5† 1558 (42.0) 5.9
Medicaid 1085 (4.9) 3.9 329 (4.7) 3.7† 350 (9.4) 5.1
IHD 2458 (11.1) 4.7* 575 (8.3) 2.8 329 (8.9) 8.2
Airway obstruction 1616 (7.3) 6.4* 1086 (15.6) 2.2 250 (6.7) 9.2‡
CHF 1970 (8.9) 12.8* 201 (2.9) 12.4* 327 (8.8) 16.5*
Atrial fibrillation 1917 (8.7) 8.7* 800 (11.5) 5.0* 323 (8.7) 14.2*
Metastasis 5371 (24.3) 5.7* 1114 (16.0) 2.1 1010 (27.2) 8.0†
African American 1945 (8.8) 4.6† 486 (7.0) 3.1‡ 550 (14.8) 6.9
PVD 219 (1.0) 5.0 98 (1.4) 6.1† 32 (0.9) 6.3
COPD 266 (1.2) 6.8† 769 (11.1) 2.3 46 (1.2) 8.7
Diabetes 1114 (5.0) 5.0† 237 (3.4) 5.9* 183 (4.9) 9.8‡
Dysrhythmia 480 (2.2) 6.3* 214 (3.1) 3.7‡ 106 (2.9) 14.2*
All patients 22,128 (100) 3.5 6954 (100) 1.9 3711 (100) 6.2


IHD, Ischemic heart disease; CHF, congestive heart disease; PVD, peripheral vascular disease; COPD, chronic obstructive pulmonary disease.
*P < .001.
†P < .01.
‡P < .05 for differences in mortality between patients with and without the specified risk factor.
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high (r = .50, P < .0001). Table VI indicates that
patients undergoing operations performed by sur-
geons with below-median volumes in hospitals
with below-median volumes had mortality rates
that were 2.3% higher than their counterparts
undergoing operations performed by high-
volume surgeons in high-volume hospitals 
(P < .0001). Patients of above-median-volume sur-
geons performing in below-median-volume hospi-
tals also had poorer results than the comparison
group (1.2% higher mortality rate, P = .003), as
did patients of below-median-volume surgeons
performing in above-median-volume hospitals
(0.7% higher rate, P = .035). As the above num-
bers demonstrate, patients undergoing operations
performed by below-median-volume surgeons in
below-median-volume hospitals had the highest
mortality rates.


Lung lobectomy. According to Table II, 9 of the
14 patient risk factors were associated with signifi-
cantly different mortality rates for patients under-
going lobectomy of the lung. The rates for
significant risk factors ranged from 1.5% for
women (which was significantly lower than the rate
for men) to 12.4% for patients with CHF, which was
significantly higher than for patients without CHF.


Table IV presents the number of hospitals,
number of surgeons, observed mortality rate, and
risk-adjusted rate relative to the fourth quartile
for each hospital volume quartile and surgeon
volume quartile for lobectomy of the lung. A total
of 133 of the 178 hospitals (75%) in which the


procedure was performed accounted for only
25% of the total number of procedures (about 3
per hospital per year). At the other extreme, the
4 highest-volume hospitals also accounted for
one fourth of all the procedures performed (115
per hospital per year). Observed mortality rates
decreased considerably with hospital volume,
from a high of 3.05% for the lowest-volume hos-
pital quartile to a low of 0.87% for the highest-
volume hospital quartile. 


Significant independent patient risk factors in
the mixed model for in-hospital mortality after
lobectomy of the lung included 6 of the 9 risk fac-
tors that were individually significant (age,
Medicaid status, CHF, atrial fibrillation, peripheral
vascular disease, and diabetes). Also, organ metas-
tasis, which was not individually associated with a
higher mortality rate, emerged as significant in the
mixed model. The most highly significant factors
were CHF (with a 9.9% higher mortality rate for
patients with CHF than without it) and peripheral
vascular disease (a 3.7% difference).


The last column of Table IV presents mortality
rates for each quartile relative to the fourth quartile
after adjusting for these factors. Patients undergo-
ing lung lobectomy in the lowest-volume hospital
quartile had risk-adjusted mortality rates that were
1.65% higher than patients in the highest-
volume quartile, and the difference was significant
(P = .006). Other quartiles were not statistically dif-
ferent from the highest-volume hospital quartile,
although the second quartile had a risk-adjusted


Table III. Colectomy: number of hospitals, number of patients, and mortality rates for quartiles of hospital
and surgeon volume in New York State—1994 to 1997


Risk-adjusted rate 
Hospital volume Observed mortality relative to fourth quartile 
quartile No. of hospitals No. of patients rate (%) (P value)* 


1-83 134 5490 4.61 +1.93 (<.0001)
84-144 48 5334 4.42 +1.80 (<.0001)
145-253 32 5713 2.99 +0.53 (.24)
254+ 15 5591 2.13 0
Total 229 22,128 3.52 —


Risk-adjusted rate 
Surgeon volume Observed mortality relative to fourth quartile 
quartile No. of surgeons No. of patients rate (P value)*


1-11 1382 5430 4.81 +1.86 (<.0001)
12-20 344 5327 3.92 +1.12 (.002)
21-34 212 5576 3.23 +0.65 (.07)
35+ 114 5795 2.23 0
Total 2052 22,128 3.52 —


*After adjusting for age, Medicaid status, gender, airway obstruction, congestive heart failure, atrial fibrillation, organ metastasis, and race.
Correlation between hospital volume and surgeon volume = .49 (P < .0001).
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rate that was .82% higher than the highest-volume
quartile.


A total of 291 surgeons (78% of all surgeons per-
forming the procedure) accounted for one fourth
of the procedures performed (1.5 per surgeon per
year), and the 9 highest-volume surgeons also
accounted for 25% of all procedures performed
(50 per surgeon per year). The observed mortality
rates for the 2 lowest- volume quartiles were similar
(2.56% and 2.43%), but the rate dropped to 1.52%
and 0.94% for the 2 highest-volume quartiles. After
adjusting for the patient risk factors mentioned
previously, patients in the lowest-volume surgeon
volume quartile were found to have a mortality rate
that was 1.12% higher than patients in the highest-
volume quartile, and this difference was not signif-
icant (P = .08).


The correlation between hospital volume and
surgeon volume for lung lobectomy was very high 
(r = .76, P < .0001). As Table VI shows, patients
undergoing operations performed by surgeons
with below-median volumes in hospitals with
below-median volumes had mortality rates that
were 1.3% higher than their counterparts under-
going operations performed by high-volume sur-
geons in high-volume hospitals (P = .002). Patients
of above-median-volume surgeons performing in
below-median-volume hospitals had the worst
results of the 4 groups, with a 1.8% higher mortal-
ity rate than the comparison group (P = .005).
Patients of below-median-volume surgeons per-
forming in above-median-volume hospitals also
had a significantly higher rate than patients in


above-median-volume hospitals undergoing opera-
tions performed by above-median-volume sur-
geons (1.5% higher, P = .016).


Gastrectomy. Table II indicates that patients with
7 of the 14 risk factors had significantly higher mor-
tality rates than their counterparts without the risk
factor. Mortality rates for significant risk factors var-
ied from 8.0% for organ metastasis to 16.5% for
CHF. Table V demonstrates that the 139 lowest-
volume hospitals (67% of the total of 207 hospitals
in which gastrectomy was performed) accounted for
only one fourth of the gastrectomies that were per-
formed in the 4-year period (about 1.6 procedures
per hospital per year). The 7 highest-volume hospi-
tals also performed one fourth of all gastrectomies,
with an average of 35 procedures per hospital per
year. The observed mortality rates decreased from
11.16% in the lowest-volume quartile of hospitals to
2.85% in the highest-volume quartile.


Significant independent risk factors in the mixed
model for in-hospital mortality for gastrectomy
included age, CHF, atrial fibrillation, peripheral vas-
cular disease, diabetes, and organ metastasis. The
binary factors with the strongest association with
mortality were CHF (a 7.6% absolute mortality dif-
ference between patients with and without CHF)
and atrial fibrillation (a 5.9% difference). After
adjusting for these factors, patients undergoing
operations in the lowest-volume hospital quartile
had mortality rates that were 7.10% higher than
patients undergoing operations in the highest-
volume hospital quartile, and this difference was
highly significant (P < .0001). Also, patients in the


Table IV. Lung lobectomy: number of hospitals, number of patients, and mortality rates for quartiles of
hospital and surgeon volume in New York State—1994 to 1997


Risk-adjusted rate 
Hospital volume Observed relative to fourth quartile 


quartile No. of hospitals No. of patients mortality rate (P value)* 


1-37 133 1672 3.05 +1.65 (.006)
38-114 29 1781 2.13 0.82 (.17)
115-168 12 1665 1.44 0.34 (.58)
169+ 4 1836 0.87 0
Total 178 6954 1.86 —


Risk-adjusted rate 
Surgeon volume Observed relative to fourth quartile 


quartile No. of surgeons No. of patients mortality rate (P value)* 


1-22 291 1719 2.56 1.12 (.08)
23-49 50 1727 2.43 0.96 (.15)
50-130 23 1709 1.52 0.27 (.70)
131+ 9 1799 0.94 0
Total 373 6954 1.86 —


*After adjusting for age, Medicaid status, congestive heart failure, atrial fibrillation, peripheral vascular disease, diabetes, and organ metastasis.
Correlation between hospital volume and surgeon volume = .76 (P < .0001).
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second hospital volume quartile had risk-adjusted
rates that were marginally higher (3.03%, P = .10)
than patients in the highest-volume quartile.


A total of 698 surgeons (63% of all surgeons per-
forming the procedure) accounted for one fourth
of the procedures performed (less than 1 per sur-
geon per year), and the 41 highest-volume sur-
geons also accounted for 25% of all procedures
performed (6 per surgeon per year). The observed
mortality rates decreased from 8.83% in the lowest-
volume quartile to 2.76% in the highest-volume
quartile. After adjusting for the patient risk factors
mentioned previously, patients undergoing opera-
tions in the 2 lowest-volume surgeon quartiles had
mortality rates that were 5.73% and 4.79% higher
than patients undergoing operations in the highest-
volume surgeon quartile, and both of these differ-
ences were highly significant (P < .0001). The
2.87% difference in the 2 highest-volume surgeon
quartiles was also significant (P = .009).


The correlation between hospital volume and
surgeon volume for gastrectomy was very high 
(r = .81, P < .0001). Patients undergoing operations
performed by surgeons with below-median vol-
umes in hospitals with below-median volumes had
mortality rates that were 6.0% higher than their
counterparts undergoing operations performed by
high-volume surgeons in high-volume hospitals 
(P < .0001). Patients of above-median-volume sur-
geons performing in below-median-volume hospi-
tals also had poorer results than the comparison
group (4.2% higher mortality rate, P = .005), as did


patients of below-median-volume surgeons perform-
ing in above-median-volume hospitals, although the
difference was not significant (2.0% higher rate, 
P = .124). As with colectomy, patients undergoing
operations performed by below-median-volume sur-
geons in below-median-volume hospitals had the
highest mortality rates (Table VI).


DISCUSSION
The purpose of this study was to determine if


cancer patients who undergo each of 3 relatively
common cancer procedures experience better
short-term outcomes (in-hospital mortality rates)
when those procedures are performed by high-
volume surgeons, in high-volume hospitals, or
both, after adjusting for differences in patients’
preoperative severity of illness. The findings of the
study confirm the hypothesis that higher-volume
hospitals and surgeons are associated with better
outcomes. Furthermore, benefits were significantly
better for patients undergoing operations per-
formed by higher-volume surgeons in higher-
volume hospitals. Also, with the exception of lung
lobectomy, patients undergoing operations per-
formed by lower-volume surgeons in lower-volume
hospitals had the highest mortality rates.


The differences in risk-adjusted rates between
the highest- and lowest-volume hospital quartiles
were approximately as high as the mortality rate for
the highest-volume quartile for colectomy and
were about twice as high for gastrectomy and lung
lobectomy. For surgeon volume quartiles, the dif-


Table V. Gastrectomy: number of hospitals, number of patients, and mortality rates for quartiles of 
hospital and surgeon volume in New York State—1994 to 1997


Risk-adjusted rate  
Hospital volume Observed mortality relative tofourth quartile 
quartile No. of hospitals No. of patients rate (P value)* 


1-15 139 914 11.16 +7.10 (<.0001)
16-33 42 935 6.74 +3.03 (.10)
34-62 19 878 4.1 +0.80 (.69)
63+ 7 984 2.85 0
Total 207 3711 6.17 —


Risk-adjusted rate 
Surgeon volume Observed mortality relative to fourth quartile 


quartile No. of surgeons No. of patients rate (P value)* 


1-2 698 929 8.83 +5.73 (<.0001)
3-4 216 733 7.91 +4.79 (<.0001)
5-11 159 1106 5.7 +2.87 (.009)
12+ 41 943 2.76 0
Total 1114 3711 6.17 —


*After adjusting for age, congestive heart failure, atrial fibrillation, peripheral vascular disease, diabetes, and organ metastasis.
Correlation between hospital volume and surgeon volume = .81 (P <.0001).
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ferences in risk-adjusted rates between the highest-
and lowest-volume quartiles were approximately as
high as the mortality rate for the highest-volume
quartile for colectomy and lobectomy and were
about as twice as high for gastrectomy.


The risk-adjusted mortality rates presented in
this study translate into a reduction of 106 deaths
for colectomy, 28 deaths for lobectomy, and 65
deaths for gastrectomy if all procedures of these
types performed by hospitals in the lowest-volume
quartile had been performed in hospitals in the
highest-volume quartile. However, it should be
noted that all of the above estimates of lives saved
are optimistic, because there are many reasons why
all patients could not be shifted to cancer centers.
These reasons include such factors as emergency
patients requiring care in the nearest hospital and
limitations on capacity in cancer centers. If refer-
rals to hospitals in the highest-volume quartile
could be accomplished whenever other quartiles
are significantly different from the highest-volume
quartile, the lives saved would be 202 for colecto-
my, 28 for lobectomy, and 93 for gastrectomy. On
the other hand, if all patients could be referred to
surgeons with above-median volumes performing
in hospitals with above- median volumes, there
would be 231 lives saved for colectomy, 58 for
lobectomy, and 100 for gastrectomy. Obviously, all
of the savings estimated above would be reduced
accordingly if only a percentage of patients treated
by lower-volume providers were referred to higher-
volume providers. It is also probable, but not prov-
able, that the mortality rate differences between
high- and low-volume providers demonstrated here
would be accompanied by differences in other
measures of quality of care, such as complications
of surgical procedures and quality of life.


It is notable that although only 8% of the
patients receiving colectomy underwent operations


performed by the highest-volume quartile surgeons
in the highest-volume quartile hospitals, the analo-
gous percentages for patients receiving lung lobec-
tomy and gastrectomy were 19% and 17% (note:
the percentage is constrained to be at most 25%).
Stated in another way, 48.2% of patients who
underwent a colectomy performed by the highest-
volume surgeons underwent the operation in the
highest-volume quartile hospitals. The comparable
percentages for lobectomy and gastrectomy were
71.9% and 66.1%. Thus, lung lobectomy and gas-
trectomy patients in New York who choose a high-
volume surgeon are likely to undergo the
operation in a high-volume hospital, but this is not
true for patients receiving a colectomy. 


Another difference among the procedure
groups that were examined in this study was the
magnitude of hospital and surgeon volumes. For
colectomy, one fourth of the hospitals in which the
procedures were performed had 4-year volumes of
at least 254, but for gastrectomy the lower bound
on the fourth quartile was 63. However, hospital
and surgeon volumes were not consistently higher
for 1 procedure group. Although colectomy had
the highest 4-year hospital volumes (one fourth
above 254 vs one fourth above 169 for lobectomy),
lobectomy had the highest surgeon volumes (one
fourth above 131 vs one fourth above 35 for colec-
tomy). Gastrectomy had the lowest surgeon vol-
umes, in addition to the lowest hospital volumes,
with only one fourth of all surgeons who per-
formed gastrectomy having performed at least 12
gastrectomies in the 4-year period.


Note that the methods used in this study tend to
“shrink” estimated risk-adjusted mortality rates for
low-volume surgeons and hospitals to take into
account the nesting of patients within surgeons and
hospitals. The use of other methods (logistic regres-
sion, APR-DRGs) yielded larger volume-mortality


Table VI. Increase in risk-adjusted mortality rate compared with high hospital volume and high surgeon
volume (in absolute %)*


Colectomy Lung lobectomy Gastrectomy


% Increase P value % Increase P value % Increase P value


Low hospital volume, 2.3 < .0001 1.3 .002 6.0 < .0001
Low surgeon volume
Low hospital volume, 1.2 .003 1.8 .005 4.2 .005
High surgeon volume
High hospital volume, 0.7 .035 1.5 .016 2.0 .124
Low surgeon volume


As a point of reference, the mean mortality rates for the 3 procedures are: colectomy, 3.5%; lung lobectomy, 1.9%; and gastrectomy, 6.2%.
*The differentiation of high-volume from low-volume is based on the median volume for the procedure. For colectomy, the median (4-year) hospital
volume is 144 and the median surgeon volume is 20. For lung lobectomy, the median (4-year) hospital volume is 114 and the median surgeon volume is
49. For gastrectomy, the median (4-year) hospital volume is 33 and the median surgeon volume is 4.







effects than are reported here. For example, with
logistic regression, the relative risk for patients receiv-
ing gastrectomy in the first hospital volume quartile
compared with patients in the fourth hospital vol-
ume quartile was 3.90, and the analogous relative risk
with the use of APR-DRGs was 3.84. By means of the
hierarchical methods in this study, the analogous rel-
ative risk for the first hospital volume quartile com-
pared with the fourth hospital volume quartile was
3.49. This same trend persisted for both volume mea-
sures for the other procedures that were studied. 


It should also be noted that the volume-mortality
relationships remained significant, although they
were weaker, when a national “center of excel-
lence” was removed from the database. For exam-
ple, for colectomy, the increase in risk-adjusted
mortality for the 3 lowest-volume quartiles relative
to the highest-volume quartile changed from
1.93%, 1.80%, and 0.53% to 1.89%, 1.75%, and
0.48%, respectively.


Numerous other studies have discovered signif-
icant volume-mortality relationships for cancer
procedures. For example, Begg et al2 found that
higher-volume hospitals were associated with
lower 30-day mortality rates for pancreatectomy,
esophagectomy, liver resection, and pelvic exten-
teration but not for pneumonectomy. These
results persisted after adjustment for patient
severity of illness before the procedure. Several
other studies have demonstrated significantly
lower mortality rates for pancreatectomy in higher-
volume hospitals.3-9 Romano and Mark10 found
that higher hospital volume was related to lower
in-hospital mortality rates for lung cancer resec-
tions (wedge resections, segmental resections,
lung lobectomy, and pneumonectomy), even after
adjusting for pre-procedural severity of illness.
Choti et al11 reported lower mortality for hepatic
resections at high-volume referral centers. Studies
have also found volume-outcome relationships for
breast cancer procedures,12-14 ovarian cancer,15


prostatectomy,16 thyroidectomy,17 and gastroin-
testinal and colorectal cancer.18-20


It should be noted that although previous stud-
ies of 2 of the procedure groups examined here
(lobectomy of the lung and colorectal resection)
and 2 other procedures (prostatectomy and breast
operations) have been related to fairly common
procedures, other studies have been confined to
relatively rare procedures, such as pancreatec-
tomies, esophagectomies, pneumonectomies, and
thyroidectomies. For the procedures examined in
this study, there were 8480 colectomies, 1900 lobec-
tomies of the lung, and 1091 gastrectomies in New
York before exclusions. Thus, this study has exam-


ined relatively high-volume procedures that are fre-
quently performed in low-volume hospitals and by
low-volume surgeons. Consequently, there is con-
siderable potential for saving lives by referring at
least some of these patients to high-volume
providers. 


Also, most previous studies have explored the
relationship between the mortality rate for a cancer
procedure and the hospital volume for that proce-
dure. Although there have been some studies that
have explored the effect of surgeon volume (or sur-
geon specialty) on mortality, very few have studied
the simultaneous impact of hospital volume and
surgeon volume on mortality for cancer proce-
dures. This is important because hospitals and sur-
geons can obviously each have impacts on
outcomes, and it is necessary to determine and
quantify the interaction of these impacts and the
degree to which high-volume surgeons perform
operations in high-volume hospitals. A notable
exception is the very recent study by Harmon et
al,18 who studied the impact of both hospital vol-
ume and surgeon volume on mortality for colorec-
tal resections.


An important caveat of our study is that like
almost all previous studies of the volume-mortality
relationship for cancer operations, this study has
relied on administrative data. Disadvantages of these
data, as noted by Begg et al,2 include the use of in-
hospital mortality as an end point, the limitations in
the ability to adjust for differences in patient case
mix, and the inability to link patients to their initial
diagnoses to obtain important factors, such as the
time since diagnosis and cancer stage. In-hospital
mortality can be a problematic measure to use if
some hospitals are discharging patients prematurely
and these patients die a short time after discharge.
However, with a tumor registry-Medicare-linked data-
base, Begg et al2 found there was no evidence that
discharge before 30 days had any influence on the
results. They also found that cancer stage and patient
comorbidities were “largely independent of hospital
volume,” and that in general the unadjusted mortal-
ity rates for hospital volume categories were “essen-
tially unaffected by case-mix differences.” Also, the
use of a tumor registry-Medicare-linked database has
its own disadvantages, primarily the loss of all non-
Medicare cases in the analyses. Patients under 65
years of age represent between 26% and 43% of all
patients who underwent the procedures in this study.


It should also be noted that the differences in
risk-adjusted mortality rates between high- and low-
volume quartiles were invariably smaller than dif-
ferences in unadjusted rates, which indicate that
on average low-volume providers treat less healthy
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patients. In general, lower-volume providers treat-
ed patients with more comorbidities, and patients
who were more likely to be minorites or Medicaid
recipients. However, patients treated by higher-
volume providers were more likely to have organ
metastasis. To the extent that severity of illness dif-
ferences among providers is not fully captured, this
could cause the lower-volume providers to be at a
disadvantage.


In summary, this study provides evidence that
patients undergoing relatively common cancer
procedures experience significantly lower in-
hospital mortality rates when they are referred to
higher-volume hospitals and surgeons. The chal-
lenge for researchers and clinicians is to find out
why higher-volume providers have better out-
comes. If better outcomes can be traced to differ-
ences in processes and structures of care before,
during, and after operations, there is a possibility
that quality differences between high- and low-
volume providers can be substantially reduced,
although it is also possible that at least some of
these differences are a result of the “practice
makes perfect” hypothesis.24 If processes of care
that are strongly related to outcomes can be iden-
tified and then implemented in low-volume hos-
pitals, there may not be a need to consider
changing referral patterns. However, this a long,
arduous process that has unfortunately received
relatively little attention, probably because of the
paucity of databases equipped to examine
process-outcome relationships. In the interim,
recommendations for more referrals to high-
volume hospitals, such as those made recently by the
Leapfrog Group,25 must be seriously entertained.
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