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Prostatic Diseases and Male Voiding
Dysfunction

ssociation Between Urologists’ Caseload
olume and In-hospital Mortality for
ransurethral Resection of Prostate:
 Nationwide Population-based Study

i-Kuang Chen and Herng-Ching Lin

BJECTIVES To examine the relationship between the urologist case volume for transurethral resection of the
prostate (TURP) and in-hospital mortality using a Taiwan nationwide population-based data set.

ETHODS This study used data from the 2003 Taiwan National Health Insurance Research Database. The
sample of 9539 patients who had undergone TURP was divided into three urologist caseload
volume groups: fewer than 27 cases annually (low volume), 27-55 cases annually (medium
volume), and more than 55 cases annually (high volume). Multivariate logistic regression
analysis using generalized estimating equations was conducted to assess the adjusted association
of urologist TURP caseload volume and patient in-hospital mortality to account for the urologist,
patient, and hospital characteristics and the clustered nature of the study sample.

ESULTS The in-hospital mortality rate decreased with an increasing TURP caseload volume. The
in-hospital mortality rate was 2.37%, 1.97%, and 1.16% for patients treated in the low, medium,
and high-volume urologist group, respectively. After adjusting for others factors, the likelihood
of in-hospital mortality for patients treated by urologists with a low and medium TURP caseload
volume was 1.835 (95% confidence interval 1.198-2.812, P � .01) and 1.606 (95% confidence
interval 1.052-2.452, P � .05) respectively, compared with that for patients treated at high-
volume hospitals.

ONCLUSIONS The results of our study have shown that, after adjusting for patient, urologist, and hospital
characteristics, high-volume urologists are associated with superior treatment outcomes for

patients undergoing TURP. UROLOGY 72: 329 –335, 2008. © 2008 Elsevier Inc.

c
T
a

t
p
t
p
c
d
h
t
s
w
p
m
T
b
r

enign prostatic hyperplasia (BPH) is a major prob-
lem for men worldwide. The indications for sur-
gical treatment of BPH have been agreed on, with

urgery reserved for cases of complicated BPH and after
ailed medical treatment for moderately to severely dis-
bling lower urinary tract symptoms. Transurethral resec-
ion of the prostate (TURP) was developed in the United
tates in the 1920s and 1930s. As a treatment modality

or obstructive BPH, TURP has gained widespread ac-
eptance worldwide over the years. New techniques of
inimally invasive resection are now being developed as

lternatives to TURP. However, the results must be
onfirmed in the long term before these methods can be
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onsidered as valid alternatives to TURP. Currently,
URP remains the reference standard for surgical man-
gement of BPH.

The past quarter of a century has seen the publica-
ion of a substantial number of studies aimed at ex-
laining the association between the volume of pa-
ients treated for a particular procedure by surgeons or
articular hospitals and the subsequent patient out-
omes.1,2 A large body of research has consistently
ocumented better health outcomes for patients at
ospitals with larger procedure volumes, suggesting
hat many surgical deaths could be prevented if the
urgeries were performed at hospitals or by physicians
ith adequate experience in the respective surgical
rocedure.3-6 Although a gradual reduction in the im-
ediate postoperative mortality rate associated with
URP has occurred during the past decades,7,8 to the
est of our knowledge, no published study has yet
eported on the relationship between surgical TURP

olume and patient outcome.
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This study presents a broad-based assessment of the
elationship between urologists’ TURP volume and in-
ospital mortality using a Taiwan nationwide popula-
ion-based data set. The main reason for selecting the
rologist case volume rather than the hospital case vol-
me was that many previous studies have consistently
eported that the physician volume is a much more
ignificant factor than the hospital volume with regard to
redicting patient outcomes.9,10 We hypothesized that
rologists with a high caseload volume would be associ-
ted with superior treatment outcomes for patients un-
ergoing TURP.

ATERIAL AND METHODS

atabase
his study used data from the National Health Insurance Re-

earch Database (NHIRD), which is provided by the Bureau of
ational Health Insurance, Taiwan Department of Health and
anaged by the Taiwan National Health Research Institutes.
aiwan launched its national health insurance program, which
overs almost all Taiwanese citizens, in 1995. Unlike health-
are delivery systems in some countries or regions that use a
atekeeper system to limit patients’ choice of healthcare pro-
iders, patients in Taiwan have the choice of access to any
rovider at their will. The NHIRD provides a unique opportu-
ity to examine the volume–outcome relationship for TURP.
The NHIRD includes a registry of contracted medical facil-

ties, a registry of board-certified physicians, a monthly claims
ummary for in-patient claims, and details of in-patient orders.
t also provides principal operational procedures, along with
ne principal diagnosis code and up to four secondary diagnosis
odes for each patient, using the “International Classification of
isease, Ninth Revision, Clinical Modification” (ICD-9-CM).

tudy Sample
he study sample was identified from the database by the
rincipal procedure ICD-9-CM code 602 (transurethral prosta-
ectomy) from January to December 2003. We limited our study
ample to patients undergoing TURP for the first time. In
ddition, we excluded patients whose conditions were compli-
ated by any type of neoplasm (ICD-9-CM codes 140-239).
ltimately, our study sample comprised 9539 patients treated

y 546 urologists at 200 hospitals.

rologist TURP Caseload Volume Groups
nique urologist identifiers are available for each medical claim

ubmitted to the Bureau of National Health Insurance, and this
nabled us to identify particular urologists performing TURP
uring our study period. Thereafter, urologists were sorted in
scending order by their total TURP volume, with the volume
ategory cutoff points (high, medium, and low) determined by
orting the sample into three approximately equal groups, in
ccordance with standard practice.11,12 The volume cutoff
oints were determined so that each group would have an
pproximately equal number of patients. The sample of 9539
atients was thus divided into three urologist caseload volume
roups: fewer than 27 cases annually (low volume), 27-55 cases
nnually (medium volume), and more than 55 cases annually

high volume). T

30
ey Variables of Interest
he key independent variable of interest was the urologist
aseload volume. The key dependent variable of interest was
n-hospital mortality. Because home death is generally regarded
s a good death in traditional Taiwan culture, patients are often
rought home in the terminal stage of an illness, rather than
ying in the hospital. The mean length of stay for TURP in this
tudy was 5.44 days, and the overwhelming majority of in-
ospital mortality should have already been included in the
-day mortality data. Therefore, we defined in-hospital mortal-
ty as the death of a patient at any time after admission, if the
atient had not left the hospital or had died within 7 days of
ischarge, to better reflect the actual situation in Taiwanese
ommunities. We linked the data from the NHIRD with the
overnment cause of death data to obtain the in-hospital mor-
ality rate as our outcome measure.

The variables adjusted for in the regression model included
he urologist, hospital, and patient characteristics. The urologist
haracteristics included the urologists’ age (as a surrogate for
ractice experience) and sex.
The hospital characteristics included hospital ownership,

ospital level, and geographic location. Hospital ownership was
ecorded as one of three types: public, private not-for-profit, or
rivate for-profit. Hospital level indicated whether each hospi-
al was a medical center (with a minimum of 500 beds), a
egional hospital (minimum of 250 beds), or a district hospital
minimum of 20 beds). The hospital level could therefore be
sed as a proxy for both hospital size and clinical service
apabilities. Hospital teaching status was not included within
he regression analyses, because all medical centers and regional
ospitals in Taiwan are teaching hospitals.
The patient characteristics included age, sex, and comorbidi-

ies. Because no illness severity index for TURP is currently
vailable in Taiwan, we used the Elixhauser Comorbidity Index
o adjust for patient comorbidites. The Elixhauser Comorbidity
ndex was created in 1997 and has been widely used for risk
djustment in administrative data sets. The Elixhauser method
f comorbidity measurement uses 30 binary (1 � present and
� absent) comorbidity measures to account for in-patient
orbidity and mortality.

tatistical Analysis
he Statistical Analysis Systems statistical package for Win-
ows, version 8.2 (SAS Institute, Cary, NC) was used to per-
orm statistical analyses of the data. Global �2 analyses were
onducted to examine the relationship between urologist
URP caseload volume and the distribution of the patient and
rologist characteristics. In addition, relationships between in-
ospital mortality and comorbidity were examined. Then, a
ultivariate logistic regression analysis using generalized esti-
ating equations was conducted to assess the association be-

ween urologist TURP caseload volume and patient in-hospital
ortality after accounting for urologist, patient, and hospital

haracteristics and the clustered nature of the study sample.
nly those covariates that had significant relationships with

n-hospital mortality were entered into the regression model.
wo-sided P � .05 was considered statistically significant.

ESULTS
n-hospital mortality decreased with increasing urologist

URP caseload volume. The in-hospital mortality rate

UROLOGY 72 (2), 2008
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as 2.37%, 1.97%, and 1.16% for patients treated in the
ow, medium, and high-volume urologist group, respec-
ively. Table 1 lists the distribution of urologist and
atient characteristics stratified by urologist TURP case-
oad volume group. No significant relationship was ob-
erved between patient age and urologist TURP caseload
olume group (P � .959). However, the urologists in the
igh-volume caseload group were more likely to be older
P � .001). No female urologists were in the medium or
igh-volume caseload volume groups.
Table 2 lists the distribution of in-hospital mortality by

atient characteristics and comorbidities. As expected,
atients older than 74 years had a greater in-hospital
ortality rate than did patients in other age groups (P �

048). The �2 analyses showed that in-hospital mortality
as significantly related to whether a patient’s condition
as complicated by peripheral vascular disorders (P � .001),
eurologic disorders (P � .009), renal failure (P � .001), or
eficiency anemia (P � .039).

Table 3 lists the crude and adjusted odds of in-
ospital mortality by urologist TURP caseload volume.
hese data showed that that the likelihood of in-
ospital mortality for patients treated by low and me-
ium-volume urologists was 2.074 (95% confidence
nterval [CI] 1.396-3.082, P � .001) and 1.719 (95%
I 1.140-2.590, P � .01) greater than that of patients

reated by high-volume urologists, respectively. After
djusting for patient, urologist, and hospital character-
stics, the odds ratio of in-hospital mortality declined
ith increasing urologist caseload volume, with the
dds of in-hospital mortality for patients treated by low
nd medium-volume urologists 1.835 (95% CI 1.198-
.812, P � .01) and 1.606 (95% CI 1.052-2.452, P �

05) greater, respectively, than the odds for patients

Table 1. In-hospital mortality rate and patient and urologist

Variable All Low

In-hospital mortality rate (%) 1.83 2
Patient characteristics

Overall (n) 9539 3203
Age (n)

�65 y 1672 (17.5) 571
65–74 3975 (41.7) 1319
�74 3892 (40.8) 1313

Urologist characteristics
Overall (n) 546 413
Mean annual case volume 19.1 � 24.3 8.4
Age (n)

�40 y 193 (35.4) 169
40–49 y 250 (45.8) 181
�49 y 103 (18.8) 63

Sex (n)
Male 539 (98.7) 406
Female 7 (1.3) 7

TURP � transurethral resection of prostate.
Data in parentheses are percentages.
reated by high-volume urologists. a

ROLOGY 72 (2), 2008
OMMENT
his was the first study to investigate the surgical vol-
me–outcome relationships for TURP using a nation-
ide population-based database. The findings of our

tudy were based on 9539 patients who had undergone
URP in Taiwan in 2003. Our results have demonstrated

hat patients treated by urologists performing a greater
olume of procedures had lower in-hospital mortality
han their counterparts treated by medium or lower
URP caseload-volume urologists, after adjusting for
ther factors. Our findings thus support the hypothesis
hat high caseload-volume urologists are associated with
uperior treatment outcomes for patients undergoing
URP.
Two major hypotheses can explain the inverse vol-

me–outcome relationship.13 “Practice makes perfect” is
he first of these and assumes that a larger volume of
atients allows providers to develop better skill and ex-
ertise in surgical or treatment procedures. Therefore,
igh caseload-volume providers are more likely to achieve
etter clinical performance because of their greater skill
nd experience. If specific urologists, moving from low
hrough medium to high volumes, show a declining mor-
ality rate on average, this would strongly favor the
practice makes perfect” hypothesis. Although, our cross-
ectional study could not provide evidence in support of
uch a hypothesis, one study by Furuya et al.14 retrospec-
ively examined the improvement in surgeons’ skill at
erforming TURP by evaluating the outcomes for 4031
atients who had undergone TURP performed by a single
urgeon from May 1979 to December 2003. They found
hat as the number of TURP procedures increased, the
urgeon’s skill level improved. We, therefore, believe that

acteristics stratified by TURP caseload volume (n � 9539)

Urologist TURP Volume

P Value) Medium (27–55) High (�56)

1.97 1.16 0.001

.6) 3141 (32.9) 3195 (33.5)
0.959

.8) 542 (17.3) 559 (17.5)

.2) 1320 (42.0) 1336 (41.8)

.0) 1279 (40.7) 1300 (40.7)

.6) 91 (16.9) 41 (7.5)
5 37.9 � 7.4 85.3 � 29.8 �0.001

.9) 22 (23.9) 2 (4.9)

.8) 45 (48.9) 24 (58.5)

.3) 25 (27.2) 15 (36.6)

.3) 92 (100) 41 (100)
) — —
char

(�27

.37

(33

(17
(41
(41

(75
� 7.

(40
(43
(15

(98
(1.7
t least part of the volume–outcome relationship for

331
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Table 2. Distribution of in-hospital mortality after TURP stratified by patient characteristics and comorbidities (n � 9539)

Variable

In-hospital Mortality

P ValueYes No

Overall 175 (1.83) 9364 (98.17)
Age (y) .048

�65 24 (1.44) 1648 (98.56)
65–74 64 (1.61) 3911 (98.39)
�74 87 (2.24) 3805 (97.76)

Cardiac arrhythmia .245
Yes 4 (3.23) 120 (96.77)
No 171 (1.82) 9244 (98.18)

Congestive heart failure .819
Yes 2 (2.15) 91 (97.85)
No 173 (1.83) 9273 (98.17)

Valvular disease .343
Yes 1 (4.65) 21 (95.45)
No 174 (1.83) 9343 (98.17)

Pulmonary circulation disorders
Yes 0 4 (100.00)
No 175 (1.84) 9360 (98.16)

Peripheral vascular disorders �.001
Yes 1 (25.00) 3 (75.00)
No 174 (1.82) 9361 (98.18)

Hypertension .301
Yes 27 (1.54) 1731 (98.46)
No 148 (1.90) 7633 (98.10)

Paralysis .176
Yes 3 (3.90) 74 (96.10)
No 172 (1.82) 9290 (98.18)

Coagulopathy —
Yes 0 42 (100.00)
No 175 (1.85) 9324 (98.15)

Other neurologic disorders .009
Yes 4 (6.15) 61 (93.85)
No 171 (1.80) 9303 (98.20)

Chronic pulmonary disease 0.398
Yes 6 (1.32) 450 (98.68)
No 169 (1.86) 8914 (98.14)

Diabetes, uncomplicated 0.283
Yes 10 (1.33) 742 (98.67)
No 165 (1.88) 8622 (98.12)

Diabetes, complicated 0.812
Yes 4 (2.06) 190 (97.94)
No 171 (1.83) 9174 (98.17)

Hypothyroidism —
Yes 0 43 (100.00)
No 175 (1.84) 9321 (98.16)

Renal failure 0.001
Yes 5 (6.94) 67 (93.06)
No 170 (1.80) 9272 (98.20)

Liver disease 0.481
Yes 2 (2.99) 65 (97.01)
No 173 (1.83) 9299 (98.17)

Peptic ulcer disease excluding bleeding 0.383
Yes 3 (3.00) 97 (97.00)
No 172 (1.82) 9267 (98.18)

Solid tumor without metastasis 0.387
Yes 4 (2.8) 139 (97.20)
No 171 (1.82) 9225 (98.18)

Rheumatoid arthritis —
Yes 0 12 (100.00)
No 175 (1.84) 9352 (98.16)

Fluid and electrolyte disorders . —
Yes 0 71 (100.00)
No 175 (1.85) 9293 (98.15)
32 UROLOGY 72 (2), 2008
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URP found in our study can be attributable to the
practice makes perfect” hypothesis.

Another hypothesis often proposed to explain the
olume– outcome relationship is that of “selective re-
erral.” This hypothesis suggests that selective referral
y physicians or patients leads more patient to provid-
rs who achieve superior outcomes and who conse-
uently perform a high volume of procedures. Selec-
ive referral could also have been a factor contributing
o the inverse volume– outcome relationship observed
n our study, because Taiwanese consumers choose
heir providers freely owing to the lack of a gatekeeper
r referral system.15 However, TURP is a well-estab-
ished procedure, the mortality rate is very low, and
he variation in mortality by disease is too low to
nfluence patient choice.16,17 Furthermore, to date,
erformance information on individual physicians is
ot released to the public in Taiwan; thus, patients
ave no means of obtaining such information as a basis

or physician selection. Therefore, although it is diffi-

Table 2. Continued

Variable

Deficiency anemias
Yes
No 16

30-d
Alcohol abuse

Yes
No 17

Psychoses
Yes
No 17

Depression
Yes
No 17

AIDS
Yes
No 17

Lymphoma
Yes
No 17

Metastatic cancer
Yes
No 17

Obesity
Yes
No 17

Weight loss
Yes
No 17

Drug abuse
Yes
No 17

Blood loss anemia
Yes
No 17

TURP � transurethral resection of prostate; AIDS � acquired imm
Data presented as number of patients, with percentages per ro
ult to refute the role that “selective referral” might f

ROLOGY 72 (2), 2008
lay in the Taiwan’s system of healthcare delivery, we
elieve that this hypothesis is less likely to account for
he volume– outcome relationship for TURP.

Our study also showed that in-hospital mortality sig-
ificantly increased with renal failure, although myocar-
ial infarction and sepsis18 were the most commonly
eported causes of death after TURP. Acute renal failure,
nown to be a clinical presentation of some TURP syn-
romes, has been less discussed. Tarrass et al.19 proposed
emolysis as the mechanism by which renal failure most

ikely develops. Other factors, such as hemodynamic al-
erations, hypotension, and rhabdomyolysis, could also be
elated to renal failure after TURP.

The strengths of our study consisted of its large na-
ionwide population-based sample and the adjustment for
omorbidities and other potential confounding factors.
owever, one caveat should be noted: very few female

rologists were included in this study and some had only
ery small TURP caseloads. Such small caseloads prohib-
ted meaningful statistical comparisons between male and

In-hospital Mortality

P ValueNo

0.039
11) 140 (95.89)
80) 9224 (98.20)

ality

0
83) 9364 (98.17) —

—
14 (100.00)

84) 9350 (98.16)
—

15 (100.00)
84) 98.16

—
0

83) 9364 (98.17)
—

6 (100.00)
84) 9358 (98.16)

—
20 (100.00)

84) 9344 (98.16)
—

0
83) 9364 (98.17)

—
1 (100.00)

83) 9363 (98.17)
—

0
83) 9364 (98.17)

—
12 (100.00)

84) 9352 (98.16)

eficiency syndrome.
parentheses.
Yes

6 (4.
9 (1.

Mort

0
5 (1.

0
5 (1.

0
4 (1.

0
5 (1.

0
5 (1.

0
5 (1.

0
5 (1.

0
5 (1.

0
5 (1.

0
5 (1.

unod
w in
emale urologists.
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ONCLUSIONS
ur finding that, after adjusting for patient, urologist,

nd hospital characteristics, a volume–outcome relation-
hip does exist for patients undergoing TURP in Taiwan
an help increase the awareness of the volume–outcome
ssue for TURP among policy makers and urologists in
aiwan and elsewhere. Our study results should prove
seful in terms of facilitating cross-country comparisons.
lthough a low volume must be used with considerable

aution as an overall indicator of poor quality, investiga-
ions can be done to identify differences in clinical ap-
roach and techniques between high-volume urologists
ith superior outcomes and low-volume urologists with
oor outcomes to help decrease the mortality rate for
atients undergoing TURP.
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