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Abstract

Background The volume—outcome relationship has been
validated previously for surgical procedures and cancer
treatments. However, no studies have longitudinally com-
pared the relationships between volume and outcome, and
none have systematically compared laparoscopic chole-
cystectomy (LC) surgery outcomes in Taiwan. This study
purposed to explore the relationship between volume and
hospital treatment cost after LC.

Methods This cohort study retrospectively analyzed
247,751 LCs performed from 1998 to 2009. Hospitals were
classified as low-, medium-, and high-volume hospitals if
their annual number of LCs were 1-29, 30-84, >85,
respectively. Surgeons were classified as low-, medium-,
and high-volume surgeons if their annual number of LCs
were 1-10, 11-24, >25, respectively. Hierarchical linear
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regression model and propensity score were used to assess
the relationship between volume and hospital treatment
cost.

Results The mean hospital treatment cost was US
$2,504.53, and the average hospital costs for high-volume
hospitals/surgeons were 33/47 % lower than those for low-
volume hospitals and surgeons. When analyzed by pro-
pensity score, the hospital treatment cost differed signifi-
cantly between high-volume hospitals/surgeons and low/
medium-volume hospitals/surgeons (2,073.70 vs. 2,350.91/
2,056.73 vs. 2,553.76, P < 0.001).

Conclusions Analysis using a hierarchical linear regres-
sion model and propensity score found an association
between high-volume hospitals and surgeons and hospital
treatment cost in LC patients. Moreover, the significant
factors associated with hospital resource utilization for this
procedure include age, gender, comorbidity, hospital type,
hospital volume, and surgeon volume. Additionally, anal-
ysis of the treatment strategies adopted at high-volume
hospitals or by high-volume surgeons may improve overall
hospital treatment cost.

Keywords Hospital volume - Surgeon volume -
Outcome - Laparoscopic cholecystectomy

The medical literature consistently shows that, for many
surgical procedures, desirable outcomes are positively
associated with the frequency at which the procedure is
performed by a hospital or surgeon [1, 2]. Therefore, vol-
ume is a common measure of surgical care quality, par-
ticularly that for prevalent or high-risk procedures,
including laparoscopic cholecystectomy (LC) [3]. That is,
lengths of stay (LOS), hospital costs, and complication
rates associated with LC are expected to be high when
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volume is high [3-5]. However, even in high-volume
medical centers, outcomes still depend on the volume of
procedures performed by individual surgeons. For exam-
ple, surgeon volume has been linked to patient outcomes in
gastrointestinal surgery and may at least partly explain the
apparent institutional volume effect [6].

Although convincing evidence suggests that hospital
volume and surgeon volume contribute to favorable out-
comes, other specific predictors of LOS, hospital treatment
cost, and the reproducibility of health care practices that
tend to obtain favorable outcomes have not been clearly
defined [7]. Moreover, in most previous volume—outcome
studies, a multiple linear regression was routinely used,
raising the possibility that selection bias might still exit.
Additionally, no studies have longitudinally compared the
relationships between hospital/surgeon volume and out-
come, and none have systematically compared LC surgery
outcomes in Taiwan.

This study explored the association between hospital
volume and surgeon volume and hospital treatment cost
using population-based data, hierarchical linear regression
analysis, and propensity score to minimize the effect of
selection bias.

Materials and methods
Patients and study design

This study analyzed administrative claims data obtained
from the Taiwan Bureau of National Health Insurance
(BNHI). Because the BNHI is the sole payer in Taiwan, the
BNHI data set was assumedly the most comprehensive and
reliable data source for the study. Patients were classified
as LC if their records revealed codes for primary or sec-
ondary diagnosis of gallbladder stones, gallbladder polyps,
or acute cholecystitis (codes 574.00-576.99) and a proce-
dure code for LC (code 51.23). Patients diagnosed with
gallbladder cancer were excluded from the study sample.
The final study sample included 247,751 patients who had
received LC between January 1, 1998 and December 31,
2009. The study protocol was approved by the Institutional
Review Board of Kaohsiung Medical University Hospital.

Potential confounders

The analyzed patient characteristics included age, gender,
and comorbidity. Comorbidity was estimated using the
Charlson index [8]. The analyzed hospital characteristics
were hospital volume, surgeon volume, LOS, and hospital
treatment cost. Hospitals/surgeons were further sorted by
their total patient volume by using the unique hospital/
surgeon identifiers in this database. Surgeon and hospital
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volume cut points were then selected to divide patients into
approximately equal volume-based tertiles. Hospitals were
classified as low-, medium-, and high-volume hospitals if
their annual number of LCs were 1-29, 30-84, >85,
respectively. Surgeons were classified as low-, medium-,
and high-volume surgeons if their annual number of LCs
were 1-10, 11-24, >25, respectively.

Statistical analysis

The study period was divided into three approximately
equal time intervals: period 1: 1998-2001; period 2:
2002-2005; and period 3: 2006-2009. Regarding hospital
treatment costs, the data analysis included costs in standard
administrative claims data required by the Taiwan BNHI:
operating room, radiology, physical therapy, hospital room,
anesthetist, pharmacy, laboratory, special materials, sur-
geon, and others. Hospital treatment cost was adjusted for
specific hospital levels according to their differences in
BNHI reimbursements. To reflect changes in real dollar
value, cost data also were adjusted by the consumer price
index for each year of 1998-2009 (91.52, 93.06, 93.22,
94.39, 94.38, 94.19, 93.93, 95.45, 97.65, 98.23, 99.22, and
100.00, respectively). Additionally, all dollar values at the
end of each year were adjusted to 2009 Taiwan currency
values. Hospital treatment cost was then converted from
Taiwan dollars to U.S. dollars at an exchange rate of
30.5:1, which was the average exchange rate during
1998-2009. Finally, multiple linear regression models and
propensity analysis were used to compare hospital treat-
ment cost between different volume groups.

The hierarchical linear regression model was used to
analyze the relationship between hospital treatment cost of
the different volume groups and those of the reference
group after adjusting for age, gender, Charlson comorbidity
index (CCI), hospital type, hospital volume, and surgeon
volume. In this study, the hierarchical linear regression
method was used because of concern over the potential for
a hospital clustering effect where hospital policies, proce-
dures, or surgeon compensation mechanisms that were
unique to each hospital could impact on the quality and
cost of care [9, 10].

Propensity analysis was used to reduce the effect of
selection bias on our hypothesis as described by Joffe and
Rosenbaum [11] and Rubin [12]. Propensity score stratifi-
cation replaces these covariates that may be present in an
observational study with a variable of these factors. To
calculate the propensity score, patient characteristics and
hospital characteristics in this study were entered into a
logistic regression model predicting selection for high-
volume hospitals/surgeons. The study population was then
divided into four discrete strata on the basis of propensity
score. The effect of volume assignment on hospital
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treatment cost was analyzed within each quartile. Com-
parisons of propensity-matched low/medium-volume and
high-volume hospitals/surgeons of hospital treatment cost
were undertaken using paired ¢ tests or Wilcoxon signed-
rank tests. The Mantel-Haenszel odds ratio was calcu-
lated in addition to the Cochran-Mantel-Haenszel »>
statistic.

Statistical analyses were performed with SPSS version
15.0 (SPSS Inc., Chicago, IL) and Stata Statistical Package,
Version 9.0 (Stata Corp, College Station, TX). All tests
were two-sided, and P values less than 0.05 were consid-
ered statistically significant.

Results

Table 1 lists the differences between low-, medium-, and
high-volume hospitals in terms of patient characteristics
and hospital characteristics. The mean hospital treatment
cost was significantly lower for high-volume hospitals than
for low-volume hospitals (P < 0.001). Otherwise, there
was no statistical difference in patients’ gender, age, and
CClI score between groups (Table 2). Additionally, patients
who received LC by high-volume surgeons were more
likely to get lower hospital treatment cost than those by
low-volume surgeons (P < 0.001; Table 3).

The hierarchical linear regression model showed that,
compared with low-volume hospitals, mean hospital
treatment cost was significantly lower in high-volume
hospitals ($823.74 lower; P < 0.001). For all hospitals, the
mean hospital treatment cost was $2,504.53 dollars.
Average hospital treatment cost for high-volume was 33 %
lower than those for low-volume hospitals after adjusting
for patient characteristics and hospital characteristics.
Moreover, mean hospital treatment cost for procedures
performed by high-volume surgeons were significantly

lower compared with those for procedures performed by
low-volume  surgeons  ($1,182.68 dollars  lower;
P < 0.001). Similarly, average hospital costs for high-
volume surgeons was 47 % lower than those for low-vol-
ume surgeons after adjusting for patient characteristics and
hospital characteristics. Additionally, hospital treatment
cost was significantly lower in females than in males and
were significantly associated with age, hospital type, and
CCI score (P < 0.001).

Patients were stratified by propensity score and the
effect of hospital volume on hospital treatment cost was
assessed. The population was stratified into propensity
quartiles as previously described. Table 4 shows the per-
centage of patients treated at low/medium-volume hospi-
tals from the first propensity quartile to the fourth as
predicted by the propensity model. In each of the four
strata, patients treated at high-volume hospitals had a lower
hospital treatment cost. The P value for the Cochran—
Mantel-Haenszel statistic for the difference in hospital
treatment cost between patients treated at low/medium- and
high-volume hospitals, while controlling for propensity
score, was <0.001 (adjusted odds ratio = 0.57; 95 %
confidence interval (CI), 0.38-0.77). The adjusted hospital
treatment cost for low/medium- and high-volume hospitals
were 70 and 41 % (P < 0.001). It also shows the per-
centage of patients treated by low/medium-volume sur-
geons from the first propensity quartile to the fourth as
predicted by the propensity model (Table 5). In each of the
four strata, patients treated by high-volume surgeons had a
lower hospital treatment cost. The adjusted hospital treat-
ment costs for low/medium- and high-volume surgeons
were 71 and 40 % (P < 0.001).

In summary, the robustness of this result was demon-
strated by two different multivariate analyses, the hierar-
chical linear regression model and stratification by
propensity score.

Table 1 Comparison of patient characteristics and hospital characteristics of 247,751 LC patients according to hospital volume in Taiwan from

1998 to 2009

Characteristics Low volume Medium volume High volume P value
(1-29 LCs) (30-84 LCs) (=85 LCs)
Total hospitals 4,608 2,016 684
Total LCs 82,589 82,597 82,565
LCs performed per hospital (mean £+ SD) 17.92 £+ 14.38 40.97 + 32.67 120.71 + 112.24 <0.001
Patient characteristics
Male/female 39,643/42,946 40,473/42,124 40,457/42,108 0.864
Age, years (mean £+ SD) 64.24 £+ 14.59 65.67 £ 17.01 63.92 £+ 16.22 0.671
Charlson comorbidity index score (mean £ SD) 1.48 £ 1.24 1.57 £ 1.48 1.63 + 1.44 0.829
Hospital characteristics
District hospital/regional hospital/medical center 2,572/2,036/0 804/768/444 0/348/336 <0.001
Hospital treatment cost, dollars (mean + SD) 2,584.80 + 2,511.23 2,214.18 + 2,341.94 2,114.51 £+ 2,112.67 <0.001

LC laparoscopic cholecystectomy
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Table 2 The comparison of patient characteristics and hospital characteristics of 247,751 LC patients according to surgeon volume in Taiwan

from 1998 to 2009

Characteristics Low volume Medium volume High volume P value
(1-10 LCs) (11-24 LCs) (>25 LCs)
Total surgeons 9,859 4,874 2,146
Total LCs 82,578 82,586 82,587
LCs performed per surgeon (mean £ SD) 837 £6.79 16.94 £ 14.57 38.48 £+ 34.10 <0.001
Patient characteristics
Male/female 40,463/42,115 40,054/42,532 40,468/42,119 0.898
Age, years (mean + SD) 63.47 £ 16.79 64.18 £ 17.42 64.81 + 17.94 0.864
Charlson comorbidity index score (mean £ SD) 1.82 £ 1.99 1.46 £ 1.78 1.67 £+ 1.86 0.442
Hospital characteristics
District hospital /regional hospital/medical center 2,872/1,736/0 504/1,218/294 0/198/486 <0.001
Hospital treatment cost, dollars (mean + SD) 2,849.67 £ 2,697.31 2,234.18 £ 2,211.60 2,145.23 £ 2,384.91 <0.001

LC laparoscopic cholecystectomy

Table 3 Hierarchical linear regression result for hospital treatment cost after adjusting for patient attributes and hospital attributes

(n = 247,751)
Variable Hospital treatment cost
Parameter estimate Standard error P value
Operation years —34.41 0.22 <0.001
Patient characteristics
Gender
Female —549.20 121.57 <0.001
Age 8.18 1.94 <0.001
Charlson co-morbidities index 923.47 239.10 <0.001
Hospital characteristics
Hospital type
Regional hospital —49.33 14.27 <0.001
Medical center —62.84 17.93 <0.001
Hospital volume
Medium —324.61 98.84 <0.001
High —823.74 75.53 <0.001
Surgeon volume
Medium —614.22 187.45 <0.001
High —1182.68 314.32 <0.001
Residual variance 281176.55
Random effect associated with hospital 24418.23
Constant 25130.96 2494.15 <0.001

Reference group: male, district hospital, low hospital volume, low surgeon volume

Discussion

Using a hierarchical linear regression model and propensity
score, the relative benefit of treatment at high-volume
hospitals or by high-volume surgeons over low/medium-
volume hospitals or low/medium-volume surgeons was
evaluated in LC. After controlling for patient characteris-
tics and hospital characteristics in the hierarchical linear
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regression model, the adjusted parameter estimate was
—$823.74 dollars for high-volume hospitals or —$1,182.68
dollars for high-volume surgeons, indicating that LC
patients treated at high-volume hospitals or by high-vol-
ume surgeons had a lower hospital treatment cost. When
analyzed by propensity score, the adjusted hospital treat-
ment cost was 41 % for patients treated at high-volume
hospitals or 40 % by high-volume surgeons and 70 % for
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Table 4 Comparison of low/medium-volume hospital and high-volume hospital of hospital treatment cost in different propensity score strata

Propensity Low/medium-volume hospital High-volume hospital P value
score stratum
n % of stratum Mean cost n % of stratum Mean cost

1 45,582 83 2,524.09 16,690 27 2,254.36 <0.001
2 42,267 81 2,463.51 19,123 31 2,118.23 <0.001
3 39,819 64 2,222.84 22,254 44 2,097.57 <0.001
4 37,518 49 2,149.56 24,498 53 1,894.18 <0.001
Total 165,186 70 2,350.91 82,565 41 2,073.70 <0.001

Stratum 1 had the strongest propensity for low/medium-volume hospital; strum 4, for high-volume hospital. Cochrane-Mantel-Haenszel
statistics; adjusted odds ratio (OR) = 0.57, 95 % confidence interval = 0.38-0.77

LC laparoscopic cholecystectomy

Table 5 Comparison of low/medium-volume surgeon and high-volume surgeon of hospital treatment cost in different propensity score strata

Propensity Low/medium-volume surgeon High-volume surgeon P value
score stratum
n % of stratum Mean cost n % of stratum Mean cost

1 45,765 84 2,780.31 16,584 26 2,301.54 <0.001
2 42,154 82 2,597.22 19,228 30 2,184.67 <0.001
3 39,975 63 2,457.60 22,196 45 1,997.18 <0.001
4 37,270 48 2,329.56 24,579 54 1,845.23 <0.001
Total 165,164 71 2,553.76 82,587 40 2,056.73 <0.001

Stratum 1 had the strongest propensity for low/medium-volume surgeon; strum 4, for high-volume surgeon. Cochrane—-Mantel-Haenszel
statistics; adjusted odds ratio (OR) = 0.64, 95 % confidence interval = 0.43-0.84

LC laparoscopic cholecystectomy

patients treated at low/medium-volume hospitals or 71 %
by high-volume surgeons. Moreover, fewer patients treated
at high-volume hospitals or by high-volume surgeons had a
high hospital treatment cost. The results of both forms of
analyses led to the conclusion that hospital treatment cost
for LC patients treated at high-volume hospitals or by high-
volume surgeons were significantly better, which is con-
sistent with the literature [13-15].

Although precise cutoffs for LC volume could not be
defined, surgeon volume and hospital volume consistently
showed a positive association with outcome. As reported
elsewhere, factors that correlated positively with hospital
treatment cost included advanced age, male gender, high
CCI score, current treatment at a district hospital, current
treatment at low-volume hospitals, and current treatment
by low-volume surgeons [5-7].

In comparison with reports that used data for a single
medical center, this national registry study based on data
from the BNHI in Taiwan gives a better overview of the
current practice of LC surgery. Unlike single-center series
studies, data from registry studies provide an overview of
practices in large populations while avoiding referral bias
or bias reflecting the practices of individual surgeons or
institutions [3, 16]. Moreover, all BNHI copayments are
standardized throughout the country. Additionally, in the

hierarchical linear regression model applied in this study,
the two-level model was adjusted for cluster effects to
avoid overemphasizing association [17].

The use of propensity scores to create a risk-adjusted,
matched model based on hospital volume or surgeon vol-
ume was an important advantage of our study. Propensity
score measures the likelihood that a person would have
been treated using the covariates score [11, 12]. This
allowed for a straightforward analysis of whether the low/
medium-volume and high-volume groups had enough
overlap with respect to observed covariates for a true
assessment of the effect that hospital volume and surgeon
volume had on the use of LC. These two volume groups in
our propensity-matched model were virtually identical with
respect to entire patient characteristics and hospital
characteristics.

The literature shows not only an increasing incidence of
LC procedures, but also an increase in associated hospital
treatment costs [18]. This study found that hospital treat-
ment cost for inpatient care of patients who had received
LC at high-volume hospitals and by high-volume surgeons
were significantly lower than those of patients who had
received LC at low-volume hospitals and by low-volume
surgeons. Hospital costs were 33 % lower in high-volume
hospitals than in low-volume hospitals and 47 % lower in
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high-volume surgeons than in low-volume surgeons.
Therefore, limiting LC procedures in Taiwan to high-vol-
ume hospitals or high-volume surgeons would potentially
save $205-292 million dollars in annual hospital costs. The
observed inverse volume-cost relationship is consistent
with cost analyses showing that the costs of other proce-
dures [7]. However, few studies have explored how the
economic burden of LC procedures is related to hospital
volume or surgeon volume [19].

Previous studies reveal that several patient characteristic
and hospital characteristics have strong correlations with
hospital treatment cost [4, 14]. However, the limited
availability of claims data in the present study precluded
analysis of many patient and hospital parameters.
Advanced age reportedly has a strong positive association
with a high CCI score. The literature also shows that
hospital treatment cost tends to be higher in patients with
CCI score [10]. Analysis of gender differences in hospital
treatment cost incurred by the LC surgery patients in this
study also indicated that females tended to have lower
hospital treatment cost than males did. Although further
study is needed, one possibility is that the disease tends to
be more severe in males than in females at the time of
surgery because males tend to delay surgery [20].

Several hypotheses for the cost-volume relationship
have been proposed. The “practice makes perfect”
hypothesis proposes that high surgical volumes increase the
opportunities to improve not only surgical skills, but also
the implementation and cost-effectiveness of the overall
treatment [7]. Surgical skill clearly improves with experi-
ence. Compared to a low-volume surgeon, a high-volume
surgeon with well-trained staff tends to have a shorter
operating time and better performance in selecting appro-
priate antimicrobials and surgical procedures and in plan-
ning for discharge, which reduces complication rates, LOS,
mortality rate, and hospital treatment cost [7, 13-15].
Regarding the selective referral hypothesis, surgical
patients in Taiwan tend to rely on their own judgment when
selecting a surgeon or hospital due to lack of a formal
referral system [21, 22]. Because no source of official
performance data is available for reference when selecting
a healthcare provider, patients tend to select surgeons or
hospitals based on the recommendations of friends and
relatives [21, 22].

We acknowledge several limitations of this study. First,
the clinical picture obtained by analyzing claims data is not
as precise as that obtained by analyzing prospective clinical
trial data due to possible errors in the coding of primary
diagnoses and surgical modalities. Second, complications
associated with LC surgical procedures were not assessed,
which limits the validity of the prediction. Finally, the
analysis did not examine outcome data, such as patient-
reported quality of life and indirect costs incurred after

@ Springer

discharge. However, given the robust magnitude of the
effects and the statistical significance of the effects in this
study, these limitations are unlikely to compromise the
results.

Conclusions

This population-based study is the first to examine asso-
ciations between volume and outcome in LC patients in
Taiwan. Analysis using a hierarchical linear regression
model and propensity score found an association between
high-volume hospitals and surgeons and hospital treatment
cost in LC patients. Moreover, the significant factors
associated with hospital resource utilization for this pro-
cedure include age, gender, CCI score, hospital type, hos-
pital volume, and surgeon volume. Additionally, analysis
of the treatment strategies adopted at high-volume hospi-
tals or by high-volume surgeons may improve overall
hospital treatment cost.
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