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Abstract
Purpose. To compare the economic outcomes of lapa-
roscopic surgery (LAP) with those of open surgery (OS) 
for colorectal cancer.
Methods. We compared operating room (OR) costs, 
OR hospital-profi ts, total hospital charges, and pay-
ments made for 67 consecutive patients who underwent 
either OS (n = 41) or LAP (n = 26) for colorectal 
cancer.
Results. The operating time was longer in the LAP 
group (P < 0.001), but the hospital stay was shorter (P 
< 0.001). OR costs were higher in the LAP group, which 
was primarily attributed to the higher costs of consum-
ables (LAP $1441, OS $575; P < 0.001) and the longer 
operating time (LAP 215 min, OS 155 min; P < 0.001). 
Total hospital charges were also higher after LAP (LAP 
$5017, OS $4093; P < 0.001). Patients paid more after 
LAP (P < 0.001), but there was no signifi cant difference 
between the two groups in National Health Insurance 
Corporation payments.
Conclusion. Laparoscopic surgery is less cost-effective 
than OS for colorectal cancer. The higher costs of 
consumables and the longer operating time associated 
with LAP must be addressed to make LAP more 
cost-effective.
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Introduction

The laparoscopic resection of colon cancer was fi rst 
reported in 1991, and it is becoming more and more 
popular.1 Laparoscopic surgery (LAP) is now well es-

tablished as technically feasible for the treatment of 
colorectal cancers, without increased morbidity.2–6 
Several randomized clinical trials have been conducted 
to compare oncologic outcomes between LAP and 
conventional open surgery (OS) in the treatment of 
colorectal cancer.7–9 The Clinical Outcomes of Surgical 
Therapy (COST) Study Group reported that there 
were no differences in 5-year survival and recurrence 
rates between patients treated with LAP and those 
treated with OS.7 Lacy et al. determined that oncologic 
outcomes after LAP tended to be superior to those 
after OS for stage III colon cancer.8 Recently, Leung 
et al. demonstrated that LAP did not jeopardize sur-
vival or disease control in patients suffering from recto-
sigmoid cancers.9

To justify the routine use of laparoscopy in the man-
agement of colorectal cancer, it must be proven to be 
cost-effective as well as oncologically effective. The 
cost-effectiveness of LAP varies according to the 
status of each nation’s medical service systems. Al-
though some studies showed that the total cost of 
LAP in the treatment of colon or rectal cancer was 
higher than that of OS,9,10 other studies found that 
LAP was not associated with any real increase in 
cost.11–17 In fact, Delaney et al. reported that LAP in-
curred fewer direct costs than OS,11 which they attrib-
uted to the shorter hospital stay after LAP, although 
the operating room (OR) costs for LAP were clearly 
higher. The issue of cost-effectiveness is particularly 
vexing, not only for health care providers, but also for 
those who organize and pay for health care. As health 
care costs play a major role in clinical decision-making, 
we compared the economic outcomes of patients un-
dergoing LAP with those undergoing OS for colorectal 
cancer, taking into account such factors as OR costs, 
OR hospital-profi ts, total hospital charges, and 
payments.
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Patients and Methods

Methods

Eighty-eight consecutive patients underwent curative 
resection of colorectal cancer at Seoul National Univer-
sity Bundang Hospital, between June 2003 and January 
2004. We excluded several groups of patients from the 
study, including 14 with adjacent organ invasion or dis-
tant metastasis, three with a history of major abdominal 
surgery, and four in whom LAP was converted to OS. 
Finally, 67 patients undergoing OS (n = 41) or LAP 
(n = 26) were included in the economic comparison. We 
compared the patients’ age, sex, body mass index (BMI), 
tumor location, operative procedure, operative time, 
postoperative course, hospital stay, and complications. 
With the notable exceptions of surgical access and the 
approach to the main lymphovascular pedicle, all of the 
other surgical methods used were similar in the two 
groups. Access in LAP was gained using four or fi ve 
trocars, and the diseased bowel was resected extracor-
poreally. In OS, the main pedicles were dissected via a 
lateral-to-medial sequence, whereas in LAP a medial-
to-lateral sequence was used for the pedicular approach. 
The study period started on the day of admission for 
surgery and fi nished on the day of discharge from 
hospital.

Operating Room (OR) Costs and OR Hospital-Profi t

Operating room costs were defi ned as direct costs, 
which are different from the indirect costs or intangible 
costs described by Krahn.18 Our analyses of OR costs 
were predicated primarily using the method developed 
by Cokins.19 Operating room costs consisted of labor 
costs, supply costs, and consumables costs. Labor costs 
were calculated based on the hourly rate of pay accord-
ing to the salaries of the medical offi cers, nursing staff, 
physician’s assistants, and other personnel in the OR, 
by referencing the numbers and types of personnel 
listed on the OR records. These records were also used 
in the calculation of OR utilization time. OR resources 
and some reusable equipment used in LAP were cal-
culated as supply costs per hour, paid by the hospital 
to the supplier. This category included some relatively 
expensive equipment, regulated as “unchargeable ma-
terials” by the national government. The capital costs 
of this expensive equipment were calculated after esti-
mating the yearly use of these items, and including a 
5-year depreciation schedule. Consumables costs in-
cluded stapling devices, suture materials, and dispos-
able drapes used in the OR, as well as other reusable 
laparoscopic instruments, including bowel graspers and 
laparoscopic clips, both of which are classed as charge-
able items.

Operating room hospital profi ts were calculated by 
subtracting operation charges from the labor and supply 
costs of the OR. Operation charges are one of the many 
categories shown on the hospital bill. Consumable costs 
were excluded from the calculation for OR hospital-
profi ts, as they were refunded as benefi t-service or non-
benefi t-service charges to the hospital.

Total Hospital Charges and Payments

Total hospital charges were divided into several cate-
gories, including charges per case for the operation, 
anesthesia, laboratory, radiology, nursing care, medical 
therapy, and consumables. In Korea, the operation 
charges for LAP and OS are the same. Charges associ-
ated with chemotherapy or radiotherapy, both of which 
may be necessary in patients with pathological stage II 
or III disease, were not included in this analysis. Each 
charge per item was determined by a review of both the 
medical records and the ultimate hospital bill. Hospital 
charges were divided into benefi t-service charges, and 
nonbenefi t-service charges. In Korea, 80% of the ben-
efi t-service charges are reimbursed by the National 
Health Insurance (NHI) Corporation, and all nonben-
efi t-service charges are paid by the patients. Patients 
pay 20% of the benefi t services.

Statistical Analysis

Cost data tend to be extremely skewed, which renders 
the use of nonparametric statistical tests appropriate. 
Nonparametric data are expressed as medians and inter-
quartile ranges. We used the Mann–Whitney U-test to 
compare the LAP and OS groups with regard to differ-
ences in costs and charges. Differences were considered 
signifi cant if the estimated P value was less than 0.05. 
All costs and charges are expressed in US dollars at the 
December 2003 exchange rate (1180 won = 1 dollar).

Results

The patient demographics and tumor locations were 
similar in the two groups, with the exception of their sex 
(Table 1). Operating room utilization time was signifi -
cantly longer in the LAP group than in the OS group 
(155 min vs 215 min; P < 0.001) (Table 2). However, the 
LAP group had a signifi cantly shorter length of stay 
than the OS group (P < 0.001). Postoperative recovery 
of the LAP patients, principally with regard to return 
of bowel function and recommencement of oral intake, 
was signifi cantly superior to that in the OS group. An-
algesic requirements did not differ signifi cantly between 
the groups. There were no differences in postoperative 
complications between the groups. There was one case 
of wound infection and four cases of early postoperative 
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ileus in the OS group, versus one case of wound infec-
tion, one case of late ileus, and one case of anastomotic 
stricture in the LAP group (P = 0.323).

Operating room costs were signifi cantly higher in the 
LAP group than in the OS group ($1 347 versus $2 709; 
P < 0.001) (Table 3). Labor costs, supply costs, and 
consumables costs were also higher in the LAP patients, 
with no exceptions (P = 0.001). Operating room hospi-
tal-profi t differed signifi cantly between the groups (OS 

−$154 vs LAP −$564; P < 0.001) (Table 4). Both groups 
induced hospital-defi cits in the OR, which was attribut-
ed to the generally low OR charges in Korea. The LAP 
group was associated with signifi cantly greater hospital-
defi cits than the OS group with regard to hospital 
balance.

The total hospital charges, consisting of benefi t ser-
vices, and nonbenefi t-service charges were also signifi -
cantly higher in the LAP group than in the OS group 

Table 1. Demographics of the patients

 OS (n = 41) LAP (n = 26) P value

Male/female ratio 34 : 7 15 : 11 0.046
Age (years) 64.0 (40–84) 64 (30–83) NS
BMI (kg/m2) 22.2 (15.8–31.8) 22.6 (18.6–29.3) NS
Tumor location   NS
 A- and T-colon  6  5
 S-fl  and D-colon  2  1
 Sigmoid colon 13 10
 Rectum 20 10

Data are expressed as median values with range
OS, open surgery; NS, not signifi cant; LAP, laparoscopic surgery; BMI, body mass index; A, 
ascending; T, transverse; S-fl , splenic fl exure; D, descending

Table 2. Operating times and postoperative basic data

 OS (n = 41) LAP (n = 26) P value

Operation time (min) 155 (121–209) 215 (193–263) <0.001
Flatus passed (POD)   5.0 (2–16)   3 (2–5) <0.001
Recommencement of oral intake (POD)   5.0 (2–17)   4 (2–6) <0.001
Requirement of analgesics (frequency)   2.04 (0–22)   1.7 (0–6) NS
Hospital stay (days)   9 (7–20)   7 (5–14) <0.001

Data are expressed as median values with interquartile ranges (1st–3rd quartile)
OS, open surgery; LAP, laparoscopic surgery; POD, postoperative days; NS, not signifi cant

Table 3. Comparison of operating room (OR) costs

 OS (range) LAP (range) P value

OR costs ($) 1 347 (1 165–1 796) 2 709 (1 353–3 137) <0.001
Labor costs ($)   551 (427–734)   763 (691–928) <0.001
Supply costs ($)   331 (267–447)   466 (423–553) <0.001
Consumables costs ($)   575 (217–642) 1 441 (724–1 788) <0.001

Data are expressed as median values with interquartile ranges (1st–3rd quartile)
OS, open surgery; LAP, laparoscopic surgery; OR, operating room; $, US dollar

Table 4. Comparison of operating room (OR) hospital-profi ts

 OS (range) LAP (range) P value

Hospital-profi t in OR ($) −154 (−421 to −12)  −564 (−920 to −398) <0.001
Subtracted OR costs ($)   881 (694–1 180) 1 254 (1 115–1 483) <0.001
OR charges ($)   760 (465–1 138)   697 (465–969) NS

Data are expressed as median values with interquartile ranges (1st–3rd quartile)
Hospital-profi t in operating room = OR charges–Subtracted OR costs
Subtracted OR costs = Labor costs + Supply costs
Negative hospital-profi t means hospital-defi cit
OS, open surgery; LAP, laparoscopic surgery; OR, operating room; $, US dollar; NS, not 
signifi cant
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(OS $4 093 vs LAP $5 017; P < 0.001) (Table 5). In terms 
of the benefi t-service charges associated with the NHI 
Corporation, we found no differences in any of the 
other categories, with the exception of anesthesia charg-
es. The consumables charges in the nonbenefi t services 
were signifi cantly higher in the LAP group than in the 
OS group (OS $234 vs LAP $1 292; P < 0.001).

When we divided the total hospital charges, we clas-
sifi ed them into NHI Corporation payments and patient 
payments. The LAP group patients paid signifi cantly 
higher charges than the OS patients ($2 653 vs $1 856; P 
< 0.001), whereas the NHI Corporation payments did 
not differ signifi cantly according to the operative ap-
proach (OS $2 305 vs LAP $2 136; P = 0.161) (Table 6). 
In the LAP group, the higher patient payments were 
primarily the result of the higher consumables charges 
in the nonbenefi t services.

Discussion

In agreement with several previous studies, we found 
that OR costs were signifi cantly higher for LAP than 
for OS in the treatment of colorectal cancer (Table 

7).9–13,20 The OR costs were increased in the LAP group 
as a result of higher consumables costs (LAP $1 441 
versus OS $575; P < 0.001), and longer operating times 
(LAP 215 min, OS 155 min; P < 0.001). To increase the 
validity of our data, we excluded from this study, pa-
tients with a history of major abdominal surgery, adja-
cent organ invasion, or distant metastasis, as well as 
those in whom LAP was converted to OS, in consider-
ation of operating times and costs. Most other studies 
have also reported signifi cantly longer operating times 
for LAP than for OS.11,13,14,20 The substantial learning 
curve of the surgeon appears to be a necessary factor 
for reducing the operating time as LAP for colorectal 
cancer is technically diffi cult.10 The high OR costs asso-
ciated with this technique could probably be lowered by 
reducing the operating time, which would be a natural 
result of increased experience in performing LAP on 
the part of the surgeon, as well as the necessary main-
tenance of the laparoscopic instruments. Operating 
time constitutes one of the most important factors in 
determining the cost-effectiveness of the LAP 
technique.

In some economic evaluations, the authors have 
confused or confl ated the defi nitions of cost and charge 

Table 5. Comparisons of total charges categorized into benefi t and nonbenefi t services

  OS (range) LAP (range) P value

Benefi t-service charges ($) Operation   760 (620–853)   697 (620–853) NS
 Anesthesia   180 (146–225)   253 (209–295) <0.001
 Laboratory   390 (313–557)   369 (277–523) NS
 Radiology   219 (201–231)   217 (209–241) NS
 Nursing   437 (380–608)   399 (334–503) NS
 Medical therapy   469 (408–530)   424 (359–504) NS
 Consumables   203 (77–458)   153 (51–241) NS
 Total ($) 2 892 (2 508–3 229) 2 670 (2 251–3 000) NS
Nonbenefi t-service charges ($) Operation     0     0 NS
 Anesthesia    19 (16–51)    20 (15–75) NS
 Laboratory   163 (40–190)    94 (29–185) NS
 Radiology     8 (0–568)     0 (0–107) NS
 Nursing    89 (71–145)    81 (62–99) NS
 Medical therapy   466 (193–1 206)   195 (113–589) NS
 Consumables   234 (194–472) 1 292 (604–1 734) <0.001
 Total ($) 1 322 (891–1 791) 2 068 (1 737–3 439) <0.001

Total charges ($)  4 093 (3 514–4 885) 5 017 (4 325–6 007) <0.01

Data are expressed as median values with interquartile ranges (1st–3rd quartile)
Benefi t service means services for which 80% was reimbursed by the National Health Insurance Corporation
Nonbenefi t service means what was paid entirely by the patients
OS, open surgery; LAP, laparoscopic surgery; $, US dollar; NS, not signifi cant

Table 6. Comparison of payments according to payers

Payer OS (range) LAP (range) P value

NHI corporation ($) 2 305 (2 006–2 583) 2 136 (1 801–2 400) NS
Patient ($) 1 856 (1 397–2 491) 2 653 (2 286–3 960) <0.001

Data are expressed as median values with interquartile ranges (1st–3rd quartile)
OS, open surgery; LAP, laparoscopic surgery; NHI, national health insurance; $, US dollar; NS, 
not signifi cant
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(Table 7).10,15,21 They expressed charge as cost in their 
articles, after conducting analyses of charge. Whereas 
cost is a diffi cult quantity to measure as it represents the 
actual value inherent to the resources required to the 
deliverer or provider, charge refers simply to billed 
costs and is therefore much easier to determine pre-
cisely than cost.18 Thus, we used cost to compare OR 
costs, and charge to compare total hospital charges, an 
evaluation which encompassed anesthesia, laboratory, 
radiology, pharmacy, nursing, medical therapy, and 
consumables charges. In the present study, the total 
hospital charges were signifi cantly higher for LAP than 
for OS, in agreement with previous studies.9,10 The ben-
efi t-service charge associated with the NHI Corporation 
did not differ between LAP and OS; however, the non-
benefi t-service charges were signifi cantly higher in the 
LAP patients. In accordance with many reports from 
other countries,5,7–9,11,14,16,20 we found that the hospital 
stay associated with LAP was about 2 days shorter than 
that associated with OS, which is a direct result of ear-
lier recovery after LAP and a faster return to normal 
activity. The length of a patient’s hospital stay also de-
pends on whether the hospital is operating at its maxi-
mal hospital bed turnover rate. Length of stay is often 
longer when a hospital is experiencing a low bed turn-
over rate This study had a minimal level of bias with 
regard to our comparison of lengths of hospital stay, as 
our working hospital is continuously operating at its 
maximal hospital bed turnover rate. We found that the 
higher OR costs incurred by the LAP patients were not 
compensated for by the lower costs of postoperative 
care saved over 2 days, due to the generally low charges 
associated with hospitalization in Korea. Thus, the im-
pact of hospital stay on hospital charges clearly depends 
on the status of each nation’s medical service system. In 
the present study, the increased hospital charges associ-
ated with LAP were determined to result primarily 
from the use of consumables, including stapling devices 
and laparoscopic instruments. Our analysis did not in-
clude indirect costs (such as productivity loss), or intan-
gible costs (such as pain), both of which might have had 
an effect on the equation if taken into account. Societal 
perspectives, which would impact on direct, indirect, 
and intangible costs, constitute a broader perspective 
than those of hospitals or governments.18 Thus, total 
health care costs might ultimately be lower for LAP if 
examined from the standpoint of societal perspectives. 
In a study conducted as a subset of the Swedish contri-
butions to the Colon Cancer Laparoscopic or Open 
Resection (COLOR) trials, total health costs, when fac-
tors such as productivity losses were taken into account, 
did not differ between the LAP and OS groups.12

The present study found that the OR profi t of a hos-
pital, as the provider of a medical service, remained 
negative for both procedures, although LAP was associ-
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ated with greater hospital defi cits than OS. In Korea, 
much of the laparoscopic equipment used for LAP is 
regulated under the category of “unchargeable materi-
als.” Operation charges associated with LAP in the 
treatment of colorectal cancer are identical to those of 
OS in Korea. The present study determined that the 
NHI Corporation of Korea did not pay additional ex-
penses for LAP. The higher expenses related to dispos-
able instruments were excluded from the reimbursements 
made by the NHI Corporation, and devolved to the 
patients. Therefore, hospitals endure a greater econom-
ic defi cit for LAP than for OS, which is principally the 
result of low operation charges, as well as the classifi ca-
tion by the national government of some of the equip-
ment used in LAP as “unchargeable.”

The costs and benefi ts of new treatments in health 
interventions tend to vary over time, as a result of tech-
nological advances, market competition, staff training, 
and overall changes in economic conditions.22 The ini-
tial costs are often high, but downstream costs tend to 
be lower.23 Unfortunately, LAP generates a net health 
increase, characterized by earlier recovery and minimal 
incision, with an increase in net costs and charges. This 
study clearly showed that the operating time and equip-
ment usage associated with LAP must be controlled for 
the procedure to become fi nancially advantageous from 
the provider’s perspective, as reported in several previ-
ous studies.16 The cost issues associated with LAP from 
a direct-costs perspective have already been resolved in 
some centers,11–17 but not in Korea. Laparoscopic sur-
gery is not as cost-effective as OS for colorectal cancer 
in Korea. However, most colorectal surgeons are reluc-
tant to stop performing LAP because of this. Many 
colorectal surgeons treat colorectal cancer by LAP at 
the request of the patients, who are aware of its short-
term benefi ts, including faster recovery and minimal 
incisions, and also because LAP is not associated with 
additional oncological risks.7–9

In conclusion, we investigated for the fi rst time the 
cost-effectiveness of LAP in comparison with OS, in 
Korea. We also compared the payments and OR hospi-
tal-profi ts between LAP and OS for colorectal cancer. 
A future randomized study, which includes both direct 
and indirect costs, will be necessary to prove that LAP 
can be cost-effective in the treatment of colorectal 
cancer.
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