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Abstract

Introduction: Clinical benefits of laparoscopic surgery are
well established, but evidence for financial benefits is limit-
ed. This study aimed to compare the financial impact of the
introduction of laparoscopic colorectal surgery. Methods:
This study included patients who underwent colorectal sur-
gery between January 2010 and 2015. We collected a range
of financial data and divided the patients into 2 groups. Pri-
mary outcome was total cost defined by surgical-related
costs. Results: A total of 1,246 patients were included, of
which 440 surgeries were performed laparoscopically. The
total median cost of laparoscopy was higher compared to
open surgery (EUR 4,665 vs. EUR 4,268, p = 0.001). Laparos-
copy was associated with higher equipment costs (EUR 857
vs. EUR 232, p < 0.001), longer operating time (3.2 vs. 2.5
hours, p < 0.001), and more readmissions (10.9 vs. 8.5%, p <
0.001). However, after adjusting for heterogeneity, no differ-
ence was found in total cost. Surgical-related costs were
counterbalanced by lower costs associated with shorter me-

dian hospital stay (6 vs. 9 days, p < 0.001), less morbidity (37.3
vs. 55.1%, p < 0.001), and less mortality (1.8 vs. 5.6%, p =
0.013) for laparoscopy. Conclusion: During the introduction
of laparoscopy for colorectal surgery, no significant differ-
ences were found in total cost between laparoscopic and
open colorectal surgery. However, favorable postoperative
outcomes were achieved with laparoscopic surgery.

© 2020 S. Karger AG, Basel

Introduction

Over the last decennia, one of the major developments
in surgical procedures is the introduction of laparoscopic
surgery. Since the introduction of laparoscopy, many oth-
er improvements have been made and are still being per-
fected. However, in the present era of rising healthcare
cost and the introduction of new, more expensive treat-
ment options, the business intelligence aspect is of in-
creasing importance.

In previous studies, laparoscopic surgery for colorectal
pathology showed promising results. With this approach,
the reported outcomes showed significantly less intraop-
erative blood loss, improved postoperative recovery, less
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need for analgesics, early return of intestinal motility,
lower overall morbidity, shorter length of hospital stay
(LOS), and a higher reported quality of life [1-4]. More-
over, the oncological safety of laparoscopy has been prov-
en, with comparable rates of complete resections, free re-
section margins, and better survival for selected patient
groups [2, 4-6]. Because of its proven oncological and
procedural safety, laparoscopy is now for the preferred
technique in colorectal surgery. Despite the evidence of
improved clinical outcomes, the utilization of laparosco-
py is still estimated to be less than 50% of all possible
cases [7]. The evidence for the financial advantages of lap-
aroscopy is currently limited and inconsistent. Expected
higher costs by the use of more expensive materials and
longer operative time, may limit its widespread utiliza-
tion [8]. However, these costs could be counterbalanced
by the benefits of laparoscopy, such as shorter LOS and
less postoperative complications [9-12].

From a business intelligence viewpoint, it remains un-
clear if the introduction of laparoscopic surgery improved
healthcare cost. Therefore, we aimed to compare the fi-
nancial impact of laparoscopic colorectal surgery by in-
vestigating the overall surgical-related costs.

Materials and Methods

Study Design

This study is a single-center retrospective cohort analysis from
the Zuyderland Medical Center (ZMC). Patients who electively un-
derwent either laparoscopic or open colorectal resection between
January 2010 and 2015 were included in this study based on an
intention-to-treat analysis. To identify these patients, the prospec-
tive financial control file system was searched for all procedure
codes for colorectal surgery. Patients with additional resections
during the operation were excluded. The primary outcome was to-
tal cost defined by surgical-related costs. Surgical-related costs in-
cluded costs of hospitalization, occupation of the operating theater,
equipment costs, readmission, and surgical reintervention costs.
Secondary outcomes were LOS and LOS-associated costs, postop-
erative complications, readmission, and mortality within 30 days.
Due to its retrospective design and period of data collection, written
informed consent was not required. This study was approved by the
ZMC’s committee on human research (METC-Z, 15-N-105).

Data

All demographical, surgical, and perioperative outcome data of
these patients were collected in a prospectively coded database.
Data were obtained from the electronic patient files and verified
with the Dutch Institute for Clinical Auditing database. Opera-
tions were performed by both surgeons and (supervised) surgical
residents. The choice for laparoscopic or open colorectal surgery
was based on the preference of the patient and surgeon. If both op-
tions were possible, the choice depended on the patient’s prefer-
ence. All patients received usual care following enhanced recovery
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after surgery (ERAS) protocol [13]. The cost of inventory-appara-
tus (insufflator, video-camera, monitors, etc.) was not included,
just as other non-surgical-, outpatient-, and community costs.

All costs were obtained from the financial office and are re-
ported in euros (€). Hospitalization costs were based on the LOS
from hospital admission to discharge. The costs of the operating
theater were based on the time of occupation. Costs of disposable
and nondisposable equipment were based on the preoperative
standard equipment list and were also calculated from the actual
costs paid by the hospital.

Statistical Analysis

All data were analyzed based on an intention-to-treat analysis.
Categorical data variables are expressed as numbers with percent-
ages and were analyzed with the x* test. For parametric continuous
data, the Student’s ¢ test was used and data presented as mean with
standard deviation. For nonparametric continuous data, the
Mann-Whitney U test was used and presented as median with in-
terquartile ranges. Linear logistic regression analysis was used to
examine factors influencing total surgical-related cost. For the
multivariate analysis, multiple linear regressions including all vari-
ables were performed. Logistic regression was used to calculate the
adjusted odds ratio. A two-tailed p value <0.05 was considered as
statistically significant. Performed statistical analyses were in con-
sultation with an epidemiologist and a statistician and using the
IBM SPSS statistics software program, version 25.0.

Results

Patient Characteristics

Within the study period, a total of 1,246 patients were
operated in our institute. Ninety-one patients with addi-
tional resections were excluded. The remaining 1,155 pa-
tients were divided according to surgical procedure. A to-
tal of 440 patients underwent laparoscopic surgery and
715 patients underwent open surgery. The 2 groups dif-
fered in age, the American Society of Anesthesiologists
(ASA) classification, operation indication, and tumor
stage. The most common indications for colorectal sur-
gery were malignancy (63%), diverticulitis (14%), and in-
flammatory bowel disease (IBD) (9%). Of all resections,
75% were resections of the colon (Table 1).

Primary Outcome

Both the mean and median total cost of laparoscopic
surgery were higher than the total cost of open surgery.
In the open group, there was a wide distribution of total
cost, which prompted a more accurate display of these
data by using the median values. Despite patients in the
laparoscopy group having a shorter LOS and fewer surgi-
cal reinterventions, the median total cost was higher
when compared to that of the open group (EUR 4,665 vs.
EUR 4,268, p < 0.001). This was mainly due to signifi-
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Table 1. Summary of patient characteristics at the baseline and comparison between the groups

Variable Laparoscopy (%) Open (%) p value
N =440 N=715
Demography
Age 64.33 (SD 13.89) 68.34 (SD 13.06) <0.001
Male 227 (52.0) 364 (51.0) 0.822
Health
BMI, kg/m? 26.63 (SD 4.69) 26.21 (SD 4.60) 0.145
Mean 87 (19.8) 141 (19.7) 0.983
Obesity, BMI > 30 393 (89.3) 538 (75.2) <0.001
ASA classification 47 (10.7) 177 (24.8)
land 2
3and 4
Diagnosis
Malignancy 241 (54.8) 482 (67.4) <0.001
Diverticulitis 74 (16.8) 82 (11.5)
IBD 58 (13.2) 46 (6.4)
Benign polyp 39 (8.9) 37(5.2)
Other* 28 (6.4) 68 (9.5)
TNM classification
Stadium 0 20 (8.3) 21 (4.4) 0.096
Stadium 1 56 (23.2) 96 (19.9)
Stadium 2 67 (27.8) 151 (31.3)
Stadium 3 82 (34.0) 161 (33.4)
Stadium 4 16 (6.6) 53 (11.0)
Comorbidities
Cardiac 103 (23.4) 180 (25.2) 0.498
Pulmonary 58 (13.2) 82 (11.5) 0.386
History of abdominal surgery 146 (33.2) 223 (31.2) 0.481
Diabetic types 1 and 2 43 (9.8) 125 (17.5) <0.001
Hypertension 148 (33.6) 220 (30.8) 0.310
Resection
Colon resection 326 (74.1) 540 (75.5) 0.624
Conversion 43 (9.8)

Unless otherwise indicated, values represent the total number and percentages. ASA, America Society of
Anesthesiologists; IBD, inflammatory bowel diseases (ulcerative colitis and Morbus Crohn); TNM, classification
of malignant tumors, seventh edition, 2009. * Other group of rare operation indications (perforation, ischemia,

ileus, slow-transit colon, and volvulus).

cantly higher costs for more expensive equipment and
higher operating theater costs (EUR 857 vs. EUR 232 and
EUR 2,573 vs. EUR 2,035, respectively). After having ad-
justed for the differences in the baseline characteristics,
the median total cost did not differ between groups (p =
0.391) (Table 2).

Secondary Outcomes
Patients in the laparoscopic group had a significantly
shorter LOS compared to patients in the open group, 6
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versus 9 days (Table 3). Patients in the laparoscopic
group had significantly lower median costs of hospital-
ization (EUR 1,037 vs. EUR 1,560) and readmission costs
(EUR 900 vs. EUR 1,980). This was mainly attributed by
a shorter LOS and less intensive care unit (ICU) admis-
sions in the laparoscopy group (see online suppl. Fig. 1;
see www.karger.com/doi/10.1159/000511180 for all on-
line suppl. material). Even after adjustment for baseline
characteristics, these outcomes remained significant
(Table 2).
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Table 2. Comparisons of the number and costs between open and laparoscopic surgery

Variable Number of patients Laparoscopy, IQR Open, IQR p value Adjusted
(laparoscopy/Open) p value*

Operation theater 436**/714** 2,573 (2,029-3,267) 2,035 (1,596-2,635) <0.001 <0.001
Equipment costs 440/715 857 (SD =79) 232 (SD =28) <0.001 <0.001
Hospitalization Ward 440/715 1,033 (711-1,598) 1,417 (923-2,337) <0.001 <0.001

ICU 47/193 690 (304-3,386) 733 (322-1,673) 0.817 0.565

Total 440/715 1,037 (712-1,612) 1,560 (1,053-2,661) <0.001 <0.001
Readmission 47/61 900 (540-2,070) 1,980 (1,260-3,060)  <0.001 0.007
Surgical reintervention 43/104 2,172 (1,650-2,435) 1,468 (1,052-2,190) 0.001 0.067
Total cost Mean  436**/714** 5,630 (SD = 3,120) 5,462 (SD = 4,062) <0.001

Median 4,665 (3,923-6,204) 4,268 (3,215-6,176) <0.001 0.391

All costs are represented in the € and as median with IQRs or mean with SD. ICU, intensive care unit; IQR, interquartile range; SD,
standard deviation; €, European currency. * Adjusted p value for baseline characteristics (age, gender, BMI, ASA, pathology, and cancer
stadium). ** Missing data excluded from analysis.

Table 3. Comparisons of the perioperative

outcomes between open and laparoscopic Variable Laparoscopy, %  Open, % pvalue  Adjusted
surgery p value
LOS 440 (100.0) 715 (100.0) <0.001  <0.001
Days, N = 6.0 (4.0-10.5) 8.8 (5.9-15.1)
Ward 440 (100.0) 715 (100.0) <0.001 <0.001
Days 5.7 (4.0-8.9) 7.9 (5.1-13.0) <0.001 0.565
ICU admission 47 (10.7) 193 (27.0) 0.817
Days 1.6 (0.7-8.0) 1.7 (0.8-3.9)
Occupation time OT* 436 (99.1) 714 (99.9) <0.001 <0.001
Hours 3.2(2.5-4.1) 2.5(2.0-3.3)
Readmission* 47 (10.9) 61 (8.5) 0.223 0.007
Days 5.0 (3.0-11.5) 11.0 (7.0-17.0) <0.001
Surgical reintervention* 43 (9.8) 106 (14.8) 0.013 0.892
Hours 1.8 (1.3-2.4) 1.5 (1.0-2.4) 0.551
Total complications** N =164 (37.3) N=386(55.1) <0.001
1. Ileus 37 (8.4) 110 (15.4) 0.001
2. Wound infection 28 (6.4) 73 (10.2) 0.025
3. Anastomotic leakage 29 (6.6) 60 (8.4) 0.265
4. Abscess 27 (6.1) 53 (7.4) 0.407
5. Urinary infection 21 (4.8) 58 (8.1) 0.029
6. Pneumonia 16 (3.6) 56 (7.8) 0.004
7. AKI 18 (4.1) 54 (7.6) 0.018
8. Sepsis 11 (2.5) 33 (4.6) 0.068
9. Delirium 5(1.1) 37 (5.2) <0.001
10. Ischemia 9(2.0) 30 (4.2) 0.049
11. Wound dehiscence 7 (1.6) 33 (4.6) 0.025
30-day mortality 8(1.8) 40 (5.6) 0.002

All data are presented in number and percentages or in median with interquartile ranges.
IQR, interquartile ranges; ICU, intensive care unit; OT, operating theater; AKI, acute kidney
injury; LOS, length of hospital stay. * Adjusted p value for baseline characteristics (age, gender,
BMI, ASA, pathology, and cancer stadium). ** Multiple complications per patient included.
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Table 4. Adjusted odds ratio for quality measures between laparoscopic and open surgery

Factors Cases, % AOR 95% CI p value

Readmission rate Open 61 (8.5) 1 Reference 0.266
Laparoscopy 47 (10.9) 1.269 0.834-1.934

Surgical reintervention rate Open 106 (14.8) 1 Reference 0.009
Laparoscopy 43 (9.8) 0.590 0.398-0.876

Complication rate Open 386 (55.1) 1 Reference <0.001
Laparoscopy 164 (37.3) 0.530 0.409-0.687

30-day mortality rate Open 40 (5.6) 1 Reference 0.128
Laparoscopy 8(1.8) 0.518 0.222-1.208

Adjusted for baseline characteristics (age, gender, BMI, ASA, pathology, and cancer stadium). CI, confidence
interval; AOR, adjusted odds ratio; B, indicates the unstandardized regression coefficient.

Table 5. Uni- and multivariate regression analysis of factors contributing to the total cost

Factors Univariate 8 pvalue Multivariate [ p value
B B
Age -1.904  -0.007 0.815
Gender 605.43 0.081 0.006 178.30 0.024 0.369
BMI 2.37 0.003 0.922
Obesity 278.40 0.030 0.314
ASA classification* 771.44 0.110 <0.001 294.76 0.042 0.122
Diagnosis (malign/benign) -641.99 —-0.083 0.005 -810.62 -0.102  <0.001
Side of resection (colon/rectum) -1,669.74  —-0.194 <0.001 -1,454.63 <0.169 <0.001
Cancer stadium (0, 1 and 2/3 and 4) -191.16  -0.032 -0.389
Surgical approach (laparoscopy/open) -167.47  -0.022 0.461
Conversion 951.18 0.090 0.060 2,948.38 0.395 <0.001
Complication (yes/no) 3,190.37 0.427 <0.001

B indicates the unstandardized regression coefficient in the European currency (€); B standardized regression
coefficient. ASA, American Society of Anesthesiologists. * ASA, per advanced level.

Moreover, the laparoscopic group had significantly
fewer ICU admissions (11 vs. 27%), surgical reinterven-
tions (10 vs. 15%), patients with complications (37 vs.
55%), and 30-day mortality (1.8 vs. 5.6%). But the laparo-
scopic group had a significantly longer operating time
(3.2 vs. 2.5 h) (Table 3).

After having adjusted for the baseline characteristics,
patients in the laparoscopic group remained 48% less
likely to die between operation and postoperative day 30.
This likeliness was, however, not significant (p = 0.128).
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These patients were also 47% less likely to have a compli-
cation (p < 0.001) and 41% less likely to have a surgical
reintervention (p = 0.009) (Table 4).

Cost-Affecting Factors

Univariate and multivariate logistic linear regression
analyses were performed to identify factors that contrib-
uted to the total cost of colorectal surgery. The multivar-
iate analyses included all significant factors derived from
the univariate analyses. These analyses showed a signifi-
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cant association in total cost increase for 3 factors: having
a benign diagnosis, a rectum resection, or postoperative
complication (Table 5).

Discussion/Conclusion

The purpose of this study was to evaluate the financial
aspects of the introduction of laparoscopic colorectal sur-
gery. This study found comparable total cost between lapa-
roscopic and open colorectal surgery, only after adjusting
for confounding factors. Reduced LOS and better postop-
erative outcomes compensated for higher equipment costs
and longer operating time of laparoscopic surgery. These
findings show that the introduction of laparoscopic surgery
may have little economic advantages for the hospital, but it
remains beneficial for patients’ postoperative outcomes
with reduced overall complications and mortality.

Previous studies comparing the total cost of surgical
procedures were not done uniformly, considering that
each study uses different methods for calculating the indi-
vidual costs. This study only focused on the cost directly
associated with surgical procedures, to investigate its ef-
fect on hospital budget. This study did not include imag-
ing costs, prescribed medication costs, outpatient costs, or
community costs. Despite not having included these, sim-
ilar values to previous studies were observed [10-12, 14—
17]. Early laparoscopy cost-effectiveness studies, reported
varying results comparing the cost of laparoscopic to open
colorectal surgery [15, 17]. Dowson et al. [16] reported an
overall 50% (IQR 27-78%, p < 0.001) higher operating
room costs for laparoscopic surgery but no overall differ-
ence in total hospital cost. This was acquitted to a shorter
median LOS of 2.8 days (IQR 1.3-3.7, p < 0.001). Higher
operating room costs were due to more expensive equip-
ment and longer operation duration due to the learning
curve of the new laparoscopic approach [16]. In more re-
cent studies, cost-benefits for laparoscopic surgery were
realized with shorter LOS and better postoperative out-
comes [10-12, 14]. Keller et al. [12] reported a reduction
of 22% in hospital costs in favor of laparoscopic surgery
(OR 0.78, C.I. 0.751-0.848) with a reduction of 2 days in
LOS and reduced costs for laparoscopic surgery.

In this study, the effect of the learning curve and more
expensive equipment is probably the main contributing
factors to higher cost for laparoscopic surgery. Nowa-
days, surgical cost-effectiveness may be further improved
by reducing operating time and the use of reusable instru-
ments. Recently, Yi et al. [18] evaluated the impact of the
surgeon’s experience on the total cost of laparoscopic sur-
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gery. Surgeons in high-volume centers experience shorter
operating times, lower hospitalization costs, and shorter
LOS. They suggest that these benefits may outweigh the
learning curve-associated costs tied to the skill acquisi-
tion of laparoscopic surgery [18]. Other studies have
shown that the number of perioperative-related compli-
cations, morbidity, and mortality rates decreased with in-
creasing experience of the surgeon performing laparo-
scopic surgery [19, 20].

Currently, almost all colorectal procedures in this hos-
pital are performed laparoscopically. Now, a further de-
cline in operating times is being recorded for colorectal
surgery in this hospital, assuming that the learning curve
has been achieved (online suppl. Fig. 2). Keller et al. [12]
recently reported significantly shorter LOS, lower read-
mission rates, morbidity, and mortality rates for laparo-
scopic colorectal surgery. In the present study, compa-
rable reductions were found in LOS, complication, and
mortality rates (Table 4). Currently, further reductions in
LOS are achieved by optimizing ERAS programs, im-
proving the laparoscopic experience and surgical skills.
Also, to increase the cost-effectiveness of laparoscopic
surgery, reusable instrument should be implemented for
routine use [21, 22].

Like previous studies, this study found several inde-
pendent factors such as having a benign pathology and
resection of the rectum, to affect the total cost of colorec-
tal surgery [11, 23, 24]. Higher costs due to a benign pa-
thology may in part be linked to the inflammatory patho-
physiology of IBD. Compared to malignancy, the postop-
erative risk for abscesses or reinterventions is higher for
patients with IBD.

This study has a few limitations. Although all data
were recorded in a prospective electronic database sys-
tem, we encountered some missing data due to its retro-
spective design. The results may, therefore, lack external
validity. However, it represents data of common practice
in a teaching hospital with a high number of patients dur-
ing a 5-year period. Also, our groups were not homoge-
neous; hence, we adjusted for confounding factors. Het-
erogeneity between our groups might be explained by the
fact that upon introduction, laparoscopic surgery would
be applied at first in relatively younger (IBD) patients,
and the open approach was preferred for higher TNM-
stadia of colorectal cancer patients. Last, the learning
curve concept may have played a role in the overall surgi-
cal time, as laparoscopic surgery was introduced in 2009
in our hospital.

In this study, the cost of the introduction of laparo-
scopic colorectal surgery was investigated over a 5-year
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period in more than 1,200 patients. Both the mean and
median total cost of laparoscopy were higher than that of
open surgery, 3 and 8%, respectively. However, after ad-
justing for heterogeneity, no differences were found in
total cost.

Additionally, shorter LOS, less ICU admission, and re-
duced morbidity and mortality were found for laparos-
copy. Overall preference for laparoscopic colorectal sur-
gery can be achieved by further reducing operating time
and equipment costs.
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