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Case-Matched Comparison of Clinical and Financial
Outcome After Laparoscopic or Open Colorectal Surgery
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Objective: Comparison of outcome and costs after laparoscopic and
open colectomy.
Summary Background Data: Previous studies comparing laparo-
scopic and open colectomy report conflicting results with regard to
clinical outcome and costs.
Methods: Laparoscopic colectomy patients from a prospective da-
tabase were matched for age, gender, and disease-related grouping
to patients who underwent the same operation by the open approach
over the same period (2000 to 2001). Data for the latter group was
gathered by retrospective analysis and the 2 groups were compared
for outcome and direct costs.
Results: Laparoscopic colectomy patients (n � 150) were compared
with the same number of open colectomy patients. American Society
of Anesthesiologists classification (P � 0.09), body mass index
(P � 0.17), diagnosis (P � 0.12), complications (P � 0.14), and rate
of readmission within 30 days (P � 0.44) were similar for both
groups. Operating room costs were significantly higher after lapa-
roscopic colectomy (P � 0.0001), but length of hospital stay was
significantly lower (P � 0.0001). This resulted in significantly lower
total costs (P � 0.0007) owing to lower pharmacy (P � 0.0001),
laboratory (P �0.0001), and ward nursing costs (P � 0.0004).
Conclusions: Laparoscopic colectomy results in significantly lower
direct costs compared with open colectomy for carefully matched
patients.

(Ann Surg 2003;238: 67–72)

The laparoscopic approach to colectomy is slowly gaining
acceptance for the management of colorectal pathology.

It has proved itself useful for many benign conditions, in-
cluding diverticulitis, Crohn’s disease, and rectal prolapse.
The cost-effectiveness and long-term outcomes with laparo-
scopic colectomy (LAC) for malignancy are less well ac-

cepted. Smaller incision size leads to improved cosmesis and
reduced postoperative pain. The laparoscopic approach is
also associated with less postoperative ileus and earlier tol-
erance of diet. These factors contribute to earlier recovery of
the patient with a reduced hospital stay and earlier return to
normal activity.

Initial concerns with laparoscopic colorectal surgery
related to technical difficulty, steeper learning curves, a need
for specialized instrumentation, and longer operating times.
Secondary concerns have developed, including increased
hospital costs, questions about real improvements in out-
come, and concerns regarding safety in neoplastic disease.
These factors have led to the slower dissemination of the
technique compared with other advanced laparoscopic pro-
cedures, like Nissen fundoplication or splenectomy. Recent
reports of “fast-track” care for colectomy patients has further
blurred the distinctions between outcome of laparoscopic and
open colectomy because of the perception that length of stay
can be dramatically reduced with open surgery.1-3 Therefore,
it is prudent to compare the clinical outcome and relative cost
structures of open and laparoscopic colon resection in a large
group of patients managed with similar perioperative care
plans. This may ascertain whether laparoscopic operating
room costs are balanced by postoperative care savings.

Studies comparing costs from colectomy by the lapa-
roscopic and open approaches report conflicting results. Al-
though some4,5 report costs for LAC to be greater than for
open surgery, others found results to be equivocal,6-9 Some
have reported that LAC leads to reduced costs compared with
open colectomy,10-16 Most of these studies compared costs
for laparoscopic and open colectomy for a single procedure or
diagnosis. Other reports of costs comparison after different
operations for benign and malignant disease only compared
small numbers of patients undergoing LAC.7,8,13,17 This
study compares the direct costs and clinical outcome for
patients undergoing operations by the laparoscopic approach
for benign and malignant colorectal disorders over a 2-year
period (2000 to 2001) with the costs of open procedures over
the same period.
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MATERIALS AND METHODS
All patients undergoing surgery by the laparoscopic

approach for colorectal disorders at this institution are cur-
rently entered prospectively into an institutional review board
approved database. Details include age, gender, body mass
index (BMI), diagnosis, American Society of Anesthesiolo-
gists classification, operation procedure, operating time, esti-
mated blood loss, complication, and length of stay in hospital.
The hospital coding system differentiates patients undergoing
bowel resection into those with and without comorbidity by
disease-related grouping (DRG).

Patients who underwent laparoscopic procedures be-
tween January 2000 and December 2001 were identified from
the laparoscopic database and were compared with patients
with the same hospital code (DRG) undergoing the same
surgical procedure by the open approach during that period.
The 2 groups were also matched for age (within 10 years) and
gender. In addition to the variables that were entered into the
database for the laparoscopic group, details of previous ab-
dominal operations were recorded for the open group by
retrospective chart review. Patients who underwent previous
open abdominal surgery (other than cholecystectomy, hyster-

TABLE 1. Diagnosis and Operations Performed by Laparoscopy (n � 234)

Diagnosis Number Operation Performed Number

Polyps 30 Appendectomy 1
Carcinoid 3 Stricturoplasty 4
Carcinoma 42 Small bowel resection 4
Crohn’s disease 42 Ileocaecal resection 28
Diverticular disease 98 Right hemicolectomy 42
Endometriosis 2 Colostomy formation 2
Familial adenomatous polyposis 4 Colectomy 9
Motility disorders 4 Sigmoid colectomy 135
Miscellaneous 9 Anterior resection 7

Abdominoperineal resection 1

TABLE 2. Characteristics of the 150 Matched Patients Who Underwent LAC and OC

Characteristic LAC (n � 150) OC (n � 150) P value*

Age (years) 55.6 � 16.9 56 � 16.7 0.578
Gender (female) 76 76
BMI 25 (17–44) 26 (14–53) 0.1723
ASA 0.09†

1 and 2 86 61
3 and 4 60 65 0.09†

Diagnosis
Polyp 27 11
Inflammatory bowel disease 23 32
Diverticular disease 55 49
Functional bowel disorders 4 3
Cancer 34 47
Others 7 8

Total
Benign 116 103
Malignant 34 47 0.1183†

*Wilcoxon matched paired tests.
†Fisher exact test.
ASA, American Society of Anesthesiologists; BMI, body mass index, LAC, laparoscopic colectomy; OC,

open colectomy.
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ectomy, salpingo-oophorectomy, appendectomy, or tubal li-
gation) that might have been considered an exclusion crite-
rion for laparoscopic surgery were excluded from this group.
LAC patients who underwent conversion to the open tech-
nique remained in the laparoscopic group for the purpose of
comparison by intention to treat principles.

Both groups were compared for American Society of
Anesthesiologists classification, BMI, duration of stay in
hospital, operating time, and complications. Direct costs
(hospital expenses, rather than billed costs) for the 2 groups
were calculated by using the Stanford’s integrated hospital
cost management system and decision software (Transition
Systems Inc. Boston, MA). This software provided direct cost
per case for hospitalization, operating room (OR), radiology,
anesthesia, pharmacy, laboratory, intensive care unit, and
nursing care. Professional costs were not included in the
study and billed costs were not calculated. Parametric data is
presented as mean � SD and nonparametric data as median
and interquartile range. Values were compared by Wilcoxon
matched pairs test, Fisher exact test tests, or �2 test as
appropriate. Significance level for all analysis was P � 0.05

and GraphPad InStat version 3.05, 32 bit for Windows 95/NT
(GraphPad Software, San Diego, CA, USA; www.graphpad.
com) was used for analysis.

RESULTS
Patients (n � 234) underwent colorectal surgery by the

laparoscopic approach during the study period. Patient demo-
graphics, diagnosis, operative procedure performed, and
complications are detailed in Tables 1 and 2. During the same
period, 2293 patients underwent open surgery.

Patients (n � 150) from the laparoscopic database
(LAC) could be matched with the same number of patients
undergoing surgery by the open approach (OC) for age,
gender, DRG, and operation procedure. The characteristics of
patients in the 2 groups and the factors compared are outlined
in Table 3. There was no significant difference in BMI,
diagnosis (benign and malignant), and complications, includ-
ing readmission rate. LAC had significantly shorter operating
time and LOS compared with OC. One patient in LAC died
on the first postoperative day as a result of cardiac arrest.

TABLE 3. Operation Procedures for 150 Matched LAC and OC Patients

Characteristic LAC (n � 150) OC (n � 150) P Value

Operation
Ileocaecal resection or right hemicolectomy

DRG 148 30 30
DRG 149 28 28

Left hemicolectomy and sigmoid colectomy
DRG 148 42 42
DRG 149 37 37

Subtotal colectomy
DRG 148 3 3
DRG 149 4 4

Anterior resection
DRG 146 4 4
DRG 147 2 2

Length of stay 3 (1–65) 6 (2–59) �0.0001
Complications

Ileus 2 7
Thromboembolic 2 1
Respiratory infection 0 2
Pelvic or abdominal abscess 2 2
Wound infection 1 7
Anastomotic dehiscence 3 0
Bleeding/hematoma 1 2
others 5 6
Mortality 1 0 0.1413

Readmission within 30 days after discharge 18 13 0.4485

DRG, disease-related grouping; LAC, laparoscopic colectomy; OC, open colectomy.
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Direct costs for the 2 groups of patients and the distri-
bution of costs are presented in Table 4. LAC had signifi-
cantly lower total direct costs than OC (P � 0.003). Because
this probably relates to the significantly shorter stay in hos-
pital for this group of patients, not only were costs related to
bed and nursing utilization reduced as might be expected but
pharmacy, laboratory, radiology, and ward nursing costs were
also significantly lower for this group of patients. Costs
related to input by other departments, such as physiotherapy,
respiratory therapy, and so on, were also significantly lower
for LAC compared with OC. In contrast, costs in the OR,
including supply costs (for equipment and consumables) and
labor costs were significantly lower for the open group
leading to significantly lower costs in the OR. Anesthesia and
intensive care unit nursing costs for both groups were similar.

DISCUSSION
The care of patients undergoing colorectal surgery is

associated with a variety of direct costs, which include
hospitalization and nursing costs, costs towards operating
equipment and consumables, anesthesia, laboratory, radiol-
ogy, and pharmacy. Taheri et al18 described the fact that
decreasing 1 or 2 days at the end of the length of stay has
minimal impact on the overall cost of care compared with
reducing resources in the OR or earlier in the course of care.
Therefore, if LAC requires greater OR costs because of
longer operating time or more expensive equipment for lapa-
roscopic procedures, these costs must be balanced by reduced

analgesia requirements, earlier return of bowel function, and
reduced length of stay when compared with open procedures.
This will be particularly challenging as more aggressive
postoperative care plans further reduce the length of stay for
open colectomy.

Most studies have reported a shorter duration of stay
after LAC.19-23 Others,24-26 however, report a similar length
of stay for patients undergoing surgery by the 2 approaches,
although this may be related to differing length of stay in
different cultural environments and less experience with the
technique in some reports. There is also variability in the
reporting of duration of ileus after laparoscopic and open
colorectal procedures. Although most authors found a shorter
duration of postoperative ileus and earlier intake of food in
LAC patient6,10,20-24,27,28 others report similar recovery of
bowel function after both procedures.5,25 Complication rates
for LAC are generally similar6,12,13,19,21,27 or less than12 for
open colorectal procedures depending on the study, with rare
exceptions to this.25 Although most studies6,10,12,27 report a
reduced need for pain medication, Bokey et al5 did not find a
significant difference in analgesic requirements after laparo-
scopic when compared with open surgery. Reports on com-
parative operating times between the 2 procedures are also
equivocal.

This variability has resulted in conflicting reports on the
relative costs of laparoscopic and open colectomy. Falk et al7

published data on cost comparison between laparoscopic and
open colectomy in 1993 in which they reported no difference

TABLE 4. Comparison of Costs for Laparoscopic and Open Surgical Approaches for Colorectal
Disorders, with a Breakdown of How Savings or Increased Expenses Between Groups Were
Determined

Costs Laparoscopic (range) Open (range) P value

Emergency services 0 (range 0–120) 0 (range 0–447) 0.01
Anesthesia 256.5 (IQR 208–230) 257.5 (IQR 194.8–347) 0.86
Pharmacy 269 (IQR 209–364) 432.5 (IQR 330.5–612.3) �0.0001
Medical therapy 47.5 (IQR 30–66) 96.5 (IQR 56.8–177.5) �0.0001
Laboratory 64 (IQR 51–101.5) 122.5 (IQR 83.8–213) �0.0001
Nursing

ICU 0 (range, 0–4505) 0 (range, 0–20847) 0.844
Routine 674 (IQR 464–995.5) 1476 (IQR 1075.3–2038.3) �0.0001

Radiology 0 (IQR 0–13.8) 14 (IQR 0–30) 0.0004
OR costs

Labor costs 292 (IQR 240.5–346) 226 (IQR 185–309) �0.0001
Supply costs 1154 (IQR 794.5–1371.5) 506.5 (IQR 436.8–567.8) �0.0001
Total OR costs 1784.5 (1408.8–2097.3) 1021.5 (847.3–1219.3) �0.0001

Total direct costs 3208.5 (IQR 2798.8–4034) 3654.5 (IQR 2922.3–4787) 0.0034

Data are presented as median and IQR and as median and range when IQR � 0.
P value: Wilcoxon matched pairs test for nonparametric data.
ICU, intensive care unit; IQR, interquartile range; OR, operating room.
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between the 2 groups as the shorter duration of stay in
hospital for laparoscopic patients in their study compensated
for the increased operating room costs. Studies since that time
have either confirmed or refuted this initial finding (Table 5).
Most studies compare costs for a single procedure performed
by the laparoscopic or open approach for either benign or
malignant disease conditions. Studies7,8,13,17 that compare
costs for a mixed group of patients with both benign and
malignant disease undergoing different surgical procedures
also report conflicting results. A review29 found that patients
undergoing LAC had fewer complications, decreased mortal-
ity, less postoperative pain and shorter length of stay com-
pared with open surgery with similar total costs while anoth-
er30 reported greater costs.

In this study we report a reduction in total direct costs
of $450 per case. Analysis of the source of hospital costs
demonstrates that these cost reductions are derived from a
reduction in the cost of nursing care, pharmacy and labora-
tory costs, which more than compensate for the increased
operating room expenses incurred by laparoscopy. This cost
reduction is measured in direct costs to the institution and
may reflect a reduction of several times more in billed costs.
Additional financial benefits to the institution will vary de-
pending on whether the hospital is operating at its maximum
capacity or not. In those operating at maximum capacity,
additional bed-days will become available allowing new
patients to be admitted and treated without any increase in
fixed costs. In systems operating at lower capacity, nursing
requirements will be reduced allowing for closure of bed
spaces and reductions in staffing requirements.

Previous abdominal surgery with the possibility of
adhesions could significantly increase operating time and

costs for patients undergoing open surgery but most studies
have not taken this fact into consideration during comparison
with the open technique. We have avoided this confounding
factor by excluding such patients from the open group.
Comparison between laparoscopic and open surgery may not
be appropriate in centers where the procedure is performed by
a multitude of surgeons with varying degrees of expertise in
laparoscopy. The greater variation in laparoscopic skills as
when compared with open surgery would tend to skew the
results towards greater operating room and overall costs for
the laparoscopic group. Two experienced laparoscopic sur-
geons (AJS and CPD) performed all laparoscopic procedures
included in the database at this institution over this time
period. This fact avoids the negative effect of reduced skills
in laparoscopic surgery that could result if more surgeons
with varying degrees of experience performed the procedure.
The steep learning curve for the laparoscopic technique leads
to longer operating times and chance for complications, both
factors that influence overall costs. This study hence com-
pares the 2 techniques performed by surgeons with equivalent
technical expertise for the 2 procedures.

This study evaluates patients undergoing a broad vari-
ety of operations for differing pathology. Patients undergoing
LAC had significantly lower length of stay and hospital costs
than those having open surgical procedures using groups of
carefully matched patients. LAC was associated with greater
OR costs as a result of consumables and equipment. Although
the postoperative complication rate is comparable, the overall
utilization of laboratory, radiologic, pharmacy, and nursing
services are significantly lower. This reflects the reduction in
length of stay but is also contributed by a reduced need for
postoperative nursing care, medication and investigations.

TABLE 5. Previous Studies Comparing Costs for LAC and OC

Author (Year) Operation Indication LAC OC Cost for LAC Note

Falk 1993 All Benign and malignant 39 Similar
Senagore 1993 All Benign and malignant 38 102 Lower
Saba 1995 LHC/RHC Benign and malignant 25 25 Higher Only OR costs compared
Bokey 1996 RHC Cancer 28 33 Higher
Pfeifer 1996 All Benign and malignant 53 53 Similar
Khalili 1998 All Cancer 80 90 Similar OR costs higher
Philipson 1997 RHC Cancer 28 33 Higher Only OR costs compared
Joo 1998 All Polyps 23 22 Similar
Kohler 1998 SGC Diverticular 25 34 Lower
Liberman 1999 SGC Diverticular 14 14 Lower OR costs higher
Young-Fadok ’01 RHC Crohn’s 33 33 Lower
Senagore 2002 SGC Diverticular 61 71 Lower OR costs higher
Liang 2002 SGC Polyps 18 21 Higher
Duepree 2002 RHC Crohn’s 21 24 Lower

LAC, laparoscopic colectomy; LHC, left hemicolectomy; OC, open colectomy; RHC, right hemicolectomy; SGC, sigmoid colectomy.
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This results in significantly lower direct costs when compared
with open surgery.
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