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Comparison of clinical outcomes and hospital cost
between open appendectomy and laparoscopic
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Purpose: Laparoscopic appendectomy has been recognized to have many advantages such as greater cosmetic results, less
postoperative pain and shorter hospital stays. On the other hand, the cost of laparoscopic procedures is still more expensive
than that of open procedures in Korea. The aim of this study is to compare clinical outcomes and hospital costs between open
appendectomy and laparoscopic appendectomy. Methods: Between January 1, 2010 and December 31, 2010, 471 patients
were diagnosed with acute appendicitis. Of these, 418 patients met the inclusion criteria and were divided into two groups of
open appendectomy (OA) group and laparoscopic appendectomy (LA) group. We analyzed the clinical data and hospital
costs. Results: The mean operation time for laparoscopic appendectomy (72.17 minutes) was significantly longer than that of
open appendectomy (46.26 minutes) (P =0.0004). The mean amounts of intravenous analgesics for OA group (2.00 times) was
greater than that of LA group (1.86 times) (P < 0.0001). The complication rate was similar between the two groups (OA,
6.99% vs. LA, 10.87%; P =0.3662). The mean length of postoperative hospital stay was shorter in LA group (OA, 4.55 days vs.
LA, 3.60 days; P = 0.0002). The mean total cost covered by the National Health Insurance was more expensive in LA group
(OA, 1,259,842 won [Korean monetary unit] vs. LA, 1,664,367 won; P =0.0057). Conclusion: Clinical outcomes of laparoscopic
appendectomy were superior to that of open appendectomy even though the cost of laparoscopic appendectomy was more
expensive than that of open appendectomy. Whenever surgeons manage a patient with appendicitis, laparoscopic appendec-
tomy should be considered as the procedure of choice.
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INTRODUCTION tient with appendicitis until the emergence of laparo-

scopic devices. Mostly, open appendectomy was per-

Acute appendicitis is the most common intra-abdomi- formed successfully through a relatively small skin in-

nal condition requiring emergency surgery [1]. Open ap- cision, patients had less pain and returned to work earlier
pendectomy was the principal procedure in treating a pa- as compared to other surgical procedures.
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Since Semm [2] described the first laparoscopic appen-
dectomy in 1983, laparoscopic surgical procedures have
been popular in almost all surgical fields. Moreover, re-
cently, single-port laparoscopic appendectomy was in-
troduced and has become popular at some hospitals [3,4].

Laparoscopic appendectomy has been recognized to
have many advantages such as greater cosmetic results,
less postoperative pain and shorter hospital stays [5-10].
On the other hand, the cost of laparoscopic procedures is
still more expensive than that of open procedure in Korea.

The aim of this study is to compare the clinical outcomes
and the hospital costs between open appendectomy and

laparoscopic appendectomy.

The present study was designed as a retrospective, ob-
servational study in a single institute. Between January 1,
2010 and December 31, 2010, 471 patients were diagnosed
with acute appendicitis. We excluded cases that under-
went extended procedures like ileocecectomy or com-
bined other surgical procedure like cholecystectomy and
oophorectomy. Also, pregnant women and patients with
severe medical disease requiring intensive care or ex-
pensive medical procedures were excluded. Patients who
underwent surgical procedure by residents were also
excluded. Eight surgeons performed surgical procedures
for all cases during the last year. In our hospital, the oper-
ative procedure was chosen by patients who received
enough informed consent about the procedure. 418 pa-

tients met the inclusion criteria and we analyzed the clin-

Demographic and preoperative clinical data

Variable OA LA P-value
Number of patients 372 46
Sex (male : female) 217 : 155 16 : 30  0.0027
Age (yr) 30.33+17.70 30.06 +13.23 0.0185
Body mass index (kg/m’) 21.86+359 2221+3.75 0.6384
Body temperature (°C) 3691+0.66 36.77+0.70 0.5538

Initial WBC (x10*/mm”) count13.52+4.53 1350+4.29 0.6776

OA, open appendectomy; LA, laparoscopic appendectomy; WBC,
white blood cell.
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ical data and hospital costs. The patients were divided into
two groups of open appendectomy (OA) group and lapa-
roscopic appendectomy (LA) group. The collected clinical
data included demographic data, diagnostic tool, pre-
operative diagnosis, initial body temperature, initial labo-
ratory finding, operation time, time to soft diet, post-
operative hospital stay, amount of analgesics, pathologic
result and complication. Hospital costs consisted of the to-
tal amount of health benefit and charge for non-covered
items, for example, uncovered bed charge or non-covered
materials. We analyzed data on cost separately; total hos-
pital cost, total covered cost by National Health Insurance
(NHI) and copayment by a patient.

Data were analyzed using the statistical software SAS
ver. 4.2 (SAS Inc., Cary, NC, USA). Data are expressed as
numbers (%) and mean (standard deviation). The results
were analyzed using the chi-square analysis or Fisher’s ex-
act test for discrete data and student t-test for continuous
numeric data. Statistical significance was accepted at the P
< 0.05 level.

Table 1 shows the demographic data and preoperative
clinical feature between OA group and LA group. 372 pa-
tients underwent open appendectomy and 46 patients un-

derwent laparoscopic appendectomy. Patients’ body mass

Radiologic modality and preoperative diagnosis

Variable OA LA P-value

Radiologic modality

Computed tomography 349 (93.82) 42 (91.30)

Ultrasonography 23 (6.18) 4(8.70)

Total 372(100)  46(100)  0.5213
Preoperative diagnosis

Acute appendicitis without 300 (80.65) 38 (82.61)

complications

Complicated appendicitis 67 (18.01)

Other diagnosis” 5(1.34)  4(8.70)

Total 372 (100) 46 (100)  0.0071

Values are presented as number (%).

OA, open appendectomy; LA, laparoscopic appendectomy.
“Terminal ileitis, nonspecific colitis, mesenteric lymphadenitis,
appendicolith without inflammation, pelvic inflammatory disease.
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index, initial body temperature and initial white blood cell
(WBC) count did not show difference between the two
groups. But, female predominance was observed in LA
group (P = 0.0027), and slightly younger age of patients
was revealed in the group (P =0.0185).

All patients with suspicious appendicitis underwent ra-
diologic evaluation, either computed tomography or ul-
trasonography, and preoperative diagnosis was made
(Table 2). Comparison of the ratio of complicated appendi-
citis, accompanied by appendicolith and time to soft diet
did not show any difference (Table 3). The operation time
for laparoscopic appendectomy was significantly longer
than that of open appendectomy (P = 0.0004). The ratio of
accompanying external drainage procedure of OA group
(16.4%) was slightly higher than that of LA group (8.7%),
but there was no statistical difference. The WBC count at
first postoperative day of LA group was lower than that of
OA group (P = 0.0008). The amounts of intravenous an-
algesics of OA group was more than that of LA group (P <

Operative and postoperative clinical data

Variable OA LA P-value
Uncomplicated vs. 296 : 76 40:6 0.3243
complicated
Appendicolith, case (%) 155 (41.67) 18 (39.13) 0.8741
Operation time (min) ~ 46.26+18.33 72.17+2622 0.0004
Drain, case (%) 61 (16.40) 4 (8.70) 0.2018
WBC, postoperative 10.02 £ 3.85 942+252  0.0008
first day (x10°/mm”)
Time until diet (day) 1.77+091 145+0.81  0.3487
Analgesics (time) 2.00+2.26 1.86+1.14 <0.0001
Complication, case (%) 26 (6.99) 5(10.87) 0.3662
Postoperative hospital ~ 4.55 +2.63 3.60+1.63  0.0002
stay (day)

OA, open appendectomy; LA, laparoscopic appendectomy; WBC,
white blood cell.

Complications
Variable OA LA
Wound infection 15 (4.03) 3(6.52)
Intra-abdominal abscess 4(1.08) 2 (4.35)
Tleus 5(1.34) 0 (0.00)
Pulmonary complication 1(0.27) 0 (0.00)
Septic shock 1(0.27) 0(0.00)
Total 26 (6.99) 5(10.87)

OA, open appendectomy; LA, laparoscopic appendectomy.
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Open versus laparoscopic appendectomy

0.0001). The complication rate observed in LA group
(10.87%) was slightly higher than that in OA group
(6.99%), but there was no statistical difference. The length
of postoperative hospital stay was shorter in LA group (P
=0.0002).

Surgical wound infection was the most common com-
plication in both groups (Table 4). Umbilical port site in-
sertion was the most commonly infected site in LA group.
Intra-abdominal abscess occurred in 6 cases in both
groups (Table 5).

Analysis of hospital costs presented interesting but con-
fusing results (Table 6). The total hospital cost and copay-
ment by a patient of the LA group were more expensive
than those of the OA group, but there were no statistical
difference. The total cost covered by NHI was more ex-
pensive in LA group, and significant difference was
shown (P = 0.0057).

Clinical features of intra-abdominal abscess

No. Sex/age

Operation Pathology Treatment

1 M/10 Open appendectomy Perforated Antibiotics
M/45 Open appendectomy Periappendiceal Antibiotics
abscess
3  M/17 Open appendectomy Suppurative  Antibiotics
4 M/12 Openappendectomy Perforated PCD
5 M/30 Laparoscopic Perforated PCD

appendectomy
6 F/31 Laparoscopic Suppurative  Antibiotics
appendectomy
PCD, percutaneous drainage.
Analysis of hospital cost
Variable OA LA P-value
Total hospital 2,408,117 +734,440 3,153,567 + 652,940 0.3363
cost
Total cost cover- 1,259,842 + 405,773 1,664,367 + 287,275 0.0057
ed by NHI
Copayment 443,264 +139,188 531,746 + 136,299 0.8981
by a patient

Values are presented as KRW (Korean Won, Korean monetary
unit).
NHI, National Health Insurance.
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In 1886, acute appendicitis was revealed to be the first
causative of right lower quadrant pain by Fitz, and surgi-
cal treatments at the time of diagnosis became the com-
mon treatment mode [11].

Laparoscopic appendectomy has many advantages
such as cosmetic effect, less pain and shorter hospital stay
[5-10], but the debate over OA versus LA remains con-
tentious, with more than 100 articles written on the topic
[12].

Radiologic evaluation could help surgeons to confirm
the diagnosis and to recognize the location of appendix,
and/or other intra-abdominal conditions requiring other
procedures. If the radiologic finding is vague, we recom-
mended operation considering clinical features like fever,
leukocytosis, and typical migration pain from epigas-
trium to right lower quadrant after a short-term ob-
servational period.

Eight surgeons were involved in our series; two sur-
geons did not perform laparoscopic appendectomy. There
was no conversion case from laparoscopic appendectomy
to open appendectomy.

The number of patients who underwent laparoscopic
appendectomy was much smaller than that of patients
who underwent open appendectomy. This result might be
due to the fact that the patients tended to have incomplete
information and distorted knowledge about the advan-
tages and disadvantages of the laparoscopic procedure
from unauthorized resources. Secondly, surgeons pre-
ferred open procedure to laparoscopic procedure when
the appendicitis seemed to have severe inflammation or
seemed to be perforated.

The present study revealed that the LA group was
younger and had female predominance. We thought this
result was mainly due to the cosmetic advantage.

The operation time of LA group was longer than that of
OA group and it was similar with the meta-analysis
[13,14]. Because all six surgeons had experience of over 30
cases by laparoscopic procedure each, we believe that the
longer operation time of laparoscopic appendectomy was
not associated with technical inexperience.

In the view of clinical outcomes, laparoscopic appen-
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dectomy was safe and technically feasible and it shortened
hospital stay. Therefore, the result of the procedure was
superior to that of open appendectomy.

The present study revealed the same results on the
length of hospital stay and amount of analgesics. But, com-
pared with OA group, the complication rate in LA group
was slightly higher even though there was no significant
difference. We assumed that the result of complication
rates was associated with the relatively small sample size
in LA group. Among these complications, intra-abdomi-
nal abscess was the most serious complication because it
sometimes required either intervention or re-laparotomy.
In our series, 6 cases developed intra-abdominal abscess.
They were successfully treated by non-operative methods,
using antibiotics or percutaneous drainage. This is a sim-
ilar result to the literature reported by Ingraham et al. [15].

During short-term follow up, we did not observe either
post-operative paralytic ileus or intestinal obstruction in
LA group, whereas 5 cases of intestinal obstruction oc-
curred in OA group. The reason for lower post-operative
ileus occurrence in LA group was thought to be due to lap-
aroscopic procedure reducing interference to the micro-
environment and injury to the intestinal serous mem-
brane, then lightened the adherence between the intes-
tines [13]. But, in the literature, there was no statistically
significant difference of small bowel obstruction between
the two groups [14]. A long observational period is re-
quired to assess intestinal obstruction between the two
groups.

Between OA and LA, in the literature, there was no sig-
nificant difference in cost, or, hospital costs were incom-
parable [13,14]. Comparing costs with other countries be-
tween the two groups is difficult because of the difference
in health care systems and health insurance. The present
study revealed that LA was more expensive than OA in the
total cost covered by NHI. But, no significant difference
was found for copayment by a patient. The reason for this
misconception is that the patient only pays 20 percent of
the insurance fee in Korea. When the procedure was chos-
en, the difference of cost must be considered by surgeon
and patient. If the patient is not covered by NHI, we would
recommend open appendectomy.

The literature has shown that laparoscopic appendec-
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tomy is a safe and clinically beneficial operating proce-
dure even in patients with peritonitis, perforation, and ab-
scess [7]. We could not compare the clinical outcomes and
hospital cost between uncomplicated appendicitis and
complicated appendicitis due to the small sample size of
patients with complicated appendicitis in LA group. We
felt it was a limitation in our series but an inevitable se-
lection to compare the clinical outcomes and hospital cost
simultaneously.

The clinical outcomes of laparoscopic appendectomy
were superior to that of open appendectomy even though
the cost of laparoscopic appendectomy was higher than
that of open appendectomy. Whenever a surgeon manages
a patient with appendicitis, laparoscopic appendectomy

should be considered as procedure of choice.

No potential conflict of interest relevant to this article

was reported.
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