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Abstract: Purpose: The aim of this study was to compare clinical outcomes between open appendectomy (OA) and
laparoscopic appendectomy (LA) for both uncomplicated appendicitis (UA) and complicated appendicitis (CA) and to help
to choose the appropriate procedure for its management. Methods: The medical records of patients who underwent OA (OA
group) or LA (LA group) for UA or CA between January 1, 2010 and December 31, 2011, were retrospectively reviewed.
Results: For UA, time to a soft diet (1.5+0.7 in OA versus 1.4+0.7 days in LA, p=0.0010) and the length of hospital stay
(3.9£1.5 in OA versus 3.3+1.4 days in LA, p<0.0001) were significantly shorter in the LA group. The length of hospital
stay for CA was significantly shorter in the LA group than in the OA group (7.5+3.8 versus 4.942.8 days, p=0.0012).
Complication rates were not significantly different between the LA and OA groups for both UA and CA. Conclusions: We
conclude that for CA, clinical outcomes were better in the LA than in the OA group. For UA, there were no significant
advantages of LA considering expensive hospital costs. The results of this study suggest that LA is the procedure of choice
for patients with complicated appendicitis.
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trans-umbilical single-port LA has become a popular

1. Introduction

Acute appendicitis is the most common intra-abdominal
condition requiring emergency surgery, although debate
exists as to whether this is a true emergency [1]. Open
appendectomy (OA) was the principal procedure for
patients with acute appendicitis during the past century
before the emergence of laparoscopic devices [2].
Generally, OA was performed through a relatively small
skin incision and in a short operating time; therefore,
patients experienced less pain and returned to work earlier
as compared to those who underwent surgical procedures
for other disease.

Since Semm [2] described the first laparoscopic
appendectomy (LA) in 1983, laparoscopic procedures have
been adopted in almost all surgical fields. Therefore, new
laparoscopic instruments have been developed and
laparoscopic surgical techniques have improved, and the
ratio of patients undergoing LA rather than OA for
appendicitis has increased. Moreover, recently introduced

procedure at some hospitals because it has a better
cosmesis [3, 4].

It has generally been recognized that LA has many
advantages in terms of cosmetic results, shorter hospital
stay, regardless of age, obesity of patients and disease
severity [5-7]. On the other hand, our previous study has
reported that the hospital costs of LA were higher than
those of OA [8]. However, controversies about the
advantages and disadvantages of LA over OA for
uncomplicated appendicitis (UA) and complicated
appendicitis (CA) still exist. Reviews of the previous
studies have been shown disagreements regarding the
clinical outcomes of the 2 types of procedures except in
terms of cosmetic results and hospital costs [8-15].

The aim of this study was to compare clinical outcomes
and hospital costs between OA and LA for UA and CA,
respectively, and to help to choose the appropriate
procedure for management of patients with appendicitis.
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2. Patients and Methods

This study was designed as a retrospective, observational
study at a single institution. The medical records of patients
who underwent OA or LA for UA and CA between January
1, 2010 and December 31, 2011, were retrospectively
reviewed.

2.1. Patients

In our hospital, all patients with suspicious appendicitis
were checked by either computed tomography (CT) or
ultrasonography, after which preoperative diagnoses were
made. During the study period, a total of 951 patients were
diagnosed with acute appendicitis. We excluded the
following patients: those who underwent extended
procedures, such as ileocecectomy, or who underwent other
surgical procedures along with appendectomy, such as
cholecystectomy or oophorectomy, pregnant women and
those with severe other medical disease requiring intensive
care, those with negative pathologic findings in the
appendix. The remaining 866 patients were then divided
into the LA and OA groups.

2.2. Operative Procedures

Eight surgeons carried out OA or LA in the cases during
the study period. The operative procedure undertaken was
chosen by each patient who received detailed descriptions
about the procedures. The surgeons did not make the
decisions. Informed consent included detailed explanations
about the procedures, possible complications, and hospital
costs. OA was carried out by the conventional method
through 3-5cm transverse skin incisions at the McBurney
point. LA was performed by using 3 ports-1 umbilical port
and 2 pubic ports or 1 umbilical port, 1 pubic port and 1 left
lower abdominal port.
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2.3. Data Collection

The collected clinical data included demographic
characteristics, body mass index (BMI), initial body
temperature, initial laboratory findings, operating time,
postoperative laboratory findings, time to a soft diet, the
amounts of analgesics used, pathologic results,
complications, and the lengths of hospital stays. We
analyzed preoperative, operative, and postoperative clinical
data obtained from each group. Hospital costs consisted of
the total costs covered by National Health Insurance (NHI)
and charges. The data on the following items were analyzed:
the total hospital costs, the total costs covered by NHI and
copayment by patients.

2.4. Statistical Analysis

The data were analyzed using SAS enterprise ver. 4.3
statistical software (SAS Institute Inc, Cary, NC, USA).
Demographic and clinical characteristics were expressed as
means for continuous variables or proportions for
categorical variables. The chi-square test was used to
compare differences in categorical variables. Student’s ¢ test
or the Wilcoxon rank sum test was used to compare
differences in continuous variables. The p value of less than
0.05 was considered statistically significant.

3. Results

A total of 866 patients who underwent either OA or LA
met the inclusion criteria. The number of patients in the LA
group increased in 2011 when compared to 2010 for both
UA and CA. However, there were no significant differences
in the numbers of patients undergoing OA and those
undergoing LA between 2010 and 2011 (Table 1). Of all
patients, the number of patients with UA was 687 (81.6%)
and the number of patients with CA was 179 (18.4%). LA
was chosen by 125 patients (18.2%) who had UA and by 20
patients (11.2%) who had CA.

Table 1. Patients with appendicitis underwent surgical procedures between 2010 and 2011

Uncomplicated appendicitis

Complicated appendicitis

Year Total
OA LA Subtotal OA LA Subtotal

2010 296 39 335 75 7 82 417
(88.4%) (11.6%) (100%) (91.5%) (8.5%) (100%)

2011 266 86 352 84 13 97 449
(75.6%) (24.4%) (100%) (86.6%) (13.4%) (100%)

Total 562 125 687 159 20 179 366
(81.8%) (18.2%) (100%) (88.8%) (11.2%) (100%)

OA, open appendectomy; LA, laparoscopic appendectomy

Table 2. Demographic and preoperative clinical characteristics of patients with uncomplicated appendicitis or complicated appendicitis

Uncomplicated appendicitis
Variable

OA (n=562) LA (n=125)

p-value

Complicated appendicitis
p-value

OA (n=159) LA (n=20)

Sex (Males : Females) 340 :222 50:75

<0.0001

96 : 63 10: 10 0.3734
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Age (year) 31.1£17.2 29.1+12.9 0.1414 34.2421.2 28.9+10.0 0.0646
Body Mass Index (kg/m?) 21.943.5 22.243.5 0.3857 21.94£3.9 22.243.6 0.7238
Body temperature (°C) 37.0£0.6 37.0+0.5 0.9118 37.6+0.9 37.3£0.8 0.2886
Initial WBC (x10*/mm®) 13.08+4.24 13.04+3.88 0.9344 14.64+4.51 14.98+3.31 0.7448

Values are presented as numbers, means and standard deviation.

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

Table 2 shows the demographic data and preoperative
clinical data of both patients with UA and those with CA.
Patients undergoing LA were predominantly female for UA
and there were significant differences in sex between the
OA and LA groups (39.5% versus 60.0% p<0.0001). There
were no significant differences in age, BMI, initial body

3.1. Clinical Outcomes

temperature, and white blood cell (WBC) count between
the OA and LA groups. On the other hand, for CA, there
were no significant differences in any demographic and
preoperative clinical data including sex ratio between the
OA and LA groups.

Table 3. Operative and postoperative clinical characteristics of patients with uncomplicated appendicitis or complicated appendicitis

Uncomplicated appendicitis

Complicated appendicitis

Variable OA(n=562) LA (n=125) p-value OA (n=159) LA (n=20) p-value
Operating time (minute) 45.3£17.9 65.6+20.6 <0.0001" 60.7+22.0 70.2+19.4 0.0693"
Combined drainage, case (%) 38 (6.8%) 5 (4.0%) 0.3103* 111 (69.8%) 5(25.0%) <0.0001*
Appendicoliths, case (%) 218 (38.8%) 41 (32.8%) 0.2223* 85 (53.5%) 13 (65.0%) 0.3529%
WBC, postoperative first day 9.61+3.09 9.2742.62 0.2121" 11.78+4.55 11.97+3 84 0.8627°
(x10°/mm”)
Time to soft diet (day) 1.5+0.7 1.4+0.7 0.00107 2.6+1.3 2.1+0.9 0.1371°
Postoperative hospital stay (day) 3.9£1.5 33+1.4 <0.0001" 7.54£3.8 4.942.8 0.00127
Amount of analgesics 1212 1.1£1.3 0.14481 3.0+4.1 23425 0.49027
Complication, case (%) 13 (2.3%) 5 (4.0%) 0.3472* 22 (13.8%) 2 (10.0%) 0.7470*
* Statistic result by using Student t-test
1 Statistic result by using the Wilcoxon rank sum test
1 Statistic result by using the y2 test
Table 4. Operation-related complications
o Uncomplicated appendicitis Complicated appendicitis
Complication OA(n=562) LA (n=125) p-value OA (n=159) LA (n=20) p-value
Wound infection 8 (1.4%) 3 (2.4%) 0.4302 14 (8.8%) 1 (5.0%) 1.0000
Intra-abdominal abscess 2 (0.4%) 1 (0.8%) 0.4531 5 (3.1%) 1 (5.0%) 0.5141
Intestinal obstruction 3 (0.5%) 1 (0.8%) 0.5530 3 (1.9%) 0 1.0000
Total 13 (2.3%) 5 (4.0%) 0.3472 22 (13.8%) 2 (10.0%) 0.7470
Statistic result by using the y* test
Table 5. Analysis of hospital costs of patients with uncomplicated appendicitis or complicated appendicitis
. Uncomplicated appendicitis Complicated appendicitis
Variable OA LA p-value OA LA p-value
£E 4 4
Total hospital costs 2’267’1011 474,60 3’030’2091 545,74 <0.0001 3,036,100+£925,010 3’459’95§ 813,58 0.0521
=+ =+ +
Total cos;\?}cl?vered by 1,207,6115 224,00 1,675,48; 268,71 <0.0001 1,656,7904508,385 1,892,393 401,33 0.0477
Copayment by patients 416,372+91,344 517,520+117,381 <0.0001 539,458+176,086 602,936+143,402 0.1235

Values are presented as KRW (Korean won, Korean monetary unit)
1 USD=1,108 KRW
NHI, National Health Insurance

Table 3 shows the results of comparisons of operative
and postoperative clinical data and complication rates
between the OA and LA groups for both UA and CA.
Operating time for UA was significantly longer in the LA
group than in the OA group (65.6£20.6 minutes versus

45.3+£17.9 minutes, p<0.0001). However, time to a soft diet
and the length of postoperative hospital stay were
significantly shorter in the LA group than in the OA group
(1.4+0.7 versus 1.5+0.7, p=0.001; 3.3+1.4 versus 3.9+1.5,
p<0.0001). The other results, including complication rates
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showed no statistical differences between the two groups.
Operating time for CA was slightly longer in the LA group
than in the OA group, but the difference was not
statistically different (70.2+19.4 versus 60.7+22.0 minutes,
p=0.0693). Unlike for UA, the percentage of patients who
underwent external drainage procedures was significantly
higher in the OA group than in the LA group (69.8% versus
25.0%, p<0.0001). Time to a soft diet was not significantly
different between the two groups. Like for UA, the length
of postoperative hospital stay was significantly shorter in
the LA group than in the OA group (4.9+2.8 versus 7.5£3.8
days, p=0.0012). There were no significant differences in
frequency of appendicoliths, WBC counts on the first
postoperative day, amount of analgesics, and complication
rates between the two groups.

Among postoperative complications, operation-related
complications for CA were more frequent than those for
UA regardless of the choice of operative procedure (Table
4). Wound infections were the most common complication
in all patients, especially those in the OA group for CA. In
the LA group, all wound infections for both UA and OA
developed at the umbilical port sites. Intra-abdominal
abscesses occurred in 9 patients in each group, who were
treated with intravenous antibiotics or percutaneous
drainage without operative management. Intestinal
obstruction occurred in 7 patients in each group, 2 of who
needed re-exploration. One patient (male, 8 years old)
underwent adhesiolysis after OA for CA on the eighteenth
postoperative day due to mechanical obstruction by an
adhesive band and underwent small bowel resection due to
intestinal strangulation 10 months after appendectomy. The
other patient (female, 27 years old) received adhesiolysis
after LA for UA on the seventh postoperative day due to
adhesion at the umbilical port site.

3.2. Hospital Costs

Analysis of hospital costs presented different results for
both UA and CA (Table 5). For UA, the total hospital costs,
total costs covered by National Health Insurance (NHI) and
copayment by the patients were higher in the LA group
than in the OA group (3,030,201+545,749 versus
2,267,101£474,601, p<0.0001; 1,675,483+268,719 versus
1,207,6154£224,001, p<0.0001; 517,520+117,381 versus
416,372491,344, p<0.0001; respectively). For CA, the total
cost covered by NHI was higher in the LA group than in the
OA group (1,892,3924+401,330 versus 1,656,790+508,385,
p=0.0477), but the others were not statistically different.

4. Discussion

In 1886, Reginald Fitz of Boston correctly identified the
appendix as the primary cause of right lower quadrant
inflammation and recommended its early surgical treatment
[16]. Since then, OA became the principal treatment
method for appendicitis before the emergence of
laparoscopic devices. Despite some differences among

countries, LA has been popular because of several
advantages over OA [10-12].

Despite the several clinical benefits of LA, such as
cosmetic appearance and excellent outcomes, regardless of
disease severity or patients’ age [5-8, 10-12], the optimal
surgical approach for patients with appendicitis is still
debated. In addition, it is hard to unequivocally say that LA
is better because of the higher hospital costs for LA seen in
some studies [8, 12, 13, 15].

If patients with acute right lower quadrant pain visited
our outpatient clinic or emergency room, we evaluated
them through comprehensive history taking, physical
examination and laboratory tests. If appendicitis was
suspected, radiologic studies, such as abdominal
sonography or computed tomography (CT) were performed
on all patients. Radiologic evaluation helped surgeons to
confirm the diagnosis and to recognize the location of the
appendix and other intra-abdominal conditions requiring
additional procedures. When the diagnosis was made, the
operative procedure was chosen by the patient who
received detailed descriptions of the procedures.

For both UA and CA, the number of patients who
underwent LA was lower than the number of patients who
underwent OA. The percentage of CA patients to the total
patients was only 18.4%, and LA for CA was chosen only
by 20 patients (11.2%). Patients may have distorted
understandings of the advantages of LA or may have
understood that the hospital costs were higher in the LA
group than in the OA group. However, the percentage of
patients in the LA group to those in the OA group gradually
increased from 11.0% in 2010 to 22.0% in 2011, and this
trend was seen in both UA and CA, although only 11.2% of
CA patients underwent LA.

In comparisons of demographic and preoperative clinical
data, females with in UA predominantly chose LA, while
there were no significant differences in the sex ratio
between CA patients who underwent LA and those who
underwent OA. This result implies that CA patients
receiving explanations about the relatively higher rate of
postoperative intra-abdominal abscess formation after
surgery tended to choose OA. However, we observed that
there were no significant differences in postoperative intra-
abdominal abscess formation between the OA and LA
groups for CA, although the number of patients undergoing
LA was very low, similar to the results reported in other
recent studies [9, 11, 17].

In comparisons of clinical outcomes, in both UA and CA
patients, the length of postoperative hospital stay of LA was
significantly shorter in the LA group than in the OA group.
This result is similar to those reported by most of the
previous studies [8, 10-12]. For UA, time to a soft diet was
shorter in the LA group than in the OA group, while for CA
it was not significantly different between the two groups.
This may be because resumption of a soft diet for CA was
delayed until inflammation or edematous changes in the
intestine improved. For both UA and CA, the amounts of
analgesics used were not significantly different between the
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OA and LA groups. And this results was inconsistent with
results reported by some meta-analyses [18, 19]. The
reason for this may be explained that relatively small
incisions and minimal invasiveness to tissue in the OA
group as well as in the LA group.

For CA, the number of patients who underwent drainage
procedures during appendectomy was significantly lower in
the LA group than in the OA group, while the same was not
seen for UA. Wide field of view and effective aspiration of
intra-abdominal exudative fluid or pus with laparoscopic
suction devices may have led to the lower rates of external
drainage. Therefore, it is assumed that the occurrence rate
of intra-abdominal abscesses after LA was similar to or less
than that after OA, whereas previous studies have shown
that abscesses are more frequent after LA than after OA [19,
20].

In this study, we observed significantly low rate of
intestinal obstruction in LA and OA groups. In the LA
group, only 1 patient developed intestinal obstruction on
the third postoperative day and underwent laparotomy
again on the seventh postoperative day. This observation
was probably due to adhesion of the small intestine and
peritoneum at the umbilical trocar site or mistakes during
closure with suture materials. When surgeons close the
wound of a trocar insertion site, special attention should be
paid not to enclose the intestine. All other patients with
intestinal obstruction occurred after OA. Theoretically, LA
reduces interference to the microenvironment and damage
to the intestinal serous membrane and thus decreases the
frequency of adherence between the intestines [18].

Previous studies have demonstrated that operating time
is longer in the LA group than in the OA group [18-21]. In
our study, operating time for LA was similarly longer for
both UA and CA, while that for OA was shorter only for
UA. This implies that operating times for LA and OA may
be different among UA patients. It is thought that operating
time is generally longer in the LA group than in the OA
group because LA requires waiting time for adequate
pneumoperitoneum, trocar insertion, and the arrangement
and exchange of different laparoscopic devices. This is a
drawback of LA despite its good outcomes.

Although hospital costs are difficult to compare between
different countries because of differences in health care and
health insurance systems, LA has gradually been shown to
be more expensive than OA in the literature [8, 13, 20]. In
Korea, total hospital costs consist of the total amount of
health benefits and charge for non-covered items, for
example, non-covered bed charges. NHI supports 80% of
the total hospital costs except for non-covered items, thus
patients only pay 20% of the total costs plus the non-
covered items. Generally, health care service costs are less
expensive in Korea than in other developed countries.
Therefore, hospital costs for LA are naturally more
expensive than those for OA because of the additional
charges for disposable instruments unless other costs are
reduced. Our study demonstrated that for UA, LA was
more expensive than OA while for CA, there were no

significant differences in hospital costs other than total
costs covered by NHI between the OA and LA groups. The
reason for these results may be that shortening of hospital
stay in the LA group was more effective for CA (2.6 days)
than that for UA (0.6 days). These results indicate that LA
for CA is cost effective and leads to better outcomes.

5. Conclusions

Although this is a retrospective observational study and
the sample size of the LA group for CA was relatively
small, we conclude that for CA, clinical outcomes were
better in the LA group than in the OA group, without any
increase in complication rates. For UA, there were no
significant advantages of LA considering expensive
hospital costs, although shorter time to soft diet and
postoperative hospital stays in LA group. The results of this
study suggest that LA is the procedure of choice for
patients with complicated appendicitis.  Operative
procedure should be chosen by patients with uncomplicated
appendicitis whether they undergo OA or LA.
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