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Abstract
Background
Complicated appendicitis (gangrenous or perforated appendicitis) is a risk for postoperative
intraabdominal abscess, but management of intraabdominal abscess may differ between

laparoscopic and open appendectomy.

Methods

We reviewed 67 patients who underwent appendectomy for complicated appendicitis,
including 26 who received laparoscopic appendectomy (LA group) and 41 who underwent open
appendectomy (OA group). The operation was performed under general anesthesia in all 26
patients in the LA group and in 10 (24%) in the OA group. Patient characteristics, operative
factors, and postoperative complications (especially postoperative intraabdominal abscess) were
compared between the two groups. Management of postoperative intraabdominal abscess was

also investigated.

Results

Postoperative intraabdominal abscess occurred in 3 patients (12%) in the LA group and in 10
(24%) in the OA group (p=0.23). All 3 patients in the LA group were treated conservatively. Of
the 10 patients in the OA group, 6 were treated conservatively, but 4 needed a reoperation,
including 3 who had undergone right pararectal skin incision under spinal analgesia and in

whom sufficient irrigation was not possible because anesthesia had worn off.

Conclusions
Our results suggest that insertion of abdominal drainage may be appropriate treatment for
intraabdominal abscess after laparoscopic appendectomy. Light anesthesia may induce residual

abscess in open appendectomy performed under spinal analgesia.
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Introduction

Acute appendicitis is a common indication for abdominal surgery with a life-time incidence
between 7% and 9%", and appendectomy is one of the most common surgical procedures. Open
appendectomy (OA) performed through a right lower quadrant incision was first described in
1894? and has now been used for more than one century. If necessary, right pararectal or
median skin incision is performed for cases with complicated appendicitis (gangrenous or
perforated appendicitis). Laparoscopic appendectomy (LA) was first performed by Semm?® in
1983 and has gradually gained acceptance.

Development of an intraabdominal abscess (IAA) after appendectomy is a rare but serious
complication and is associated with significant morbidity. The risk is significantly increased in
cases of complicated appendicitis*® and it is unclear whether LA reduces postoperative TAA™. In
this study, we retrospectively analyzed the incidence of postoperative IAA after appendectomy

for complicated appendicitis and investigated the management of postoperative IAA.

Methods

A total of 152 consecutive patients underwent appendectomy for acute appendicitis at our
institution between January 2006 and December 2011. Of these patients, 67 were pathologically
proven to have complicated appendicitis (gangrenous or perforated appendicitis)*®. Clinical
records of these 67 patients were retrospectively reviewed. The patients included 37 males and
30 females, and had a mean age of 46.3 years old (range, 9 to 85). At our institution LA is the
standard operative procedure for acute appendicitis, and OA is performed when LA would
impose an excessive delay for preparation of laparoscopic instruments or summoning of staff
members. Thus, of the original 152 patients, LA was performed in 80 patients and OA in 72
patients.

Among the 67 patients analyzed in this study, LA was performed in 26 (LA group), including
1 case with conversion to an open procedure due to hard dense adhesion (this patient was still
included in the LA group). The other 41 patients (OA group) underwent OA for the reasons
described above, with 22 procedures performed via a McBurney skin incision, 12 with a right
pararectal skin incision, and 7 by median skin incision. The type of skin incision was determined
by each surgeon based on the position of the appendix, prediction of inflammatory adhesion, and
spread of the abscess. The two groups were not selected based on severity of appendicitis.

A standard technique for LA was used with a 12-mm optimal trocar in the infra-umbilical
position. Pneumoperitoneum (10 mm Hg) was established with the Hasson technique. Two 5-
mm ports were used: one in the left iliac fossa and the other in the suprapubic position. The
mesoappendix was coagulated and cut by ultrasonic dissection shears (Harmonic Scalpel,
Ethicon Endo-Surgery Japan, Tokyo). A linear stapler (Endo-GIA Roticulator, Covidien Japan,
Tokyo) was utilized for transection of the appendix. Thorough irrigation of the cavity was
carried out at the end of the procedure in all 26 patients. A drain was inserted from the pouch of
Douglas in 15 patients based on the decision of the surgeon. Principally, we inserted the drain
when abscess was present at Douglas pouch or right paracolic sulcus in addition to
periappendicular space.

OA was carried out under general anesthesia in 10 patients and spinal analgesia in 31

patients. Double ligation of the stump was performed with a silk suture. The stump was
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inverted using 3-0 silk. The abdomen and pelvis were irrigated with warm saline including
cleansing gauze in procedures performed with a McBurney skin incision, and with warm saline
in those with a right pararectal or median skin incision. A drain was inserted from the pouch of
Douglas in 30 patients (73%) based on the decision of the surgeon. Principally, we inserted the
drain when abscess was present at Douglas pouch or right paracolic sulcus in addition to
periappendicular space.

All resected specimens were subjected to histopathologic examination. When possible,
patients received 1g of flomoxef 30 min before skin incision and again 3 h after surgery. All
patients continued to receive 1g of flomoxef twice daily until 2 days after the operation'®.
Recovery from postoperative fever was defined as a body temperature below 37.0C that
persisted for 24 h without antipyretic medication. Recovery from postoperative pain was defined
as unawareness of the wound and abdominal pain without medication.

Centers for Disease Control and Prevention definitions of nosocomial surgical site infections
were used to define wound infection as superficial (skin and subcutaneous) or deep (fascia and
muscle) incisional infections'”. Postoperative abdominal infection was defined when abscess
formation was detected by ultrasonography or computed tomography in patients with suspected
symptoms and signs, or when purulent discharge from the drain persisted for 2 days or more
after surgery'?.

Patient characteristics, operative factors, postoperative course including complications
(especially postoperative IAA), and hospital stay were compared between the OA and LA groups.
Management and outcomes of patients with postoperative IAA were also investigated.
Differences were evaluated by Mann-Whitney U test or Fisher exact test, with a p value <0.05
considered to indicate significance. This study was conducted in accordance with the Helsinki
Declaration and the guidelines of the Ethics Committee of our institute. Written informed

consent was obtained from each patient or the patient’s parents.

Results

Age, gender, body mass index, presence of diabetes mellitus, incidence of past laparotomy,
preoperative white blood cell count, and serum concentration of C-reactive protein did not differ
between the two groups (Table 1). Two of the 26 patients in the LA group and 11 of the 41 in the
OA group were diagnosed with perforated appendicitis. The remaining 54 patients were
diagnosed with gangrenous appendicitis. Most patients in both groups had an IAA prior to
surgery. Operative time was significantly longer in the LA group (p=0.03).

Complication with wound infection occurred in 5 patients in the OA group, but in none in the
LA group (p=0.15, Table 2). Three patients (2 treated with right pararectal skin incision and
one with median skin incision) had superficial wound infections that were treated by opening of
the wound. However, one patient with deep wound infection required debridement of necrotizing
fascia and subsequent dermoplasty.

The incidence of postoperative IAA did not differ significantly between the two groups. Three
patients with postoperative IAA in the LA group were treated conservatively by insertion of a
drainage tube during the operation and administration of antibiotics (Table 3). Of the 10
patients with postoperative IAA in the OA group, 6 were treated by administration of antibiotics

with or without drainage from the abdominal drain. However, the other 4 patients required a
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Table 1. Background and operative factors in 67 patients with complicated appendicitis

Variables L(i Er;fl;)p O(ﬁioll;p p value
Age (mean+SD) 41.6+19.7 49.4+20.3 0.13
Gender (M/F) 14/12 23/18 >0.99
BMI* 21.8 (20.6-22.9) 22.2 (21.0-23.3) 0.59
Body temperature (°C) 374 (37.1-37.8) 37.8 (37.5-38.1) 0.16
Diabetes mellitus (n (%)) 2 (8%) 6 (15%) 0.47
Past laparotomy (n (%)) 1 (4%) 2 (5%) >0.99
WBC count (X10°/uL) 13.5 (11.7-15.3) 14.7 (13.5-15.9) 0.26
CRP (mg/dL) 9.7 (6.7-12.7) 11.3  (9.1-13.4) 0.40
General anesthesia (n (%)) 26 (100%) 10 (24%) <0.0001
Perforated appendicitis (n (%)) 2 (8%) 11 (27%) 0.06
Intraabdominal abscess (n (%)) 20 (77%) 34 (83%) 0.55
Operative time (min)* 100 (85-114) 83 (76-90) 0.03
Bleeding (cc)* 18 (0-37) 74 (23-127) 0.10
Insertion of abdominal drain (n (%)) 15 (58%) 30 (73%) 0.29
Subcutaneous drain (n (%)) 0 (0%) 4 (10%) 0.15

*Data shown as mean (95% confidence interval). BMI, body mass index; WBC, white blood cells; and
CRP, C-reactive protein.

Table 2. Postoperative course of 67 patients with complicated appendicitis

LA group OA group

Variables (n=26) (n=41) p value
Wound infection (n (%)) 0 (0%) 5 (12%) 0.15
Intraabdominal abscess (n (%)) 3 (12%) 10 (24%) 0.23
Ileus (n (%)) 2 (8%) 6 (15%) 0.47
Others (n (%)) 0 (0%) 3 (7%) 0.28
Readmission (n (%)) 0 (0%) 2 (5%) 0.52
Recovery from postoperative fever (days)* 3.3 (2.5-4.0) 5 (3.5-6.6) 0.08
Recovery from postoperative pain (days)* 29 (2.3-3.6) 5.5 (3.9-7.1) 0.02
Restart of diet (days)* 2.0 (1.5-2.6) 2.8 (2.0-3.7) 0.17
Hospital stay (days)* 74 (6.2-8.6) 14.5 (10.5-18.6) 0.009

*Data shown as mean (95% confidence intervals).

reoperation, including 2 who needed readmission for delayed occurrence of IAA. All 8 patients
who underwent surgery under spinal analgesia showed a tendency for wearing off of the
anesthesia at the end of the operation. Recovery from postoperative pain was significantly more
rapid in the LA group (p=0.02, Table 2) and the hospital stay was significantly shorter in the LA
group (p=0.009).

Discussion
The effectiveness of LA has been shown in terms of shorter hospital stay, rapid postoperative
recovery, and better pain control in many studies’®'”. Our findings in patients with complicated
appendicitis were consistent with these studies. The postoperative course after appendectomy
for acute appendicitis involves consolidated control of infectious complications, especially
postoperative TAA. It is unclear if LA has a benefit of reduced postoperative IAA. This

complication rarely occurs in patients with catarrhal or suppressive appendicitis*'®; thus,
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Table 3. Characteristics of 13 patients who complicated with postoperative intraabdominal abscess

Case Age Gender Group Anesthesia Abdon}inal Qperatiye Treatment Hospital
drain time (min) stay (days)
1 33 F LA Total + 70 Conservative 13
2 50 M LA Total + 100 Conservative 9
3 64 F LA Total + 65 Conservative 10
4 44 F OA (McBurney) Spiral — 58 Antibiotics 5
5 61 M OA (McBurney) Spiral + 95 Conservative 77
6 63 F OA (McBurney) Spiral + 80 Conservative 8
7 20 M OA (Pararectal) Spiral + 71 Conservative 15
8 21 F OA (Pararectal) Spiral — 72 Re-operation 35
9 24 M OA (Pararectal) Spiral + 87 Re-operation* 6
10 52 F OA (Pararectal) Spiral + 70 Re-operation* 7
11 55 F OA (Pararectal) Spiral — 95 Antibiotics 22
12 12 F OA (Median) Total + 94 Re-operation 33
13 67 M OA (Median) Total + 59 Conservative 25

*readmission for delayed abscess formation. LA, laparoscopic appendectomy; OA, open appendectomy; and
conservative, drainage from abdominal drain inserted during surgery.

complicated appendicitis is one of the risk factors for postoperative IAA*®. The incidence of
postoperative IAA after LA for complicated appendicitis was over 20% in the early period of
LA"¥*; however, this incidence has now decreased to 0% to 16.7%"**”, which corresponded with
our results. Since methods of irrigation have not changed, this decrease might be due to
improved skills with the surgical technique.

Early reports of an increased risk of postoperative IAA after LA compared with OA"8202:2728
prompted Pedersen et al*® to suggest that patients with complicated appendicitis should be
excluded from a laparoscopic approach. However, in recent reports the incidence of
postoperative TAA after LA for complicated appendicitis was lower than'®*® or not significantly
different"'*?% to that after OA, similar to our results. Based on these findings, LA should not be
contraindicated for complicated appendicitis.

It is important to develop an improved understanding of the mechanism and appropriate
treatment of postoperative IAA. Most postoperative IAAs can be treated by good surgical
techniques and proper use of antibiotics**”, but some become intractable. In our study, the 3
patients with postoperative IAA in the LA group were treated conservatively by external
drainage and use of broad spectrum antibiotics, whereas 4 of 10 patients in the OA group needed
a reoperation. During laparoscopy, the abdominal cavity can be irrigated under a good visual
field*®. However, increased use of irrigation fluid, which may produce greater contamination of
the peritoneal cavity, or an increase in intraabdominal pressure by pneumoperitoneum may
contribute to diffusion of infection****. Therefore, it is likely that IAA formation after LA
develops because of missed fluid collection, rather than due to residual abscess cavities, which
are rapidly filled by adjacent organs®. These findings and our results suggest that insertion of
an abdominal drain may facilitate treatment of postoperative IAA when an abscess spreads
extensively during laparoscopy despite sufficient irrigation.

In the OA procedures in this study, a good operative field was maintained because the
incision was determined based on the position of the appendix or spread of the abscess; however,

4 cases needed a reoperation, including 2 requiring readmission. We suggest that these findings
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might be associated with spinal analgesia. In some cases in OA, abdominal pressure tends to
increase at the end of the operation because the anesthetic wears off. In such cases, sufficient
irrigation and drainage cannot be achieved and this can lead to a residual abscess. In our study,
3 of the 4 patients in the OA group who underwent a reoperation received surgery under spinal
analgesia.

The mechanism of postoperative IAA after OA may also differ from that after LA. In
principle, if use of antibiotics is ineffective, CT or ultrasonography guided drainage is indicated.
However, open drainage is needed if percutaneous drainage cannot be performed'*3?.
Laparoscopic drainage has recently been reported to be a safe and effective treatment for
postoperative IAA after LA*® and may serve as an alternative to open drainage.

Additionally, in another respect, many reports suggested costs for LA are higher than those
for OA, which might be influenced by higher expenses for operative instruments and longer
operative times®*”. We must explain for patients with acute appendicitis preoperatively that
clinical outcomes of LA were superior to that of OA, such as earlier recovery from postoperative
pain and shorter hospital stay, however, the costs for LA are higher than those for OA.

In conclusion, the incidence of postoperative complication of appendicitis with TAA did not
differ significantly between LA and OA. However, in LA, routine abdominal drainage may
facilitate treatment of postoperative IAA, and this may contribute to early recovery from
postoperative pain and a shorter hospital stay. In OA, light anesthesia, and especially spinal
analgesia, may lead to incomplete irrigation and drainage, with resultant residual and delayed

abscess formation.
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