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Abstract

Background We aimed to test the efficacy and safety of

closure of the appendeceal stump with only laparoscopic

bipolar electrocautery in rats.

Methods In this study, 40 female Wistar-Albino rats were

used. In group I (n = 10), appendix vermiformis, approxi-

mately 1 cm in width, was completely ligated with 3/0 silk

suture close to cecum, and removed. In group II (n = 20)

and group III (n = 10), the appendeceal stump was coag-

ulated by bipolar cautery. The coagulation of 70 mA took

10 s, and was repeated one more time. The stump was

divided, and checked to ensure complete occlusion. Groups

I and II underwent relaparotomy at 15 days, cecum was

taken out, and the burst pressure of the stump was mea-

sured. Group III did not undergo relaparotomy; the burst

pressure was measured during the first laparotomy.

Results All rats survived. At relaparotomy, no intra-

abdominal complications were detected, including intesti-

nal obstruction, abscess, and leakage. Omentum and fatty

tissue of uterus was adhered to the appendix stump in

group I, but only fatty tissue of uterus was adhered on the

stump in group II. Although the intracecal pressure reached

30 cmH2O, at which pressure the cecum was highly stret-

ched, ligated (group I) or coagulated (group II) stumps did

not burst or opened. In group III, the burst or opening

pressure of the stump (11.2 ± 2.7 cmH2O) was signifi-

cantly lower than in groups I and II (p \ 0.001). Of group

II rats, 80% had complete epithelial regeneration at the

coagulated stump sites in contrast to ligated rats

(p \ 0.001) with severe inflammatory changes, abscess,

and necrosis.

Conclusions At late course, coagulated stumps did not

allow the leakage or burst, unlike ligated stumps. However,

coagulation of the stump seemed to contribute more to

epithelial healing. This experimental model suggests that

the closure of the stump with only bipolar coagulation was

a safe and feasible method.
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Appendicitis is one of the leading causes of acute abdomen

requiring urgent surgery [1], with a lifetime incidence of 8%

in males and 6.3% in females [2]. Compared with conven-

tional laparotomy, laparoscopic appendectomy has the

advantages of precise operative diagnosis, lower morbidity,

and fewer intraoperative and postoperative complications

[3–7]. Although the global cost may be less, particularly for

patients whose return to work is hastened by a laparoscopic

approach, the cost of hospital care is higher [8]. To diminish

the cost of laparoscopic appendectomy, several methods

have been incorporated, such as one- or two-trocar tech-

niques, instrument-assisted knotting, skeletonization of

appendix by bipolar coagulation, and closure of the stump by

endoloop suture or clip applier rather than endostaplers [9–

12]. Khanna et al. [13] recommended a novel technique of

laparoscopic appendectomy, in which the stump is closed by

bipolar coagulation and no clip applicators, needle holders or

knot pushers were required; in the English literature, despite
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the first clinical study [13] related to this topic, the safety and

efficacy of this novel technique are not satisfactorily dem-

onstrated. In this study, we designed an experimental model

in rats in which the stump of appendix vermiformis was

closed only by bipolar coagulation for the evaluation of the

burst or leakage pressure of the stump and histopathological

changes in the stump site.

Materials and methods

The study was initiated after its approval by the animal

investigation committee of Akdeniz University School of

Medicine. The animals (female Wistar–albino rats)

weighing 210–240 g were kept under standard laboratory

conditions before operation, and all rats underwent surgery

following overnight fasting. Anesthesia was achieved with

intramuscularly xylazine (10 mg/kg) and ketamine (50 mg/

kg). No rat took antibiotics.

Surgical procedure

The rats were divided into three groups. In group I (ligature,

n = 10), appendix vermiformis (or a blind bowel originated

from the cecum, approximately 1 cm in diameter and 1.5–

2 cm in length) was ligated with 3/0 silk suture just above the

cecum, and taken out. In group II (n = 20) and group III

(n = 10), the appendeceal stump was coagulated by lapa-

roscopy-fitted bipolar cautery (Power Blade, Lina Tripol 5,

Denmark). Initially, in the pilot studies we detected that the

degree of bipolar coagulation should be 70 mA for safety and

complete closure of the appendeceal base. Each coagulation

took 10 s, and was repeated one more time, with the stump

site wetted before each coagulation so that the legs of the

cautery could adhere to the tissue. Complete coagulation

achieved a constriction ring and no bubbles at the cautery site

(Fig. 1a). The stump was then divided with scissors at the

constriction site (Fig. 1b), and checked to ensure complete

occlusion. If leakage was detected from the stump site, the

process of coagulation was repeated until the stump was

completely occluded. Groups I and II underwent relaparot-

omy at 15 days after the first laparotomy, cecum was taken

out, and the burst pressure or intracecal pressure (cmH2O) of

the stump was measured. Group III did not undergo rela-

parotomy; the burst pressure of the stump was measured

during the first laparotomy, and cecum was then removed

and kept in 10% formalin for histopathological evaluation.

Histopathological evaluation

The fixed tissues were embedded in paraffin, and sectioned

to 5 lm. Histological preparations were stained with

hematoxylin and eosin and reviewed by a pathologist

blinded to the groups.

Statistical analysis

All data were expressed as means ± standard deviation.

Intracecal pressures were subjected to one-way analysis of

variance for repeat measurement and statistical significance

was determined by the least significant difference (LSD)

post hoc test. Also, the chi-square test was used for the

histopathological evaluation (SPSS 9.0 for Windows).

Differences were considered significant for p values less

than 0.05.

Results

All rats survived. On postoperative day 1, rats from both

groups I and II tolerated oral feeding well. At relaparotomy,

no complications were detected, including wound infection,

volvulus, intestinal obstruction, abscess, and leakage.

Intracecal pressure

Although intracecal pressure increased to 30 cmH2O, at

which pressure the cecum wall was highly stretched,

Fig. 1 (a), the bipolar

coagulation of 70 mA took 10 s,

and was repeated one more

time. (b), the stump, 1 cm in

width, was completely closed by

bipolar coagulation
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ligated or coagulated stumps did not burst or open. In group

III, the burst or opening pressure of the stump

(11.2 ± 2.7 cmH2O) was significantly lower than in

groups I and II (p \ 0.001).

Histopathological evaluation

Under macroscopic examination, ligated stumps were

detected to be overlaid with fatty tissue of uterus and

omentum leaves, and a firm mass approximately 5 mm in

diameter, while only fatty tissue of uterus was seen to

adhere to the coagulated stumps.

Under microscopic examination (Table 1), while mild

mucosal inflammation was seen in cecum in 20% of group

I, mild mucosal inflammation combined with granulation

tissue of cecum was observed in 70% of group I and 90%

in group II.

The incidence of severe mucosal inflammation, necrosis,

and granulation tissue was markedly lower in the coagu-

lated stumps (group II) compared with the ligated stumps

(Fig. 2) (p \ 0.001). Unlike the ligated stumps, 80% of the

coagulated stumps were completely covered by intestinal

neomucosa (Fig. 3) (p \ 0.001).

Discussion

In the past two decades, laparoscopic appendectomy has

gained popularity and was the treatment of choice over the

open technique because of its advantages such as less

postoperative pain, earlier feeding, better cosmesis, shorter

hospitalization, earlier return to normal activity and work,

less incidence of wound infection, and less negative lapa-

rotomy [3–7]. Despite the standard technique of open

appendectomy, different methods have been described for

laparoscopic appendectomy; to date discussions about the

advantages of these methods are ongoing, with each

method aiming to eliminate intra- and postoperative mor-

bidity, longer operative, time, and higher cost.

The most common technique known for laparoscopic

appendectomy involves three trocars. However, the lapa-

roscope-assisted two- or one-trocar technique is as safe as

the open technique [9,14]. In fact, the size and number of

trocars depend on the technique for controlling mesoap-

pendix and appendeceal base. Cautery and/or clips can

efficiently control the mesoappendix, and endoloops are

mostly used for the appendeceal stump. In both adults and

children, the endoscopic linear stapler has also been pre-

ferred to control the mesoappendix and base of the

appendix, but it requires a 12 mm trocar [15]; despite not

being cost effective, it has the advantages of speed and

ability to control an inflamed appendeceal base more eas-

ily. Khanna et al. [13] reported a technique of laparoscopic

appendectomy by bipolar coagulation in 60 patients; the

technique was very simple and economical, and the dura-

tion of surgery was shorter than the standard technique of

laparoscopic appendectomy; no clip applicators, needle

holders or knot pushers were required, and no ligatures or

Table 1 Histopathological findings of the cecum and stumps

Group I, n (%) Group II, n (%)

Cecum Stump Cecum Stump

Mild mucosal inflammation 2 (20) 1 (10) - -

Mild mucosal inflammation

and granulation tissue

7 (70) - 18 (90) 1 (5)

Minute ulcer and

granulation tissue

1 (10) - - -

Ulcer and granulation tissue - - 2 (20) 1 (5)

Severe mucosal

inflammation, necrosis

and granulation tissue

- 9 (90) - 2 (10)*

Complete mucosal repair - - - 16 (80)*

Total 10 (100) 10 (100) 20 (100) 20 (100)

*p \ 0.001, group II versus group I

Fig. 2 Abscess (arrows) and severe inflammatory reaction in the

ligated stump

Fig. 3 Complete neomucosal coverage on the coagulated stump site

(between the arrows)
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clips were used. However, the efficacy and safety of this

novel technique should be demonstrated experimentally

before being commonly used. In the present experimental

study, we evaluated the intracecal pressure or burst pres-

sure of the stump and the histopathological characteristics

of appendeceal bases closed only by bipolar coagulation.

At 15 days after closure of the stumps, in spite of the high

intracecal pressure of 30 cmH2O, at which the cecum wall

was stretched as if being torn, neither the coagulated nor

the ligated stumps opened or burst. On the other hand, we

also measured the intracecal pressure just after closure with

bipolar coagulation; the stumps burst at an average in-

tracecal pressure of 11.2 ± 2.7 cmH2O. Khanna et al. [13]

coagulated appendeceal specimens, which had been

removed by the open method, with water pressure applied

through the pressure infuser in the appendix; the intra-

appendiceal pressure was up to 15 cmH2O. However, as

mentioned above, we evaluated the intracecal or burst

pressure of the stump in both the early and late period of

closure.

At 15 days, no evidence of leakage from the ligated or

coagulated stumps was observed. In the gross examination,

a firm mass was seen at the ligated stump sites but not at

the coagulated stumps. Microscopic examination supported

this finding; severe mucosal inflammation, necrosis, and

granulation tissue were marked in 90% of the ligated

stumps. However, the course of wound healing was seen to

be better in the coagulated stumps, which were completely

covered by intestinal neomucosa. This result showed that

the ligation was an unfavorable factor for epithelial healing

of the stump.

The diameter of the normal appendix is commonly less

than 1 cm; in a prospective study the mean diameter was

reported to be 6.7 ± 1.2 mm [16]. In children, the mean

diameter of the appendix is 0.39 cm [17]. On the other

hand, appendicitis causes the appendeceal diameter to

increase to 9–18 mm [18]. However, the diameter of in-

flammed appendix distal to the stump is somewhat greater

than that of the stump just distal to the cecum. In this study,

appendeceal stumps 1 cm in diameter were closed safely

and easily by bipolar coagulation. In this context, further

studies using experimental models of the noncomplicated

and complicated appendicitis may be needed. However,

this procedure was observed to be a safe and efficient

method for complete closure of the appendeceal base,

supporting Khanna’s report [13].
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