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Abstract 
Objective : To compare the rate of wound infection of perforated appendicitis in children 

between primary wound closure and delayed primary wound closure. 
Study Design : Prospective clinical trial. 
Material and Method : Children diagnosed with perforated appendicitis between January 

1999 and December 1999 received gentamicin and metronidazole pre - and post-operatively. Intra­
abdominal fluid cultured and tested for sensitivity. The rate of wound infection, skin closure for 
patients were compared between primary wound closure and delayed primary wound closure. 

Results : Among 198 children diagnosed with appendicitis, 44 cases were perforated 
(22.22%). Of these 44 cases, 8 cases had wound infection (18.18%), 2 of 8 Infected cases (9.1 %) 
were in the primary wound closure group, 6 of 8 (27.3%) were in the delayed primary wound closure 
group. 

Conclusion : The rate of wound infection from perforated appendicitis in children is still 
high. Primary wound closure has a significantly lower rate of wound infection compared with delayed 
primary wound closure. 
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Surgical wound infection from surgical 
cases of perforated appendicitis in children occurs 
in 17-25 per cent despite new regimen antibiotics 
0-3). There are two different methods of wound 
management for perforated appendicitis. One is pri-

mary wound closure, the other is delayed primary 
wound closure. The principle of delayed closure of 
contaminated wounds after appendectomy was a 
direct application of measures taken during the First 
World War to lessen the morbidity and mortality 
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of traumatic wounds. Recently, Janik and Firor(4), 
Bower et al(5), Elmore et al(6) introduced delayed 
primary wound closure, and claimed to have a lower 
wound infection rate. On the other hand, Neilson 
et al(7), Karp et al(8), Wajcharatit(9), Siriwanbus 
and SrikunOO) advocated primary wound closure. 
Controversy still remains between primary wound 
closure and delayed primary wound closure. 

The aim of this study was to compare the 
rate of wound infection of perforated appendicitis in 
children between primary wound closure and delayed 
primary wound closure. Which one is more effective 
in reducing the wound infection rate. 

MATERIAL AND METHOD 
The study of surgical wound infection post 

surgery in perforated appendicitis in children aged 
under 15 years was conducted from January 1999 to 
December 1999, at the Division of Pediatric Surgery, 
Department of Surgery, Surin Hospital. 

All patients diagnosed clinically with appen­
dicitis received both gentamicin and metronidazole 
pre-operatively and continued receiving both drugs 5-
10 days post-operatively in perforated cases. (genta­
micin : dose 5 mg/kg/day divided in three doses, 
metronidazole : dose 25 mglkg/day divided in three 
doses). 

After removal of appendix, intra-abdominal 
fluid during operation was cultured and tested for 
sensitivity before swabbed until dry. With the faci­
lities at Surin Hospital, culture was limited only to 
aerobic organisms. Penrose drain was placed selec­
tively in cases with apparent loculated cavity. It 
was placed separately from the main surgical wound, 
and gradually shortened over a 3- to 5- day period 
before being removed. The abdominal wall was 
closed layer by layer. Muscular layer and subcuticular 
tissue were irrigated with normal saline solution. 

Table 1. Per cent of sensitivity test. 

Antibiotic Sulbactam/ Amikacin 
cefoperazone 

I. Eschericia coli 100 93.46 
2. Pseudomonas spp. 100 87.50 
3. Klebsiella spp. 100 100 
4. Proteus spp. 100 100 

Average(%) 100 95.24 

For the management of wound closure, 
children were divided into two groups, the primary 
wound closure group and the delayed primary wound 
closure group. The patients were randomized by 
choosing each method alternatively. In the delayed 
primary wound closure group, the wound was dressed 
daily and packed with Betadine gauze 5-10 days 
until suitable for suture. 

Wound infection was defined as having 
discharge of purulent material or surrounding cellu­
litis. If wound infection occurred, the wound must be 
re-opened and dressed daily for suturing later. 

All patients were asked to inform the sur­
geon of any later complications. The data was col­
lected from the time patients were admitted until dis­
charge ; and followed-up 5-14 days afterwards. 

RESULTS 
There were 198 .children diagnosed with 

appendicitis : 44 cases were perforated and the per­
foration rate was 22.22 per cent. 

Of the 44 perforated cases : there were 20 
boys and 24 girls : sex ratio between boy and girl 
was 0.83 : 1. Mean patient age was 9.86 years (range 
4 to 15 years). 

The intra-operative peritoneal cultures were 
Eschericia coli (72.8% ), Pseudomonas (18.2%) 
Klebsiella (4.5%) and Proteus (4.5%). Effective anti­
biotics from sensitivity test for each gram-negative 
bacilli are shown in Table I. Two cases (9.1%) of the 
primary wound closure group had post-operative 
wound infection, compared with 6 cases (27.3%) of 
the delayed primary wound closure group.(Table 2) 
However, there was no secondary wound infection 
in the delayed primary wound closure group. 

The length of hospitalization in the primary 
wound closure group and the delayed primary wound 
closure group were on average 6.34 and 7.45 days 
respectively. 

Netilmicin Gentamicin Cefoperazone 

91.46 77.96 65.88 
87.50 75 75 

100 100 50 
100 100 100 

94.74 88.24 72.72 
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Table 2. Results of treatment. 

No complication 
Wound infection 

Per cent of wound infection 

DISCUSSION 

Primary wound Delayed primary 
closure wound closure 
(n =22) (n = 22) 

20 
2 

9.1 

16 
6 

27.3 

Overall incidence of perforated appendicitis 
in this series was 22.22%, which is comparable with 
other series(l5-25% )(3,7,11, 12). 

Comparing the sensitivity test of 2 amino­
glycosides, gentamicin was nearly as effective as 
amikacin (88.24% vs 95.24%). However, consider­
ing the cost of each drug, gentamicin was 3 times 
cheaper than amikacin. In addition gentamicin also 
5-10 times cheaper than sulbactam/cefoperazone and 
netilmicin. Because of its effectiveness and lower 
price, gentamicin in terms of cost-effectiveness still 
remained an appropriate antibiotic of choice for 
gram-negative bacilli(13-16). 

From an other Thai series01), metronida­
zole was an appropriate antibiotic to cover anaerobic 
organisms. However, it must be administrated pre­
operatively and 5-10 days post-operatively or until 
the patient has recovered07 -19). 

Current controversy in the management of 
perforated appendicitis includes whether the wound 
should be left open. The present series attempted 
to answer this controversy. The principle of delayed 
closure of contaminated wounds was a direct appli­
cation of measures taken to Jessen the morbidity. 
In 1979, Janik and Firor(4) reported a decrease in 
wound infections after appendectomy in children 
from 31.9 per cent to 7.1 per cent when wound 
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closure was delayed rather than primary. The skin 
left open with delayed closure after complicated 
appendicitis was reported in two pediatric series in 
1981 and in 1987(5,6). Nonetheless, Krukowski et al 
in 198809), after reviewing extensively, stated that 
delayed wound closure in adults continued to be 
popular with North American surgeons but not with 
most British surgeons. Most of the North American 
series showed that delayed primary wound closure 
had a lower infection rate, In contrast British series 
had a lower infection rate in primary wound closure. 
This issue is still being debated. 

In 1990 Neilson et aJ(7) introduced that 
primary closure in children could be accomplished 
in all cases of appendicitis, with measures to limit 
peritoneal contamination and broad-spectrum anti­
biotics. Primary skin closure not only encouraged 
early mobilization and but also avoided psycholo­
gically traumatic and painful dressing changes in 
young patients. Should a wound infection develop, 
the incision could be easily opened in the ward or 
in the clinic. Although delayed closure of the wound 
on the third to fifth post-operative day allowed an 
acceptable cosmetic result, it was often inferior to 
what could be achieved with subcuticular closure. 
Leaving the wound open required more nursing care, 
necessitated delayed closure, and would increase the 
duration and cost of hospitalization. Karp et aJ(8) 
managed perforated appendicitis in children without 
using transperitoneal drainage, delayed wound 
closure, and antibiotic lavage. Subcuticular incisional 
closure resulted in minimal wound care and excellent 
cosmetic results. 

Recently, two Thai series agreed with pri­
mary skin closure. Wajcharatit(9) retrospectively 
studied 214 cases of appendectomy in Taksin Hos­
pital. In perforated cases, post-operative wound 
infection with delayed primary closure was 31.5 per 
cent, with primary skin closure 21.4 per cent. In 

Table 3. Comparison of series (per cent of wound infection). 

Series 

Wajcharatit (1987)(9) 
Siriwanbus-Srikun (1988)0 0) 
Present Series ( 1999) 

Number of 
patients 

47 
124 
44 

Per cent of wound infection 
Primary wound Delayed primary 

closure wound closure 

21.4 
22.8 
9.1 

31.5 
59.7 
27.3 
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pre-operative and post-operative antibiotic treat­
ment, the wound infection rate was found to be sig­
nificantly different. In 1988 Siriwanbus and Srikun 
( 10) studied a prospective randomized control In 
ruptured appendicitis. Wound infection developed 
in 13 cases (22.8%) of primary wound closure and 
40 cases (59.7%) of delayed primary closure. They 
concluded that in ruptured appendicitis, primary 
wound closure was the procedure of choice. 

In the present series, the wound infection 
rate of perforated cases with primary wound closure 
group occurred less in the delayed primary wound 
closure group (9.1% vs 27.3%), and was similar to 
other Thai series(9,l0) (Table 3). The length of hos­
pitalization in the primary wound closure group was 
also less than the delayed primary wound closure 
group as well. Therefore this study confirms that 
primary wound closure was suitable for perforated 

appendicitis not only to decrease wound infection 
rate but also to avoid pain from daily wound dress­
ing(7,8). 

SUMMARY 
The rate of wound infection from perforated 

appendicitis in children is still high. Antibiotics must 
be administrated pre-operatively and post-opera­
tively to cover both aerobic and anaerobic organisms. 
Primary wound closure is more appropriate than 
delayed primary wound closure to reduce the wound 
infection rate. 

ACKNOWLEDGEMENT 
The author wishes to thank Professor 

Soottipom Chittmittrapap, Department of Surgery, 
Faculty of Medicine, Chulalongkom University for 
his useful comments on this paper. 

(Received for publication on November 24, 2001) 

REFERENCES 
I. Chandrakamol B, Chatwiriyacharoen W. Acute 

appendicitis in infants and children. Chula Med J 
1992; 36: 907-15. 

2. Kaluehayotin T. Factors related to perforated 
appendicitis. Buddhachinaraj Med J 1992; 9: 37-
45. 

3. Charoensethamaha S. Clinical differences between 
acute appendicitis and ruptured appendicitis. Vajira 
Med J 1998; 42: 115-20. 

4. Janik JS, Firor HV. Pediatric appendicitis: 20-year 
study of 1,640 children at Cook County (Illinois) 
Hospital. Arch Surg 1979; 4: 717-9. 

5. Bower RJ, Bell MJ, Temberg JL. Controversial 
aspects of appendicitis management in children. 
Arch Surg 1981; 116:885-7. 

6. Elmore JR, Dibbins AW, Curci MR. The treatment 
of complicated appendicitis in children. Arch Surg 
1987; 122:424-7. 

7. Neilson IR, Laberge JM, Nguyen LT, et al. Appen-
dicitis in children : Current therapeutic recom-
mendations. J Pediatr Surg 1990; 25: 1113-6. 

8. Karp MP, Caldarola VA, Cooney DR, Allen JE, 
Jewett Jr TC. The avoidable excesses in the 
management of perforated appendicitis in children. 
J Pediatr Surg 1986; 21: 506-10. 

9. 

10. 

II. 

12. 

13. 

14. 

15. 

16. 

Wajcharatit W. Wound infection in appendec­
tomy. Taksin Hosp Med J 1987; 5: 208-14. 
Siriwanbus S, Srikun S. Primary wound closure 
vs delayed-primary wound closure in perforated 
appendicitis : A control randomized trial. Roy 
Thai Air Force Med Gaz 1988; 34: 105-11. 
Vejchapipat P, Chittmittrapap S, Chandrakamol 
B. Pre-operative prophylactic antibiotics for acute 
non-ruptured appendicitis in children. Chula Med 
J 1997; 41: 141-8. 
Pearl RH, Hale DA, Molloy M, Schutt DC, Jaques 
DP. Pediatric appendectomy. J Pediatr Surg 1995; 
30: 173-81. • 
Kokoska ER, Silen ML, Tracy TF Jr, et al. The 
impact of intra-operative culture on treatment and 
outcome in children with perforated appendicitis 
J Pediatr Surg 1999; 34: 749-53. 
Mosdell DM, Moris DM, Fry DE. Peritoneal cul­
tures and antibiotic therapy in pediatric perforated 
appendicitis. Am J Surg 1994; 167: 313-6. 
Lund DP, Murphy EU. Managrment of perforated 
appendicitis in children : A decade of aggressive 
treatment. J Pediatr Surg 1994; 29: 1130-4. 
Kokoska ER, Silen ML, Tracy TF Jr, et al. Per­
forated appendicitis in children : Risk factors for 



576 

17. 

W. CHATWIRIYACHAROEN 

the development of complications. Surgery 1998; 18. 
124:619-26. 
Chittmittrapap S, lmaimkamol S, Chaidejsuriya S, 
Roganasakul A. Systemic antibiotics and wound 19. 
closure in appendicitis. Chula Med J 1985; 29: 
585-94. 

J Med Assoc: Thai May 2002 

Bumweit C, Bilik R. Shandling B. Primary closure 
of contaminated wounds in perforated appendi­
citis. J Pediatr Surg 1991; 26: 1362-5. 
Krukowski ZH, Irwin ST, Denholm S, Matheson 
NA. Preventing wound infection after appendec­
tomy: A review. Br J Surg 1988; 75: 1023-33. 

'flllqt.h::Ro~~ff : L Yit:J?lmllD(;l'ilnl''lLn~LLI:Jtl~ .. h\il~~~L'ift:Jt 'U 1~~DnL!'I'ULL(;ln'r1::rj 1 'ULiiin L~mtJ~tJUL YitJu'i::'Yrll~ 
rJth tJy;L~U~l.,.,tT~tl~LLtl::rJth tJ.y;L tl~ LLI:Jtl~llil~ L(;ltJ hlLtiutJ~ 

JUu.uum,~n'l!t1 : Li:Jum1?lm~n 1 tJ'Iil~.,.,t!'lm~l'l~un 

1Rf!U.a::inm1 : ?lm~nrJu•mliiny;thmuubi'11~~D'mfl'uLL(;ln'r1::"! ~.hlil~fmn ~~LLI1i 1 ).ln'lll'l).l vut 2542 

ii~ 31 rl'Ulll'l).l YH'l. 2542 rJultJ~::1~fumtJlj'ihu:: Gentamicin LLI'l:: Metronidazole J~rit:J'ULLtl::.,.,~~~-hlil~ ~~.,.,'Ut:l~ 
1u'!lt:J~vit:J~L"Wl::Lc5mLtl::.,.,ll'lll).l 1ll1it:JmtJlj~lu:: ~l.,.,i'ULLCJtl.ffu~l.,.,u~LtJ~tJuLYitJurJultJ 2 n~).l n~).ILL'in LVU~l.,.,tT~tJ~ 
n~).lvlfl't:J~ L tl~LLI:Jtl t~tJ hlL~Uell.,.,tT~u~ 

~am1~n'l!t1 : cl'ulmliinvll~fum1%~\i'v-l1 Luubl'111t~~Dmtl'u ~lUlu 198 'iltJ "WULU'U 1~~Dmtl'ULL(;ln 
~ ' 

Yl::rj 44 'iltJ ?i~LU'Ui't:JtJCl:: 22.22 'WULLCJfl~.h\il~~~L~t:Jft:JtJi'l:: 18.18 L~tJ1un~).ILVU~l.,.,tJ~U(;l'WU1t:ltJCl:: 9.1 LYitJUrlU 

n~).ILU~LLCJClL~tJ hlLtiutl~"WUft:JtJCl:: 27.3 

Rtu : rJulmliinvlLU'UL'ii'11~~Dmtl'uLL~n'r1::rj iiLt:Jnltl'Ln~LLCJI'li:·h\il~~~Lcat:l n11LVU~l.,.,tJ~U~LU'U'r1l~L~unvl 
L 'I·Un::fl').lnllnl'iL U~ LLI:Jtle.ll\ll(;l L~ tJ hlLVU~l.,.,tJ~U~ 

1Lwf QIIITn!J::L~;cy 

~fi,Jn!lL"'f!moiiU.'W'Yt!i' "1 2545; 85: 572-576 




