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WOUND infection is the most common
complication following operation for per-
forated appendicitis.2' 8,9,10 Drainage and
systemic antibiotic agents have not altered
the incidence of wound sepsis in instances
of perforated appendicitis with primary
wound closure.4 8,11

Prevention of wound infection by uti-
lization of delayed closure of contaminated
operative wounds has been advocated since
1940.5 Recent reports have renewed inter-
est in this method of therapy, however, sup-
porting statistical data is lacking in regard
to its use in perforated appendicitis.8, 11
The present report studies the efficacy of
delayed primary wound closure in prevent-
ing wound infection in instances of perfo-
rated appendicitis.

Materials and Methods
Three hundred and sixty patients with

appendicitis who underwent operation at
the U. S. Army Hospital, Fort Jackson,
South Carolina from January 1964-Feb-
ruary 1968 are presented. Negative explora-
tions and incidental appendectomies per-
formed during other operative procedures
are not included. The series includes both
civilian dependents and military personnel.
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There were 276 males and 84 females. The
average age was 19.0 years with a range of
one to 54 years (Fig. 1). For comparison
purposes the patients were divided into
three groups:

Group I: Uncomplicated (Non-Perfo-
rated) Appendicitis

There were 275 patients with uncompli-
cated appendicitis who were treated by ap-
pendectomy and primary wound closure
from January 1964-February 1968. There
were 204 males and 71 females. The aver-
age age was 19.0 years with a range of two
to 52 years.

Group II: Perforated Appendicitis with
Primary Wound Closure

Forty-one instances of perforated ap-
pendicitis were treated by appendectomy,
drainage, and primary wound closure from
January 1964-July 1966. Thirty-four males
and seven females were included in this
group. The average age was 18.0 years
with a range of one to 54 years (Fig. 2).
All patients received systemic antibiotic
drugs.

Group III: Perforated Appendicitis with
Delayed Primary Wound Closure

Group III consisted of 44 patients with
perforated appendicitis operated upon be-
tween August 1966 and February 1968.
There were 38 males and six females. The
average age was 20.8 years with a range of
seven to 52 years (Fig. 2).
These patients were treated in the fol-

lowing manner: A transverse (Rockey-
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TABLE 1. Incidence of Postoperative Infection in 360 Patients with Appendicitis

No. Wound Incidence of No. Pelvic Incidence of
Group No. Patients Infections Wound Infection Abscesses Pelvic Abscess

I
Appendicitis 275 13 4.7% 1 0.04%

(non-perforated)

II
Perforated appendicitis with initial 41 14 34.1% 6 14.6%
wound closure

III
Perforated appendicitis with delayed 44 1 2.3% 1 2.3%
primary wound closure

Totals 360 28 7.8% 8 2.2%

Davis) incision was utilized in the ma-

jority of instances. On entrance into the
peritoneal cavity, free pus was aspirated
after obtaining a specimen for culture and
sensitivity. Appendectomy was performed
in all but two patients. (Interval appen-

dectomy was performed 2 months postop-
eratively in each instance.) Localized ab-
scess was drained through a separate stab
wound beneath the operative incision. In
patients with generalized peritonitis, pus

was aspirated as completely as possible but
no drainage utilized. There were three such
instances.
The peritoneum was closed with a con-

tinuous 2-0 chromic atraumatic catgut su-

ture (Fig. 3A). The fascia of the oblique
muscles was approximated with interrupted
2-0 chromic catgut sutures (Fig. 3B, 3C).
The wound was irrigated with saline and
then packed with fine mesh gauze. Inter-
rupted fine 5-0 monofilament wire sutures
were inserted from skin through the subcu-
taneous fascia but were left untied (Fig.
3D). A bulky, dry sterile dressing was

applied. Postoperative systemic antibiotic
agents were employed.
On the fifth postoperative day delayed

primary wound closure was performed at
the bedside. The dressing and fine mesh
gauze were removed and the wound irri-
gated with saline. The previously inserted
monofilament wire sutures were loosely

tied. The intra-abdominal penrose drain
was then mobilized following the closure.
Forty-eight hours later the drain was re-

moved. If afebrile at this time civilian pa-

tients were discharged, leaving the hospital
one week from the day of operation. Su-
tures were removed 5 days later as an out-
patient. Military personnel remained hos-
pitalized until suture removal (12 days
postoperatively).

Results

(Table 1.) There were no deaths en-

countered in the series of 360 patients.
Wound infection was defined as a collec-
tion of purulent exudate in the wound re-

quiring incision and drainage.
Group I: Wound infection occurred in

13 of 275 instances of uncomplicated ap-

pendicitis, an incidence of 4.7 per cent.
Seven of these patients had gangrenous

changes in the appendix without perfora-
tion. Pelvic abscess occurred in one pa-

tient (0.04%o).
Group II: Wound infection was noted

in 14 of 41 patients with perforated ap-

pendicitis and primary wound closure, an

incidence of 34.1 per cent. Pelvic abscess
occurred in six patients (14.6%).
Group III: Wound infection occurred

in one of 44 patients with perforated ap-

pendicitis treated by delayed primary clo-
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FIG. 1. Age distribu-
tionl of 360 patients with
appen(licitis.

NUMBER
OF

PATIENTS

AGE IN YEARS

sure, an inicidenice of 2.3 per cent. Pelv ic
abscess occurred in one instance (2.3', ).

Commentits. Fort Jackson is a basic train-
inlg center with 20,000 to 25,000 young 're-
cruits stationed there Imost of the time.
This explains the prepoIrlerance of miales
and large number of patients in the 18-25
x-ear age grouping in this study. The dura-
tion of hospitalization for militarx persoii-
inel is diffiicult to evaluate, and xN as omllitted

from the studv The nexv recruit remainis
hospitalized unitil removal of skin stuturecs
anld is theIn senlt onca conx alesceIt leav-e

unitil he is able to resumile the vigorous
physical requiremeints of basic training.

The convalescent leave is counited as timne
assigned to the hospital unit.

Discussion

CoIImp)licationis of perforated appenidicitis
continueic to represenlt a signiificant postop-
eratix problem. Early diagnosis of actite
appenidicitis anid oper-ation p)rior to per-fora-
tioIn remInainis the lbest forIml of prexenition of
comilplicationis.

In instances of perforation the appenidix
should he removed whenever possible at
the timne of operationi. This rdcutces mor-

bidity- by obviating the necessity for a sec-

onid operationi. Ther-e is little subjective

NUMBER
OF

PATI ENTS
FIlG. 2. A comparison

of the age distribuition in
instances of perforated
ap endicitis in Groups II

an III.

- GROUP II:

GROUP

PERFORATED APPENDICITIS WITH INITIAL WOUND
CLOSURE (41 PATIENTS)

PERFORATED APPENDICITIS WITH DELAYED PRIMARY
CLOSURE (44 PATIENTS)
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FIG. 3. Technic of delayed primary wound closure. Appendectomy is performed through a

transverse incision (upper left). (3A). The peritoneum is closed with a continuous 2-0 chromic
atraumatic catgut suture. (3B and 3C). The fascial layers are approximated with interrupted
2-0 chromic catgut sutures. (3D). The wound is then packed with fine mesh gauze. 5-0 mono-

filament wire sutures are inserted from skin through the subcutaneous fascia and left untied.
A dry sterile dressing is applied. Delayed primary wound closure is performed 5 days later at
the bedside.

evidence to support drainage of the free
peritoneal cavity in the presence of gen-
eralized peritonitis.8 12 The few instances
of generalized peritonitis in this study were

therefore not drained. On the other hand,
unanimity exists in the efficacy of drainage
of localized collections of pus which occur

in the majority of perforated instances. The
drain is brought out through a separate
stab wound site to prevent contamination
of the operative wound in the postoperative
period.
The wound becomes contaminated dur-

ing operation for perforated appendix by
manipulation and seepage of purulent exu-

date into the wound. Primary closure of
such a wound creates a potential closed
space infection. The high incidence (34.1%)
of superficial wound infection occurring in
instances of perforated appendicitis with
closure of the wound at initial operation
bears out this observation.

Close attention should be paid to the
type of suture utilized. Good evidence ex-

ists that suture material itself may con-

tribute to the origin of wound infection.7
Avoidance of multifilament nonabsorbable
suture materials and plain catgut in grossly
contaminated wounds has recently been
stressed.' The use of chromic catgut to re-

pair the fascial layers of the abdominal wall
and fine monofilament wire for skin has
been satisfactory in the present series.
Maddox et al. suggested leaving the

wound open for a 24-48 hour period fol-
lowed by delayed closure.8 Statistical data
did not accompany this suggestion. The
usual patient with perforation remains feb-
rile and ill for a 3- to 4-day period post-
operatively. Closure of the wound before
5 days and prior to the presence of an

afebrile state probably represents an inade-
quate duration of drainage of a wound po-
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tentially contaminated by aerobic and an-
aerobic organisms.
Delayed primary closure of contaminated

extremity war wounds has successfully pre-
vented wound infection when closed 5 days
after initial debridement. In the present se-
ries the resultant scar following delayed
primary closure appeared quite similar to
that of a primary wound and did not pre-
sent a cosmetic problem.

Intravenous antibiotic drugs are admin-
istered to combat infection due to both
gram negative and gram positive organ-
isms. While systemic antibiotic agents have
no effect on the incidence of wound infec-
tion, they do decrease morbidity and mor-
tality by preventing the sequele of the
septicemic complications of peritonitis.4 Re-
ports that use of intraperitoneal antibiotic
treatment reduces wound complications
have been encouraging.3' 6, 10 Noon et al.,
however, reported an incidence of 22%
wound infection in perforated appendicitis
despite the use of such adjuncts.10
Delayed primary wound closure in in-

stances of perforated appendicitis has sig-
nificantly reduced the incidence of super-
ficial wound infection when compared to a
similar, although unrandomized, group of
perforated cases with closure of the wound
primarily. The incidence of wound infection
in the delayed primary closure group was
actually lower than that for instances of
uncomplicated appendicitis. It is of interest
that seven of 13 instances of wound infec-
tion in the uncomplicated (non-perforated)
group occurred in patients with gangrenous
appendicitis. Delayed primary wound clo-
sure should probably be utilized in these
instances as well as in patients with per-
foration.
Delayed primary closure may assume an

important role in the pediatric age group
where the highest incidence of perforated
appendicitis is encountered.

Summary

Delayed primary wound closure was per-
formed in 44 instances of perforated ap-
pendicitis. Wound infection occurred in one
patient, an incidence of 2.3 per cent. The
incidence of wound infection in 41 in-
stances of perforated appendicitis with
wound closure at initial operation was 34.1
per cent. Delayed primary wound clo-
sure significantly reduces the incidence of
wound infection in instances of perforated
appendicitis. Further experience with this
technic is warranted.
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