ANNALS OF SURGERY
Vol. 233, No. 3, 409-413
© 2001 Lippincott Wiliams & Wilkins, Inc.

Prospective Randomized Trial of Two Wound
Management Strategies for Dirty
Abdominal Wounds

Stephen M. Cohn, MD, FACS, Giovanni Giannotti, MD, Adrian W. Ong, MD, J. Esteban Varela, MD, David V. Shatz, MD, FACS,
Mark G. McKenney, MD, FACS, Danny Sleeman, MD, FACS, Enrique Ginzburg, MD, FACS, Jeffrey S. Augenstein, MD, FACS,
Patricia M. Byers, MD, FACS, Laurence R. Sands, MD, FACS, Michael D. Hellinger, MD, FACS, and Nicholas Namias, MD, FACS

From the Divisions of Trauma and Surgical Critical Care and Colorectal Surgery, Department of Surgery, University of Miami
School of Medicine, Miami, Florida

saline-soaked gauze, evaluated 3 days after surgery for clo-
sure the next day if appropriate) or PC. In the E/DPC group,
wounds that were not pristine when examined on postopera-
tive day 3 were not closed and daily dressing changes were
instituted. Wounds were considered infected if purulence dis-
charged from the wound, or possibly infected if signs of in-
flammation or a serous discharge developed.

Objective
To determine the optimal method of wound closure for dirty
abdominal wounds.

Summary Background Data

The rate of wound infection for dirty abdominal wounds is ap-
proximately 40%, but the optimal method of wound closure
remains controversial. Three randomized studies comparing
delayed primary closure (DPC) with primary closure (PC) have
not conclusively shown any advantage of one method over
the other in terms of wound infection.

Results

Two patients were withdrawn because they died less than 72
hours after surgery. The wound infection rate was greater in
the PC group than in the E/DPC group. Lengths of hospital
stay and hospital charges were similar between the two

Methods

Fifty-one patients with dirty abdominal wounds related to per-
forated appendicitis, other perforated viscus, traumatic inju-
ries more than 4 hours old, or intraabdominal abscesses were
enrolled. Patients were stratified by cause (appendicitis vs. all
other causes) and prospectively randomized to one of two
wound management strategies: E/DPC (wound packed with

groups.

Conclusion

A strategy of DPC for appropriate dirty abdominal wounds 4
days after surgery produced a decreased wound infection
rate compared with PC without increasing the length of stay
or cost.

Dirty surgical wounds are associated with a high rate obeen implicated as an important factor. Delayed primary
wound infectiont Postoperative wound infections have aclosure (DPC) and primary closure (PC) are two commonly
significant impact on health resources and céstand the used methods, but there is no consensus as to the optimal
sequelae of wound infections (wound dehiscence and resulirethod. Cruse and Fodrébund in a retrospective survey a
ing incisional hernias) can result in significant long-termwound infection rate of 40% among 2,093 dirty wounds, but
problems?~® Of the many risk factors influencing postop- they did not specify how skin closure was performed. Three
erative wound infections, the method of skin closure hagospective randomized studfe¥performed on appendec-
tomy wounds only showed no advantage to DPC in terms of
decreased wound infection compared with PC. We con-
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METHODS Demographics

Patient Population We tabulated underlying medical conditions (host sus-
ceptibility factors) that could contribute to infectious com-
A total of 51 patients were enrolled between January anglications: diabetes mellitus, obesity (body mass inde30
July 1999 at the University of Miami/Jackson Memorial kg/n?), malnutrition (clinical observation of muscle wast-
Hospital and the Ryder Trauma Center. The University ofing, prealbumin levelk< 20 mg/dL, albumin levek< 2.5
Miami Institutional Review Board approved the experimen-g/dL), steroid use, cardiovascular disease (symptoms, signs,
tal protocol. All the patients were admitted to the trauma/history, or diagnostic tests that revealed significant disease
emergency surgery or colorectal services, were 18 years @f the cardiovascular system), malignancy, preoperative im-
age or older, and were found to have dirty abdominalmunocompromised state (e.g., acquired immunodeficiency

wounds at the time of surgery. Dirty abdominal woundssyndrome), and prolonged preoperative hospital stag (
were defined as those that involved preexisting clinicaldays)*?

infection, perforated viscera, or traumatic wounds with vis-
cus injury more than 4 hours from the time of injury with L .
retained devitalized tissue, in accordance with the CenterStatistical Analysis

for Disease Control criter.if%f? _ , Assuming an alpha error of 0.05 and a beta error of 0.20,
Patients were first sFrat|f|ed into those w!th appendectomy, study population of 80 patients per group was required for
wounds and those with all other abdominal wounds, ang;s study, based on assumed wound infection rates of 30%
then were randomized to receive one of two strategies fofy; the pC group and 10% for the DPC groups. The chi-
wound management: PC or evaluation of delayed primargqare and Fisher exact tests were used to determine
closure for appropriate wounds (E/DPC). For PC, wound$yhether any association between the presence of wound

were closed with skin staples and subcutaneous tissues Weffection and the type of skin closure existed. Mean com-
not approximated. For E/DPC, wounds were packed withyarisons were performed by the two-sample Studeest.

saline-soaked gauze and were not manipulated until postne null hypothesis was rejected when< .05. An interim

operative day 3, at which time the dressing was changed,ysis after enroliment of 50 patients was planned.
using sterile technique and the wound was evaluated for

closure. If the wound appeared pristine (showed no drain-

age), it was approximated the next day with adhesive stripdRESULTS
Otherwise, it was left open and dressing changes were
instituted twice a day. If a wound infection was suspected
based on the appearance or odor of the wound or system

signs (fever, tachycardia) before postoperative day 3, th

dressing was removed and the wound was inspected. Usin . Lo
sterile technique, the wound was repacked. Subsequentl oups of patients were similar in terms of age, cause of

the wound was inspected on postoperative day 3 or earlier | irty wound, and .”Sk factors. Thg proportlon of patients
necessary with one or more risk factors was similar (DPC 58% vs. PC

48%,P = .41 by z test). There were significantly more men
in the PC groupR < .025, chi-square; Table 1).

In the E/DPC group, 14 patients underwent DPC, with
one wound infection and two possible wound infections.

One of two study coordinators (G.G. or AW.0O.) ob- One wound infection occurred in a patient with a late
served all study patients daily until discharge and subsepericolostomy cellulitis that tracked across to the midline
quently in the clinic at least 1 week and 1 month afterwound. The wound was reopened on postoperative day 25.
discharge. A wound infection occurred when purulentOne of the two possible wound infections occurred after an
drainage was observed. Both superficial incisional and deeppen cholecystectomy where the gallbladder was perforated
incisional surgical site infections, as defined by Centers foand there was free pus in the abdominal cavity. The wound
Disease Control criterif were included as wound infec- was reopened on postoperative day 6 when a significant
tions. A possible wound infection was noted when signs ofamount of serosanguineous drainage but no erythema or
inflammation or a serous discharge developed, as defined bgduration was noted. The other possible wound infection
the 1964 National Research Council study on wound infececcurred after exploratory laparotomy for peritonitis result-
tions* All wound infections and possible wound infections ing from a dislodged gastrostomy tube, after which the
in both groups were evaluated by one of three surgicalvound also developed serosanguineous drainage without
attendings (S.M.C., N.N., or M.G.M.). Infected wounds erythema or induration. This wound was reopened on post-
were opened and packed. Possibly infected wounds wereperative day 12. Twelve wounds (46%) were judged to be
observed closely and opened if purulent drainage, increasmsuitable for closure when inspected 72 hours after surgery
ing erythema, induration, or warmth developed. as a result of excessive drainage (without evidence of in-

A total of 51 patients were randomized. Two in the PC
roup were withdrawn because of early deatigZ hours

er surgery), leaving 49 patients for the final analysis. All

patients received the allocated interventions. Both
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Table 1. PATIENT DEMOGRAPHICS Table 3. OUTCOME OF APPENDECTOMY
WOUNDS
Delayed Primary Primary Closure
Closure (n = 26) (n =23) Outcome of Wounds
Male/female 16/10 21/2* Strategy wi HPP HSI
Age (yr), mean *= 1SD 46.3 = 20.1 45.3 =+ 14.9
(range) (16-86) (16-73) PC(n=28) 4 (50%)* 4 (50%) 4 (50%)
Cause E/DPC (n = 9) 0 4 (44%) 5 (56%)
Appendicitis 9 8 DPC (n = 4) 0 4 (100%) 0
Perforated viscus 10 9 No DPC (n = 5) 0 0 5 (100%)
Intraabdominal abscess 4 2
Traumatic wounds > 4 hr 4 5 WI, wound injection; HPP, healing per primum; HSI, healing by secondary inten-
Risk factors tion; PC, primary closure; E/DPC, delayed primary closure with evaluation.
No. with =1 risk factor 15 11 * P = .03, Fisher exact test.
Diabetes mellitus 2 1
Malnutrition 3 2
Steroid use 1 0
Cardiovascular disease 3 2 was found between wound infection and type of closure
gfs. o o é i (DPC 0/9 vs. PC 4/8P = .03, Fisher exact test).
;sgg)( ocy mass index Analyzing patients who did not require intensive care unit
Previous surgery <30 d 4 2 care after surgery (s 31), the length of hospital stay was
Malignancy 2 0 not significantly different between the two groups (E/DPC

Preop hospital stay >4 d 4 4 7.1 = 3.5 days vs. PC 5.3 1.4 days). Hospital charges
were likewise similar (E/DPC $22,258 [range $10,001—
$47,927] vs. PC $26,352 [range $5,127-$45,822]). One
patient in the PC group who stayed 38 days because of
social reasons was not included in the analysis.
fection), and dressing changes were initiated per protocol. For patients requiring postoperative intensive care unit
All the other wounds were observed for at least 1 monthcare (n= 18), hospital charges were also not significantly
after DPC, and none had to be reopened. Thus, the overalifferent (E/DPC $227,237 [range $11,281-$1,477,043] vs.
wound infection rate for E/DPC was 3/26 (12%) (Table 2).PC, $78,101 [range $31,497-$250,078]). When patients
In the PC group similarly followed up for at least 1 month with wound infections were compared with those without
after surgery, there were 11 wound infections (48%). Theravound infections or with wounds left open, there was also
was a significant association between wound infection an@o significant difference in hospital charges (wound infec-
the type of skin closure (E/DPC 3/26 vs. PC 11/P3=  tions $55,735 [range $5,127-$250,077] vs. no wound in-
.013, chi-square). fection or left open, $54,524 [range $10,001- $ 437,063]).
Analyzing only appendectomy wounds (Table 3), five There were six (12%) deaths in the study, all occurring in
(55%) of the nine wounds in the E/DPC group were notpatients who needed intensive care unit treatment.
closed on postoperative day 3. The overall wound infection Results of cultures were not available for five wound
rate was 0%. In contrast, four (50%) of the eight wounds ininfections (three in the E/DPC group, two in the PC group)
the PC group developed infections. A similar associatiorbecause they were misplaced. In the other nine infected
wounds in the PC group, there were seven gram-negative
aerobic isolates Hscherichia coli Pseudomonas aerugi-
nosa Acinetobacter baumaniKlebsiella oxytocy one an-
aerobic isolate Bacteroides fragiliy eight gram-positive
cocci isolates $taphylococcus aureusoagulase-negative
Outcome of Wounds Staphylococcuginterococcus faecalig€nterococcus galli-
narum Streptococcus viridansStreptococcus agalactige

*P = .2, chi = square.

Table 2. OUTCOME OF ALL DIRTY
WOUNDS

Strategy wi HPP Hsli and one fungal isolateCandida albicank
PC (n = 23) 1148%)  12(52%)" 11 (48%)
E/DPC (n = 26) 3(12%) 11 (42%) 15 (58%)
DPC (n = 14) 3@1%)  11(79%) sp1%  DISCUSSION
No DPC (n = 12) 0 0 12 (100%)

The financial impact and complications of wound infec-

WI, wound injection; HPP, healing per primum; HSI, healing by secondary inten- tion and its Sequelae are Slgmflcant' Davey and Nath%Nam

tion; PC, primary closure; E/DPC, delayed primary closure with evaluation. found excesses in hospital costs per wound infection of
*T’/D; -3123 chi = square. $600 for an inguinal hernia repair and $2,152 for colorectal

surgery. Other authors have reported increased costs asso-
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ciated with the hospital stay?:* Riou et af reported a the rate of wound infection between the two groups. Six
wound infection rate of 45% in 31 patients with fascial (24%) wounds were not closed in the DPC group because of
dehiscences among 2,761 patients undergoing major alsignificant exudate. Pettigréwand Andersen et alboth
dominal surgery, compared with 2% in a control group. Therandomized more than 100 patients each with gangrenous or
incidence of incisional hernia after repair of wound dehis-perforated appendicitis to DPC versus PC. These authors
cences is as high as 45%Bucknall et al® found a 1.7% used topical antibiotics in one or more randomized arms,
incidence of burst abdomen and a 7.4% incidence of inciand even though they found benefit in the use of these
sional hernia among 1,129 major laparotomies wherantibiotics, this may have constituted a significant con-
wound infection was a significant contributing factor. Irvin founding variable. Further, these two studies were at least
et af® found that dehiscence and herniation occurred in20 years old, highlighting the need to address this issue with
2.5% of 163 noninfected wounds and 25% of 28 infecteda more recent trial.
wounds. Haddad and Macdfound a 31% wound infection Our study is the first to randomize abdominal laparotomy
rate among 70 wounds with dehiscence among 18,120 mavounds with appendiceal wounds constituting a minority of
jor abdominal surgical procedures. Necrotizing fasciitis re-the subject population. Closing selected dirty wounds 4
mains a rare but potentially lethal complication of surgicaldays after surgery resulted in a significantly lower rate of
wound infections. The increased incidence of significaninfection for all wounds. Although the outcome of the two
complications associated with wound infection supports thgyroups appeared to be similar (approximately half the pa-
notion that it is prudent to avoid wound infection whenevertients in each group required twice-daily dressing changes at
possible. the time of discharge), we did not consider the inability to
In the modern era, DPC of dirty wounds was popularizedclose wounds on postoperative day 4 in the DPC group to be
in World War | as described by Hepburn in 1949its use  a failure in treatment; rather, we believed that prevention of
in peacetime was described by Wilkein 1931 and by a wound infection and its sequelae was a greater benefit to
Coller and Valk® in 1940. This technique became the the patient. Our results also showed that it was possible to
standard of care in World War Il. Wilséfreported a series determine clinically which wounds could be closed in de-
of 305 war wounds closed 4 to 47 days after débridementayed fashion with a reasonable success rate (79%).
and found a wound infection rate of 15% when the wounds In terms of length of stay and hospital charges, we found
were closed within 10 days versus approximately 49% whemo difference between the two groups even when patients
the wounds were closed more than 10 days after surgeryvere stratified by the presence or absence of intensive care
Grosfeld and Solftt in 1968 reviewed perforated appen- unit stay, showing that other variables were important in
diceal wounds and found a wound infection rate of 2.3% fordetermining the hospital course. One limitation of the study
delayed closure compared to 14.6% with PC. These studiesas the difficulty in analyzing the use of antibiotics, be-
were performed, however, before current antimicrobial reg-cause antibiotics were used not only for serious underlying
imens were available. More recently, Lemieur é€&und  intraabdominal infections, where the duration and type of
a wound infection rate in perforated appendicitis of 24%antibiotics in part depended on the clinical response in each
when the incision was closed primarily, and Yellin et®al patient, but also for a variety of concomitant indications
found a wound infection rate of approximately 4% after (e.g., pneumonia, line sepsis). Therefore, it was not ethical
DPC of all their advanced appendicitis wounds. to restrict the use of antibiotics in accordance with a spec-
Table 4 summarizes the results of the previous thredfied protocol.
prospective randomized trials comparing DPC with PC in Several other limitations of the study existed. Because of
the literature. Tsang et ‘astudied 63 children with gangre- the study design, the investigators evaluating the wounds
nous or perforated appendicitis and found no difference ircould not be masked, and this may have introduced a

Table 4. RESULTS OF PROSPECTIVE RANDOMIZED STUDIES

DPC PC
Author Type of Wound n wi n Wi Comments
Anderson (1972)° Pen‘ora.t(.ad appendicitis, age not 58 15 (26%) 58 20 (34%) NS (not all DPC wounds closed)
Pettigrew (1981) Adsupl)t? 22?/Cajnoed appendicitis 42 23 (54%) 41 15 (37%) NS (All DPC wounds closed)
Tsang (1992) Pediatric, advanced appendicitis 25 6 (24%) 38 8 (21%) NS (6 wounds not closed in DPC
Present series (1999) Adult, all dirty abdominal wounds 26 3 (12%) 23 11 (48%) P irog% (12 wounds not closed in
DPC group)

DPC, delayed primary closure; PC, primary closure; WI, wound injection, NS, not significant.




Vol. 233 + No. 3

potential bias depending on each investigator’s preference®.

for skin closure. The sample size may have been too smalll
to detect any difference in length of stay or hospital charges.
However, it is more likely that other factors played a more

important role in determining the hospital stay than the typet1.

of skin closure. Also, long-term follow-up of wounds{
month) was not done routinely because this was difficult in
our largely indigent patient population.

In conclusion, a strategy of DPC of dirty abdomlnal

wounds when clinically appropriate appears to decrease thes.

rate of wound infection when compared with PC without
increasing hospital charges or the length of stay.

15.
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