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Interval appendectomy in perforated appendicitis 

Abstract  The treatment of the perforated appendix re- 
mains controversial, with the optimal timing of surgical 
intervention unclear. Previous studies have documented an 
increase in both minor and major complication rates in 
patients undergoing appendectomy for perforated appendi- 
citis. We sought to evaluate the nonoperative therapy of 
perforated appendicitis followed by interval appendectomy. 
The charts of all children undergoing admission for appen- 
dicitis during a 10-year period (n = 480) were reviewed. 
Data were abstracted regarding patient presentation, labora- 
tory and radiologic findings, operative and pathology 
reports, and postoperative course in those patients with 
perforated appendicitis (n =- 104), Comparisons were made 
between patients undergoing primary appendectomy for 
perforated appendicitis (n = 87) and those treated with IV 
antibiotics and hydration and then scheduled for interval 
appendectomy 4 to 6 weeks following the acute event 
(n = 17). Treatment assignment was determined by the 
attending pediatric surgeon in a non-randomized fashion. 
No significant differences were seen between these two 
groups in days of antibiotic treatment, nasogastric decom- 
pression, and IV hydration. Additionally, total hospital days 
and cost did not differ significantly between the two groups 
(primary = 10.3 days and $10,550; interval = 13.3 days and 
$13,221, P = 0.11 and 0.21, respectively). The overall 
complication rates, 12.6% in the primary group and 5.9% 

Presented at the Surgical Section, American Academy of Pediatrics, 
Washington, DC, USA, 30 October-4 November 1993 

D. J. Weiner 
Department of Pediatrics, University of Michigan, Ann Arbor, MI, 
USA 

R. B. Hirschl • R. Drongowski • A. G. Coran 
Section of Pediatric Surgery, University of Michigan, USA 

A. Katz 
Thomas Jefferson University Hospital, Philadelphia, PA, USA 

A. Katz (~5~) 
Department of Surgery, A. I. duPont Institute, R O. Box 269, 
Wilmington, DE 19803, USA 

in the interval group, also did not differ significantly, while 
the major complication rate (wound dehiscence, abscess, 
and small-bowel obstruction), 10% versus 0%, was signifi- 
cantly higher in the primary group as compared with the 
interval group. Our data demonstrate no significant disad- 
vantage, and possibly an improvement in the major com- 
plication rate, with nonoperative treatment of perforated 
appendicitis followed by interval appendectomy. We sug- 
gest that this treatment modality should be considered when 
evaluating the child with perforated appendicitis. 
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Introduction 

Appendicitis remains the most common indication for acute 
abdominal surgery in the pediatric population in the 
Western world. The overall incidence of perforated appen- 
dicitis has remained remarkably constant at approximately 
30%-45% [11]. There have been numerous studies of the 
etiology of this relatively high perforation rate in children 
in an attempt to decrease the incidence of complicated 
appendicitis and its associated morbidity. The most consis- 
tent finding has been that complicated (gangrenous or 
ruptured appendicitis with or without associated abscess 
formation) appendicitis is related to delay in presentation to 
the surgeon rather than specific physiologic differences in 
the young child [5, I1, 12, 16]. 

These studies agree that increased duration of symptoms 
is the factor most responsible for increased severity of 
disease. One study has even raised the concern that 
changes in health care delivery, specifically, the develop- 
ment of systems utilizing "gatekeepers" to regulate pa- 
tients' access to specialists, has resulted in delay of 
presentation to the surgeon with an associated increase in 
the incidence and severity of complications [12]. This is of 
significant concern given the current direction of the 
national health care environment. In contrast to the danger 
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of  prolonged observation by either parents or primary 
physicians, there has been demonstration of  the safety of  
inpatient, surgeon-supervised observation of  the child with 
abdominal pain to increase diagnostic accuracy without an 
associated increase in the incidence of  perforated appendi- 
citis [3]. 

It appears that a decrease in the rate of perforation will 
continue to be dependent on factors outside the surgeon's 
control - the need for further education of  parents and 
primary care physicians in the need for timely, accurate 
evaluation of  the child with persistent abdominal pain [11]. 
In contrast, efforts can be directed to the provision of  safe 
and effective care of  the child with perforated appendicitis 
within an overall plan of  most efficient use of  health 
resources. Previous reviews have analyzed the outcome of  
perforated versus nonperforated acute appendicitis cared for 
by a similar treatment protocol [5, 13, 17, 18]. Additionally, 
there has been interest in the conservative or initially 
nonsurgical management of  the patient presenting late 
with an appendiceal mass [7, 8, 19]. However, relatively 
few data have been presented in the literature on the safety 
and practicality of  conservative management of  the child 
presenting with perforated appendicitis not yet associated 
with a palpable abdominal mass [1, 15]. Our experience 
with the conservative management of  perforated appendi- 
citis demonstrates the safety of  this approach, with a 
decreased risk of  complications without a significant 
increase in either hospital stay or patient medical costs. 

Materials and methods 

The charts of all children undergoing admission for acute appendicitis 
during a 10-year period, 1979-1989 (n = 480), were reviewed. 
Children undergoing incidental appendectomy were excluded. Data 
were abstracted regarding clinical presentation, laboratory and radio- 
logic findings, operative and pathology reports, and postoperative 
hospital course in those patients with perforated appendicitis (n = 104 
21%). Comparisons were made between patients undergoing primary 
appendectomy for perforated appendicitis (n = 87) and those treated 
conservatively with IV antibiotics and hydration and then scheduled for 
interval appendectomy 4 to 6 weeks following the acute event (n = 17). 
All patients were evaluated prior to assignment to treatment groups by 
either a pediatric surgery fellow or an attending pediatric surgeon. 
Assignment to one of these two treatment groups was determined by 
the supervising surgeon in a non-randomized fashion. Determination of 
appendiceal perforation nonoperatively was made on the basis of the 
individual surgeon's clinical judgement, relying heavily on clinical 
presentation, duration of symptoms, and, in the later years of this 
review, preoperative ultrasonographic (US) findings. 

Although we felt there was adequate support for the conservative 
management of perforated appendicitis, based on both clinical experi- 
ence and a review of the literature, conservative management of acute 
nonperforated appendicitis was not viewed as acceptable. Therefore, if 
any concern was raised during the initial patient evaluation or early 
observation period regarding the severity of disease, the patient 
underwent early operative intervention in an attempt to avoid non- 
operative treatment of early appendicitis. This obviously resulted in 
some patients with perforated appendicitis undergoing early operative 
intervention. All therapy was provided without regard to insurance 
status and after obtaining informed consent from the patient's parents 
or legal guardians. 

All appendectomies were performed under the direct supervision of 
the pediatric surgery fellow or attending pediatric surgeon. The 

operative approach was not completely standardized, but generally 
included debridement of all gross fibrinous exudate and local saline 
irrigation, inversion of the appendiceal stump, and primary subcuti- 
cular closure of the transverse right lower quadrant incision, with 
minimal variation dependent on operative findings. All patients 
received perioperative broad-spectrum IV antibiotic therapy, including 
coverage for anaerobic organisms. Most recently, this therapy was 
standardized to include ampicillin 100 mg/kg, gentamycin 5 mg/kg, 
and metronidazole 30 mg/kg per day. Statistical analysis was com- 
pleted by computer-assisted ANOVA with significance set at P <.05 
and statistically significant differences between patient groups noted in 
the text. 

Results 

There was no mortality associated with perforated appen- 
dicitis during the 10 years of  this study. Additionally, all 
patients were confirmed to have had appendicitis. Acute 
perforated appendicitis was noted in all patients undergoing 
primary appendectomy and scarring and fibrosis consistent 
with previous appendicitis in the interval appendectomy 
group. The two study populations were comparable, with no 
significant differences in age (9.2 years for the primary vs. 
9.4 years for the interval group), preoperative white blood 
cell count (primary = 18.218 vs. interval = 17,171), or 
bandemia (primary = 69% vs. interval = 72%), but a 
significant difference in the number of  days of  abdominal 
pain prior to initiation of  treatment (primary = 2.7 days, 
interval = 5.1 days). 

Recovery time from either early appendectomy for or 
conservative management of  perforated appendicitis was 
similar, with no significant difference between the two 
groups in the number of  febrile days (primary = 2.4 vs. 
interval = 2.9), number of  days without oral intake 
(primary = 3.2 vs. interval -- 2.2), number of  days of  
nasogastric decompression (primary = 2.7 vs. interval : 1.5), 
or number of  days requiring IV hydration (primary = 5 vs. 
interval = 4) following the institution of  treatment. Treat- 
ment needs of  the two groups were similar, with no 
significant differences in total IV antibiotic usage (pri- 
mary = 9.1 days vs. interval = 11.2 days). 

The patients undergoing conservative management fol- 
lowed by interval appendectomy required two hospital 
admissions, while most of the patients in the primary 
appendectomy group required a single admission. There- 
fore, we have evaluated data regarding treatment and costs 
as a single total number reflecting all related hospitaliza- 
tions. Despite this, there was no significant difference in 
total hospital days (primary = 10.3 vs. interval = 13.2) 
between the group treated with early operative intervention 
and those managed conservatively. Similarly, there was no 
significant difference in total hospital costs between the two 
groups (primary = $10,550 vs. interval -- $13,221). 

We had initially pursued conservative management of  
the perforated appendix out of  concern for the relatively 
high morbidity still associated with this disease. We 
hypothesized that interval appendectomy undertaken after 
resolution of  the initial intra-abdominal inflammatory 
response would be associated with less postoperative 
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complications and associated morbidity. We found no 
significant difference in the overall complication rate 
between these two patient groups, (12.6% in those under- 
going early operative intervention vs. 5.9% in those 
managed conservatively). In contrast, when the major 
complications (intra-abdominal abscess, small-bowel ob- 
struction, wound dehiscence) were analyzed as a distinct 
group, the 10% major complication rate in the primary 
group was significantly greater than the 0% noted in the 
group managed conservatively. 

Discussion 

Our perforation rate of 21% fits well within the reported 
perforation rate for appendicitis in childhood, with rates of 
24% to 39% cited from multiple centers [1, 5, 13, 16, 17]. 
Additionally, our complication rates are comparable to the 
current experience of 6.8% to 22% reported in the literature 
[1, 2, 10, 15-18].  Powers et al. [15] also demonstrated a 
significant decrease in the complication rate with conser- 
vative management, without an increase in length of 
hospital stay. This study did not provide data regarding 
hospital costs, as ours has. In addition, a 33% failure rate of 
conservative management observed in their study is in 
striking contrast to our experience of no treatment failures. 

Our data are in contrast to those of Bennion and 
Thompson [1], who could find no benefit associated with 
conservative management, but a significant increase in 
length of hospital stay. Our average length of hospital 
stay for both early, primary operative intervention and 
conservative management with interval appendectomy 
also fits well within the range found in the current 
literature [2, 5, 10, 13, 17, 18]. As would be expected, 
there tends to be an increase in the length of hospital stay 
with increasing severity of disease [1, 5], with an overall 
decrease in length of stay over the past decade [16]. 
Additionally, our patients appear to have advanced to a 
regular diet earlier than those in the limited reports in the 
literature [17]. 

The ability to safely and accurately distinguish perfo- 
rated from nonperforated acute appendicitis preoperatively 
is vital to the institution of conservative management 
measures. Clearly, the factor most predictive of perforated 
appendicitis is the duration of symptoms [4, 11, 12]. Age 
less than 6 years, high core temperature, significant leuko- 
cytosis, and evidence of a mass or diffuse peritonitis on 
physical examination have all been suggested as markers of 
perforated appendicitis [2], but the ability to distinguish 
perforated from nonperforated appendicitis solely on clin- 
ical examination remains inaccurate [4, 15]. 

High-resolution US with graded compression has proven 
to be a reliable technique for establishing the diagnosis of 
appendicitis [20-22].  Unfortunately, the effectiveness of 
this diagnostic tool is somewhat decreased in the setting of 
perforated appendicitis, perhaps due to abdominal wall 
rigidity with poor compression or the decompressed nature 
of the perforated appendix [6, 9, 14]. Despite this, we were 

successful at implementing a protocol of interval appen- 
dectomy for perforated appendicitis using available clinical 
and imaging techniques with excellent patient outcome. 

In addition to the difficulties associated with errors in 
preoperative diagnosis, our study is retrospective in design 
and involves a relatively small number of patients. Also, 
during the period of time covered in this study, there was an 
overall gradual decrease in length of hospital stay. Despite 
this, the data suggest not only a decrease in the major 
complication rate with conservative management of perfo- 
rated appendicitis, but just as importantly, management in a 
cost-effective manner with no significant increase in hos- 
pital stay or costs as compared with standard early opera- 
tive intervention. 

We believe that further efforts directed at determining 
the safety and utility of this form of management are 
justified. Obviously, systemic broad-spectrum antibiotics 
are responsible for the most significant decrease in mortal- 
ity and morbidity seen in perforated appendicitis [10, 12], 
but all recent studies continue to document significant 
minor and major complication rates, with concern still 
raised regarding the occasional technical difficulties en- 
countered in the course of appendectomy for perforated 
appendicitis [17]. There is clearly room for improvement in 
the management of perforated appendicitis. With the 
increasing constraints on health care resources, new man- 
agement techniques and technologies should be asked to 
demonstrate cost-effectiveness in addition to safety and 
utility. 
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