
International Journal of Clinical Medicine, 2013, 4, 28-33 
http://dx.doi.org/10.4236/ijcm.2013.47A2007 Published Online July 2013 (http://www.scirp.org/journal/ijcm) 

The Effects of Preoperative Imaging on Surgical Outcome 
for Pediatric Appendicitis Patients Special Issue: Pediatric 
Surgery 

Henry Su1, Laura Nally2, Jennifer Maddison2, Yi-Horng Lee2* 
 

1Strong Children’s Research Center, Department of Pediatrics, Golisano Children’s Hospital, University of Rochester Medical Cen- 
ter, Rochester, USA; 2Division of Pediatric Surgery, Department of Surgery, Golisano Children’s Hospital, University of Rochester 
Medical Center, Rochester, USA. 
Email: *Yi-Horng_Lee@urmc.rochester.edu 
 
Received May 16th, 2013; revised June 18th, 2013; accepted June 28th, 2013 
 
Copyright © 2013 Henry Su, et al. This is an open access article distributed under the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 

Computed tomography (CT) has been the major imaging modality for the diagnosis of appendicitis because of its ex- 
cellent imaging resolution and the ease of interpretation, but a concern has been raised regarding radiation exposure. We 
have shifted from CT to ultrasonography (US) as the primary imaging modality because of this concern. A retrospective 
review is conducted to determine whether a combined US/CT strategy can reduce radiation exposure while maintaining 
the same surgical outcome. Five hundred eighty-six patients between 10 and 18 years of age who underwent an appen- 
dectomy from 2007-2011wereincluded in our study. The patients were classified as Early (prior to 7/1/2009) or Late 
(after 7/1/2009) with the knowledge that a conscientious institutional effort was made to start utilizing US as the pri- 
mary imaging modality, limiting CT use to selective cases in 2009. The diagnostic imaging studies performed (CT, US 
or no imaging) were recorded. Operative findings, pathology reports and clinical course were reviewed. The rates of 
acute appendicitis (AA), negative appendectomies (NA) and perforated appendicitis (PA) were calculated. During the 
Early period, 49.3% of patients (n = 150) had undergone CT scans prior to their appendectomy whereas only 37.9% (n 
= 107) had CT scans during the Late period. Of the CT scans obtained during the Late period, only 18.4% of patients (n 
= 52) had a CT scan first, and 55 CT scans were done after an initial US. Patient disease patterns were similar between 
Early and Late years. While no difference in NA rates for boys was found between the Early and Late periods, a sig- 
nificantly higher incidence of NA rates was found in girls in the Early period as opposed to the Late period. We con- 
clude that a shift in practice patterns to reduce radiation exposure for pediatric patients with appendicitis has not re- 
sulted in inferior surgical outcome. 
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1. Introduction 

Acute appendicitis is the most common pediatric surgical 
emergency in America [1]. The diagnosis can be chal- 
lenging to make because the initial presentation of the 
disease can be variable or confused with other causes of 
abdominal pain. Furthermore, a delay in diagnosis can 
lead to rupture of the inflamed appendix and subsequent 
peritonitis. On the other hand, it is also desirable to avoid 
an overly aggressive approach that may result in unnec- 
essary surgical interventions. Early reports have recorded 
a perforation rate of 21% and negative appendectomy  

rates of 20% [2]. The necessity for making a prompt and 
accurate diagnosis of appendicitis has thus driven the 
increased utilization of radiographic imaging. 

High sensitivity and specificity values for the diagno- 
sis of appendicitis in children has been reported in the 
medical literature for computed tomography (CT) and 
ultrasonography (US), making them common adjunct 
tools to clinical exam [3]. The use of CT scan for the dia- 
gnosis of appendicitis has evolved from being an avant- 
garde diagnostic tool [4-6] to a common practice [7]. On 
the other hand, utilization of US for this disease started in 
the early 1980’s [8-10], but its widespread use has been 
hampered by the lower diagnostic accuracy [11,12] and 
less confidence from radiologists [13]. *Corresponding author. 
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Greater awareness of CT-related cancer risks for chil- 
dren has made radiation exposure a cause for concern 
about over utilization [14,15]. As a result, a staged ap- 
proach using US as the primary imaging modality has 
been utilized to reduce radiation exposure to children, 
and the experiences have previously been described [16, 
17]. However, these studies do not demonstrate the insti- 
tutional learning curve during adaptation to the change in 
practice, nor do they provide an outcome comparison 
between the approaches.  

Our institution made a conscientious effort to reduce 
radiation and made a practice change in the evaluation of 
children presenting with abdominal pain in 2009. Instead 
of using the CT scan as the primary imaging modality, it 
is now reserved for cases with equivocal findings on ei- 
ther clinical exam or US. Our study is a retrospective 
review of patient outcomes before and after the changes 
took place. 

2. Methodology 

With approval from the Research Subject Review Board, 
patients between the ages of 10 and 18 years who had 
undergone an appendectomy between January 1, 2007 
and December 31, 2011 were identified by CPT codes 
(44950, 44960 and 44970) from the Department of Sur- 
gery billing records, and their medical records were re- 
viewed. Demographic information including age, gender, 
presenting temperature (fever defined as greater than 38 
degrees Celsius), white blood cell count (WBC), use of 
preoperative imaging studies, operative reports, and 
pathologic findings were recorded. This particular age 
group was selected for study due to the relative uniform 
ability to articulate their symptoms and the ease in inter- 
preting their physical findings.  

Patients were excluded if they 1) had incomplete 
charts; 2) had a significant past medical history, includ- 
ing malignancy or immunosuppressive co-morbid condi- 
tions such as diabetes and solid organ transplantation; 3) 
had been transferred from outside institutions with im- 
aging studies already performed; 4) had incidental ap- 
pendectomies; or 5) had elective appendectomies done 
for chronic abdominal pain without a clearly defined 
etiology. 

The included patients were categorized as Early (pre- 
senting prior to 7/1/2009) or Late (presenting after 
7/1/2009) within our study time frame. They were also 
categorized based on the initial imaging study obtained. 
Those who received a CT as the primary study are des- 
ignated as CT-First; those who received US as the pri- 
mary study are designated as US-First. A small percent- 
age of patients did not receive any preoperative imaging 
study. Patient outcomes were categorized as acute ap- 
pendicitis (AA), perforated appendicitis (PA) and nega- 

tive appendectomy (NA) based on the review of opera- 
tive reports and pathology reports. In cases of discrep- 
ancy between operative findings and pathologic reports, 
their clinical courses were further reviewed. Those who 
had postoperative ileus greater than 48 hours or required 
additional antibiotic therapy at the time of discharge 
were classified as PA; those who were discharged within 
48 hours were classified as AA. The rates of acute ap- 
pendicitis (AA), perforated appendicitis (PA), and nega- 
tive appendicitis (NA) were calculated by dividing the 
number of cases of interest by the total number of cases 
in the relevant category. 

Patient demographics and clinical features for the 
Early and Late patient populations were compared using 
the unpaired t-test. Patient demographics and clinical 
features for the Early and Late patient populations were 
compared using the unpaired t-test and the chi-squared 
test. Associations between time period (Early vs Late), 
patient outcome (AA or PA vs NA), receiving an imag- 
ing study (no imaging vs imaging), and the choice of 
imaging study (CT-first vs US-first) were analyzed using 
the chi-squared test. A value of p < 0.05 was considered 
to be significant. NA was used as the primary end point 
of analysis since these are patients who would not have 
undergone operative interventions if a correct diagnosis 
had been made.  

3. Results 

Between the years 2007 and 2011, a total of 762 patients 
between the ages of 10 to 18 years underwent appendec- 
tomies, and 586 of them met our inclusion criteria. Pa- 
tient demographic characteristics and their disease proc- 
esses are not significantly different between the Early 
and Late groups (Table 1). During the Early period, 150 
patients (49.3%) had undergone CT scans as their pri- 
mary imaging modality prior to their appendectomy 
whereas only 52 patients (18.4%) were in the CT-First 
category during the Late period. Of all US-first patients  
 
Table 1. Demographic characteristics, clinical attributes, 
and patient outcomes of early and late study populations. 

 
Early Period 

(n = 304) 
Late Period 

(n = 282) 
p-value

Age, Mean ± SD 13.60 ± 2.49 13.76 ± 2.64 NS 

Male, n (%) 184 (60.53) 159 (56.38) NS 

WBC, Mean ± SD 14.02 ± 5.10 13.63 ± 4.72 NS 

Fever, n (%) 6 (1.97) 9 (3.19) NS 

LOS, Mean ± SD 2.34 ± 2.83 2.43 ± 2.87 NS 

AA, n (%) 223 (73.36) 221 (78.37) NS 

PA, n (%) 58 (19.08) 45 (15.96) NS 

NA, n (%) 23 (7.57) 16 (5.67) NS 
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(86 boys and 93 girls), 60 (17 boys and 43 girls) received 
a subsequent CT scan. 

The percentage of CT-first and US-first patients and 
their final diagnoses according to year are illustrated in 
Figures 1 and 2. Boys and girls were analyzed separately 
because of their anatomical differences and different 
clinical concerns. Figure 1 illustrates the transition in our 
practice pattern, and Figure 2 shows that patient disease 
patterns are similar between the years. 

The correlation between the primary imaging modality 
and the eventual diagnosis of the patients are illustrated 

in Table 2. No significant difference in NA rates was 
found between the Early and Late periods for boys. In- 
terestingly, girls had a significantly higher incidence of 
NA during the Early period (16 out of 120) compared to 
the Late period (6 out of 123). However, no statistically 
significant differences are observed in the NA rate when 
patients are segregated based on the decision to perform 
imaging (no imaging performed vs. imaging performed) 
or based on the imaging modality choice (CT-first vs. 
US-first). 

We have successfully demonstrated that a change in  
 

 
(a) 

 
(b) 

Figure 1. Yearly computed tomography and ultrasound imaging usage for boys and girls. The data shown represents the 
percentage of patients per year who received either a CT scan or an ultrasound as the initial preoperative imaging study. *A 
subset of patients who initially received an ultrasound also received a follow-up CT scan. 
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(a) 

 
(b) 

Figure 2. Yearly patient outcomes for boys and girls. The data shown represents the relative rates of acute appendicitis, per- 
forated appendicitis, and negative appendicitis patients per year. 
 
practice pattern in diagnostic work-up for appendicitis 
has not resulted in a change in outcome. Therefore, we 
conclude that the same level of diagnostic accuracy can 
be achieved with less radiation risk to our patients. 

4. Discussion 

This study confirms that an accurate history and a de- 
tailed physical exam remains the cornerstone for the di- 

agnosis of appendicitis in children. In fact, some authors 
have argued that imaging studies may delay surgical 
treatment and increase healthcare costs with no apprecia- 
ble improvement in diagnostic accuracy or clinical out- 
comes over a simple evaluation by a skilled surgeon 
[18,19]. There is clearly an overreliance on using imag- 
ing studies to confirm this diagnosis in today’s practice 
environment. Motivated by newly available information 
regarding the risks of radiation exposure from CT scan,  
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Table 2. Comparisons of negative appendectomy rates be- 
tween study groups. 

  AA/PA NA p-value

Boys Early 177 7 

 Late 149 10 
NS 

 
No Imaging  
Performed 

149 8 

 
Imaging  

Performed 
177 9 

NS 

 CT-First 97 3 

 US-First 80 6 
NS 

Girls Early 104 16 

 Late 117 6 
0.026 

 
No Imaging  
Performed 

46 7 

 
Imaging  

Performed 
175 15 

NS 

 CT-First 86 11 NS 

 
we have changed our practice pattern. Our study con- 
firms that the indiscriminate use of CT imaging does not 
improve patient outcome. We are not able to explain the 
decrease in NA rates among girls during the Late period 
except surgeon’s threshold for performing appendecto- 
mies. 

The change in practice pattern was achieved via inter- 
personal and inter-departmental communications be- 
tween the staff from the Departments of Surgery, Radi- 
ology and Emergency Medicine. All patients described 
herein had been evaluated at the Pediatric Emergency 
Department, and attending surgeons from both Divisions 
of Trauma and Acute Surgery and Pediatric Surgery per- 
formed appendectomies. There was no strict protocol or 
mandate that defined the criteria for choosing the imag- 
ing modality or any imaging at all. Hence, we are not 
able to offer further analysis regarding predictors for 
those who need CT scans after the initial US. For these 
patients, it would be more efficient to have obtained CT 
scans in the first place. 

The major limitation of this study is that it does not 
address the population of patients for whom appendicitis 
was ruled out using radiographic imaging. This study 
also does not assess the efficiency of health resource 
utilization. Important factors for the management of pe- 
diatric appendicitis patients that have not been addressed 
in this study include: time from presentation to the de- 
finitive treatment, manpower requirement to perform 
either CT or US and the length of Emergency Depart- 
ment stay. The proper usage of radiographic imaging 
studies for acute appendicitis patients cannot be defined 
until there is a prospective study on differential diagnosis 

of acute pediatric abdominal pain with emphasis on ra- 
diographic imaging and appendicitis. 
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