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 Purpose: To evaluate the effectiveness of a staged ultrasonography 
(US) and computed tomography (CT) imaging protocol for 
the accurate diagnosis of suspected appendicitis in chil-
dren and the opportunity for reducing the number of CT 
examinations and associated radiation exposure.

 Materials and 
Methods: 

This retrospective study was compliant with HIPAA, and a 
waiver of informed consent was approved by the institutional 
review board. This study is a review of all imaging studies 
obtained in children suspected of having appendicitis 
between 2003 and 2008 at a suburban pediatric emergency 
department. A multidisciplinary staged US and CT imaging 
protocol for the diagnosis of appendicitis was implemented 
in 2003. In the staged protocol, US was performed fi rst 
in patients suspected of having appendicitis; follow-up CT 
was recommended when US fi ndings were equivocal. Of 
1228 pediatric patients who presented to the emergency 
department for suspected appendicitis, 631 (287 boys, 
344 girls; age range, 2 months to 18 years; median age, 
10 years) were compliant with the imaging pathway. The 
sensitivity, specifi city, negative appendectomy rate (number 
of appendectomies with normal pathologic fi ndings divided 
by the number of surgeries performed for suspected appen-
dicitis), missed appendicitis rate, and number of CT exami-
nations avoided by using the staged protocol were analyzed.

 Results: The sensitivity and specifi city of the staged protocol were 
98.6% and 90.6%, respectively. The negative appendectomy 
rate was 8.1% (19 of 235 patients), and the missed appen-
dicitis rate was less than 0.5% (one of 631 patients  ). CT was 
avoided in 333 of the 631 patients (53%) in whom the protocol 
was followed and in whom the US fi ndings were defi nitive.

 Conclusion: A staged US and CT imaging protocol in which US is 
performed fi rst in children suspected of having acute ap-
pendicitis is highly accurate and offers the opportunity to 
substantially reduce radiation.
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formed consent was approved by the 
institutional review board. 

 Study Setting and Population 
 A study was conducted at the pediatric 
emergency department affi liated with 
a children’s hospital. The study popu-
lation included all patients 18 years of 
age and younger who presented to the 
pediatric emergency department during 
the 6-year study period (January 2003 
to December 2008) and for whom US 
and/or CT were ordered to rule out acute 
appendicitis. 

 Patients were excluded from the study 
if they met any of the following condi-
tions:  (a)  surgical intervention was per-
formed on the basis of clinical criteria 
alone,  (b)  patients were referred to our 
site after CT had been performed at an 
outside institution,  (c)  complete medical 
records were not available, or  (d)  CT could 
not be performed (eg, owing to preg-
nancy or patient and/or parent refusal). 

 Staged US and CT Imaging Pathway 
 The departments of pediatric radiology, 
emergency medicine, and pediatric sur-
gery established an imaging pathway in 
2003 for suspected appendicitis in chil-
dren in which US is performed fi rst as 
part of an interdisciplinary initiative to 
reduce radiation exposure. 

 Under the pathway, CT is not per-
formed if the US scan is defi nitively posi-
tive or negative for appendicitis on the 
basis of well-established criteria that have 
been previously reported in the literature 
( 12–15 ) and described in  Table 1   or 
helps establish an alternative diagnosis. 

(US) without compromising the diag-
nostic accuracy for appendicitis. 

 The reported specifi city for the sono-
graphic diagnosis of appendicitis is high; 
however, the reported sensitivity has 
shown great variability and is substan-
tially less than that with CT ( 11 ). Given 
these limitations, the use of US alone may 
result in a substantial number of false-
negative diagnoses and therefore has 
not gained wide acceptance by pediatric 
surgeons and emergency physicians. 

 To address this concern, in 2003 we 
introduced, in conjunction with the pe-
diatric emergency department and pedi-
atric surgery departments at our institu-
tion, a staged imaging pathway using US 
and CT. The goal of the pathway was to 
reduce the number of CT examinations 
performed in children suspected of 
having appendicitis without compromis-
ing diagnostic accuracy. This proposed 
pathway is consistent with the ALARA 
(as low as reasonably achievable) prin-
ciple, which advocates for imaging with 
the lowest radiation dose possible to 
minimize potential risks. The purpose 
of this study was to evaluate the effec-
tiveness of a staged US and CT imaging 
protocol for the accurate diagnosis of 
suspected appendicitis in children and 
the opportunity for a reduction in the 
number of CT examinations and associ-
ated radiation exposure. 

 Materials and Methods 

 Study Design 
 We performed an outcomes-based chart 
review study of the diagnostic charac-
teristics of a staged US and CT pathway 
for suspected pediatric appendicitis. This 
retrospective study was compliant with 
the Health Insurance Portability and 
Accountability Act, and a waiver of in-

             Acute appendicitis is the most com-
mon cause of abdominal surgical 
interventions in children, with 

approximately 60 000–80 000 children 
treated for appendicitis in the United 
States each year ( 1 ). Imaging plays a key 
role in the accurate and prompt diagnosis 
of suspected appendicitis when the clin-
ical presentation is equivocal ( Figs 1, 2  ) 
( 2–6 ). Furthermore, delayed diagnosis 
or missed appendicitis is associated with 
increased morbidity and mortality re-
lated to appendiceal perforation and as-
sociated complications ( 7 ). Imaging has 
also reduced the negative appendectomy 
rate (number of appendectomies with 
normal pathologic fi ndings divided by 
the number of surgeries performed for 
suspected appendicitis) ( 8 ). 

 Although the benefi ts of imaging are 
well appreciated, there is increasing con-
cern for the long-term population-based 
effects of radiation exposure, especially 
in children. Well-designed models show 
a low but fi nite population level risk 
of radiation and related cancer rates 
among children exposed to computed 
tomography (CT) ( 9,10 ). 

 The ideal characteristics of an im-
aging test for suspected appendicitis in-
clude high accuracy, minimal risk, and 
rapid access. Taking these parameters 
into consideration, an ideal imaging al-
gorithm for suspected appendicitis in 
children would minimize radiation ex-
posure by means of an alternative im-
aging modality such as ultrasonography 

 Implication for Patient Care 

 The use of a staged US and CT  n

imaging pathway for the diagno-
sis of pediatric appendicitis 
reduces the number of CT exami-
nations and, thus, radiation 
exposure in children. 

 Advances in Knowledge 

 A staged US and CT imaging  n

pathway in which US is per-
formed fi rst in children suspected 
of having appendicitis is effective 
in reducing radiation without 
compromising diagnostic accu-
racy; CT was avoided in 333 of 
the 631 patients (53%) who fol-
lowed the protocol. 

 An interdisciplinary effort involv- n

ing pediatric surgeons, emer-
gency department physicians, 
and radiologists is effective for 
implementing an imaging path-
way change for suspected pediat-
ric appendicitis. 
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included sensitivity, specifi city, negative 
predictive value, positive predictive value, 
negative appendectomy rate, missed ap-
pendicitis rate, compliance with proto-
col, alternate diagnosis, and number of 
CT examinations avoided. 

 Data Analysis 
 The following study variables were ana-
lyzed: patient age, sex, year of imaging 
study (2003–2005 vs 2006–2008), US 
fi nding (positive, negative, or equivocal), 
CT fi nding (positive or negative), results 
of the combined imaging pathway, and 
outcome. Outcome was based on surgi-
cal pathology results for patients who 
underwent surgery and on clinical out-
come for those who did not. The latter 
category included cases of missed ap-
pendicitis indicated by re-admission and 
subsequent appendicitis diagnosis. Imag-
ing pathway results were cross-tabulated 
with the clinical and pathologic outcomes 
to calculate diagnostic characteristics of 
the imaging pathway and identify the 
negative appendectomy and missed ap-
pendicitis rates. 

 The negative appendectomy rate was 
calculated as the number of normal 
appendices removed (confi rmed with 
pathologic examination) divided by the 
total number of surgeries performed in 
the sample set. The missed appendicitis 

irrespective of whether a technologist is 
involved in the study. 

 CT was performed with intravenous 
contrast material. No rectal contrast ma-
terial was used. Oral contrast material 
was used in a minority of patients. CT 
radiation dose was adjusted according 
to the child’s age and weight. A 16-sec-
tion multidetector CT scanner (Light-
speed; GE Medical Systems, Milwau-
kee, Wis) or a 64-section multidetector 
CT scanner (Somatom Sensation; Sie-
mens Healthcare, Erlangen, Germany) 
was used in our study. 

 Chart Review 
 All fi nal radiology reports were reviewed 
and classifi ed as positive, negative, or 
equivocal according to the defi nitions in 
 Table 1 . The formal radiology report in-
cluded an impression of positive, nega-
tive, or equivocal fi ndings for appendicitis 
or an alternate diagnosis. During chart 
review, US scans were classifi ed as posi-
tive, negative, or equivocal on the basis of 
the radiology report by using the defi ni-
tions in  Table 1 . Results from the radiol-
ogy report were fi nal, and individual im-
ages were not reviewed by the authors. 

 Outcome Measures 
 Key outcome measures for the perfor-
mance of the staged US and CT pathway 

 The choice of clinical tests, the fi rst 
imaging study performed, and the deci-
sion to opt out of the imaging pathway af-
ter US was performed were ultimately 
left to the referring physician. 

 Imaging Technique and Equipment 
 US was performed by using the graded 
compression technique to identify and 
measure the appendix as previously de-
scribed in the literature ( 12–15 ). US 
was performed with the Sequoia system 
(Siemens Healthcare, Mountain View, 
Calif). A linear-array transducer (15L8W, 
8L5, or 6L3; Siemens Healthcare) was 
used during the course of this study. 
During daytime hours, US was per-
formed by registered diagnostic medical 
sonographers. All examinations were 
interpreted concurrently by a resident 
or fellow with an attending pediatric 
radiologist. 

 After hours (6:00  PM  to   8:00  AM ), 
US was performed by either a US tech-
nologist or the senior radiology resident 
who was on call. Images obtained after 
hours were interpreted by a senior resi-
dent and over read (read again after the 
initial reading) by an on-call attending 
pediatric radiologist. For those after-
hour cases in which a surgical decision 
was pending, a real-time interpretation 
was performed by the attending pedi-
atric radiologist. It is our routine for ra-
diologists to examine and image patients 

 Figure 1 

  
  Figure 1:  Sagittal US scan through the right lower 
quadrant of the abdomen in a 3-year-old boy with 
acute appendicitis demonstrates an enlarged ap-
pendix (arrows) measuring 8.0 mm in diameter.   

 Table 1 

 Defi nitions of US and CT Findings 

Finding Defi nition

US
 Positive Visualization of noncompressible appendix  � 6.0 mm in diameter. Other signs 

  included the presence of an appendicolith, periappendiceal fl uid, and increased 
fl ow in the appendiceal wall with color Doppler US.

 Negative Complete visualization of a compressible appendix measuring  , 6.0 mm in 
  diameter. If an alternate diagnosis was identifi ed, the US scan was categorized 

as negative for appendicitis.
 Equivocal Nonvisualization of the complete appendix and no alternate diagnosis rendered.
CT 
 Positive Visualization of an enlarged appendix measuring  � 7.0 mm in diameter in addition 

  to infl ammatory signs including hyperemia in the wall, periappendiceal fat 
stranding, or appendicolith.

 Negative Visualization of a normal appendix; if an alternate diagnosis was identifi ed or 
  the appendix was not visualized, the CT scan was categorized as negative for 

appendicitis * 

* Nonvisualization of the appendix at CT was defined in our study as a negative CT finding for appendicitis. Conversely, 
nonvisualization of the appendix at US was considered an equivocal study  .
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subsequently diagnosed with or treated 
for appendicitis at our hospital. 

 One hundred fi fty-seven patients had 
a negative US scan and did not undergo 
follow-up CT; two of those patients un-
derwent surgery on the basis of clinical 
considerations. One of the two patients 
had pathologically proved appendicitis, 
and the other patient had a negative 
appendectomy. One hundred fi fty-fi ve of 
the 157 patients (98.7%) were treated 
nonsurgically. One of these patients 
was discharged home after a negative 
US scan and returned with a perforated 
appendix and multiple abdominal ab-
scesses. This is the only case of missed 
appendicitis in our data set. 

 Two hundred ninety-eight patients 
had an equivocal US scan and under-
went follow-up CT; CT scans were posi-
tive for appendicitis in 77 of the 298 
patients (26%) and negative for ap-
pendicitis in 221 (74%). In two of the 
patients with equivocal US fi ndings, the 
imaging report stated that the reader 
could not exclude early acute appen-
dicitis and CT was performed as per 
protocol. 

 Of the 77 patients with an equivo-
cal US scan and a positive CT scan, 67 
(87%) underwent surgery. Of these 
67 patients, fi ve (7.5%) had negative 
appendectomies. Another 10 of the 77 
patients (13%) were treated nonsurgi-
cally, with no subsequent diagnosis of 
appendicitis. 

imaging according to the pathway guide-
lines and were considered to be compliant 
with the staged imaging pathway. The 
prevalence of appendicitis in the patients 
who were compliant with our imaging 
pathway was not signifi cantly different 
than that in patients who were referred 
directly to CT (34.3% vs 38.9%, respec-
tively;  Table 2  ). Of the 631 compliant pa-
tients, 287 (45.5%) were boys and 344 
(54.5%) were girls. Patients ranged in 
age from 2 months to 18 years (median 
age, 10 years; mean age, 10.44 years). 
Only 23 patients were younger than 
2 years of age. Boys ranged in age 
from 2 months to 18 years (mean age, 
9.9 years), and girls ranged in age from 
1 year to 18 years (mean age, 10.9 years). 

 Outcomes in Compliant Patients 
 Six hundred thirty-one patients were 
compliant with our staged imaging path-
way (US was performed fi rst, with CT 
performed only if fi ndings at US were 
equivocal) ( Table 3  ). One hundred seventy-
six patients had a positive US scan and 
did not undergo follow-up CT; 160 of 
those 176 patients (91%) underwent sur-
gery. Of those 160 children, 152 (95%) 
had pathologically proved appendicitis; 
the remaining eight patients had normal 
appendices at pathologic examination 
(negative appendectomy). Sixteen of the 
176 patients (9.1%) were treated non-
surgically on the basis of clinical consid-
erations; none of those 16 patients were 

rate was calculated as the number of 
confi rmed appendicitis cases not diag-
nosed by means of the imaging pathway 
divided by the total number of patients 
confi rmed to have appendicitis. 

 The data were also analyzed as dif-
ferent subsets on the basis of sex, age, 
and year of study to assess for any sig-
nifi cant difference in the sensitivity and 
specifi city of different subsets. The 95% 
confi dence intervals of these proportions 
were calculated by using exact methods, 
and the proportions were not deemed 
to be signifi cantly different if the confi -
dence intervals overlapped. The number 
of CT examinations avoided was defi ned 
as the number of patients in whom the 
staged imaging pathway was followed 
who did not undergo CT. Alternate 
diagnoses determined with US and CT 
were noted. The complete data set was 
also analyzed for compliance with the 
protocol over the years of the study 
from 2003 to 2008. All calculations were 
performed with software (SPSS, version 
14.0; SPSS, Chicago, Ill). 

 Results 

 During the study period, 1228 pediat-
ric patients presented to the emergency 
department and underwent imaging for 
suspected appendicitis ( Fig 3  ). Of those 
1228 patients, 631 (51.3%) underwent 

 Figure 2 

  
  Figure 2:  CT scan in a 13-year-old boy with acute 
appendicitis demonstrates a dilated appendix 
(arrows) measuring 14 mm in diameter and con-
taining an appendicolith.   

 Table 2 

 Prevalence of Appendicitis in Compliant and Noncompliant Patients 

Patient Group

Final Diagnosis * 

Appendicitis Rate (%)  †  Appendicitis No Appendicitis 

Compliant population ( n  = 631) 217 414 34.3 (30.7, 38.1)
Noncompliant population ( n  = 597)
 Patients who underwent CT 
   only ( n  = 157)

61 96 38.9 (31.2, 46.5)

 Patients who underwent CT despite 
   defi nitive US fi ndings ( n  = 70)

30 40 42.8 (31.3, 54.4)

 Patients who underwent US only 
    (CT was not performed despite 

equivocal US fi ndings) ( n  = 370)

18 352 4.8 (3.7, 5.9)

  Total 326 902 ...

* Data are given as numbers of patients.

 †  Numbers in parentheses are the 95% confi dence interval. The total population appendicitis rate was 26.5  %.
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the missed appendicitis rate was 0.16% 
(one of 631 patients). If all three patients 
with negative fi ndings with the imaging 
pathway had been treated nonsurgically, 
the missed appendicitis rate would have 
been 0.47% (three of 631 patients). 

 Reduction in Radiation Exposure: Number 
of CT Examinations Avoided 
 Of the 631 patients who were compliant 
with the staged imaging pathway, 333 
(52.7%) had defi nitively positive ( n  = 
176) or defi nitively negative ( n  = 157) 
US scans. These patients in another 
context would have undergone CT as 
the initial imaging modality. Thus, the 
reduction in CT examinations in patients 
compliant with the staged imaging path-
way was 52.7% (333 of 631 patients). 

 Subset Analysis of the Compliant 
Population 
 Analysis of the compliant population with 
respect to patient age, year of study 
(2003–2005 vs 2006–2008), and sex 
showed no significant differences in 
sensitivity and specifi city between these 
subsets ( Table 5  ). 

 Alternate Diagnosis 
 An alternate diagnosis was suggested 
with US fi ndings in 22 patients and with 
CT fi ndings in 42. The most common al-
ternate diagnoses included mesenteric 
adenitis, ovarian abnormality, consti-
pation, colitis, intussusception, and 

 Of the 39 patients with false-positive 
imaging studies (US = 24, CT = 15), 26 
were treated nonsurgically on the basis 
of clinical considerations and 13 had 
negative appendectomies. Of the three 
patients with false-negative results, two 
patients underwent surgery on the basis 
of clinical considerations and one pa-
tient had a missed appendicitis. 

 Two hundred thirty-fi ve appendec-
tomies were performed, of which 19 
were negative at pathologic examina-
tion; hence, the negative appendectomy 
rate was 8.1%. If all patients with posi-
tive fi ndings with the imaging pathway 
had undergone appendectomy and all 
patients with negative fi ndings with the 
imaging pathway had undergone non-
surgical treatment, the negative appen-
dectomy rate would have been 13% (33 
of 253 patients) instead of 8.1%. 

 Because only one of the three patients 
with false-negative imaging fi ndings for 
appendicitis was treated nonsurgically, 

 Of the 221 patients with an equiv-
ocal US scan and a negative CT scan, 
six (2.7%) were treated surgically. One 
of the six patients had pathologically 
proved appendicitis and fi ve patients 
had negative appendectomies. Another 
215 of the 221 patients (97.3%) were 
treated nonsurgically; none of those pa-
tients were subsequently diagnosed with 
appendicitis. 

 Diagnostic Characteristics of the 
Staged Imaging Pathway, Negative 
Appendectomy Rate, and Missed 
Appendicitis Rate 
 The sensitivity, specifi city, negative pre-
dictive value, positive predictive value, 
and accuracy of our staged US and CT 
pathway were 98.6%, 90.6%, 99.2%, 
84.6%, and 93.3%, respectively ( Table 4  ). 
There were 39 false-positive fi ndings 
and three false-negative fi ndings among 
the 631 patients who were compliant 
with our imaging pathway. 

 Table 3 

 Outcomes in Compliant Patients ( n  = 631) 

Imaging Outcome

Final Diagnosis Surgical Outcome Nonsurgical Outcome

Appendicitis No Appendicitis
Positive 
Appendectomy * 

Negative 
Appendectomy No Appendicitis

Missed 
Appendicitis  †  

US positive, no CT ( n  = 176) 152 24 152 8 16 0
US negative, no CT ( n  = 157) 2 155 1 1 154 1
US equivocal ( n  = 298)
 CT positive ( n  = 77) 62 15 62 5 10 0
 CT negative ( n  = 221) 1 220 1 5 215 0
  Total ( n  = 631) 217 414 216  ‡   19  §  395 1

Note.—Data are numbers of patients.

* Appendicitis was diagnosed at pathologic examination.

 †  Missed appendicitis refers to appendicitis that was missed at the initial presentation, resulting in a delayed diagnosis.

 ‡  The positive appendectomy rate was 91.9%.

 §  The negative appendectomy rate was 8.1%.

 Table 4 

 Diagnostic Characteristics of the Staged US and CT Pathway 

Finding with the Staged US and CT Pathway

Final Diagnosis

TotalAppendicitis No Appendicitis

Positive 214 39 253
Negative 3 375 378
 Total 217 414 631

Note.—Data are numbers of patients.
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pyelonephritis ( Table 6  ). Clinical manage-
ment and follow-up was consistent with 
the suggested alternative diagnoses. 

 Outcomes in the Noncompliant Group 
 Five hundred ninety-seven patients did 
not follow the staged US and CT imaging 
pathway and were noncompliant ( Fig 3  , 
 Table 7  ). Seventy of the 597 patients un-
derwent follow-up CT despite having a 
defi nitive US scan, 370 did not undergo 
follow-up CT after an equivocal US scan, 
and 157 underwent CT without under-
going US due to the clinical decision of 
the treating physician. In three of the 
370 patients with equivocal US scans, 
the report stated that the reader could 
not exclude early acute appendicitis and 
follow-up CT was not performed. There 
was no signifi cant difference in the preva-
lence of appendicitis among the patients 
who were compliant with the imaging 
pathway, the patients who underwent 
CT without undergoing US, and the pa-
tients who underwent follow-up CT de-
spite having defi nitive US fi ndings. 

 Compliance with the Staged 
Imaging Pathway 
 The yearly compliance rate during the 
study period ranged from 46% to 57%, 
with no signifi cant increasing or de-
creasing trends over the years ( Fig 4  ). 

 Discussion 

 Acute appendicitis is the most common 
cause of abdominal surgical interven-
tions in children. Because the clinical 
diagnosis is often challenging, imaging 
plays an important role in ensuring accu-
rate and prompt diagnosis to minimize 
the morbidity and mortality associated 
with a perforated appendix. The radia-
tion exposure associated with imaging 
and the potential risk for developing 
radiation-induced secondary malignan-
cies has been increasingly recognized 
( 16,17 ). These concerns must be bal-
anced with a rational approach for ap-
propriate CT utilization when indicated. 
An ideal imaging test for appendicitis 
would be highly accurate and minimize 
radiation exposure. The specifi city of 
US has been reported to be similar to 
that of CT, ranging from 88% to 99% 

 Table 6 

 Alternative Diagnosis Suggested at US and CT 

Alternate Diagnosis
No. of Diagnoses 
Suggested at US

No. of Diagnoses 
Suggested at CT

Mesenteric adenitis 5 19
Ovary-associated problems 7 2
Constipation 1 6
Colitis 0 6
Intussusceptions 5 0
Pyelonephritis 0 5
Nephrolithiasis 3 0
Hernia 1 0
Pneumonia 0 1
Cholelithiasis 0 1
Omental infarction 0 1
Terminal illeitis 0 1
 Total 22 42

Figure 3

  

  Figure 3:  Diagram shows 
imaging results in patients who 
underwent imaging (US and/or 
CT) for suspected appendicitis. 
Patients who followed the path-
way (compliant patients) are in 
black. Patients who did not fol-
low the pathway (noncompliant 
patients) are in white and include 
patients who were referred di-
rectly to CT ( n  = 157), those who 
underwent CT after defi nitive US 
fi ndings ( n  = 70), and those who 
did not undergo CT after equivo-
cal US fi ndings ( n  = 370).   

 Table 5 

 Diagnostic Characteristics of the Staged US and CT Pathway according to Subgroup 

Subgroup No. of Patients Sensitivity *  Specifi city *  

Age (y)
  , 4 62 1.0 (0.93, 1.04) 0.96 (0.90, 1.0)
 5–12 341 0.99 (0.97, 1.0) 0.89 (0.85, 0.93)
  . 12 228 0.98 (0.95, 1.0) 0.91 (0.86, 0.96)
Study year
 2003–2005 209 0.98 (0.95, 1.0) 0.92 (0.88, 0.97)
 2006–2008 422 0.99 (0.97, 1) 0.89 (0.86, 0.93)
Sex
 M 287 0.99 (0.96, 1.0) 0.92 (0.88, 0.95)
 F 344 0.98 (0.96, 1.0) 0.89 (0.85, 0.93)

Note.—There were no statistically signifi cant differences in the sensitivity and specifi city among subsets (age:  P  = .74 for 
sensitivity and .28 for specifi city; study year:  P  = .587 for sensitivity and .448 for specifi city; sex:  P  = .99 for sensitivity and .40 
for specifi city  ).

* Numbers in parentheses are the 95% confi dence interval.
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in the Boston study, and the CT reduc-
tion rates were 52.7% and 22%, re-
spectively. A possible explanation for 
the higher decreased rate of CT in our 
study is that our protocol called for CT 
only when US scans were equivocal and 
not when US scans were negative. 

 Wan et al ( 20 ), with use of a Markov 
decision analytic model, compared the 
cost effectiveness of US alone, CT alone, 
and US followed by CT if the initial 
US fi ndings were negative. The model 
used by Wan et al was designed to de-
termine which imaging strategy was 
most cost-effective for pediatric appen-
dicitis, taking into account the risk of 
radiation-induced cancer from iatro-
genic radiation exposure. US followed 
by CT was found to be the most costly 
and most effective. With our imaging 
protocol, CT was performed only when 
US fi ndings were equivocal, and not when 
they were negative. CT was avoided in 
approximately 50% of our patients and 
resulted in a diagnostic accuracy for 
appendicitis comparable with that re-
ported in the literature ( 2,11,13–15,18,
19,21–24 ). We did not calculate cost pa-
rameters in our study. It is likely that a 
staged protocol is less expensive than 

radiation without compromising accuracy 
by means of a staged US and CT pro-
tocol in children suspected of having 
appendicitis. 

 Use of the staged US and CT pro-
tocol reduced the number of CT exami-
nations by 52.7% and had a sensitivity 
of 98.6%, which is comparable to that 
reported in the literature for CT alone 
( 2,11,13–15,18,19 ). When we analyzed 
the 157 patients who were directly re-
ferred for CT, it was found that the per-
formance of our US and CT protocol was 
as good as that of CT alone in terms of 
sensitivity, specifi city, positive predictive 
value, and negative predictive value, with 
no statistically signifi cant difference. In 
addition, there was no signifi cant differ-
ence in the appendicitis rate among the 
patients who complied with the staged 
protocol, the patients who were directly 
referred for CT, and the patients who 
underwent CT despite having defi nitive 
US fi ndings. A similar clinical protocol 
of US followed by CT was implemented 
in 1998 at Children’s Hospital, Boston, 
Massachusetts, with a reported sensitiv-
ity of 94% in the diagnosis of appendi-
citis ( 13 ). The prevalence of appendi-
citis was 34.3% in our study and 36% 

for the diagnosis of acute appendicitis 
in children ( 2 ). The sensitivity reported 
for US, however, is heterogeneous and 
varies widely, ranging from 50% to 
100%; the sensitivity reported for CT 
is 84%–100% ( 2 ). False-negative US 
scans diminish the acceptance of US by 
surgeons and emergency department 
physicians for the defi nitive diagnosis of 
appendicitis. In our study, we assessed 
the opportunity for reducing CT-related 

 Table 7 

 Imaging Protocol in the Noncompliant Population ( n  = 597) 

Imaging Outcome

Final Diagnosis Surgical Outcome Nonsurgical Outcome

Appendicitis No Appendicitis
Positive 
Appendectomy * 

Negative 
Appendectomy No Appendicitis

Missed 
Appendicitis  †  

CT only, no US ( n  = 157)

 Positive ( n  = 68) 61 7 61 3 4 0
 Negative ( n  = 89) 0 89 0 2 87 0
  Total 61 96 61 5 91 0
CT despite defi nitive US fi ndings ( n  = 70)
 US positive, CT positive ( n  = 30) 26 4 26 2 2 0
 US positive, CT negative ( n  = 2) 1 1 1 0 1 0
 US negative, CT positive ( n  = 3) 2 1 2 0 1 0
 US negative, CT negative ( n  = 35) 1 34 1 1 33 0
  Total ( n  = 70) 30 40 30 3 37 0
US only, no CT (despite equivocal US fi ndings) 
    ( n  = 370)

18 352 18 1 351 0

   Total for the noncompliant population 109 488 109  ‡   9  §  479 0

Note.—Data are numbers of patients.

* Appendicitis was diagnosed at pathologic examination.

 †  Missed appendicitis refers to appendicitis that was missed at the initial presentation, resulting in a delayed diagnosis.

 ‡  The positive appendectomy rate was 92.4%.

 §  The negative appendectomy rate was 7.6%.

 Figure 4 

  
  Figure 4:  Graph shows the compliance rate with 
the staged US and CT pathway during the study 
period. There was no trend noted in compliance rate 
during the 6-year study period. Of the 1228 pa-
tients, 631 (51.3%) were compliant with the staged 
US and CT pathway.   
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of sex. The protocol performance did 
not vary signifi cantly when analyzed ac-
cording to year of study. 

 The staged US and CT imaging path-
way was largely successful because of 
multidisciplinary cooperation and sup-
port involving emergency department 
physicians, surgeons, and radiologists. 
Our study illustrates the success of a co-
operative imaging algorithm established 
across specialty lines in the interest of 
providing high-quality patient care in 
children. 

 Our study design was retrospective, 
which did not allow for patient follow-up 
after discharge. We could not track 
patients who might have subsequently 
presented to other institutions. However, 
follow-up instructions and appendicitis 
precautions were given to all patients 
at discharge. 

 In conclusion, a staged US and CT 
imaging protocol in which US is per-
formed fi rst for suspected acute appen-
dicitis in children is highly accurate and 
offers the opportunity to substantially 
reduce radiation. A defi nitive US result, 
either positive or negative, is suffi ciently 
accurate to guide therapy without per-
forming subsequent CT. The success 
of the described imaging protocol can 
largely be attributed to a cooperative 
multidisciplinary effort between radi-
ologists, emergency department physi-
cians, and surgeons. 

  Disclosures of Potential Confl icts of Interest: 
R.K.  Financial activities related to the present 
article: none to disclose. Financial activities not 
related to the present article: none to disclose. 
Other relationships: none to disclose.  N.R.  Fi-
nancial activities related to the present article: 
none to disclose. Financial activities not related 
to the present article: none to disclose. Other 
relationships: none to disclose.  N.E.W.  Financial 
activities related to the present article: none to 
disclose. Financial activities not related to the 
present article: none to disclose. Other relation-
ships: none to disclose.  B.N.  Financial activities 
related to the present article: none to disclose. 
Financial activities not related to the present 
article: received money for expert testimony in 
a case involving a neonate. Other relationships: 
none to disclose.  E.R.  Financial activities related 
to the present article: none to disclose. Financial 
activities not related to the present article: none 
to disclose. Other relationships: none to dis-
close.  C.M.M.  Financial activities related to the 
present article: none to disclose. Financial ac-
tivities not related to the present article: none to 
disclose. Other relationships: none to disclose. 

CT alone, given the reduction in the num-
ber of CT examinations and the relatively 
high cost of CT compared with US. 

 A potential concern for a sequential 
US and CT protocol is a delay in diag-
nosis. At our institution, CT and US 
scanners are located adjacent to the 
pediatric emergency department and, 
for children requiring a CT scan after 
US, the interval between examinations 
is routinely less than 1 hour. 

 In our series the normal appendix 
was visualized in 195 of the 1071 pa-
tients (18%). One hundred fi fty-seven 
of the 195 patients (81%) with a nega-
tive US scan complied with the protocol 
pathway and, thus, avoided CT. The re-
maining 38 patients underwent CT be-
cause of continued clinical concern for 
appendicitis despite having a negative 
US scan. 

 Of the 195 patients with negative US 
scans, 191 (98%) had true-negative fi nd-
ings and four (2.0%) had false-negative 
fi ndings. Of the four false-negative fi nd-
ings, only one case was managed non-
surgically; this case was ultimately diag-
nosed as missed appendicitis. This high 
reliability of a negative US scan supports 
the decision to defer CT in the case of a 
negative US scan. 

 Seventy patients (17.6%) with de-
fi nitive US fi ndings (positive or negative) 
underwent follow-up CT and thus were 
noncompliant with the study protocol. 
The possible reasons for performing CT 
following a defi nitive US scan include a 
search for an alternate diagnosis, lack 
of confi dence in the US scan, or a high 
clinical suspicion for appendicitis de-
spite the US report. This group of pa-
tients provides the opportunity to com-
pare the two imaging modalities in the 
same patients. US and CT fi ndings were 
concordant in 93% of cases. In the re-
maining 7.0% (fi ve patients), the fi nal 
diagnosis correlated with CT fi ndings in 
three patients and with US fi ndings in 
two. This supports US as defi nitive when 
fi ndings are either positive or negative. 

 There was no signifi cant difference 
in sensitivity and specifi city when the 
study population was classifi ed into sub-
groups on the basis of age and sex. This 
favors applying the protocol to all chil-
dren up to 18 years of age irrespective 
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