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Abstract

Background: Computed tomography (CT) with enteric contrast is frequently used to evaluate children
with suspected appendicitis. The use of CT with intravenous (IV) contrast alone (CT IV) may be sufficient,
however, particularly in patients with adequate intra-abdominal fat (IAF).

Objectives: The authors aimed 1) to determine the ability of radiologists to visualize the normal
(nondiseased) appendix with CT IV in children and to assess whether IAF adequacy affects this ability
and 2) to assess the association between IAF adequacy and patient characteristics.

Methods: This was a retrospective 16-center study using a preexisting database of abdominal CT scans.
Children 3 to 18 years who had CT IV scan and measured weights and for whom appendectomy history
was known from medical record review were included. The sample was chosen based on age to yield a
sample with and without adequate IAF. Radiologists at each center reread their site’s CT IV scans to
assess appendix visualization and IAF adequacy. IAF was categorized as “adequate” if there was any
amount of fat completely surrounding the cecum and “inadequate” if otherwise.
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Results: A total of 280 patients were included, with mean age of 10.6 years (range = 3.1 to 17.9 years).
All 280 had no history of prior appendectomy; therefore, each patient had a presumed normal appendix.
A total of 102 patients (36.4%) had adequate IAF. The proportion of normal appendices visualized with
CT IV was 72.9% (95% confidence interval [CI] = 67.2% to 78.0%); the proportions were 89% (95%
CI = 81.5% to 94.5%) and 63% (95% CI = 56.0% to 70.6%) in those with and without adequate IAF (95%
CI for difference of proportions = 16% to 36%). Greater weight and older age were strongly associated
with IAF adequacy (p < 0.001), with weight appearing to be a stronger predictor, particularly in females.
Although statistically associated, there was noted overlap in the weights and ages of those with and

without adequate IAF.

Conclusions: Protocols using CT with IV contrast alone to visualize the appendix can reasonably include
weight, age, or both as considerations for determining when this approach is appropriate. However,
although IAF will more frequently be adequate in older, heavier patients, highly accurate prediction of
IAF adequacy appears challenging solely based on age and weight.
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dicitis frequently includes diagnostic imaging,
most often computed tomography (CT).1® Insti-
tutions vary on the specific CT protocols used, particu-
larly on the types of contrast administered (oral, rectal,
and/or intravenous [IV]).*® Enteric contrast is believed
to improve appendix visualization in children, who
may lack the intra-abdominal fat (IAF) of adults that
serves as a natural contrast for inflammation in the
abdomen. While oral contrast protocols are sensitive
and specific, drinking contrast prolongs emergency
department (ED) length of stay, and children with
abdominal pain often find it difficult to tolerate the oral
contrast.”® Additionally, if contrast fails to reach the
area of the appendix, the child may be exposed to
additional radiation as “delayed” imaging may be
obtained. Rectal contrast is an alternative that
addresses some of these issues, but its use depends on
provider comfort with rectal administration and avail-
ability during off-hours and is an added discomfort for
the patients.1012
Given the difficulties with enteric contrast, prior
studies have examined whether children could
undergo abdominal CT imaging without its use.'®'3 In
one observational study, abdominal CT with only IV
contrast (CT IV) and CT with enteral and IV contrast
together had similar sensitivities (93 and 92%, respec-
tively) and specificities (92 and 87%).'® In a separate
study, CT IV sensitivity was 97%, and specificity
93%."3 Yet, despite this evidence, CT IV has not been
widely adopted. Reasons for the reluctance to use CT
IV might include the limitations of those prior studies
such as single-institution designs, small sample sizes,
and reliance on radiologists experienced with the CT
IV protocol.’® To address these prior potential limita-
tions, we conducted a multicenter study with the aim
to determine the ability of radiologists to visualize the
normal (nondiseased) appendix on CT IV in children
and to examine whether this ability depended upon
the adequacy of patient IAF (as currently believed).
Additionally, we examined whether a patient’s degree
of IAF was associated with sex, age, and weight,
potentially enabling the identification of those children
who could forego enteric contrast.

4 I \ he evaluation of children with suspected appen-

METHODS

Study Design

This was a retrospective study at 16 centers in the
Pediatric Emergency Care Applied Research Network
(PECARN) using a preexisting database of abdominal
CT scans that were obtained for an unrelated study of
children who had blunt abdominal trauma.* Institu-
tional review board (IRB) approval was obtained at all
sites with waiver of written informed consent.

Study Setting and Population

We included patients aged 3 to 18 years old who had CT
IV and had recorded weights in their ED medical records
for their index visits. We excluded patients whose CT scans
identified intra-abdominal injuries. Patients with only small
amounts of intra-abdominal free fluid on CT were eligible,
as this can be a normal (physiologic) finding and was not
believed to confound our study outcomes.

Study Protocol

Research coordinators at each site reviewed local
medical records to verify that the weight in the PE-
CARN blunt abdominal trauma database was accurate
and was measured (rather than estimated). We deter-
mined if patients had undergone appendectomies
prior to the date of their CT. While both patients with
and without appendectomies were eligible for our
study, patients whose surgical histories were unavail-
able for verification were excluded. We determined
appendectomy history by review of: 1) ED charts from
the day of the CT, 2) electronic pathology and opera-
tive reports, and 3) hospital records for up to two
prior visits preceding the date of the CT, specifically
examining surgical history. Surgical history was con-
sidered available if discrete documentation was found
in the medical record. Finally, we excluded patients
who, upon CT screen by the radiologist, were noted
to have oral contrast used or if there were abnormali-
ties on CT (e.g., prior surgery) that could prevent the
appendix from being visualized.

CT Interpretation. Radiologists at each participating
site were provided a list from the PECARN data center of
their site’s CT IV scans to review. They were blinded to
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patient weight and surgical history and were instructed
not to refer to previous CT reports (which might com-
ment on the appendix). Radiologists reviewed each CT
and completed a standardized data collection form that
included CT imaging parameters, their characterization
of the patient’s IAF, and their ability to visualize the nor-
mal appendix (yes or no). The same radiologist at each
site judged these findings for each patient at that site.
Based on the prior work of Basak et al.,’® a patient’s IAF
was defined for this study as either “adequate” or “inade-
quate,” dependent on the presence and distribution of
cecum fat. To reduce the risk of bias from the same radi-
ologist assessing for both appendix presence and IAF
adequacy, the wording for the question regarding IAF
was asked as “Is there any degree of fat completely sur-
rounding the cecum?” rather than asked specifically as
IAF adequacy. IAF was categorized as “adequate” if the
radiologist visualized any amount of fat completely sur-
rounding the cecum or as “inadequate” if the fat did not
completely surround the cecum. At six sites, two radiolo-
gists reviewed a subset of CT scans to assess the degree
of interobserver reliability for appendix visualization and
IAF characterization.

Sample Size

We based our sample size (n =280) on the ability to
detect a 10% difference in the proportion for whom the
radiologist visualized the appendix between patients with
and without adequate IAF (o = 0.05, B = 0.2; two-tailed
test). We assumed that the proportion of patients whose
appendix would be visualized on CT IV with adequate
IAF would be 95%. To assure a final study population
with a potentially even distribution of children in both the
IAF adequate and the IAF inadequate groups, we used
age as a surrogate for IAF based on the work of Grayson
et al.,'® who illustrated that children older than 10 years
had more IAF on CT scan than did younger children.
Therefore, the data center randomly sampled 140
patients younger, and 140 patients at least 10 years of
age, from the PECARN database.

Data Analysis

We calculated 95% confidence intervals (Cls) for the
proportions of patients whose appendices were visual-
ized on CT IV in order to describe the radiologist’s ability
to visualize the normal appendix for those with and with-
out adequate IAF. To assess interrater reliability between
radiologists for the ability to detect the appendix and for
IAF adequacy, we used the unweighted kappa statistic.
We used logistic regression to determine the association
between IAF adequacy and the ability to visualize the
normal appendix and to assess the association between
IAF adequacy and sex, age, and weight. Due to the clus-
tered nature of our data, initially a random intercepts
model was considered. However, the results of this model
did not differ substantially from the logistic regression.
Therefore, we have chosen to present the results of the
logistic regression for ease of interpretation.

RESULTS

We screened 468 patients with CT IV previously
enrolled in the PECARN abdominal trauma study.'* Of
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these, 124 were excluded for the following reasons:
patient weight estimated (n = 62), surgical history
unavailable (n =23), no recorded weight (n=21), CT
performed with oral contrast (n =9), lack of one site
IRB approval (n =4), and no radiologist screen com-
pleted (n = 5). An additional 27 patients were excluded
after radiologist screening. The PECARN data center
then randomly selected from the 317 remaining patients
(153 younger than 10 years and 164 older) to achieve
the desired 280 patient sample for attending or fellow
radiologist (n = 26) review. All CTs used in this study
were conducted with standard collimation cuts
(range = 2.5 to 5.0 mm/slice).

The mean patient age was 10.6 years (range = 3.1 to
17.9 years). As per study design, 50% were younger
than 10 years. A majority of patients (171 of 280, 61%)
were male. All 280 patients analyzed had no history of
prior appendectomy, and thus every study CT scan
should have had a normal appendix present.

Radiologists visualized the normal appendix in 204/
280 patients (72.9%; 95% CI=67.2% to 78.0%) and
noted 102 of 280 patients (36.4%) to have adequate IAF.
Radiologists visualized the appendix in 91 of 102
patients (89.2%) with adequate IAF and 113 of 178
patients (63.4%) with inadequate IAF (95% CI for differ-
ence of proportions = 16% to 36%).

To assess the reliability of appendix visualization and
IAF characterization, two radiologists reviewed a subset
of 20% of the CT scans (n = 56). Raw agreement for the
presence of the appendix (yes or no) was 69.6%, with
an unweighted kappa of 0.33 (95% CI = 0.07 to 0.59).
However, raw agreement was 90% when both review-
ers agreed on the patient having adequate IAF. The raw
agreement between radiologists for describing a
patient’s degree of IAF was 87.5% (49 of 56), with an
unweighted kappa of 0.59 (95% CI = 0.32 to 0.86).

On bivariate analyses, IAF adequacy was associated
with older age, greater weight, and female sex (Table 1).
While these findings were statistically significant, there
was overlap in both age and weight between those with
adequate and inadequate IAF. For example, the youn-
gest patient with adequate IAF was 3.2 years old, while
there were children with inadequate IAF as old as
17.9 years.

As age and weight were highly correlated (r = 0.83),
we developed separate logistic regression models based
on these characteristics (Table 2), noting independent
relationships between IAF adequacy and age and
weight. In Figures 1 and 2, we further explored the
potential interactions between sex and age and between
sex and weight noted in the logistic models. In each fig-
ure, we note that age and weight appear more strongly
associated with IAF adequacy for females. Overall,
weight appears to be a stronger predictor than age for
IAF adequacy for both sexes.

DISCUSSION

In this present study, we note that radiologists across
multiple institutions more accurately visualized the
normal appendix in the presence of adequate IAF, with
moderate interrater agreement of IAF adequacy. Fur-
thermore, we found that IAF adequacy was strongly
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Table 1

Bivariate Association Between Patient Characteristics and IAF Adequacy on CT

Characteristic IAF Adequate (n = 102) IAF Not Adequate (n = 178) p value

Age (yr), mean + SD 11.6 + 3.87 10.0 + 4.19 0.002

Weight (kg), mean + sd (range) 50.9 + 22.0 (16-121.7) 38.0 £ 19.8 (12.3-127) <0.001

Sex 0.035

Male (n/N, %) 54/171 (31.6) 117/171 (68.4)
Female (n/N, %) 48/109 (44.0) 61/109 (55.9)
IAF = intra-abdominal fat.

Table 2 o T et et

Logistic Regression Models to Assess Relationship Between 7

Age and Weight and IAF Adequacy
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g study, the appendix was seen in 68.8% of patients with
” moderate or marked IAF versus 36.1% with minimal
= P o IAF.'® The IAF highlights inflammation (seen as the

_____F__;L;’_"—————_ classic “fat stranding” on CT) and helps radiologists to

] T rule out appendicitis even in cases when the appendix
= itself is not visualized.? 2

Our finding that 89% of patients with adequate [IAF

= e had their appendices visualized on CT IV is similar to

' ' ' ' ' ' the results of prior studies of children being assessed

* ¢ ¢ o 2 i 0 for appendicitis with CT IV. Because we studied visuali-

Age zation of the nondiseased (normal) appendix, the pro-

Figure 1. Probability of adequate IAF based on sex and age.
IAF = intra-abdominal fat.

associated with patient age and weight, with this associ-
ation more pronounced in females. However, although
clinicians may expect adequate IAF in older, heavier
children, the overlap between the clinical characteristics
(weight and age) of children with and without adequate
IAF precludes providing a specific prediction scheme
based on these readily available factors.

Our results build on mainly single-center studies that
noted that IAF adequacy was related to the accuracy of
abdominal CT interpretation.’®'” Radiologists have
cited children’s lack of IAF as leading to more indeter-
minate or incorrect interpretations.’>'¢1820 In one

portion we found in our study can be compared to the
specificity of CT IV in studies of children evaluated for
appendicitis, which in two prior studies was noted to be
92 and 93%.'">'® The overall proportion of normal
appendices visualized that we noted (72.9%) was sub-
stantially lower than the specificity in these studies and
may reflect the sampling strategy we used, which
resulted in a younger population who were more likely
to have inadequate IAF.

Our study helps address the practical problem faced
by clinicians regarding whether particular children
may forego receiving enteric contrast when attempting
to visualize the appendix. Similar to prior studies, we
noted a trend toward increasing IAF with increasing
age.’® Our study builds on prior data by identifying
weight as a potentially better predictor of IAF
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adequacy than age. It must be understood, however,
that the data leave unclear the specific weight thresh-
old(s) at which IAF adequacy is assured, as there were
heavier children judged to have inadequate IAF. More
evaluation of patients across the span of weights and
for each sex will be required to potentially determine,
for example, the threshold at which a clinically accept-
able proportion (e.g., 90%) of children will have
adequate IAF.

LIMITATIONS

Our study had the limitation of using CT scans obtained
for trauma evaluation rather than patients being evalu-
ated for possible appendicitis. Further research is
needed, therefore, to examine the generalizability of our
findings, particularly the ability to visualize the normal
appendix with CT with IV contrast only, to children of
all ages with suspected appendicitis. Another important
limitation is the lack of availability of height to use body
mass index (BMI) rather than weight to evaluate for an
association with IAF adequacy. Although height (and
BMI) appears not to be routinely assessed in EDs, use
of BMI may be a more robust predictor of IAF ade-
quacy. Additionally, the radiologists did not evaluate
any CT scans in patients who had prior appendecto-
mies. We attempted to minimize the potential bias this
might cause in CT interpretation (e.g., bias toward stat-
ing that the normal appendix was visualized) by blind-
ing radiologists to surgical history. Although our
population was younger than in prior studies of those
with possible appendicitis, this sampling strategy
allowed for a broad distribution of patient ages and
weights for which we could assess IAF adequacy.
Finally, although multiple radiologists participated in
the study, the majority were at large academic centers
with substantial pediatric radiology expertise, making
the results less generalizable to other settings.

CONCLUSIONS

Our data demonstrate a strong relationship between
intra-abdominal fat and patient weight and age. Proto-
cols using computed tomography with intravenous con-
trast alone to visualize the appendix can reasonably
include weight and/or age as considerations for deter-
mining when this approach is appropriate. However,
although intra-abdominal fat will more frequently be
adequate in older, heavier patients, highly accurate pre-
diction of intra-abdominal fat adequacy appears chal-
lenging solely based on age and weight. Further study
is warranted to assess the generalizability of our results
to children with suspected appendicitis.

We thank Hai Le at the PECARN Data Center (University of Utah)
and all the PECARN research coordinators for their dedicated and
diligent work needed to complete this study.

References

1. Alloo J, Gerstle T, Shilyansky J, Ein SH. Appendici-
tis in children less than 3 years of age: a 28-year
review. Pediatr Surg Int. 2004;19:777-9.

799

2. Sivit CJ, Siegel MJ, Applegate KE, Newman KD.
When appendicitis is suspected in children. Radio-
graphics. 2001;21:247-62.

3. Christopher FL, Lane MJ, Ward JA, Morgan JA.
Unenhanced helical CT scanning of the abdomen
and pelvis changes disposition of patients present-
ing to the emergency department with possible
acute appendicitis. J Emerg Med. 2002;23:1-7.

4. Pinto Leite N, Pereira JM, Cunha R, Pinto P, Sirlin
C. CT evaluation of appendicitis and its complica-
tions: imaging techniques and key diagnostic find-
ings. AJR Am J Roentgenol. 2005;185:406-17.

5. Callahan MJ, Rodriguez DP, Taylor GA. CT of
appendicitis in children. Radiology. 2002;224:325-32.

6. Acosta R, Crain EF, Goldman HS. CT can reduce
hospitalization for observation in children with sus-
pected appendicitis. Pediatr Radiol. 2005;35:495—
500.

7. Rao PM, Rhea JT, Novelline RA, et al. Helical CT
technique for the diagnosis of appendicitis: prospec-
tive evaluation of a focused appendix CT examina-
tion. Radiology. 1997;202:139-44.

8. Pena BM, Taylor GA, Lund DP, Mandl KD. Effect of
computed tomography on patient management and
costs in children with suspected appendicitis. Pedi-
atrics. 1999;104(3 Pt 1):440-6.

9. Huynh LN, Coughlin BF, Wolfe J, Blank F, Lee SY,
Smithline HA. Patient encounter time intervals in
the evaluation of emergency department patients
requiring abdominopelvic CT: oral contrast versus
no contrast. Emerg Radiol. 2004;10:310-3.

10. Taylor GA. Suspected appendicitis in children: in
search of the single best diagnostic test. Radiology.
2004;231:293-5.

11. Garcia Pena BM, Mandl KD, Kraus SJ, et al. Ultra-
sonography and limited computed tomography in
the diagnosis and management of appendicitis in
children. JAMA. 1999;282:1041-6.

12. Kharbanda AB, Taylor GA, Bachur RG. Suspected
appendicitis in children: rectal and intravenous con-
trast-enhanced  versus intravenous  contrast-
enhanced CT. Radiology. 2007;243:520-6.

13. Kaiser S, Frenckner B, Jorulf HK. Suspected appen-
dicitis in children: US and CT-a prospective ran-
domized study. Radiology 2002;223:633-8.

14. Holmes JF, Lillis K, Monroe D, et al. for the
PECARN. Identifying children at very low risk of
clinically important blunt abdominal injuries. Ann
Emerg Med. 2013 Jan 29. doi:pii: S0196-0644(12)
01743-X. 10.1016/j.annemergmed.2012.11.009. [Epub
ahead of print]

15. Basak S, Nazarian LN, Wechsler RJ, et al. Is unen-
hanced CT sufficient for evaluation of acute abdomi-
nal pain? Clin Imaging. 2002;26:405-7.

16. Grayson DE, Wettlaufer JR, Dalrymple NC, Keesling
CA. Appendiceal CT in pediatric patients: relation-
ship of visualization to amount of peritoneal fat.
AJR Am J Roentgenol. 2001;176:497-500.

17. Benjaminov O, Atri M, Hamilton P, Rappaport D.
Frequency of visualization and thickness of normal
appendix at nonenhanced helical CT. Radiology.
2002;225:400-6.



800

18. Levine CD, Aizenstein O, Lehavi O, Blachar A. Why
we miss the diagnosis of appendicitis on abdominal
CT: evaluation of imaging features of appendicitis
incorrectly diagnosed on CT. AJR Am J Roentgenol.
2005;184:855-9.

19. Kim HC, Yang DM, Shin HP. Why can we not see
a normal appendix on CT? An evaluation of the
factors influencing nonvisualization of a normal
appendix by 64-slice MDCT. Clin Imaging.
2009;33:33-8.

20. Choi D, Park H, Lee YR, et al. The most useful find-
ings for diagnosing appendicitis on contrast-
enhanced helical CT. Acta Radiol. 2003;44:574-82.

21. Friedland JA, Siegel MJ. CT appearance of acute
appendicitis in childhood. AJR Am J Roentgenol.
1997;168:439-42.

22. Ganguli S, Raptopoulos V, Komlos F, Siewert B,
Kruskal JB. Right lower quadrant pain: value of the
nonvisualized appendix in patients at multidetector
CT. Radiology. 2006;241:175-80.

23. Nikolaidis P, Hwang CM, Miller FH, Papanicolaou
N. The nonvisualized appendix: incidence of acute
appendicitis when secondary  inflammatory
changes are absent. AJR Am J Roentgenol.
2004;183:889-92.

APPENDIX A

We acknowledge the efforts of the following individuals
participating in PECARN at the time this study was
initiated:

Garcia et al. ® CT SCAN WITH IV CONTRAST: ROLE OF INTRA-ABDOMINAL FAT

PECARN Steering Committee: N. Kuppermann,
Chair; E. Alpern, D. Borgialli, J. Callahan, J. Chamber-
lain, P. Dayan, J. M. Dean, M. Gerardi, M. Gorelick, J.
Hoyle, E. Jacobs, D. Jaffe, R. Lichenstein, K. Lillis, P.
Mahajan, R. Maio, F. Moler, D. Monroe, R. Ruddy, R.
Stanley, M. Tunik, A. Walker.

MCHB/EMSC liaisons: D. Kavanaugh, H. Park.

Central Data Management and Coordinating Center
(CDMCC): M. Dean, R. Holubkov, S. Knight, A. Donald-
son, S. Zuspan, M. Miskin, J. Wade, A. Jones, M. Fjelstad.

Feasibility and Budget Subcommittee (FABS): T.
Singh, Chair; A. Drongowski, L. Fukushima, E. Kim, D.
Monroe, G. O’Gara, H. Rincon, M. Tunik, S. Zuspan.

Grants and Publications Subcommittee (GAPS): M.
Gorelick, Chair; E. Alpern, D. Borgialli, K. Brown, L.
Babcock, A. Donaldson, G. Foltin, F. Moler, S. Teach.

Protocol Concept Review and Development Sub-
committee (PCRADS): D. Jaffe, Chair; J. Chamberlain,
A. Cooper, P. Dayan, J. M. Dean, R. Holubkov, P. Maha-
jan, R. Maio, N. C. Mann, K. Shaw, A. Walker.

Quality Assurance Subcommittee (QAS): R. Stanley,
Chair; P. Ehrlich, R. Enriquez, M. Gerardi, R. Holubkov,
E. Jacobs, R. Lichenstein, K. Lillis, B. Millar, R. Ruddy,
M. Shults.

Safety and Regulatory Affairs Subcommittee
(SRAS): W. Schalick, J. Callahan, Co-Chairs; S. Atabaki,
J. Burr, K. Call, J. Hoyle, R. Ruddy, J. Suhajda, N.
Schamban.



