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Abstract

Background and objects: Community hospitals and academic centers may not
always have a radiologist or sonographer on site, and the responsibility of US
performance after hours maybe left to a resident. The purpose of this study was
to evaluate a growing concern at our institution that a higher numbers of pediatric
CT scans were being conducted overnight for the evaluation of acute appendicitis,
as a result of a perception that scans performed by residents were not as accurate
as those performed by technologists and/or attending.
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Materials and methods: 573 patients initially evaluated by ultrasound for
appendicitis, from April 2008 to March 2014. Studies were distinguished by
either resident or technologist and attending (TA) performing the procedure.
The junior resident was in the first to third years of training with at least 8 weeks
of US experience. Follow-up computed tomography and operative reports were
reviewed to determine if appendicitis was later confirmed.
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Results: Of 462 studies in the pediatric non-pregnant group, ages one to eighteen
years, 261 (56.5%) were performed by a junior resident and 201 (43.5%) were
performed by the TA group. The sensitivity of diagnosing acute appendicitis in the
first ultrasound by the resident and TA groups were 59% and 67%, respectively
(p=0.73). Additional testing ordered after a negative initial US was higher in
the resident group than the TA group, 85 (39.5%) and 46 (26.4%), respectively
(p=0.010). The number of false negatives in the overall, resident and TA groups
were 35 (38%), 24 (41%) and 11 (33%), respectively (p=0.68).

Conclusion: Although appendicitis US has been traditionally touted as operator
dependent, there was no statistical difference in this study between residents and
attendings of varying levels of experience. Additionally, more follow up studies
were ordered when the initial study was negative and performed by the resident.
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Introduction

Appendicitis is a common disease entity with potentially serious

Although computed tomography (CT) is the most accurate
method of diagnosis and the preferred method in the adult

morbidity and mortality affecting nearly 70,000 children in
the United States each year [1]. Traditionally appendicitis was
diagnosed primarily on clinical grounds; however no single
history, physical or laboratory finding can definitively make the
diagnosis. More importantly a delay in the diagnosis can result
in increased risk of sepsis, obstruction, perforation, abscess,
peritonitis and death [2].

population, ultrasound (US) is the preferred modality in the
pediatric population given the radiation dose delivered by CT. The
pediatric population is particularly sensitive to ionizing radiation
and a growing concern is the increasing use of CT on pediatric
patients in emergency departments in United States [3].

Sonography provides a radiation-free method of diagnosing
appendicitis in pediatric patients. Appendicitis on US can be seen
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as a fluid filled, non-compressible bind-ending tubular structure,
and traditionally with a diameter of more than 6 mm [4]. However,
sonography is a dynamic study that is operator-dependent and
has its own pitfalls.

Community hospitals and academic centers may not always have
a radiologist or sonographer on site, and the responsibility of US
performance after hours maybe left to a resident. The purpose of
this study, originally a quality and safety project, was to evaluate
a growing concern at our institution that a higher numbers of
pediatric CTs were being conducted overnight for the evaluation
of acute appendicitis. To our knowledge this is the first study
comparing the diagnostic accuracy of US performance by a junior
radiology resident to the technologist and attending (TA), utilizing
follow up cross sectional imaging and operative reports as the
gold standard.

Materials and Methods

A retrospective analysis was undertaken of 573 patients who
were initially evaluated by US for clinical suspicion of appendicitis,
from April 2008 to March 2014. This data was abstracted from
the electronic medical records, and radiologic data files and
picture archiving and communication system (PACs) of Kings
County Hospital, Brooklyn, New York. Our institution is a general
large urban medical center that sees approximately 250 pediatric
patients a day. This single-center retrospective study was
approved by our institutional review board and compliant with
the Health Insurance Portability and Accountability Act.

Studies were distinguished by either radiology resident or
technologist and attending performing the procedure, age and
sex of the patient, pregnancy status, and presence of follow up
diagnostic studies. The junior resident was a resident in the first to
third years of training and had received at least 8 weeks of hands
on US rotation experience, 4 weeks in general ultrasound and 4
weeks as a part of pediatric radiology, with exposure to pediatric
appendicitis protocol. The exact number of cases performed by
each resident could not be quantified due to daily variability.

Resident reports were finalized the following morning by the
covering attending with the images provided. Since the attending
only had the provided images to confirm an impression, there
was not an opportunity to re-scan the patient. Majority of the
clinical decisions and follow up imaging would have already
been performed within a 12-hour period. Studies performed
during daytime hours by the technologist were re-scanned by the
covering attending radiologist. Given that our institution is not
a pediatric hospital, the technologists and attending’s practice
both pediatric and adult radiology.

Sonography was performed on a variety of machines; however
the protocol was similar in both groups. Adequate scanning
required visualization of all four quadrants and the site of pain
with the use of a linear array probe ranging from 9-18 MHz. At
our institution CT examinations following sonography for acute
appendicitis are performed with IV contrast and are acquired
with a slice thickness of 0.625 mm from the second lumbar
vertebrae to the pubic symphysis. If perforation or an abscess
was suspected, the field of view would be extended to the level
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of the diaphragm, which is the routine appendicitis protocol for
our institution.

A positive study was one where the final impression by the
radiologist was documented as acute appendicitis or suggestive
of appendicitis, with the diagnostic criteria of a non-compressible
appendix larger than 6 mm. Equivocal reports included findings of
suspicious free fluid and/or an incompletely visualized appendix
(Figure 1), with the final diagnosis resting on clinical findings or
additional imaging studies.

Follow-up CT, operative and pathology reports were reviewed
to determine if appendicitis was later confirmed. If the initial or
follow up study was positive, CT and operative reports were also
reviewed to determine the location of the appendix, and whether
or not there was perforation. Statistical significance between the
outcomes of the two groups was calculated based on the Fisher
exact test.

Results

Atotal of 573 US appendicitis cases were found on PACS, of which,
462 studies were in the pediatric non-pregnant group, ages one to
eighteen years. 261 (56.5%) were performed by a junior resident
and 201 (43.5%) were performed by a technologist or attending
(Table 1). The number of true positives in which the initial US

Equivocal Ultrasound of a non-perforated appendicitis.
Ultrasound demonstrated an incompletely visualized
appendix (+) in the right lower quadrant measuring 5 mm
K with suspicious appearing free fluid (not shown). J

~

Figure 1a

Figure 1b Correlate CT demonstrating a retrocecal appendix,
measuring 5 mm and adjacent stranding (arrows)

K confirming appendicitis. J
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correctly diagnosed appendicitis in the resident and TA groups
were 34 and 22, with a sensitivity of 0.57 and 0.67, respectively
(p=0.73).

In the resident group, there was one false positive where the
resident misinterpreted a tubular structure as the appendix, and
a repeat US the following morning was found to be negative.
Of the remaining 34 positive reports, five were confirmed by a
follow up CT, one by US and the remainder by surgery (Table 2).
Two of these cases were perforated and retrocecal, while a third
was just retrocecal.

There were 216 initial negative US studies in the resident group,
of which, 85 patients underwent additional follow up diagnostic
imaging, the majority of these being CTs n=81, (Table 2). Twenty-
four of these follow up studies were found to be positive for
appendicitis (Table 2). An additional 2 in the equivocal category
was also positive. There were overall 200 true negatives,
prevalence of 0.23 and specificity of 0.995. This was with the
assumption that those without subsequent surgery or a follow
up study had a normal appendix.

In the technologist and attending group, CT confirmed 6 of the 22
positive initial US cases, while the remainder was confirmed at
surgery. Within this group, two appendices were retrocecal, one
perforated, and one perforated and retrocecal. There were 174
initial negative US reports, of which, 46 underwent additional
follow up diagnostic imaging, all of which were CTs. Eleven of
these follow up studies were positive for appendicitis (Table 3).
There was one additional acute appendicitis in the equivocal
category giving overall 167 true negatives, prevalence of 0.17 and
specificity of 1.

Overall, there were 85 (39.5%) and 46 (26.4%) additional studies
ordered after a negative initial US in the resident and TA groups,
respectively (p=0.010). The number of false negatives in the
overall, resident and TA groups were 35 of 91 (38%), 24 of 58
(41%), and 11 of 33 (33%), respectively (p=0.68).

Equivocal US reports accounted for 10 cases in the resident
group and 5 in the TA group (p=0.60). In the resident group, two
patients underwent additional diagnostic evaluation with CT and
were found to have appendicitis. One case was retrocecal, while
the other was perforated and retrocecal. Of the 5 equivocal cases

Table 1 Comparison of Results: Resident to technologist and attending.

Resident T/A

Overall/p

Negative Initial US

False Negatives 24 (41%) 11 (33%) 35/p=0.68

Equivocal US 10 (3.8%) 5 (2.5%) 15

T/A = Technologist And Attending; US = Ultrasound.
© Under License of Creative Commons Attribution 3.0 License

2016

Vol.2No. 1:6

Journal of Pediatric Carel

ISSN 2471-805X

Table 2 Pediatric appendicitis ultrasound: Resident performance.

Results

False Positive Repeat US was negative

Confirmed on 23 CTs, 1 US; 10
retrocecal, 5 perforated (2 also
retrocecal)

False Negative

US = Ultrasound; Sx = Surgical; CT = Computed Tomography; MR:
Magnetic Resonance.

Table 3 Pediatric appendicitis ultrasound: Technologist and attending
performance.

Results

All CTs

Additional studies ordered 46 (of
after a negative initial US 174)

CT positive in 1; retrocecal and
perforated

US = Ultrasound; Sx = Surgical; CT = Computed Tomography

Equivocal Study 5

in the TA group, one received a follow up CT, which was positive,
with a retrocecal and perforated appendix. Of the initial positive
US reports for both groups (56), 7 patients had a retrocecal and/
or perforated appendix. However, in the falsely negative US
reports overall (35), there were 23 (65.7%) cases of retrocecal
and/or perforated appendices. The overall prevalence for acute
appendicitis in our population was 20%.

Discussion

Ultrasound has traditionally been touted as dependent on
the skill of the operator. In our study at a large general urban
medical center, the performance of the resident group was on
par with the TA group in the proportion of appendicitis correctly
diagnosed as well as falsely determined as negative. Our findings
suggest that variability in our population may be more a result of
limitations of the examination rather than the operator’s skill in
pediatric appendicitis.

A false-negative US can be due to an aberrant location of the
appendix, such as a retrocecal appendix. A multicenter cohort
study by M Mittal et al (2013) found variable sensitivity in
diagnosing appendicitis across ED sites, in large part due to the
varied ability to visualize the appendix [5]. In fact, detection rates
of an abnormal appendix vary widely in literature, from 22% to
98% [6-8]. A retrocecal appendix can be seen in as much as 20
to 65% of patients, with intraperitoneal being the most common
location [9,10]. Given our population this can significantly impact
the visualization of the appendix. 3



Additional causes of false negative reports can be due to focal
(tip) appendicitis or a perforated appendix, which can occur in
20-30% of the cases [11]. A perforated appendix can make a more
difficult diagnosis due to decompression of the appendix lumen.
In our study, both groups demonstrated a higher number of
retrocecal and/or perforated appendix cases in the false negative
US studies while there was a much lower incidence in studies that
correctly identified appendicitis on the first US.

A direct comparison to other studies is difficult to make due to
lack of a similar comparison group. However the false negative
rates for both groups (Table 1) were slightly higher or in line with
other studies in the literature [12-14]. We also realize that the
reported sensitivity in the literature is higher than that reported
in our study, 67% versus 88% [15]. However, we believe these
differenced to be affected by a higher percentage of obesity
unique to our urban population, which can impair the soft tissue
penetration of ultrasound and ultimately its sensitivity.

A prior study by Pohl D comparing technologist with and
without on site radiologist supervision found little difference in
sensitivity and specificity in diagnosing pediatric appendicitis [9].
On the other hand, a study of 1,009 US evaluations in pediatric
appendicitis found a higher detection rate of the appendix when
the study was performed by specialized pediatric sonographers
in comparison to general sonographers; however a conclusion of
outcome with regard to appendicitis was not addressed [13]. The
only patient specific factor that influenced visualization of the
appendix reported was body habitus [13].

Additionally and an original concern of this study, was the
statistically significant higher number of additional tests ordered
when the initial US study was negative and performed by the
resident overnight. Since the majority of the follow up studies
were CTs these additional studies result in unnecessary ionizing
radiation to the pediatric patients. The results on this study
however showed that there was no statistical difference in the
prevalence, sensitivity and number of false negatives between
the two groups. The additional studies overnight may be a
reflection of the clinicians’ degree of confidence in a resident
performing the exam, or confidence in an ultrasound diagnosis.
An alternative explanation can be that the clinicians may have
suspected other etiologies in addition to appendicitis for which a
CT was additionally ordered. Thus an argument can be made that
these additional CTs may have been warranted, although this was
not investigated in this study.
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A large number of positive cases were also reconfirmed in both
groups. It is not clear why this occurred, however it is conceivable
that he clinical picture may have been equivocal even while
the ultrasound diagnosis was clear. Additionally, given the lack
of adequate medical access and delay of care in our patient
population, there may be a heightened sensitivity for perforation
and abscess by the clinicians, which may not have been seen on
ultrasound.

Our study had several limitations. It was not possible to confirm
the absence of appendicitis in children who were not operated on,
it was assumed these patients did not have appendicitis by lack
of further clinical or diagnostic assessment. It is entirely possible
that some patients may have had spontaneous resolution of
untreated appendicitis or that some patients may have sought
care at an outside facility, underestimating the false negatives.
Likewise, we must acknowledge that some patients who were
highly suspicious for appendicitis may have received surgery
without diagnostic imaging. Secondly, this study did not separate
residents or attending radiologists by level of experience.
Thirdly, this is a single institution study and the results are more
applicable to community hospitals. Lastly, we do not know the
outcomes of the additional imaging obtained on true negative
cases, as alternative diagnoses may have been made warranting
such follow up.

We believe that after obtaining minimum competency in the
use and interpretation of sonography, diagnosis of appendicitis
in a pediatric patient is more likely to be limited due to the
aforementioned reasons rather than the experience of the
operator in an urban medical center.

Conclusion

In this study there was no statistical difference between
residents of multiple levels of training and technologists and
attendings with varying levels of experience in the evaluation
of pediatric appendicitis. Additionally, significantly more follow
up studies were ordered when the initial US study was negative
and performed by the resident resulting in additional ionizing
radiation to the pediatric population.
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