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Abstract

Objectives: To determine the accuracy and interrater reliability of 1) point-of-care ultrasound
(POCUS) image interpretation for identification of intussusception and 2) reliability of
secondary signs associated with intussusception among experts compared to novice POCUS
reviewers.

Methods: We conducted a planned secondary analysis of a prospective, convenience sample of
children aged 3 months to 6 years who were evaluated with POCUS for intussusception across
17 international pediatric emergency departments between October, 2018, and December, 2020.
A random sample of 100 POCUS examinations was reviewed by novice and expert POCUS
reviewers. The primary outcome was identification of the presence or absence of intussusception.
Secondary outcomes included intussusception size and the presence of trapped free fluid or
echogenic foci. Accuracy was summarized using sensitivity and specificity, which were
estimated via generalized mixed effects logistic regression. Interrater reliability was summarized
via Light’s kappa statistics with bootstrapped standard errors (SEs). Accuracy and reliability of
expert and novice POCUS reviewers were compared.

Results: Eighteen expert and 16 novice POCUS reviewers completed reviews. The average
expert sensitivity was 94.5% (95% confidence interval [CI]: 88.6, 97.5) and the specificity was
94.3% (95% CI: 90.3, 96.7), significantly higher than the average novice sensitivity of 84.7%
(95% CI: 74.3, 91.4) and specificity of 80.4% (95% CI: 72.4, 86.7). Kappa was significantly
greater for expert (0.679, SE 0.039) compared to novice POCUS reviewers (0.424, SE 0.044;
difference 0.256, SE 0.033). For our secondary outcome measure of intussusception size, kappa
was significantly greater for experts (0.661, SE 0.038) compared to novices (0.397, SE 0.041;
difference 0.264, SE 0.029). Interrater reliability was weak for expert and minimal for novice
reviewers regarding the detection of trapped free fluid and echogenic foci.

Conclusion: Expert POCUS reviewers demonstrate high accuracy and moderate interrater
reliability when identifying intussusception via image interpretation and perform better than
novice reviewers.



Introduction

Point-of-care ultrasound (POCUS) has been shown to be a useful adjunct for the evaluation of
pediatric abdominal complaints.!* Recent investigations have shown that POCUS performs
similarly to radiology-performed ultrasound (RADUS) for the identification of intussusception,
with a diagnostic accuracy ranging from 92-98%.*° However, routine use of POCUS for the
evaluation of intussusception has been limited, in part due to varying levels of sonography
experience among staff members and the relative nascency of POCUS within the field of
pediatric emergency medicine (PEM).!%!* Although nearly all PEM fellowship programs now
include some form of POCUS training in their curriculum, both the educational content and
competency requirements vary.'* Given this variation in experience among clinicians, it is
essential to understand the accuracy and reliability of POCUS findings among PEM physicians
prior to the routine adoption of POCUS, particularly for more specific applications such as the
identification of intussusception.

Although POCUS has been shown to be an accurate tool for the evaluation of
intussusception among experienced sonologists, no studies have evaluated the accuracy and
interrater reliability of POCUS image interpretation among PEM physicians with varying
degrees of ultrasound experience. Therefore, our primary aim in the present study was to
determine the accuracy and interrater reliability of POCUS image interpretation for the
identification of intussusception among expert compared to novice PEM POCUS reviewers. Our
secondary aim was to determine the interrater reliability of POCUS for the identification of

secondary sonographic signs associated with intussusception.

Methods



Study Design and Setting

We conducted a planned secondary analysis of POCUS images obtained from a prospective,
convenience sample of children aged 3 months to 6 years who were evaluated for intussusception
between October, 2018, and December, 2020, in an international diagnostic study.’ In the
primary study, children were enrolled in 17 urban, pediatric emergency departments (EDs)
across North and Central America, Europe, and Australia. Twelve sites were university-based
academic medical centers with affiliated children’s hospitals, four were large community
children’s hospitals, and one was a large urban academic center with a dedicated pediatric ED.
For the present study, de-identified POCUS images/video clips from the primary study were
reviewed.® The institutional review board or ethics committee at each participating institution

approved this study.

Summary of Primary Study
Enrollment in the primary study occurred consecutively when an expert POCUS user was
available.’> All children received both POCUS and RADUS, and a total of 35 expert POCUS
sonologists participated in enrollment. Novice POCUS reviewers did not participate in the
primary study.

Our POCUS protocol recommended the use of a linear, high-frequency (10-5 MHz, 15-6
MHz) transducer. The manufacturers and models of ultrasound machines varied by site. Expert
POCUS sonologists were instructed to place the patient in a supine position and move the
transducer superiorly from the right lower quadrant to the hepatic flexure, laterally to the splenic
flexure, inferiorly to the left lower quadrant, and across the mid-abdominal region at their

discretion. We asked that at least two still images or video clips were obtained in transverse and



longitudinal planes in each quadrant, for a total of 8 images/clips. If fewer than 8 images/clips
were obtained, all available images were included. If an intussusception was identified, POCUS
sonologists were asked to capture at least one still image in the short axis plane of the

intussusception and one still image in the longitudinal plane.

POCUS Image Database

Out of a total of 201 POCUS examinations available, a random sample of 100 examinations was
selected for review. Size measurements and images with color Doppler flow were removed prior
to review. Of the random sample of 100 POCUS examinations, the mean number of video clips
per study was 8.0 (standard deviation [SD] 3.3), and the mean number of still images per study
was 8.0 (SD 3.4). The design was fully crossed in that each POCUS reviewer evaluated all 100
randomly sampled examinations.!> POCUS reviewers were blinded to the initial POCUS and
RADUS interpretations from the primary study. De-identified POCUS examinations were
accessed via a secure, HIPAA-compliant website (www.sonoclipshare.com). Reviews were

collected and managed using a secure online database (REDCap).'®

POCUS Reviewers

Expert POCUS reviewers were defined as those who completed an ultrasound fellowship, hold a
Registered Diagnostic Medical Sonographer (RDMS) certification, or who have completed at
least 20 POCUS examinations for intussusception with at least one positive result. Novice
POCUS reviewers were defined as physicians not meeting the expert reviewer criteria and who
were either a) pediatric or emergency medicine (EM) residents, b) PEM fellows, or c) pediatric

or EM attending physicians with minimal POCUS experience. Additionally, novice reviewers


http://www.sonoclipshare.com/

were required to have basic POCUS competency as determined by the expert POCUS user at
their site. All POCUS reviewers watched a brief 20-minute video on POCUS findings for

intussusception prior to performing the image review.

Outcomes
Our primary outcome was whether POCUS reviewers identified any intussusception (i.e.,
ileocolic or ileolileal) or no intussusception. This outcome was chosen over the identification of
ileocolic intussusception alone because POCUS reviewers could not readily measure
intussusception size on image review (e.g., measurement >2 cm). For the assessment of
accuracy, the reference standard was the interpretation of both the original RADUS and POCUS;
images with discordant RADUS and POCUS interpretations were excluded because the RADUS
diagnosis likely could not be arrived at from the POCUS images. Our secondary outcomes were
estimation of the size of intussusception as >2 ¢cm or <2 cm based on the scale on POCUS
images, and secondary sonographic signs associated with ileocolic intussusception, including the
presence or absence of trapped free fluid or echogenic foci within the intussusception. Accuracy
and reliability were assessed for the primary outcome, but only reliability was assessed for the
secondary outcomes because a reference standard was not available.

Additional outcome measures included POCUS reviewer confidence in their evaluation
and POCUS examination quality. POCUS reviewer confidence was dichotomized as low (i.e.,
not at all, somewhat, or moderately confident) or high (i.e., very or completely confident).
POCUS examination quality was rated by an independent POCUS experts not involved in the
examination reviews using a modified POCUS image quality (IQ) scale (Supplement).!”

Specifically, the modified POCUS IQ scale ranks seven items on a scale of 0, 1, or 2 for a



highest possible score of 10. Items scored in the modified POCUS 1Q scale include depth, gain,

probe control, visualization of relevant anatomy or landmarks, and completeness.

Statistical Analysis
The characteristics of both the expert and novice POCUS reviewers were summarized, including
the level of medical training (EM vs pediatrics trained), completion of PEM fellowship, level of
POCUS training, and number of years of POCUS experience (<2, 3-4, 5-6, 7-8, 9-10, >10).

Accuracy was assessed using sensitivity and specificity with respect to the reference
standard. The sensitivity and specificity of the POCUS reviewers were summarized descriptively
and modelled via generalized mixed effects logistic regression. The latter method models the
dichotomous outcome of a correct interpretation as a function of the reference standard and the
POCUS reviewers’ experience and also accounts for rater and image random effects (estimated
separately for experts and novices). The percentage of (latent) variation explained was used to
summarize the degrees to which variation in the images and variation in the raters explained the
(latent) variance.'®

For the assessment of reliability, kappa statistics were used to measure agreement for our
primary outcome. Kappa statistics were also applied to secondary outcomes. In particular,
Light’s kappa statistic was used to account for multiple raters and a fully crossed design.'>!° The
interpretation of Light’s kappa statistic is the average Cohen’s kappa statistic of all possible
pairwise combinations of raters. Kappa statistics were compared between expert and novice
POCUS reviewers, and standard errors (SEs) were estimated via bootstrapping (by resampling
images). The Kappa level of agreement was interpreted as follows: 0-0.20 was interpreted as

none, 0.21-0.39 as minimal, 0.40-0.59 as weak, 0.60-0.79 as moderate, 0.80-0.90 as strong, and



>0.9 as almost perfect. All analyses were performed using R Statistical Software (version 4.1.1;

R Foundation for Statistical Computing, Vienna, Austria).

Results

A total of 18 expert and 16 novice POCUS reviewers participated. The expert reviewers were
more likely to have received PEM fellowship training and had more years of POCUS experience
compared to the novices. Across all reviewers, most had received training in pediatrics (Table
1).

Of the 100 randomly sampled POCUS images from the database, the original POCUS
and RADUS operators both classified 28 as having intussusception (ileocolic, n=26; ileoileal,
n=2) and 71 as having no intussusception (Figure 1). One image had discordant diagnoses, and
this image was excluded from the accuracy assessment. Median modified POCUS IQ score was
8 (IQR 7,9).

The expert reviewers were more accurate at interpreting POCUS examinations (Figure 2,
Table 2). Among the expert reviewers, the average sensitivity was 88.9% (SD 12.4) and the
average specificity was 89.3% (SD 9.6), whereas among novice reviewers the average sensitivity
was 77.0% (SD 14.3) and the specificity was 75.7% (SD 14.8). Mixed effects logistic regression
models estimated the average expert sensitivity at 94.5% (95% confidence interval [CI]: 88.6,
97.5) and specificity at 94.3% (95% CI: 90.3, 96.7), which were significantly higher than the
average novice sensitivity of 84.7% (95% CI: 74.3, 91.4) and specificity of 80.4% (95% CI:
72.4, 86.7). The percent of (latent) variation explained by POCUS examination images (37% and
34% for experts and novices, respectively) was higher than the variation explained by reviewers

(10% and 6%).



Interrater reliability was moderate among expert and weak among novice POCUS
reviewers for identification of any intussusception and for differentiating ileocolic from ileoileal
intussusception (Table 2). For the binary interpretation of identification of any intussusception,
kappa was significantly greater for expert (0.679, SE 0.039) compared to novice POCUS
reviewers (0.424, SE 0.044; difference 0.256, SE 0.033). Similar findings were seen for the
ordered 3-level interpretation of no intussusception versus ileoileal intussusception versus
ileocolic intussusception.

The proportion of studies for which the reviewer had high confidence in their
interpretation was greater for expert compared to novice reviewers, with average proportions of
77.6% (SE 3.9) for expert and 22.1% (SE 1.3) for novice POCUS reviewers. Notably, 10 novice
users had high confidence in less than 10% of their evaluations.

For the secondary outcome measure of intussusception size, interrater reliability was
moderate among expert and weak among novice POCUS reviewers (Table 2); kappa was
significantly greater for expert (0.661, SE 0.038) compared to novice POCUS reviewers (0.397,
SE 0.041; difference 0.264, SE 0.029). Interrater reliability was weak for expert and minimal for

novice reviewers regarding detection of trapped free fluid and echogenic foci.

Discussion

In this study of pediatric and general EM physicians with varying levels of proficiency using
POCUS, expert POCUS reviewers demonstrated high accuracy and moderate interrater
reliability for the identification of intussusception via image interpretation. In contrast, novice
POCUS reviewers demonstrated modest accuracy and weak interrater reliability, suggesting that

curricula emphasizing image interpretation, in addition to image acquisition and clinical



integration, may be needed for residents and PEM fellows in training. Our results have
implications for pediatric hospital systems seeking to expand POCUS use and training, as well as
stakeholders in medical education.

As interest in utilizing POCUS continues to grow within pediatric EDs, it is important to
develop evidence-based implementation strategies that improve patient outcomes without
compromising safety. Recent research has focused on the use of POCUS for intussusception and
has shown that POCUS has high sensitivity, specificity, and diagnostic accuracy for this
application when compared to RADUS.*>%2127 The use of POCUS for the evaluation of
intussusception has several potential benefits to patients, including improvement of patient
throughput in the ED, focusing the need for further diagnostic testing, and informing decisions
regarding transfer from general to pediatric centers. In one recent multicenter study, 38% of
children transferred from an outside hospital had a negative intussusception evaluation at the
receiving hospital, suggesting that these transfers may have been avoidable assuming there was
no other indications for transfer.> Recent studies have also shown that clinical pathways for
intussusception using a POCUS-first strategy lead to reduced times to diagnosis and treatment,
and shorter ED length of stay without significant increases in negative outcomes.?*?° Despite
these benefits, the identification of intussusception using POCUS is not routinely taught across
pediatric residency or PEM fellowship programs. In a survey of PEM fellowship programs
across the U.S., only 64% of fellows reported specific POCUS training for intussusception.'*
However, the need for greater POCUS training for intussusception is also becoming increasingly
recognized. Two recent modified Delphi studies outlined core content for PEM POCUS training,

and both included identification of intussusception.?%*!



Several studies have examined whether novice POCUS reviewers perform similarly to
experts in diagnosing intussusception. Tonson la Tour et al. recently showed that the diagnostic
accuracy for the identification of POCUS was 92% among novice POCUS reviewers compared
to 98% among experts, where novice reviewers were defined as having no previous experience
with bowel sonography other than a one-day ultrasound course.’ However, few expert POCUS
reviewers were included in this study, leading to wide CIs when evaluating the difference
between diagnostic accuracy among experienced compared to inexperienced POCUS reviewers.’
Another study among PEM physicians who participated in a one-hour course followed by hands-
on scanning showed that novice POCUS reviewers were able to identify intussusception with a
sensitivity of 85% (95% CI 54-97) and specificity of 97% (95% CI 89-99) compared to
RADUS.* Similar to previous studies, expert POCUS reviewers in our study demonstrated
greater accuracy evaluating images compared to novices, who also tended to be less confident
than experts. Our findings suggest that those with more POCUS experience may be best suited to
perform this application in clinical practice. This has been suggested by one recent survey of
PEM fellow and program leaders, which showed that PEM program leaders endorsed
significantly greater competency for identifying intussusception on POCUS compared to
fellows.'* Similarly, it has been estimated that the sensitivity of POCUS for the identification of
intussusception is 90% among PEM physicians with focused training in bowel sonography
compared to 79% among those without formal training.® More recently, Hsiao et al. showed that
misdiagnosis of intussusception by POCUS decreased from 44% to 13% after the
implementation of formal POCUS training; however, misdiagnosis rates improved more among

senior compared to junior physicians with less clinical experience.*?> Given the modest sensitivity



and specificity among novice reviewers in our study, it is likely that more focused training
curricula, including image interpretation, is needed for residents and PEM fellows.
Although recommendations for PEM POCUS training include the identification of

intussusception,>*-31-33

they do not differentiate between ileocolic versus ileoileal intussusception.
This distinction is clinically important, as these patients are managed differently. Earlier studies
have demonstrated moderate to strong interrater reliability for differentiating ileocolic from
ileoileal intussusception. Park et al. showed that the reliability (kappa) of determining ileocolic
versus ileoileal versus an equivocal interpretation was 0.85 (95% CI 0.68-1.0) when comparing
the initial sonologist’s interpretation to that of an expert reviewing the POCUS images.>* The
authors also noted that all discrepancies involved determination of ileoileal intussusception
versus an equivocal interpretation, and that no discrepancies involved ileocolic intussusception.>*
In a more recent study, the interrater reliability (kappa) between two expert reviewers was 0.747
(95% CI 0.518-0.976) for identifying ileocolic versus ileoileal versus no intussusception.’ Our
results show a marginally lower ordered 3-level kappa among expert POCUS reviewers,’ which
may be a result of including many more reviewers in the present study or of the low number of
examinations showing ileoileal intussusception (n=2). Further research may be needed to

determine whether PEM physicians can accurately differentiate ileocolic from ileoileal

intussusception, and this distinction should be incorporated into PEM POCUS training.

Limitations
Several factors may have influenced the reviewer’s interpretation of POCUS examinations.
These include the potential for reviewers to have reviewed images from their own institution

(e.g., expert reviewers may have recognized images previously collected), variation in image



quality for each POCUS examination (i.e., poor image acquisition affecting image
interpretation), and the number of images/clips obtained per examination. However, variation in
1Q also reflects what is obtained in clinical practice when performing a POCUS examination on
a young child who may be fussy or inconsolable. Further, the median modified POCUS IQ score
was 8 out of 10, suggesting that most images were of high quality. Second, we removed
measurements and color Doppler from all images to reduce bias in the reviewer’s interpretations,
but omitting such information may have influenced reviewer ratings as well. We also did not
include information regarding the location of the intussusception, which may have influenced the
determination of ileocolic versus ileoileal intussusceptions.*® Third, one criterion that we utilized
to differentiate expert from novice POCUS reviewers was the completion of at least 20 POCUS
exams for intussusception with at least one positive result, which is marginally less than what has
been suggested for reaching competence.*® However, we also defined expert reviewers as having
completed an ultrasound fellowship or an RDMS certification, so it is unlikely that our expert
reviewers lacked sufficient POCUS experience. Further, approaches that emphasize
individualized training and direct observation,*” particularly with regard to the assessment of
technique and image interpretation,*® may be more appropriate for determining POCUS
competency. Lastly, image interpretation of POCUS images in isolation is not the same as
obtaining images in real time at the patient’s bedside, where the physician can integrate the
history and physical examination findings into clinical decision-making. Reviewers in our study
did not physically perform the POCUS examination or have access to clinical findings, which
may have led to lower than expected interrater reliability among both novice and expert
reviewers. This possibility is supported by one recent study showing that the sensitivity of

POCUS improved from 87% to 97% after excluding physicians who had an inconclusive



physical examination,’ suggesting that the incorporation of physical examination findings may

impact the likelihood of identifying an intussusception on POCUS.

Conclusions

Using a large database of POCUS examinations for intussusception, we showed that expert
POCUS reviewers demonstrate high accuracy and moderate interrater reliability for the
identification of intussusception. In contrast, novice POCUS reviewers demonstrated modest
accuracy and weak interrater reliability. Our results suggest that further training emphasizing
image interpretation may be needed, in addition to hands-on training, prior to implementation in

clinical practice.
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Table 1. Characteristics of expert and novice POCUS reviewers

Expert Novice
N=18 N=16 (%)
(%)
Pediatrics residency training** 15 (83.3) 13 (81.3)
Emergency medicine residency training** 5(27.8) 4 (25.0)
Fellowship training
Pediatric emergency medicine 18 6 (37.5)
(100.0)
None 0 (0.0) 10 (62.5)
Current level of practice
Attending, pediatric emergency medicine 18 2 (12.5)
(100.0)
Fellow, pediatric emergency medicine or POCUS 0(0.0) 7 (43.8)
Resident, pediatrics or emergency medicine 0(0.0) 7 (43.8)
POCUS experience, years
0-3 1(5.6) 15 (93.8)
4-6 4(22.2) 0 (0.0)
7-210 13 (72.2) 1(6.2)

*Fisher’s exact test.

**Some reviewers reported dual training in both pediatrics and emergency medicine for residency.
POCUS, point-of-care ultrasound.



Table 2. Accuracy and interrater reliability between expert and novice POCUS reviewers

Expert Novice Odds Ratio
Accuracy 95% CI) (95% CI) (95% CI)
Sensitivity 94.5% (88.6, 97.5) 84.7% (74.3,91.4) 3.1(1.1,8.7)
Specificity 94.3% (90.3, 96.7) 80.4% (72.4, 86.7) 4.1(1.9,84)
Expert Novice Difference*
Interrater Reliability (Kappa) (Standard Error) (Standard Error) (Standard Error)
No vs any intussusception 0.679 (0.039) 0.424 (0.044) 0.256 (0.033)
No vs ileoileal vs ileocolic 0.653 (0.036) 0.353 (0.036) 0.299 (0.028)
intussusception
Size <2 or >2 cm 0.661 (0.038) 0.397 (0.041) 0.264 (0.029)
Trapped free fluid 0.517 (0.028) 0.307 (0.030) 0.210 (0.028)
Echogenic foci 0.517 (0.027) 0.291 (0.027) 0.226 (0.026)

*For comparison of expert and novice POCUS reviewers, all p-values <0.0001.

Sensitivity and specificity were modelled via generalized mixed effects logistic regression,
accounting for rater and image random effects (estimated separately for experts and novices).
POCUS, point-of-care ultrasound.



Figure Legends

Figure 1. Examples of POCUS examinations positive for ileocolic (A and B) and ileoileal
intussusception (C), and negative for intussusception (D).

Figure 2. Accuracy of expert and novice POCUS reviewers for each POCUS examination.






TP: POCUS ileoileal/RADUS ileocolic or POCUS ileocolic/RADUS ileaoileal

TP: POCUS ileocolic/RADUS ileocolic or POCUS ileoileal/RADUS ileoileal
FP: POCUS ileocolic or ileoileal/RADUS negative

TN: POCUS negative/RADUS negative
.FN: POCUS negative/RADUS lleocolic or ileoileal
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POCUS IQ Scale User Guide

The POCUS IQ Scale is meant to evaluate a study in its entirety; all clips for a single application. For this study, it
will be applied to all of the clips in a single day.

The scale includes 5 domains, each scored 0-2 on an ordinal scale. Provided are some descriptions of each domain
and examples to orient you on suggested scoring.

Depth - Too shallow images, where important anatomy is missing, should score a 0 (inadequate). Well-centered
images with area of interest in the focal zone score a 2 (ideal). If adjusting the depth would improve the image but
is not entirely necessary, that is a 1 (adequate).

Gain/Presets — Images that are significantly over/undergained would be a 0 (inadequate). If the gain is at a level
you would not change for the application that would be a 2 (ideal). Slightly over- or under- gained images would be
a 1 (adequate).

Probe Control - This refers to overall smoothness in moving clips. Novice sonographers tend to have more jerky
probe movements or lose contact with the skin (0), while experienced sonographers tend to have more fluid,
smooth movements (2).

Anatomy/Landmarks — If every clip demonstrates both the superior and inferior aspect of the intussusception,
that would correspond with a score of 2. If most clips demonstrate superior and inferior aspect of intussusception
or the superior or inferior aspect are missing that would be a 1. If no clip demonstrates the correct landmarks, or if
the anatomy is difficult to visualize due to angle of insonation, depth/zoom, or other artifacts- that would be a
score of 0.

Completeness — Are all the appropriate views fully obtained? For example, ideal views include both upper and
lower aspect of the intussusception for every clip/zone and views of the intussusception in both short and long axis
would be scored a 2. If only 1 view of the intussusception was obtained or the intussusception is not visualized that
would be scored a 1. If there was only partial visualization on the intussusception (e.g., bury image or quick view
on cine clip) that would be 0. For studies with no identified intussusception, there should be multiple view at the
appropriate depth (4-5 cm) with good visualization of bowel (2). If there is partial visualization of the bowel with
only artifact from bowel gas that would be 1, and all views with predominantly all bowel gas would be 0.
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