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Abstract

Obijective: Point-of-care ultrasound for the detection of hydronephrosis is frequently
used by emergency physicians. The aim of this study was to assess the accuracy of
longitudinal views of the kidney compared with a combination of longitudinal and
transverse views of the kidney on emergency physician-performed renal point-of-care
ultrasound to detect hydronephrosis.

Methods: This was a retrospective case-control study of patients who received a renal
point-of-care ultrasound examination performed and interpreted as hydronephrosis
in the emergency department (ED). These were then matched with a cohort of kid-
neys from different patients without hydronephrosis. Longitudinal ultrasound views
and transverse ultrasound views were reviewed for the presence of hydronephrosis
by ultrasound-trained emergency physicians. The gold standard of hydronephrosis was
an overall interpretation based on the complete ultrasound examination consisting of
both transverse and longitudinal views by ultrasound-trained emergency physicians.
Results: Renal point-of-care ultrasound exams from 140 kidneys performed in the ED
were enrolled in the study. The sensitivity and specificity of longitudinal ultrasound
views compared with a combination of longitudinal and transverse ultrasound views
of the kidney as a gold standard were 84.3% (95% confidence interval [Cl], 77.2-89.9)
and 92.9% (95% Cl, 87.3-96.5), the positive predictive value was 92.2% (95% Cl, 86.1-
96.2), and the negative predictive value was 85.5% (95% Cl, 78.9-90.7). The positive
and negative likelihood ratios were 11.8 (95% Cl, 6.5-21.5) and 0.2 (95% Cl, 0.1-0.2),
respectively.

Conclusions: Longitudinal views of the kidney on ultrasound showed good sensitivity
and specificity to detect the presence of hydronephrosis compared with a combination
of longitudinal and transverse ultrasound views of the kidney. However, a combina-
tion of longitudinal and transverse ultrasound views may still be warranted in high-risk

patients or in those with inadequate visualization of the upper pole of the kidney.
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1 | INTRODUCTION

1.1 | Background

Urolithiasis is common and recurrent, with a lifetime incidence of 12%
and recurrence rates of up to 50%. Many of these patients present to
the emergency department (ED) for diagnosis and acute management,
placing a significant burden on the healthcare system.? Ultrasound is
non-invasive, can be performed quickly at the patient’s bedside, and
involves no radiation. In addition, there is increasing concern that com-
puted tomography (CT) scans contribute to extra healthcare expenses
and risk exposure to radiation.? Point-of-care ultrasound (POCUS) for
the detection of hydronephrosis by emergency physicians is an estab-
lished practice and is now integrated as a core emergency ultrasound
application.* This examination has a sensitivity of 86% to 93% and
a specificity of 81% to 82% in the hands of experienced emergency
physicians when compared with CT.>¢

Hydronephrosis is a finding on renal POCUS that suggests obstruc-
tion of the urinary tract, most often from urolithiasis. Hydronephrosis
develops centrally in the kidney, appearing as an anechoic (black) fluid
collection that distends the renal collecting system. Hydronephrosis
can be quantified as mild, moderate, or severe, depending on a subjec-
tive assessment of the degree of pelvicalyceal dilatation.” Because of
its central location, hydronephrosis can be visualized in a longitudinal
plane and can also be seen in a mid-transverse plane at the level of the
renal hilum.

Detecting hydronephrosis by ultrasound can help clinicians quickly
stratify their patients and expedite decisions regarding management
and disposition from the ED.8 Ultrasound identification of mild or mod-
erate unilateral hydronephrosis can obviate further radiologic testing,
whereas severe hydronephrosis predicts a high risk of stone passage

failure warranting CT imaging and referral.’

1.2 | Importance

Many authors state unequivocally that imaging the kidneys in both
longitudinal (coronal) and transverse (axial) planes is essential to
the successful performance of renal POCUS.810 |n 2018, in the
ultrasound section of the Emergency Ultrasound Standard Report-
ing Guidelines, the American College of Emergency Physicians (ACEP)
described the longitudinal and transverse views of the kidneys as “core
emergency ACEP views” for focused renal/urinary tract ultrasound
examinations.'! However, previous research has noted that 65% of
physicians identified lack of time to perform POCUS as a barrier to
using POCUS.2 Another study reported that 37% of physicians identi-
fied time to perform POCUS as a barrier to the regular use of POCUS in

their practice.!® The requirement of 2 views adds to the time required
to perform and interpret the ultrasound examination, with a potential
negative impact on clinical efficiency and a timely quality assurance
(QA) process. Although it seems intuitive that more images should
result in more accurate interpretation, there is no research assessing

the benefit of acquiring 2 views of the kidney as opposed to 1 view.

1.3 | Goals of this investigation

The aim of this study was to assess the accuracy of longitudinal views of
the kidney compared with a combination of longitudinal and transverse
views (2 views) of the kidney on emergency physician-performed renal
POCUS to detect hydronephrosis.

2 | METHODS

2.1 | Study design and setting

This was a 1:1 matched retrospective case-control study of patients
who had received a renal POCUS examination performed in the ED at
Los Angeles County + University of Southern California (LAC + USC)
for diagnostic purposes. The study was given expedited approval by the
institutional review board and was considered exempt from informed
consent. LAC + USC ED is a tertiary urban county hospital ED with
an average annual census of 150,000. The site is home to an emer-
gency residency and an ultrasound fellowship program with ultrasound

fellowship-trained emergency physicians.

2.2 | Selection of participants and methods of
measurement

Stored renal POCUS examinations from adult patients (>18 years old)
who visited the ED at LAC + USC between August 1,2016, and Decem-
ber 31, 2017, were included in the study if they had received a renal
POCUS while in the ED for any of the following indications: flank pain,
back pain, abdominal pain, groin pain, hematuria, dysuria, acute kidney
injury, urinary retention, or urinary tract infection. Indications for each
study were determined based on the clinical suspicion of the clinician
performing the ultrasound.

All renal POCUS examinations were performed by attending emer-
gency physicians, emergency residents, or fourth-year medical stu-
dents using a SonoSite (Bothell, WA) M-Turbo or Xporte device and
phased array (5-1 MHz) or curvilinear (5-2 MHz) transducers. All exam-
inations were recorded as 6-second video files in both longitudinal
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(coronal) and transverse (axial) planes on an ED ultrasound database
(QPath, Telexy Healthcare, Maple Ridge, British Columbia) as a stan-
dard scanning and storage protocol required by local ED policy. All
renal POCUS examinations in QPath were reviewed for the presence
or absence of hydronephrosis during regularly performed QA, as deter-
mined by an ultrasound-trained emergency physician reviewer with
access to all associated renal POCUS images and the patient’s chart.
This preexisting overall interpretation of the complete ultrasound
(CUS) examination consisting of both longitudinal and transverse views
in QPath was used as the gold standard in this study.

Images in QPath from consecutive patients receiving renal POCUS
were reviewed by a principal investigator to identify a cohort of kidneys
demonstrating hydronephrosis based on the preexisting interpretation
of CUS by ultrasound-trained emergency physician reviewers in QPath.
These kidneys with hydronephrosis were then matched with a cohort
of kidneys from different patients without hydronephrosis by the prin-
cipal investigator and matched by age (+1 year), sex, and laterality
(right vs left kidney).

Only complete renal POCUS examinations recorded in B-mode
(2-dimensional) videos were included in the study by the principal
investigator. A complete examination was defined as including at least
1 longitudinal and 1 transverse view per kidney. Exclusion criteria
included examinations for which patient-identifying information was
incomplete or when renal POCUS views were not recorded in both lon-
gitudinal and transverse views, when still images rather than videos
were recorded, and when no videos were recorded in B-mode for-
mat (eg, only color Doppler format was recorded). A total of 140
kidneys with hydronephrosis from 121 patients and 140 kidneys with-
out hydronephrosis from an additional 121 patients were identified
in QPath. Representative videos of each kidney in both longitudi-
nal and transverse views were abstracted from each examination,
de-identified, and compiled into a file for viewing. The principal inves-
tigator showed the videos of longitudinal ultrasound (LngUS) views
and transverse ultrasound (TUS) views of the kidney separately in ran-
dom order to expert reviewers blinded to the interpretation of either
the performing emergency physician or the overall interpretation in
QPath (CUS) and blinded to any radiology imaging results. All 3 expert
reviewers were emergency physicians in the emergency ultrasound
division who had advanced training in emergency ultrasound, including
completion of an ultrasound fellowship or registered diagnostic medi-
cal sonographer certification with extensive (>10 years) experience in
POCUS QA and teaching. Each expert reviewer was asked to assess
a random selection of LngUS and TUS views of the kidney separately
for the presence or absence and degree of hydronephrosis as well as
image quality according to the ACEP 5-point QA grading scale.!! A
grade 1 image is an image with no recognizable structures, and there-
fore no objective data can be gathered. A grade 2 image is an image with
minimally recognizable structures but is insufficient for diagnosis. A
grade 3 image is an image with the minimal criteria met for a diagnosis
and recognizable structures but with some technical or other flaws. A
grade 4 image is an image with all structures imaged well so that a diag-
nosis is easily supported, and a grade 5 image is an image with excellent

quality with a diagnosis completely supported. Although not prospec-

The Bottom Line

Longitudinal ultrasound views alone can adequately detect
the presence of moderate to severe hydronephrosis com-
pared with combined longitudinal and transverse views of
the kidney. As a first-line screening tool, this may be helpful
in a busy emergency department where time may be a barrier

to performing renal point-of-care ultrasound.

tively validated, these guidelines represent a widely used set of criteria
for establishing POCUS image quality.

Hydronephrosis was defined as none, mild, moderate, or severe
according to standard definitions.” Mild hydronephrosis was defined
as mild renal pelvis dilation with no dilation of the calyces or parenchy-
mal atrophy. Moderate hydronephrosis was considered to be present
if the calices were confluent, resulting in a “bear’s paw” appear-
ance, and severe hydronephrosis was considered to be present if the
hydronephrosis was sufficiently extensive to cause effacement of the
renal parenchyma.’

To ensure good interrater reliability, we independently reviewed a
random sample of 14% of renal POCUS videos of LngUS and TUS views
with 2 blinded expert reviewers and compared for the presence or
absence and severity of hydronephrosis. Cases of disagreement were
adjudicated by a third blinded expert reviewer. Any additional renal
findings were also noted.

The gold standard was considered to be the preexisting over-
all interpretation of CUS images in identifying the presence of
hydronephrosis by an ultrasound-trained emergency physician who
had access to the patient’s chart but other patient’s investigation
on the patient’s chart was not used as a gold standard in this study.
We determined the accuracy of LngUS and TUS views in identi-
fying hydronephrosis using CUS as a gold standard. The patient’s
age, sex, and prior history of urolithiasis were obtained from chart

review.

2.3 | Outcome and analysis

Sensitivity and specificity analyses were conducted to compare LngUS
and TUS views versus CUS examination consisting of both transverse
and longitudinal views in identifying the presence of hydronephrosis.
We compared LngUS and TUS views with a CUS to detect the presence
of hydronephrosis using the sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and area under the curve
using the receiver operating characteristic (ROC) analysis. The result
was given with the confidence interval (Cl) of 95%. We performed
Wilcoxon signed-rank tests to examine the median difference in the
degree of hydronephrosis and image quality. Statistical analyses were
performed using Stata 13 with an « at 0.05. We performed a sample

size calculation for sensitivity and specificity analysis. To detect a 90%
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Initial screening
n=335 kidneys
from ED US database

Excluded: n=55
e Incomplete
examination, n=34
e Recorded in still

images, n=11
e Not recorded in B-
mode format, n=10

Hydronephrosis on CUS
n=140 kidneys

LngUS TUS
LngUS positive TUS positive
n=118 n=110
LngUS negative TUS negative
n=21 n=29
LngUS indeterminate TUS indeterminate
n=1 n=1

FIGURE 1
ultrasound; US, ultrasound

sensitivity and a 90% specificity with an expected prevalence at 50%
(1:1 matching), the study required 140 patients in the hydronephrosis

group as well as the group without hydronephrosis.

3 | RESULTS

3.1 | Characteristics of study subjects

Between August 1, 2016, and December 31, 2017, 140 kidneys
from 121 preexisting renal POCUS exams performed in the ED with
hydronephrosis on CUS were identified as seen in Figure 1. The control
group consisted of 140 kidneys without hydronephrosis, which were
match paired with the study subjects for kidney laterality, sex, and age
(within 1 year). Hydronephrosis was rated on CUS as mild in 96 (34.3%),
moderate in 25 (8.9%), and severe in 19 (6.8%) kidneys. There were 77
left kidneys (55%) in each group. Table 1 illustrates the demographic
characteristics.

3.2 | Main results

Our results show that LngUS views had a sensitivity of 84.3%, a speci-
ficity of 92.9%, a positive likelihood ratio (LR+) of 11.8, and a negative
likelihood ratio (LR—) of 0.2, whereas TUS views had a sensitivity of
78.6%, a specificity of 95.0%, a LR+ of 15.7,and a LR— of 0.2 for detect-
ing hydronephrosis compared with CUS as a gold standard (Table 2).

Control group
n=140 kidneys

LngUS TUS. ‘
LngUS positive TUS positive
n=10 n=7 )
LngUS negative TUS negative
n=130 n=133
LngUS indeterminate TUS indeterminate
n=0 n=0

Flowchart of participants. CUS, complete ultrasound; ED, emergency department; LngUS, longitudinal ultrasound; TUS, transverse

TABLE 1 Baseline characteristics and radiology testing performed
in patients with hydronephrosis identified on renal POCUS and
patients in the control group

Hydronephrosis Control
group group
Characteristics (n = 140) (n = 140)
Demographics
Mean age + SD, years 50+ 15 50+ 14
Male, n (%) 80(57) 80(57)
Clinical indication, n (%)
Abdominal pain 48 (34.3) 71(50.7)
Flank pain 40 (28.6) 37 (26.4)
Hematuria 8(5.7) 9(6.4)
Dysuria 7 (5) 7(5)
Acute kidney injury 9 (6.4) 3(2.1)
Urinary retention 17 (12.1) 4(2.9)
Anuria 1(0.7) 0(0)
Back pain 4(2.9) 5(3.6)
Urinary tract infection 5(3.6) 4(2.9)
Groin pain 1(0.7) 0(0)
Prior history of stone, n (%) 30(21.4) 17 (12.1)
CT performed, n (%) 52(37.1) 41(29.3)
Radiology ultrasound 21(15.1) 15(10.7)

performed, n (%)

Abbreviations: CT, computed tomography; POCUS, point-of-care ultra-
sound; SD, standard deviation.
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TABLE 2 Diagnostic performance of single-view ultrasound
(LngUS, TUS) for the detection of hydronephrosis compared with CUS
examination consisting of both transverse and longitudinal views
TUS views
78.6(70.8-85.1)
95.0(90.0-98.0)
94.0(88.1-97.6)
81.6(74.8-87.2)
15.7(7.5-32.5)

0.2 (0.2-0.3)

Parameter LngUS views
84.3(77.2-89.9)
92.9(87.3-96.5)
92.2(86.1-96.2)
85.5(78.9-90.7)
11.8(6.5-21.5)

0.2(0.1-0.2)

Sensitivity, % (95% Cl)

Specificity, % (95% Cl)

PPV, % (95% Cl)

NPV, % (95% Cl)

LR+ (95% Cl)

LR—(95% Cl)
Abbreviations: Cl, confidence interval; CUS, complete ultrasound; LngUSs,
longitudinal ultrasound; LR+, positive likelihood ratio; LR—, negative likeli-

hood ratio; NPV, negative predictive value; PPV, positive predictive value;
TUS, transverse ultrasound.

There was 1 scan rated as indeterminate for the presence or absence
of hydronephrosis on both LngUS and TUS views. In the subgroup
of patients with moderate and severe hydronephrosis identified on
CUS (n = 44), the sensitivity of LngUS and TUS views for detecting
hydronephrosis was 93.2% (95% Cl, 81.3-98.6) and 88.6% (95% Cl,
75.4-96.2), respectively.

There was a 78.1% interrater agreement of LngUS views between
2 expert reviewers. For discordant results, we required a tiebreaker
review by a third expert reviewer (simple ¥ = 0.62). The agreement
of TUS views between 2 expert reviewers was 82.1% (simple x =
0.66). Overall interrater agreement was substantial for hydronephro-
sis detection in both LngUS and TUS views. Table 3 demonstrates
image quality according to the ACEP 5-point QA grading scale. Overall
renal POCUS videos were classified as grade 1in 2.1% (12/560), grade
2 in 13.2% (74/560), grade 3 in 55.9% (313/560), grade 4 in 28.8%
(161/560), and none of them were classified as grade 5.

The diagnostic accuracy of LngUS views together with TUS views
from the same patient (LngUS + TUS) compared with the CUS from
the same patient was calculated. The sensitivity of the combined single
views (LngUS + TUS) was 92.1% (95% Cl, 86.4-96.0) and the speci-
ficity was 88.6% (95% Cl, 82.1-93.3) compared with CUS as the gold
standard.

LngUS and TUS views can both detect the severity of hydronephro-
sis when compared with CUS (Spearman’s p = 0.80 and 0.77, respec-
tively). In comparing LngUS views with CUS in the detection of the
severity of hydronephrosis, the area under the curve using ROC anal-
ysis was 0.889. A Wilcoxon signed-rank test determined that there
was no statistically significant median difference between LngUS views
compared with CUS classifications of hydronephrosis (W = 0.629, P
= 0.529), with LngUS underclassifying the severity of hydronephrosis
in 14.3% of cases, overclassifying in 11.1%, and correctly classifying in
74.3%. In comparing TUS views to CUS in the detection of the sever-
ity of hydronephrosis, the area under the curve using ROC analysis
was 0.871. A Wilcoxon signed-rank test determined that there was a
statistically significant median difference between TUS and CUS clas-
sifications of hydronephrosis (W = 1.767, P = 0.077), with TUS views

TABLE 3 Image quality according to ACEP 5-point quality
assurance grading scale?
Hydrone-
phrosis Control

Ultrasound view group group Total

LngUS views
Grade 1 1(0.7) 2(1.4) 3(1.1)
Grade 2 9(6.4) 21(15.0) 30(10.7)
Grade 3 69 (49.3) 80(57.1) 149 (53.2)
Grade 4 61(43.6) 37(26.4) 98 (35.0)
Grade 5 0(0) 0(0) 0(0)
Total 140 140 280

TUS views
Grade 1 5(3.6) 4(2.9) 9(3.2)
Grade 2 16(11.4) 28(20.0) 44 (15.7)
Grade 3 80(57.1) 84 (60.0) 164 (58.6)
Grade 4 39(27.9) 24(17.1) 63(22.5)
Grade 5 0(0) 0(0) 0(0)
Total 140 140 280

LngUS + TUS
Grade 1 6(2.1) 6(2.1) 12(2.1)
Grade 2 25(8.9) 49(17.5) 74(13.2)
Grade 3 149(53.2) 164 (58.6) 313(55.9)
Grade 4 100(35.7) 61(21.8) 161(28.8)
Grade 5 0(0) 0(0) 0(0)
Total video files 280 280 560

Note: Data are provided as n (%) or n.

Abbreviations: ACEP, American College of Emergency Physicians; LngUS,
longitudinal ultrasound; TUS, transverse ultrasound.

aThe ACEP 5-point quality assurance grading scale: a grade 1 image is an
image with no recognizable structures and therefore no objective data can
be gathered; a grade 2 image is an image with minimally recognizable struc-
tures but is insufficient for diagnosis; a grade 3 image is an image with the
minimal criteria met for diagnosis and recognizable structures with some
technical or other flaws; a grade 4 image is an image with all structures
imaged well so that a diagnosis is easily supported; and a grade 5 image is
an image with excellent quality with a diagnosis completely supported.'*

underclassifying the severity in 16.8% of ultrasound records, over-
classifying in 6.8%, and correctly classifying in 76.1%. The majority of
misclassified degrees of hydronephrosis by both LngUS and TUS views
were off by 1 degree of severity (Table 4).

The total number of kidneys in which LngUS or TUS interpretations
differed from CUS interpretation was 56 (40 false negatives and 16
false positives). Among the false-negative cases, 21 were from LngUS
views and 29 from TUS views, and it was of mild grade only on CUS in
most cases. A total of 10 kidneys were false negatives in both LngUS
and TUS views. Of the 21 false-negative LngUS videos, 14 were left kid-
neys (67%). Of the 21 false-negative LngUS videos, 7 were classified as
having poor image quality (ACEP 5-point QA grading scale 1 or 2). In
1 false-negative case, the subject had emphysematous pyelonephritis
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TABLE 4 Comparison of single-view ultrasound and CUS in the detection of degree of hydronephrosis®

CUS examination (both transverse and longitudinal views)

Single-view ultrasound classification None Mild

LngUS view (P =0.529)
None 130 18
Mild 10 58
Moderate (0] 18
Severe 0 1
Indeterminate 0 1
Total 140 96

TUS view (P =0.077)
None 133 24
Mild 7 59
Moderate 0 12
Severe 0 0
Indeterminate 0 1
Total 140 96

Moderate Severe Indeterminate Total
2 1 0 151
11 1 0 80
10 7 0 35
10 0 13
0 0 0 1
25 19 0 280
4 1 0 162
4 0 78
13 6 0 31
0 8 0 8
0 0 1
25 19 0 280

Abbreviations: CUS, complete ultrasound; LngUS, longitudinal ultrasound; TUS, transverse ultrasound.

aValues in table represent frequency of correct, underclassification, and overclassification of single-view ultrasound (LngUS, TUS) compared with CUS. Spear-
man’s p test was used for comparison of single-view ultrasound (LngUS, TUS) and 2-view ultrasound (CUS) in the detection of the severity of hydronephrosis
and area under the curve using receiver operating characteristic analysis. A Wilcoxon signed-rank test was used for the median difference between LngUS

and CUS classifications of hydronephrosis.

identified by CT scan, and the TUS view was also falsely negative in this
case. Of 29 false-negative TUS videos, 15 were left kidneys (52%). In 29
false-negative TUS videos, 16 were interpreted as having poor image
quality (ACEP 5-point QA grading scale 1 or 2). Of 16 false-positive
kidneys, 10 were LngUS views and 7 were TUS views. One kidney was

false-positive in both LngUS and TUS views.

4 | LIMITATIONS

The current study has several limitations. Studies of diagnostic test
accuracy are subject to multiple forms of diagnostic bias.!* The gold
standard in this study is internally determined, not based on other
objective imaging. Although CT is the gold standard for diagnosing
nephrolithiasis and hydronephrosis,’> we used POCUS interpreted by
expert reviewer on QA review as reference because two-thirds of the
patients did not receive CT imaging; those who did may have had more
severe clinical presentations and a greater degree of obstruction, and
the time difference between POCUS and CT imaging was not optimal
in the majority of patients. In addition, ultrasound-trained emergency
physician reviewers who regularly interpreted CUS on QA review as a
gold standard had access to the patients’ charts. However, preexisting
CUS image interpretations alone were our gold standard and not the
other patients’ information from the patients’ chart.

We did not control for the multitude of variables that can influ-

ence the appearance of ultrasound images, including the ultrasound

machine, operator, hydration status, and bladder fullness. Images were
primarily obtained by learners who may have had varying degrees of
training in performing renal POCUS.® POCUS imaging is defined as
being both performed and interpreted by the clinician; however, in
this study we did not assess the skills required to acquire high-quality
images. In addition, although the images were acquired by various lev-
els of sonographer expertise, the images were interpreted by experts
who may limit the generalizability.

Other limitations of our article include those inherent in any ret-
rospective chart review performed at a single institution. Although
we used strict criteria for our chart review, incomplete documenta-
tion, missing charts, and unrecorded information are all limitations. We
chose a retrospective study design to avoid creating delays in patient
care that would have resulted in separate prospective acquisitions of
LngUS views, TUS views, and CUS examinations in the same patient.
Because having emergency physicians perform LngUS, TUS, and CUS
in the same patient separately in a prospective way would add more
time in patient care, we could not assess how much longer a CUS took
to perform in addition to obtaining a LngUS view. Although one could
conclude that performing a single view of the kidney (LngUS view)
resulted in a shorter time to image acquisition and interpretation com-
pared with CUS, our study did not measure this. Further prospective
research would be useful to assess whether a significant difference in
time savings occurs with the performance of LngUS versus CUS.

Furthermore, given that ultrasound images were included in a

selected time frame, we were not able to ensure an equal distribution
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of hydronephrosis severity. Most patients in this study had mild
hydronephrosis. Selection bias may also have been introduced because
non-recognizable ultrasound images might have been defined as
incomplete scans and thus excluded from the study. Finally, this is
a study for the value of 1 versus 2 views for hydronephrosis only,
not for other important or incidental findings that are beyond the
scope of typical renal POCUS (eg, mass, abscess, cyst, emphysematous
pyelonephritis).

5 | DISCUSSION

The diagnostic performance of bedside ultrasound performed by emer-
gency physicians in the diagnosis of urolithiasis has been extensively
studied.”® Despite the widespread use of renal POCUS, no study has
investigated the necessity of obtaining both LngUS and TUS views
together. To our knowledge this is the first study to determine the
test characteristics for LngUS and TUS views of the kidney to identify
hydronephrosis in comparison with a CUS. We have found that both
LngUS and TUS views have a high sensitivity and specificity for the
detection of hydronephrosis when using CUS as a criterion standard.
The sensitivity was higher in LngUS views than in TUS views. Over-
all interrater agreement was substantial for hydronephrosis detection
between expert reviewers in both LngUS views and TUS views. More-
over, we found that the finding of moderate or greater hydronephrosis
on LngUs views yielded higher sensitivity for the presence of moder-
ate or greater hydronephrosis on CUS compared with all degrees of
hydronephrosis. Previous studies have found that the finding of mod-
erate or greater hydronephrosis yielded high specificities and high LR+
for the presence of a renal stone identified on CT.%1¢ In addition, an
increasing degree of hydronephrosis on POCUS was significantly asso-
ciated with an increasing likelihood of a stone greater than 5 mm and
higher rates of urologic intervention.'¢1/

We found that any degree of hydronephrosis on LngUS views
makes the presence of hydronephrosis on CUS views more likely
(PPV, 92.2%; LR+, 11.8), and a lack of hydronephrosis on LngUS
views can rule out hydronephrosis on CUS (NPV, 85.5%; LR—, 0.2).
In addition, our study shows that LngUS views can detect the sever-
ity of hydronephrosis when compared with CUS as the gold standard.
However, hydronephrosis grading systems are based on subjective
parameters and are affected by many factors.'®

We performed an analysis on cases with discordant results between
any single axis view and CUS to look for a possible explanation. This
analysis produced several interesting findings. First, most of the false
negatives occurring from LngUS or TUS views were of the left kidney.
The left kidney is typically more difficult to visualize because of over-
lying bowel gas in the stomach that reflects sound waves, the more
superior position of the left kidney, and the absence of an acoustic
window from the liver. Second, the most common reason for false neg-
atives on both LngUS and TUS views was poor image quality. This was
frequently attributed to inadequate visualization of the upper pole of

the kidney because of prominent rib shadows from the lower ribs, a

known difficulty when performing ultrasound of the kidney.!? Of the
renal video clips, 15% were classified as grade 1 or 2 according to the
ACEP 5-point QA grading scale (insufficient for diagnosis). However,
we did not exclude these video clips in order to represent a real-life
prospective study. Third, a few of the false negatives on LngUS views
occurred in kidneys that appeared to have been imaged in a plane that
was slightly oblique to the long axis of the kidney (although being much
closer to the long axis than the short axis). This slight oblique position-
ing of the kidney can make the renal sinus more difficult to evaluate
because the renal sinus will not be visualized in its entirety at the same
moment on the image. Because the kidney is positioned obliquely in
the body, it is necessary to orient the transducer along the true long
axis of the kidney, which may actually be oblique to the body’s coronal
plane. Off-axis imaging of the kidney may decrease the ability to detect
hydronephrosis when the central renal sinus of the kidney is incom-
pletely visualized.® Given the high frequency at which errors appear to
occur because of these factors, ultrasound educators should take heed
to specifically target avoiding these errors. Finally, another pitfall for
false negatives in LngUS view scans were mistaking hydronephrosis for
dilated renal vasculature. This also appeared to be the most common
reason that caused false positives in both LngUS and TUS views. The
ultrasound appearance of the renal vasculature sometimes resembles
that of hydronephrosis consistent with a prior report.2° Our analysis
supports that renal POCUS training should emphasize the means by
which these conditions can be differentiated, such as by using color
Doppler sonography.20-22

An interesting finding arose when we calculated the diagnostic
accuracy of LngUS views together with TUS views from the same
patient (LngUS + TUS) compared with the CUS from the same patient.
Rather than perfect sensitivity and specificity as one might expect from
a separate review of identical image sets, the sensitivity of the com-
bined single views (LngUS + TUS) was 92.1% and the specificity was
88.6% compared with CUS as the gold standard. There are several
possible reasons for this. First, some of preexisting overall interpre-
tations of the renal POCUS (CUS) were interpreted on Qpath by
ultrasound-trained emergency physician reviewers after CT or radiol-
ogy ultrasound, potentially causing the ultrasound-trained emergency
physician reviewers to look more closely for specific known findings.
The ultrasound-trained emergency physician reviewers who inter-
preted the CUS images had access to the patient’s clinical information
(including radiologic imaging). This may influence the gold standard
potentially in cases where the expert reviewers had the ability to look
at any radiology imaging to know if the patient had hydronephrosis
or a renal stone, and based on this they may have looked harder for
hydronephrosis on the CUS images, introducing bias. However, CUS
images alone were our gold standard and not other patients’ investi-
gation information from the patients’ chart. Second, the diagnosis of
hydronephrosis on ultrasound is subjective, with different sensitivities
reported between physicians, potentially resulting in disparate inter-
pretations of the same ultrasound finding.%2° Third, in some exams,
there were several ultrasound videos for each view comprising the

CUS exam, including some recorded with color Doppler mode, giving
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CUS exams more information than either the single best LngUS view
or TUS views derived from these cases despite our attempts to select
the LngUS and TUS videos that best represented each case. Finally,
there might be benefit to being able to compare the contralateral kid-
ney on CUS that an expert reviewer of a single ultrasound view did
not have. A complete bilateral renal system assessment including the
bladder can provide significant amounts of information, and POCUS
for hydronephrosis should be used with a history and clinical prediction
tool to improve the diagnostic accuracy.”-1¢ It is possible that the diag-
nostic accuracy may have been lowered because of all these reasons.
Nonetheless, further studies are advised to determine whether the
accuracy of single-view ultrasound (LngUS or TUS) versus CUS differs
without these advantages.

In conclusion, the results of our study suggest that longitudinal
views of the kidney on ultrasound showed good sensitivity and speci-
ficity to detect the presence or absence and severity of hydronephrosis
compared with a combination of LngUS and TUS views of the kidney.
In particular, the presence of moderate or greater hydronephrosis
on LngUS views significantly increased the sensitivity for the pres-
ence of moderate or greater hydronephrosis on CUS. The lack of
hydronephrosis on longitudinal views of the kidney on ultrasoud could
be used to rule out the presence of hydronephrosis on a combination
of LngUS and TUS views of the kidney. This may be helpful in a busy
ED where time spent on performing ultrasound is a barrier to renal
POCUS. Although LngUS view ultrasound is a reasonable first-line
screening tool in suspected renal colic, a 2-view ultrasound may still be
warranted in high-risk patients, especially with the left kidney, in those
with inadequate visualization of the upper pole of the kidney due to
prominent rib shadows from the lower ribs or in those with suspicion
for an alternate diagnosis. In addition, color Doppler ultrasound is
necessary to differentiate between hydronephrosis and dilated renal
vasculature. Larger multicentered prospective studies, however,
are needed to better define the test characteristics of single-view
ultrasound in the emergency management of patients with suspected
hydronephrosis.
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