Author's Accepted Manuscript g 71 JOURNAL

-

Trans-scrotal Near Infrared Spectroscopy as a Diagnostic Test for Testis Torsion in
Pediatric Acute Scrotum: A Prospective Comparison to Gold Standard Diagnostic
Test Study

Bruce J. Schlomer , Melise A. Keays , Gwen M. Grimsby , Candace F. Granberg ,

Daniel G. Dadusta, Vani S. Menon , Lauren Ostrov , Kunj R. Sheth , Martinez Hill ,
Emma J. Sanchez , Clanton B. Harrison , Micah A. Jacobs , Rong Huang , Berk
Burgu , Halim Hennes , Linda A. Baker

PII: S0022-5347(17)45410-3
DOI: 10.1016/j.juro.2017.03.134
Reference: JURO 14667

To appearin:  The Journal of Urology
Accepted Date: 30 March 2017

Please cite this article as: Schlomer BJ, Keays MA, Grimsby GM, Granberg CF, DaJusta DG, Menon
VS, Ostrov L, Sheth KR, Hill M, Sanchez EJ, Harrison CB, Jacobs MA, Huang R, Burgu B, Hennes H,
Baker LA, Trans-scrotal Near Infrared Spectroscopy as a Diagnostic Test for Testis Torsion in Pediatric
Acute Scrotum: A Prospective Comparison to Gold Standard Diagnostic Test Study, The Journal of
Urology® (2017), doi: 10.1016/j.juro.2017.03.134.

DISCLAIMER: This is a PDF file of an unedited manuscript that has been accepted for publication. As a
service to our subscribers we are providing this early version of the article. The paper will be copy edited
and typeset, and proof will be reviewed before it is published in its final form. Please note that during the
production process errors may be discovered which could affect the content, and all legal disclaimers
that apply to The Journal pertain.

Embargo Policy

All article content is under embargo until uncorrected proof of the article becomes available
online.

We will provide journalists and editors with full-text copies of the articles in question prior to the embargo
date so that stories can be adequately researched and written. The standard embargo time is
12:01 AM ET on that date. Questions regarding embargo should be directed to jumedia@elsevier.com.



http://dx.doi.org/10.1016/j.juro.2017.03.134
mailto:jumedia@elsevier.com

Trans-scrotal Near Infrared Spectroscopy as a DistgnTest for Testis Torsion in Pediatric
Acute Scrotum: A Prospective Comparison to Golah@&sad Diagnostic Test Study

Authors: Bruce J. Schlomer, MB, Melise A. Keays, MB, Gwen M. Grimsby, M, Candace
F. Granberg, MB, Daniel G. DaJusta, MDVani S. Menon, MB?, Lauren Ostro¥ Kunj R.
Sheth, MDB, Martinez Hilf, Emma J. Sanch&zClanton B. Harrison, ME?, Micah A. Jacobs,
MD*? Rong Huanfy Berk Burgu, MD, Halim Hennes, MB?, Linda A. Baker, MD?

Affiliations: ! University of Texas Southwestern Medical Centetljd3aTX
2 Children’s Health, Dallas, TX
% Children’s Hospital of East Ontario, Ottawa, Ortar
* Phoenix Children’s Hospital, Phoenix, AZ
> Mayo Clinic, Rochester, MN
® Nationwide Children’s Hospital, Columbus, OH
" Ankara Universitesi Tip Fakiiltesi, Ankara, Turkey

*Corresponding author
Email: bruce.schlomer@childrens.com

Funding Source: Research reported in this puldbicatas supported by the National Institutes
of Diabetes and Digestive and Kidney DiseasesefNational Institutes of Health under Award
Number R21DK092654 (PI: Linda Baker, MD). The @onttis solely the responsibility of the

authors and does not necessarily represent th@abffiews of the National Institutes of Health.

Clinical Trial Registration:

Registry name: Near-infrared Spectroscopy for RaediAcute Scrotum and Testicular Torsion;
Registration number: NCT01812109;

https://clinicaltrials.gov/ct2/show/NCT01812109PtefNCT01812109&rank=1




Abstract

Purpose

A rapid test for testicular torsion in children malyviate delay for testicular ultrasound. This
study assessed testicular tissue percent satucdtmiygen (%StO2) measured by trans-scrotal

near-infrared spectroscopy (NIRS) as a diagnossicfor pediatric testicular torsion.
Methods and Findings

This was a prospective comparison to a gold stahdiagnostic test study that evaluated NIRS
%StO2 readings to diagnose testicular torsion.dGtandard for torsion diagnosis was standard
clinical care. From 2013-2015 males with acutetsen > 1 month and < 18 years old were
recruited. NIRS %StO2 readings were obtained fiected and unaffected testes. NIRS
A%StO2 was calculated as unaffected minus affeetadimg. Utility of NIRSA%StO2 to

diagnose testis torsion was described with recaiperating characteristic curves.
Results

Of 154 eligible patients, 121 had NIRS readingsedMn NIRSA%StO2 in 36 with torsion was
2.0 (IQR -4.2 to 9.8) compared to -1.7 (IQR -8.210) in 85 without torsion (p=0.004). Area
under curve (AUC) for NIRS as diagnostic test w6 {95% CI 0.55 to 0.78). NIR&6StO2

> 20 had a positive predictive value of 100% andsieity of 22.2%. Tanner stage 3-5 patients
without scrotal edema or with pain durati®i2 hours had an AUC of 0.91 (95% CI 0.86-1.0)

and 0.80 (95% CI 0.62-0.99) respectively.

Conclusions



In all children, NIRS readings had limited utiltty diagnose torsion. However, in Tanner 3-5
patients without scrotal edema or with pain duratid 2 hours, NIRS discriminated well

between torsion and non-torsion.

Clinical Trial Registration

Registry name: Near-infrared Spectroscopy for RediAcute Scrotum and Testicular Torsion;
Registration number: NCT01812109;
https://clinicaltrials.gov/ct2/show/NCT01812109PteNCT01812109&rank=1




Introduction

Testis torsion is the spontaneous twisting of &@sti$ and spermatic cord which contains
the blood supply to the testis. Torsion occurs in 4000 males younger than 25 and is
primarily seen in newborns or 10-25 years of &deTestis torsion is the most common
diagnosis in a pubertal patient with acute scro&h® Other presenting symptoms and findings
include nausea, vomiting, high riding testis, hiastis, absent cremasteric reflex, and red scrotal
skin change$.® Risk of testis loss or atrophy is significant &éurs after pain ons&t’ Using
national datasets, around 30% of torsed testeareved at surgery signifying delayed cafe.
Testis torsion is a common diagnoses for litigatronhildren age 12-17 with delayed diagnosis

a typical area for liability: *°

Preventing testis loss from torsion requires propmpsentation, diagnosis and surgery.
A diagnosis of testis torsion can often be madaibtpory and physical exam but diagnosis and
care can be delayed due to atypical history oriphiysxam, ultrasound testing, inter-hospital

transfer, or inexperience of emergency room praeitfe

There have been studies on decreasing the timeadoasis and surgery for torsion.
Uniform surgical exploration in cases of acute tdrpain without scrotal ultrasound led to
negative exploration rates up to 48%A score based on presenting signs and symptoms
(TWIST score) has been reported to improve diagnoisiestis torsion and could decrease
routine use of scrotal ultrasouffd’® Use of pulse oximetry on scrotum has been regacde
diagnose torsion in a small study, but was limligcabsence of a non-torsion control grdfipA
test that is rapid, accurate, non-invasive, ableetosed by emergency room providers as
extension of physical exam, and removes delaydatal ultrasound would be ideal for

diagnosis of testis torsion.



Near Infrared Spectroscopy (NIRS) uses infrarelat lig obtain continuous,
transcutaneous monitoring of tissue oxygen satng@StO2):> *° In contrast to pulse
oximetry which requires a strong systolic capillargssure, NIRS remains useful in low
pressure and low flow states in children to monitenebral blood flow and oxygenation during
cardiac surgery, to monitor cerebral blood flow in newbotfisand to assess skeletal muscle
oxygenation in compartment syndromie.Three animal models studies and one in youngisadu
have reported on NIRS for diagnosis of testis @orsiith promising result®? One small
human study comparing 17 non-torsion and 5 torsigioung adults reported that NIRS was not

effective in the diagnosis of testis torsfdn.

This study investigated the utility of trans-sct®#RS measurements in the ED as a
diagnostic test for testis torsion in children pregng with acute scrotum. Our hypothesis was
trans-scrotal NIRS %StO2 measurements in a toests tvould be lower than the NIRS %StO2
measurements in the contralateral non-torsed w@stislinically useful values could be
identified to diagnose and rule out testis torsidhe utility of NIRS as a diagnostic test for

testis torsion was described using receiver opegatnaracteristic (ROC) curves.



Methods

After approval by institutional review board, efneént in this single center, NIH
prospective trial began March 19, 2013 and endextivia5, 2015. Males 1 month of age to 18
years from who presented to Children’s Medical €eRbD in Dallas, TX with acute scrotum
were recruited. Acute scrotum was defined as phsdrotum or testis with or without
abdominal pain and/or waddling gait from painfulcdam. Patients with bilateral torsion or
previously known testicular or scrotal pathologyranic respiratory, hematological or vascular
problems that could affect total body tissue oxydem levels were excluded. Informed consent
was obtained from guardians on behalf of partidipamd assent obtained from participants > 10

years old.

Potential subjects were approached by emergencicaléechnician (EMT) personnel
and screened for inclusion. Patients had stanafazdre treatment. Scrotal ultrasound and
surgical exploration results were used as the g@ddard for diagnosis of testicular torsion.
Measurements obtained on ultrasound included teiges distance from skin to testis (which

encompassed scrotal wall edema and any hydroeglé)presence /absence of blood flow.
Near Infrared Spectroscopy

NIRS measurements were obtained with Hutchison Ai@olgy InSpectrd" StO2 Spot
Check Device (Model 300, Hutchison Technology, Irutchison, MN, USA) with thenar clip
probe (Model 1315, modified by clip removal). Bguient cost was $5000/unit. The probe was
placed anteriorly over each testis. Measuremeats @one at 1, 5, and 10 seconds to account
for inter-assay variability which is expected to$8 %StO2. The average of the 3 readings was

defined as NIRS %StO2 reading for that testis. NIHRS readings in affected testis were



normalized to the contralateral normal testis tonidate a NIR\%StO2 (%StO2 of unaffected
testis - %StO2 of affected testfd).If the affected testis had lower %StO2 readitgs tthe

contralateral normal testis, NIR®6StO2 would be positive.
Satistical analysis

Data were collected using a REDCap database (QNI8AGrant UL1TR001105).
According to Obuchowski’s meth&t?® a sample size of 150 patients with acute scratoumid
be required to show the sensitivity of NIRS readit@diagnose torsion is significantly higher
than 0.8 with 80% power and 2-sided type 1 errd?.05. Receiver operating characteristic
(ROC) curves were used to analyze performance BEMPAStO2 readings as a diagnostic test
for torsion. Potential clinically useful cut-offlues were assessed using ROC curve analysis.
NIRS A%StO2 values were compared by Wilcoxan rank-sumeaAinder the curve (AUC)
between different ROC curves were compared by ndedfi®elLong?’ Statistical analysis was

performed with Stata 12 (College Station, TX).



Results

There were 316 patients assessed and 154 enrbltpd€ 1). Of the 154 enrolled
patients, 16 patients were excluded because tlieyadihave NIRS readings attempted due to
research personnel delays. In the remaining 188mis, NIRS readings were attempted and
obtained in both testes in 121. Thus, 121 pateete included in analysis of which 36 (29.8%)
were diagnosed with torsion. Table 1 shows theadgaphics of patients included in analysis.
Patients with torsion were older, had higher Tarst@ges, and had lower median duration of
pain prior to arrival (Table 1). Median NIRS46StO2 was -1.7 (range -31 to +15.3, interquartile
range (IQR) -8.7 to +2.0) in those without torsamd 2.0 (range -19.0 to +56.0, IQR -4.2 to
+9.8) in those with torsion signifying that overgditients with torsion had lower %StO2

readings in the affected testis (p=0.004).

ROC curve analysis

To evaluate performance of NIRS4StO2 readings as a diagnostic test for testicular
torsion for all patients, a ROC curve analysis wadormed (Figure 2). The AUC was 0.66
(95% CI 0.55-0.78). A cut-off value a6StO2> 20 had a PPV of 100% and sensitivity of

22.2% to diagnose torsion (Figure 2).

Effect of Tanner Sage

Tanner stage was recorded in 118/121 patients.effbet of Tanner stage on NIRS
readings was investigated by ROC curve analysithi®68 Tanner 1-2 versus the 50 Tanner 3-5
patients (Figure 3). In the Tanner 3-5 group, @@&tients had torsion with AUC = 0.64 (95%
Cl1 0.48-0.80). AA%StO2> 10 cutoff was associated with a 100% PPV and 2&8sitivity

for diagnosing torsion in Tanner 3-5. For the Tamh+2 group, 9/68 patients had torsion with



AUC = 0.61 (95% CI 0.38-0.84). The AUC for TanBeb vs 1-2 patients was not significantly

different (p=0.8).

Effect of Scrotal Edema

Due to concerns that scrotal edema affected NNRStO2 readings, an analysis was
performed comparing patients who did and did nettscrotal edema on exam (Figure 3). Of
the 121 patients included in analysis, 118 hadgmes (52) or absence (66) of scrotal edema
recorded. There was no statistically signifioqg0.8) difference between the AUC in those
without scrotal edema (AUC 0.75 95%CI 0.50-1.0suerthose with scrotal edema (AUC 0.72

95%Cl 0.58-0.86).

In Tanner stage 3-5 patients, NIRSStO2 discriminated between torsion and non-
torsion better (p=0.08) in those without edema WWC of 0.91 (95% CI 0.86-1.0) (Figure 4).
In this subgroup, the NIR&%StO2 values in the 4 with torsion (median 8.8, IR&to 17.0)
were higher than the 20 without torsion (mediab,-0QR -2.3 to 3.2) (p=0.01). NIR&»StO2
values> 10 had a PPV of 100% and sensitivity of 50% t@dase torsion and NIR&%StO2

<2.5 had a NPV of 100% and specificity of 70.0%tie out torsion.

Effect of Duration of Pain

To evaluate the impact of duration of pain on NIBSing, analysis was performed
comparing patients who had pairi2 hours (n=42) and those with pain > 12 hour§9)=
(Figure 3). NIRA%StO2 discriminated between torsion and non-torbigtter in those with
duration of pair< 12 hours (AUC 0.76; 95% CI 0.60-0.92) comparethtse with duration of

pain > 12 (AUC 0.56; 95% CI 0.42-0.70) with p=0.07.



In Tanner 3-5A%St0O2 discriminated between torsion and non-torbetter (p=0.007)
in those with pairx 12 hrs with AUC of 0.80 (95% CI 0.62-0.99). Instlsubgroup, NIRS
A%StO2 values in 15 with torsion (median 8.7, IQR 1. 24.0) were higher than in 10 without
torsion (median 0.8, IQR -2 t0 4.7) (p=0.01). NIR%StO2 values 20 had a PPV of 100%
and sensitivity of 46.7% to diagnose torsion anB8\%StO2 values < 0 had a NPV of 80.0%

and specificity of 40.0% to rule out torsion (Figu¥).
Testis Measurements

Testis measurements by scrotal ultrasound werdad@in 107/121 patients. The mean
affected testis length increased from 2.2 cm (SD 0. Tanner 1-2 to 4.0 cm (SD 0.6) in Tanner
3-5. Affected testis width and height were 1.4(GD 0.4) and 1.6 cm (SD 0.6) respectively in
Tanner 1-2 and 2.5 cm (SD 0.6) and 2.4 cm (SDregpectively in Tanner 3-5. The mean skin
to testis distance in affected testis was 0.4 cmifnum 0.2 cm, maximum 1.5 cm) and those

with scrotal edema had higher values (0.6 vs 0.3pcq0.001).



Discussion

In this study we hypothesized NIRS4StO2 readings in pediatric patients with torsion
would be higher than in pediatric patients withtmusion. In addition, we hypothesized that
NIRS A%StO2 values could be identified by ROC curve asialthat could diagnose and rule
out torsion in pediatric patients. NIRS6StO2 readings were significantly higher in thoségaw
torsion compared to those without torsion (p=0.084yever there was significant overlap
between the groups which limited any diagnostitityti For the entire cohort, NIR&%StO2
values> 20 had a PPV value of 100% to diagnose torsionnaaglthe only clinically useful cut-
off value with a sensitivity of only 22.2%. In ggioup analysis, NIR8%StO2 appeared to
perform best in Tanner 3-5 patients without scretlEdma or with duration of pail2 hours.
NIRS A%StO2 discriminated well between torsion and nasibm in these subgroups with AUC
of 0.91 and 0.80 respectively and the distributdbNIRS A%StO2 values had less overlap.

NIRS did not discriminate well in Tanner stage fiaients.

NIRS was reported to diagnose torsion accuratedinit patients in a pilot stud. In
that study of 16 adult patients, those with NIRGStO2> 11.5 had testis torsion while those
with NIRS A%StO2 < 11.5 did not have torsiGhIn our study, NIRS as a diagnostic test for
torsion did not perform well in pre-pubertal chéddr This may be related to small testis size as
the NIRS device measures a specific width and defptissue. The NIRS device used in this
study has a distance between emitter and detestotspf 15 mm which leads to a mean tissue
depth measured of 7.5 mm and maximum length medstdires5 mm (Figure 5 These
distances are too large for pre-pubertal testestwivbuld lead to surrounding tissue being
measured by the NIRS device. Pre-pubertal childfeam present later with more scrotal edema

which also may affect NIRS readings. Based orntestis measurements, in future NIRS studies



a longer distance than 15mm between emitter arettbetmay improve performance in Tanner

3-5 patients and a shorter distance may improvieeance in Tanner 1-2 patients.

Torsion has a bimodal age distribution with fireak in the neonatal period and second
peak around puberty. While postpubertal children usually present vsiglvere testicular pain,
identifying typical torsion symptoms to diagnoseston is challenging in prepubescent children
who seem to have less pdif® The TWIST clinical scoring system for testis tors
discriminated between torsion and non-torsion weell in our cohort, which calls into question
the usefulness of NIRS or Doppler US except inatersubgroup$® ** The subgroups in our
study in which NIRS appeared to perform best wam&a3-5 patients without scrotal edema or
with duration of pairx< 12 hours. This population of patients would beeremilar to the prior
pilot study and supports those res@ftsThis observation is worth further study becausthis
population (peripubertal or post pubertal with $lp@in duration) avoiding delay for scrotal
ultrasound would most likely lead to increased oittestis salvage. Once there is significant
scrotal edema from a significant duration of tomsithe testis is usually not viabie. Scrotal
edema can affect NIRS readings because the edesretmtal tissue would be sampled by the
NIRS device in addition to testis tissue. Base@wnresults, once there is significant scrotal

edema or delay in presentation, NIRS readings @reseful for diagnosing testis torsion.
Srengths and Limitations

Strengths of this study include prospective dedigriusion of pre-pubertal patients,
inclusion of a non-torsion study group, consecugagent enrollment and full study enrollment

meeting targeted enroliment calculations.



NIRS performed well in certain subgroups in oudgfbut these results are limited by
small subgroup sizes. This limits applicabilityreults but supports further research in these
subgroups. Different NIRS probes may be needegripubertal versus postpubertal testis and
further research is needed to optimize NIRS destcdiguration. There were 17 patients (12%

of cohort) in whom NIRS readings were attemptedabigading was not obtained in both testes.

EMT personnel obtaining the NIRS readings werehtiotled to scrotal ultrasound
results in all patients. Given the emergent nadfitersion, NIRS readings were obtained while
clinical care was happening and blinding to diagho§torsion was not possible. However,
measurements using the NIRS machine are not sivgeehich is less susceptible to operator

bias.

Conclusion

NIRS A%StO2 readings were higher in pediatric patienth wastis torsion compared to
those without testis torsion. When all Tanner gowere combined, NIRS%StO2 readings
had limited utility to reliably diagnose torsiondaoould not rule out torsion. In Tanner 1-2
patients NIRS could not reliably discriminate bedweorsion and non-torsion. However, in
Tanner 3-5 patients without scrotal edema or waim pluration< 12 hours, NIRS discriminated
between torsion and non-torsion well. More rede@avarranted in these subgroups that could

most benefit from expeditious treatment of torsioth increased testis salvage rates.
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Figure Legends
Figure 1: Consort flow diagram.

Figure 2: ROC curve for all patients (A). ROC awith NIRSA%StO2> 20 as cutoff value
(B).

Figure 3: ROC curve for Tanner stage 1-2 vs 3-5 (RDC curve for those with and without
scrotal wall edema (B). ROC curve for those wisimpduration< 12 hours and > 12 hours (C).

Figure 4: ROC curves for Tanner 3-5 patients w&itd without edema (A) and Tanner 3-5
patients with pain duration 12 hours and > 12 hours (B).

Figure 5: Near Infrared Spectroscopy Device (rigim)l probe (left).



Table 1: Patient characteristics

Torsion (N=36) No torsion (n=85) p-value
Mean age (SD) 12.9 (3.9) 10.7 (3.9) 0.004"
Race
White 9 (25.0%) 14 (16.5%) 0.0252
Hispanic 17 (47.2%) 62 (72.9%)
Black 7 (19.4%) 8 (9.4%)
Asian 1(2.8%) 0
Other 2 (5.6%) 1(1.2%)
Tanner stage®
1 5 (14.3%) 27 (32.5%) <0.001*
2 4 (11.4%) 32 (38.6%)
3 8 (22.9%) 10 (12.1%)
4 14 (40.0%) 10 (12.1%)
5 4 (11.4%) 4 (4.8%)
Median hours of pain 12.0 (0.6-129.3) 33.2(0.9-346.1) 0.009"*

prior to arrival (range)

"Two-tail ed t-test

“Fisher exact test

#Tanner stage missing in 2 patients without torsion and 1 with torsion
“*Wilcoxon rank sum test




== CONSORT

L2 | TRANSPARENT REPORTING of TRIALS

CONSORT 2010 Flow Diagram

Enroliment J Assessed for eligibility (n=316)

Excluded (n=162)

+ Not meeting inclusion criteria (n=115)
>+ Declined to participate (n=47)

+ Other reasons (n=0)

Randomized (n=0)

\ 4

—

Allocation ]

Allocated to intervention (n=154)

+ Received allocated intervention (n=138)

+ Did not receive allocated intervention (give
reasons) (n=16, research personnel delay)

v [ Follow-Up ]
Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

Y { Analysis ]

Analysed (n=121)
+ Excluded from analysis (give reasons)
(n=17, NIRS reading could not be obtained)




NIRS A%StO2 readings
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NIRS A%StO2 readings Tanner 1-2 vs Tanner 3-5 NIRS A%StO2 readings edema vs no edema NIRS A%StO2 <12 hours vs > 12 hours
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Effect of Scrotal Edema in Tanner 3-5
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Abbreviations

%St02 = percent saturation of oxygen
NIRS = Near-infrared spectroscopy
ROC = receiver operating characteristic
AUC = area under curve

Cl = confidence interval

ED = emergency department

IQR = interquartile range



