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Role of Diffusion Weighted Imaging in Localization of Non-palpable Undescended
Testes Taking Laparoscopic Finding as Gold Standard

Rukhsana Nasim,' Abeer Yasin,’ Muhammad Kaleem °

Abstract

Objective: To ascertain the accuracy of diffusion-weighted imaging (DWI) in the localization of undescended
testes.

Material & Methods: This prospective cross-sectional study was conducted in the radiology department of
a tertiary care hospital from 01-06-2022 to 15-12-2023. Total of 150 patients were included in the study. Two
experienced radiologists independently examined, one observing conventional MRI alone and the other
observing DWI-MRI. Following that, all of the patients underwent laparoscopic examination. The data was
entered into a proforma. The findings of conventional MRI alone and DWI-MRI were correlated with
laparoscopic findings. A 2 x 2 table was used to calculate the sensitivity, specificity, positive predictive value,
negative predictive value, and diagnostic accuracy of DWI in comparison to laparoscopy.

Results. The average age was 10.37 +/- 5.663. Conventional MRI imaging localized 50.6 % of the cases in
our study, 55% of cases via DWI-MRI and 60% by laparoscopy. Sensitivity, specificity, PPV, NPV, and
accuracy of conventional MRI were 72 %, 83 %, 86 %, 66 % and 76 % respectively, while for DWI-MRI was
82 %, 86 %, 93 %, 89 %, and 78 % respectively.

Conclusion: The detection of undescended testes is improved by DWI-MRI. DWI-MRI is a recommended
imaging tool for improving MRI's preoperative diagnostic accuracy in localization and identification of
nonpalpable undescended testes.
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Introduction Untreated cryptorchidism has been linked to a variety
of complications. 10% of infertile males had a history
of UT, with the risk increasing up to six-fold in bilateral
UT compared to unilateral UT or the normal population.’
Ifthe patients are not treated, the risk increases.’ UT is
estimated to be responsible for 10% of testicular malig-
nancy, increasing the risk by up to 35 to 48 times when
compared to the general population, with seminoma
being the most commonly diagnosed malignancy in
these patients.™ Torsion has also been reported in these

ryptorchidism, also known as undescended testes

(UT), 1s the absence of one or both testes in the
scrotal sac.' It affects about 1 - 4.5 percent of newborns,
with the incidence rising to 30 - 45 percent in preterm
babies.” During infancy, 75 percent of full-term neonates
and 90 percent of preterm neonates have UT, which
drops to 0.8 - 1.2 percent by one year ofage."™
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because of location of UT in pelvic/ abdominal cavity
necessitates further evaluation with MRI and diagnostic
laparoscopy.' Laparoscopy remains the gold standard
tool for detecting non-palpable UT with 100% sensitivity
and specificity, but it is an invasive procedure.

Conventional MRI has a somewhat poor sensitivity for
detecting non-palpable UT. Sometimes, it is unable to
localize the atrophied testes, making conventional MRI
less reliable in distinguishing who require intervention
from those who do not. So more research is required.*’

The combination of DWIwith conventional MRI sequen-
ces has become the area of interest in order to improve
diagnostic accuracy in UT localization.” In a Recent
study carried out in Pakistan, analysis of 416 UT
patients reported that the location of UT for DWI
using laparoscopy as the gold standard had sensitivity
(SN)=65% and specificity (SP)=98%." Additionally,
aresearch conductedin2010, enrolled 36 patients con-
cluded that the combination of DWI and conventional
MRI sequences, with SN=0.91, SP=1 for observer 1
& SN=0.88, SP=0.75 for observer 2, had a higher diag-
nostic accuracy than either technique alone (SN=0.85,
SP=1 for observer 1 & SN=0.85, SP=0.75 for observer
2) or with DWI alone (SN=0.88, SP=0.75 for observer
1 & SN=0.82, SP=0.75 for observer 2)." Since there
are few comparative studies in the area, more
research is necessary to establish an early diagnosis
based on evidence and to intervene promptly in the care
of UT. Our hypothesis was that the sensitivity and speci-
ficity of imaging non-palpable undescended testes in
the abdomen would be increased by including DWIin
conventional MRI. The goal of this study was to deter-
mine the diagnostic accuracy of DWI by comparing it
to traditional MRI sequences, with laparoscopic findings
serving as the reference.

Material & Methods

This prospective cross-sectional study was carried out
at Lahore General Hospital's Department of Radiology,
Lahore, Pakistan. From 01-06-2022 to 15-12-2023,
samples were taken using a non-probability consecutive
technique. Informed and written consent was taken
from patients or guardians of the patients as applicable.
All male patients referred from the surgical OPD due

to the absence of palpable testes in one or both scrota
and inguinal canal, age ranged from 1 to 30 years were
included. Patients with ambiguous genital, previous
history of scrotal, inguinal, or lower abdominal
surgery, Diagnosed case of any renal malformation,
Claustrophobic patients, and patients refusing
laparoscopic evaluation were excluded from the
study. After taking approval from institutional review
board (IRB) of PGMI / Lahore General Hospital,
Lahore, Pakistan a total of 150 patients were enrolled
and data was collected. MRI was performed on 3 Tesla
machine (G.E manufacturer) and protocols included
multiplanar T2WI, TIWI, T2 FATSAT, and the
addition of a DWI sequence with b values of 0, 400,
and 800 s/mm’. A consultant radiologist with 5 years of
experience reviewed the conventional MRI images on
PACS and filled proforma. Another consultant
radiologist with same experience reviewed DWI-MRI
images of same patient and added his findings in
proforma. Postop findings were taken from surgical
ward. It was recorded in the proforma. The collected
data were entered into the Statistical Package for
Social Sciences (SPSS) version 22 and ana-lyzed. Mean
+SD was calculated for quantitative vari-ables, and
frequency and percentage were used for qualitative
variables. A 2 X 2 table was used to calculate the
sensitivity, specificity, positive predictive value,
negative predictive value, and diagnostic accuracy of
conventional MRI alone and DWI+MRI conventional
sequences using laparoscopy as the gold standard.

Results

The average age was 10.37 +/- 5.663 years. In our
study, 50% of cases were diagnosed using only the
conventional MRI, 55% were localized by DW-MRI,
and 60% by laparoscopy, as shown in Tables 1 and 2.
The sensitivity, specificity, positive and negative

Table 1: 2x2 table of Conventional MRI

Laparoscopy .
MRI Positive Negative Total Sn=72%
= = Sp=83%
Lt L), PPV=86%
" _ 6%
Positive(n=76) 66 (TP) 10 (FP) 76 Ny

Negative(n=74) 25 (FN) 49 (TN) 74

Accuracy=76%
Total 91 59 150
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Table2: 2x2 table of DWI-MRI

Laparoscopy

—Qn0
DWI- MRI  Positive Negative Total Sn82%
> > Sr=86%
EEE @) PPV=93%

.. - ?
Pos1t1\.fe(n—83) 75 (TP) 8 (FP) 83 NPV=89%
Negative(n=76) 16 (FN) 51 (TN) 67 Accuracy=78%
Total 91 59 150

predictive values, and diagnostic accuracy of DW-MRI
for undescended testes were calculated using laparo-
scopy as the gold standard.

Discussion

Undescended testes, also known as cryptorchidism,
necessitate prompt treatment due to the risk of compli-
cations such as testicular malignancy, testicular torsion,
infertility, and trauma. Furthermore, it may result in
psychological stigma, making both parents and patients
concerned about the condition.’ There is no definitive
agreement on the primary management of undescended
testes. Radiological approaches such as USG, CT, and
MRI, as well as surgical approaches such as laparo-
scopy, have been widely used. Laparoscopy, despite
being widely regarded as the most conclusive diagnostic
approach, is an invasive procedure and many compli-
cations can occur. So, there is need of non-invasive
procedure. An ultrasound examination, as being consi-
dered first line imaging modality, is always performed
if the testis is impalpable. Ultrasound has a high positive
predictive value for inguinal located testes in expert
hands, such as 91 % with a sensitivity of 78%." Accor-
ding to some studies, even when a pediatric surgeon
and urologist diagnosed a nonpalpable testis, an inguinal
testis was discovered in 21-85 percent of patients during
surgery." When testis is found in an inguinal location
by ultrasound, a primary inguinal exploration can be
considered, avoiding a diagnostic laparoscopy.” But
when testis is not localized in inguinal canal, it become
very difficult to identify it. In some cases, differentiation
from inguinal lymph nodes become difficult during
ultrasonography. As a non-invasive, non-radiation, and
non-contrast diagnostic tool, MRI has a truly great
potential to be the most reliable and widely accepted
diagnostic instrument.™ It has excellent soft tissue
contrast with fine spatial resolution. The overall mean
age of'the patients in our study was 10.37 +/- 5.663 years,

which differs from the mean age of 7.21 +/- 1.43 years
as calculated by Zainab et al.' Because the risk of deve-
loping testicular cancer and infertility increases with
age, the age at diagnosis is an important prognostic
factor in the case of undescended testes. In our study, the
sensitivity, specificity, and accuracy of DWI-MRI for
diagnosis of non-palpable undescended testes were
82 %, 86 %, and 78 % respectively.

Numerous prior researches have determined the DW-
specificity, MRI's sensitivity, and diagnostic accuracy
in identifying cryptorchidism. Overall sensitivity, speci-
ficity, and diagnostic accuracy of DW-MRI in detecting
cryptorchidism have been reported by Fazal et al. to be
65.1%, 98.1%, and 81.3 percent, respectively." Accor-
ding to Zainab et al., the overall DW-MRI diagnostic
accuracy, specificity, and sensitivity for diagnosing
cryptorchidism are 91.40 percent, 84.35 percent, and
93.51%, respectively.'

An additional investigation by Kantarci et al. using a
conventional MRI sequence alone and in conjunction
with DWI found that the combination of DW1 and con-
ventional MRI sequences had a higher success rate (SN
=0.91, SP=1 for observer 1 & SN=0.88, SP=0.75 for
observer 2) than did MRI (SN =0.85, SP=1 for observer
1 & SN=0.85,SP=0.75 for observer 2) and DWI (SN
=0.88,SP=0.75 for observer 1 & SN=0.82, SP=0.75
for observer 2) alone.’ Our analysis yielded lower values
than this. Using conventional MRI, Abd-El Gawad et
al. reported 87 percent, 50 percent, and 83 percent sensi-
tivity, specificity, and accuracy. He reported sensitivity,
specificity, and accuracy of 91.5%, 66.7%, and 88.67%,
respectively, using DWL."

Similar studies that combined the use of conventional
and DWI reported 95.8%, 100%, and 96.2 % in terms
of sensitivity, specificity, and accuracy. Laparoscopy
revealed that atrophic testes were the cause of false-
negative cases, particularly in patients who were older."

Higher results were recorded by Emad-Eldin et al.”;
they verified that a sensitivity of 93%, specificity of
87%,and accuracy of 91.5 percent were obtained when
MRI was utilized alone. The results improved to a sensi-
tivity of 93%, specificity of 100%, and accuracy of
95.70% when DWI was added to traditional MRI.
DWI also has main role in the many clinical situations
i.e. the identification of cancer in a variety of viscera,
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including the liver, kidney, prostate, and other organs,
when using abdominal MRI. The way DWI works is
that it uses the diffusion of water molecules to show
how cellular the tissue is, which results in different
images than when using traditional MRI sequences to
help characterize the tissue at the microscopic level.

The degree of water diffusion restriction in biological
tissue is inversely correlated with tissue cellularity. In
tissues with intact membranes and strong cellularity,
there is more restriction of water molecules. Because
the testicles inside the abdomen have more cells than
the surrounding organs, they can be identified on DWI
as having a higher signal intensity. Therefore, in order
to detect non-palpable undescended testes, we supple-
mented standard MRI sequences with DWI."”

In order to validate the clinical findings, all of the patients
in our study who were sent to our department due to
clinically non-palpable testes underwent local grey scale
and doppler USG imaging. Following that, the patients
were advised to undergo a standard hospital MRI
sequence along witha DWI sequence.

Conclusion

With a sensitivity of 82% and specificity of 86%, the
study found that conventional MRI in conjugation with
DWI offer significantly superior diagnostic accuracy
when compared to conventional MRI sequences. Diffu-
sion-weighted imaging can therefore be a very useful
tool in the localization of non-palpable undescended
testes. So that early intervention should be done for
reducing infertility and lowering the risk of cancer in
the future.
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