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Summary

Background
Testicular torsion is a surgical emergency, and time
to detorsion is imperative for testicular salvage.
During the COVID-19 pandemic, patients may delay
emergency care due to stay-at-home orders and
concern of COVID-19 exposure.

Objective
To assess whether emergency presentation for
testicular torsion was delayed during the COVID-19
pandemic, and whether the rate of orchiectomy
increased compared to a retrospective period.

Study design
Patients were prospectively enrolled in a multi-
center study from seven institutions in the United
States and Canada. Inclusion criteria were patients
two months to 18 years of age with acute testicular
torsion from March through July 2020. The retro-
spective group included patients from January 2019
through February 2020. Statistical analysis was per-
formed using KruskaleWallis tests, Chi-square tests,
and logistic regression.

Results
A total of 221 patients were included: 84 patients in
the COVID-19 cohort and 137 in the retrospective
lzman SA et al., A multicenter study of acute testicular
016/j.jpurol.2021.03.013

rol.2021.03.013
ediatric Urology Company. Published by Elsevier Ltd. A
cohort. Median times from symptom onset to
emergency department presentation during COVID-
19 compared to the retrospective period were 17.9 h
(IQR 5.5e48.0) and 7.5 h (IQR 4.0e28.0) respectively
(p Z 0.04). In the COVID-19 cohort, 42% of patients
underwent orchiectomy compared to 29% of pre-
pandemic controls (p Z 0.06). During COVID-19, 46%
of patients endorsed delay in presentation
compared to 33% in the retrospective group
(p Z 0.04).

Discussion
We found a significantly longer time from testicular
torsion symptom onset to presentation during the
pandemic and a higher proportion of patients re-
ported delaying care. Strengths of the study include
the number of included patients and the multicenter
prospective design during the pandemic. Limitations
include a retrospective pre-pandemic comparison
group.

Conclusions
In a large multicenter study we found a significantly
longer time from testicular torsion symptom onset to
presentation during the pandemic and a significantly
higher proportion of patients reported delaying
care. Based on the findings of this study, more pa-
tient education is needed on the management of
testicular torsion during a pandemic.
torsion in the time of COVID-19, Journal of Pediatric
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Summary Table Demographic and baseline characteristics of acute testicular torsion patients.

COVID-19 cohort (n Z 84)
Median (IQR) or N (%)

Retrospective cohort (n Z 137)
Median (IQR) or N (%)

P value*

Time from onset of symptoms to ED (hours) 17.9 (5.5e48) 7.5 (4.0e28) 0.04
Time from onset to presentation >6 h 54 (68) 79 (59) 0.17
Time from onset to presentation >12 h 42 (53) 53 (40) 0.05
Time from onset to presentation >24 h 33 (42) 37 (28) 0.03
Delayed seeking carex 39 (46) 45 (33) 0.04
Orchiectomy 34 (43) 40 (29) 0.06

*P values from KruskaleWallis test or Chi-square test.
xNot all patients from the COVID cohort indicated that the delay in seeking care was due to COVID.
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Introduction

Acute testicular torsion is a common pediatric emergency
with an incidence of 4.5 per 100,000 males per year in the
United States and most frequently occurring between 10
and 19 years of age [1]. Prompt diagnosis and surgical
management with scrotal exploration and detorsion are
important to prevent testicular loss. The likelihood of or-
chiectomy is time-dependent and can be avoided if surgical
intervention occurs within the first 6 h following symptom
onset [2]. Additionally, time from emergency department
(ED) presentation to the operating room (OR) is an inde-
pendent predictor of testicular survival [3].

During the 2020 coronavirus (COVID-19) pandemic, there
has been increased avoidance of the ED for non-COVID-19
illnesses noted in news outlets and in the medical literature
[4,5]. During the last week of June 2020, 41% of U.S. adults
admitted to avoiding medical care because of COVID-19
exposure concerns and 12% avoided urgent or emergent
care [6]. In the pediatric literature, reduced ED visits have
been noted across all diagnosis categories in multiple
countries during the COVID-19 pandemic [5,7,8] and
reduced visits for complex chronic conditions were sug-
gestive of ED avoidance behavior [8]. Notably, ED avoidance
and delay has led to increased pediatric morbidity and
mortality [7]. Furthermore, strict stay-at-home orders from
local and state officials during peak community trans-
mission of COVID-19 and strained medical resources, may
also contribute to delays in both presentation and man-
agement of testicular torsion.

We hypothesize that patients may be delaying ED pre-
sentation for acute testicular torsion due to COVID-19
concerns. The primary objective of this study is to
compare the time from symptom onset to ED presentation
between pre-COVID and COVID cohort of pediatric patients.
The secondary objective is to compare the orchiectomy
rate between the same cohorts.

Material and methods

Patient selection

Pediatric patients who underwent scrotal exploration for
acute testicular torsion were prospectively enrolled from
Please cite this article as: Holzman SA et al., A multicenter study of ac
Urology, https://doi.org/10.1016/j.jpurol.2021.03.013
March through July of 2020 from seven pediatric hospitals in
the U.S. and Canada. A second cohort of patients who un-
derwent scrotal exploration for acute testicular torsion
from January 2019 through February 2020 were identified
retrospectively from each of the seven hospitals through
the electronic medical records and served as the control
group for comparison. The timing of the pandemic cohort
was determined based on the CDC declaration of a
pandemic on March 23, 2020. July 31, 2020 was selected a
priori as the end date due to local schools reopening
starting in August.

Inclusion criteria were patients between two months
and 18 years of age with a diagnosis of acute testicular
torsion and who underwent emergent scrotal exploration
with detorsion orchiopexy or orchiectomy at the included
institutions. Patients who did not have testicular torsion
on surgical exploration, or were under two months of age
(neonatal torsions) were excluded. Additionally, patients
who underwent manual detorsion were excluded as return
of blood flow could decrease the urgency of surgical
management. Standard practice for surgical management
at our included centers was scrotal exploration with
detorsion orchiopexy versus orchiectomy depending on
the viability of the torsed testis. Testicular fixation
was performed with two- or three-point fixation with
permanent suture of both the affected and contralateral
testis. The primary outcome was time to ED presentation
and secondary outcome was orchiectomy rate. We also
examined parental endorsement of delaying
presentation.

For both cohorts of patients, demographic data, in-
formation on transfer from another facility, dates and
times of service, and indication of delay in seeking care
from the onset of symptoms were recorded. At the pre-
operative evaluation of the COVID-19 cohort, the urolo-
gist queried patients and their families on their knowl-
edge of testicular torsion, if their presentation to the ED
was delayed and if the delay was secondary to COVID-19
pandemic concerns. Orchiectomy versus detorsion
orchiopexy was determined from the operative records.
This study has received institutional review board
approval, coordinating site IRB #: 200451. Study data
were collected and managed using REDCap (Research
Electronic Data Capture, Vanderbilt University, Nashville,
TN) [9].
ute testicular torsion in the time of COVID-19, Journal of Pediatric
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Statistical analysis

Comparative analyses were performed with KruskaleWallis
tests for continuous variables and Chi-square tests for
categorical variables, as appropriate. Multivariable analysis
was performed using logistic regression to compare orchi-
ectomy risk in the COVID-19 group with the retrospective
group while adjusting for the patient’s age, race, ethnicity
and transfer status. P values < 0.05 were considered sig-
nificant. Statistical analyses were conducted using SAS
Statistical Software (version 9.4; SAS Institute Inc., Cary,
NC).

Results

Table 1 displays the demographic and baseline character-
istics of the patients in the COVID-19 and retrospective pre-
COVID cohorts. The two groups did not differ significantly
by age, race, ethnicity, or primary spoken language. A
similar proportion of patients in the two groups were
transferred from an outside center and the distance trav-
eled from home to hospital was not significantly different.

The median time from onset of symptoms to ED pre-
sentation was significantly longer for the COVID-19 cohort
(17.9 h (IQR 5.5e48)) than the retrospective cohort (7.5 h
(IQR 4.0e28); p Z 0.04) (Table 2). A higher proportion of
patients waited over 24 h to present for care during COVID-
19 compared to the retrospective period (42% vs 28%,
p Z 0.03). The median time from ED arrival to start time in
the OR was similar in both groups (median values COVID-19
group: 2.8 h (IQR 2.1e3.7) versus retrospective group: 2.8 h
(IQR 2.1e3.4)).

For the secondary outcome of orchiectomy, 42% (35/84)
of patients from the COVID-19 group and 29% (40/137) of
patients from the pre-COVID group underwent orchiectomy
Table 1 Demographic and baseline characteristics of acute test
retrospective period at seven pediatric centers (n Z 221).

COVID-19 cohort (n Z
Median (IQR) or N (%)

Age (years) 13.1 (10.7e14.7)
Distance traveled (miles) 18.0 (11e28)
Race
White 30 (36)
Asian 10 (12)
Black 6 (7.0)
Other 5 (6.0)
Unknown 33 (39)
Ethnicity
Non-Hispanic 35 (42)
Hispanic 35 (42)
Unknown 14 (16)
Primary language
English 58 (69)
Spanish 21 (25)
Other 5 (6)
Transferred from another facility 36 (43)
a P values from KruskaleWallis test or Chi-square test.

Please cite this article as: Holzman SA et al., A multicenter study of ac
Urology, https://doi.org/10.1016/j.jpurol.2021.03.013
(p Z 0.06) (Table 2). Based on the unadjusted logistic
regression model, patients in the COVID-19 cohort were 1.7
times as likely to undergo orchiectomy as pre-COVID con-
trols but was just outside statistical significance (OR Z 1.7,
95% CI 0.98e3.1, p Z 0.06). In the multivariable logistic
regression model adjusting for age, race, ethnicity and
transfer status, the patients in the COVID-19 cohort were
more likely to undergo orchiectomy than patients in the
retrospective cohort, but the difference was not statisti-
cally significant (OR Z 1.7, 95% CI: 0.93e3.1, p Z 0.09).

Fig. 1 displays the rate of orchiectomy and median time
from onset of symptoms to presentation for the COVID-19
cohort by month of the pandemic. The longest times to
presentation were seen during March and April 2020, with
decreases in time to presentation occurring by May 2020.
The highest rates of orchiectomy were seen in March, April
and July 2020.

We found that 46% of patients from the COVID-19 group
indicated a delay in seeking care compared with 33% of the
retrospective group (p Z 0.04). Of the seven patients who
reported delay in seeking care due COVID-19 concerns, the
median time from symptom onset to presentation was 24 h
(IQR 4.0e72). Other common reasons for delay were pa-
tients delaying telling parents about symptoms, symptoms
starting in the middle of the night, incorrect diagnosis at an
outside facility and trying to manage pain at home. Among
patients in both groups with data available, only 5% indi-
cated prior knowledge of testicular torsion (7/143).
Discussion

Our results demonstrate that both time to presentation
and outcomes for acute testicular torsion were impacted
by the COVID-19 pandemic. We found that the time from
symptom onset to presentation was significantly longer in
icular torsion patients during COVID-19 and patients from the

84) Retrospective cohort (n Z 137)
Median (IQR) or N (%)

P valuea

13.7 (11.6e15.2) 0.30
15.0 (7.4e24) 0.10

0.72
48 (35)
10 (7.3)
6 (4.4)
9 (6.6)
64 (46.7)

0.52
62 (45)
47 (34)
28 (21)

0.25
107 (78)
26 (19)
4 (3)
62 (45) 0.89

ute testicular torsion in the time of COVID-19, Journal of Pediatric
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Fig. 1 Distribution of patterns in acute testicular torsion
presentation by month of the COVID-19 pandemic. Gray bars
represent rate of orchiectomy by month, while the black line
represents median time from onset of symptoms to presenta-
tion by month.

Table 2 Comparison of clinical characteristics between acute testicular torsion patients from the COVID-19 cohort and pa-
tients from the retrospective cohort (n Z 221).

COVID-19 cohort (n Z 84)
Median (IQR) or N (%)

Retrospective cohort (n Z 137)
Median (IQR) or N (%)

P valuea

Time from onset of symptoms to ED (hours) 17.9 (5.5e48) 7.5 (4.0e28) 0.04
Time from onset to presentation >6 h 54 (68) 79 (59) 0.17
Time from onset to presentation >12 h 42 (53) 53 (40) 0.05
Time from onset to presentation >24 h 33 (42) 37 (28) 0.03
Delayed seeking careb 39 (46) 45 (33) 0.04
Orchiectomy 34 (43) 40 (29) 0.06
a P values from KruskaleWallis test or Chi-square test.
b Not all patients from the COVID cohort indicated delay in seeking care due to COVID.
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the COVID-19 cohort compared to the retrospective
cohort. A higher orchiectomy rate was demonstrated
among the COVID-19 group compared to the retrospective
group, which may be an indirect effect of the pandemic
due to an observed delay in seeking emergency care. This
is the largest study of testicular torsion during COVID-19
and the first to show a significantly longer time from
symptom onset to presentation. Patients in the COVID-19
cohort were also significantly more likely to endorse a
delay in seeking care compared to retrospective controls,
which further supports COVID-19 leading to indirect delays
in care. Most notably, we found that patients during the
COVID-19 pandemic had a 13% higher rate of orchiectomy
at surgical exploration, although this was just beyond the
level of statistical significance (p Z 0.06) and may be
related to the power of the study. Other key factors were
similar between the two groups: demographic character-
istics, the transfer rate from outside hospital and median
distance from home to hospital.

Similar to our findings, significant increases in delayed
care for numerous other emergencies during the current
pandemic, including pediatric surgical emergencies have
been published [10,11]. A study of acute appendicitis from
the New York Metropolitan region between March and May
2020 found a longer mean duration of symptoms and a
significantly higher perforation rate compared to prior
Please cite this article as: Holzman SA et al., A multicenter study of ac
Urology, https://doi.org/10.1016/j.jpurol.2021.03.013
years [11]. A more recent study of appendicitis in Virginia
also found an increased perforation rate and pelvic ab-
scesses requiring medical management during the
pandemic [5]. It is interesting that we found a significantly
longer time from symptom onset to ED presentation and a
higher proportion of patients reporting delaying care, but
the difference in orchiectomy rate was just outside the
level of significance during COVID-19. This may be due to
the high baseline rate of orchiectomy, making a significant
difference in orchiectomy difficult to demonstrate and a
variation in practice patterns for what a surgeon would
consider to be a salvageable testis. We were unable to
evaluate the post-operative atrophy rates on ultrasound
due to length of follow-up.

The baseline rate of orchiectomy for testicular torsion is
already high at 34% based on a large US study [1]. Similarly,
low patient and family awareness of testicular torsion is
very common with only 15e30% of patients having prior
knowledge of torsion in survey studies [12,13]. In our study,
this was even lower with only 5% (7/143) of patients having
prior knowledge of torsion. Notably on prior studies of
torsion awareness, the primary resource on torsion knowl-
edge was a friend or family member who had testicular
torsion; only 17% were informed of torsion by their pedia-
tricians [12]. Low baseline awareness of torsion may
contribute to delays in care that were present even before
the pandemic, making patients and their families less likely
to present for emergency care during the pandemic when
there is concern for exposure to COVID-19.

We recognize that at baseline prior to the pandemic,
some children have delayed presentation to the ED for
acute testicular torsion. Bayne et al. (2017) found that 13%
of children with torsion may delay informing their parents
and that children with autism spectrum disorders are at
higher risk of delayed presentation [14]. However, we
anticipate that the baseline delay of presentation for acute
testicular torsion to the ED remained stable between the
pandemic and retrospective control cohorts. Hospital
transfer to tertiary care centers also increases time from
symptom onset to OR and has a negative impact on testic-
ular salvage [15]. However, we demonstrated that the
transfer rate was nearly identical between the COVID-19
and control cohorts (43% and 45%, respectively). There-
fore, hospital transfers likely did not impact the effect of
COVID-19 and emergency care avoidance on testicular tor-
sion presentation and orchiectomy rates.
ute testicular torsion in the time of COVID-19, Journal of Pediatric
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We also examined time from ED presentation to OR start
time as this interval has been shown previously to be an
independent predictor of testicular salvage [3]. Many cen-
ters have testicular torsion protocols to expedite ED pre-
sentation to OR time but during the pandemic, rapid COVID
testing needed to be performed prior to patients undergo-
ing surgery. There was some concern that rapid COVID
testing could extend the time from ED presentation to OR
incision time. However, we found that this time interval
was not different between the COVID-19 cohort and pre-
pandemic controls. Furthermore, preoperative testing for
COVID-19 has numerous benefits for the patient, staff and
resource utilization with only a potential slight increase in
ED presentation to OR time. In this case, the increase in
orchiectomy rate is most likely secondary to delayed pre-
sentation and not COVID testing extending door to OR start
time.

Our findings differ from the other published studies on
testicular torsion during COVID-19. The prior studies were
both single center studies during the early months of the
COVID-19 pandemic and did not find any difference in time
from symptom onset to ED presentation [16,17]. The or-
chiectomy rate was higher in the COVID-19 group (of 17
torsion patients) but not significantly different from the
comparison group in Nelson et al. 2020; there was no dif-
ference in orchiectomy rate in Littman et al. 2021 with a
COVID-19 group of 21 patients [16,17]. We anticipate that
the discordance between our results may be due to our
larger sample size of 84 patients with testicular torsion
during COVID-19. Furthermore, the prior studies collected
COVID-19 torsion patients from only March through May of
2020 while our study continued through July and higher
infection rates were seen in the majority of our region
during the summer months. Interestingly in our study, the
longest times to presentation and highest orchiectomy
rates during the pandemic were during the beginning of the
pandemic with a second increase in orchiectomy rate in
July when cases were rising (Fig. 1).

Our study has several strengths including the large
number of patients, multicenter design, and prospective
collection of torsion cases during COVID-19. We also have
the most long-term study on testicular torsion during
COVID-19 and examined outcomes when infection levels
were higher throughout most of the country. However, our
study has several limitations. Our included centers have a
similar patient base of suburban and urban patients; how-
ever, we do not have a center with a high proportion of
rural patients. Therefore, our results may not be general-
izable to a rural practice setting. Rural patients may have a
longer time between symptom onset and presentation due
to transportation time and the effect of COVID-19 may be
less prominent. In a California state-wide retrospective
study of torsion, rural patients had a higher incidence of
orchiectomy on univariate analysis but not multivariate
analysis [18].

A contemporary prospective control cohort would have
improved our study, but this was not possible because it is
unclear when the pandemic will conclude. We urgently
wanted to have this information available to stress the
importance of patient education particularly as the
pandemic has continued unabated with high numbers of
cases and deaths. It was difficult to pinpoint when COVID-19
Please cite this article as: Holzman SA et al., A multicenter study of ac
Urology, https://doi.org/10.1016/j.jpurol.2021.03.013
concerns would have the greatest impact on the studied
population. We chose to start our prospective COVID-19 arm
of the study on March 23, 2020 when the CDC declared
COVID-19 a pandemic. Prior studies from the northeast and
southeast regions have used March through May 2020
[11,16]; however, the case rate was higher in the summer
for certain parts of the West Coast, where many of our
centers reside. It was difficult to account for changes in
patients’ attitudes and fear of COVID as the pandemic has
progressed.

We plan to continue the study as the pandemic pro-
gresses. Although the increased orchiectomy rate was not
statistically significant, we will monitor the atrophy rate in
post-orchiopexy ultrasounds among the patients who un-
derwent testicular salvage during COVID-19 who had a
delay in presentation. We will also examine the potential
effects of coronavirus restrictions adherence fatigue in
future studies, as patients experiencing adherence fatigue
may be less likely to avoid the hospital setting.

Conclusions

Our findings clearly demonstrate that the COVID-19
pandemic has affected outcomes and time to presenta-
tion for acute testicular torsion in seven centers in the U.S.
and Canada. These results are especially impactful given
that the COVID-19 pandemic continues to surge, and the
effect of newly identified variants remains uncertain.
Increased patient and family education on testicular torsion
is vital but remarkably so during a time when the pandemic
is far from concluding and testicular emergencies will
continue.
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