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Abstract

Background Suspicion of testicular torsion represents a urological emergency, necessitating immediate surgery. Comprehen-
sive data on the current trends and perioperative outcomes regarding surgical exploration are sparse. Therefore, we utilized
nationwide data on the prevalence and results of this surgery, aiming to provide evidence on this matter.

Methods We assessed the GeRmAn Nationwide inpatient Data (GRAND) from 2005 to 2021, provided by the Research
Data Center of the Federal Bureau of Statistics. We performed multiple regression analyses to evaluate the perioperative
outcomes (length of hospital stay, transfusion, and surgical wound infection) after surgical exploration due to suspected
testicular torsion based on both the outcome of surgery (orchiectomy, detorsion with preservation of the testicle, and no
testicular torsion) and on the department of operation (urological versus non-urological).

Results A total of 81,899 males underwent surgical exploration due to suspected testicular torsion in Germany from 2005 to
2021. Of them, 11,725 (14%) underwent orchiectomy, 30,765 (38%) detorsion with preservation of the testicle and subsequent
orchidopexy, and 39,409 (48%) presented no testicular torsion. Orchiectomy was significantly associated with longer length
of hospital stay (day difference of 1.4 days, 95%CI: 1.3-1.4, p<0.001), higher odds of transfusion (1.8, 95% CI: 1.2-2.6,
p=0.002) and surgical wound infections (1.8, 95%CI: 1.4-2.3, p<0.001) compared to no testicular torsion. The proportion
of patients undergoing orchiectomy was significantly lower in urological departments (14%) versus non-urological depart-
ments (16%) and the proportion of patients undergoing preservation of testicle after detorsion was significantly higher in
urological departments (38%) versus non-urological departments (37%), p < 0.001. Patients undergoing treatment in a uro-
logical department were discharged earlier and presented lower odds of transfusion and surgical wound infection (p <0.001)
compared to patients undergoing treatment in a non-urological department.

Conclusions Nearly half of patients who underwent surgery for suspected testicular torsion did not have intraoperatively the
condition confirmed. Patients treated in urological departments had significantly better perioperative outcomes compared to
those treated in non-urological departments. Therefore, we advise to refer patients to urological treatment as early as possible.
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Introduction after detorsion and subsequent orchidopexy is achieved in

approximately 36% of the cases, orchiectomy due to tes-

Suspected testicular torsion is an absolute urological emer-
gency manifesting with acute and severe pain and merits
immediate surgical exploration [1]. Administrative data sug-
gest that, among patients undergoing surgical exploration
for suspected testicular torsion, preservation of the testicle
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ticular necrosis is mandatory in 31% of the cases, while no
testicular torsion is identified in about 33% of the cases [2].
Among patients with no testicular torsion, a significant num-
ber present with torsion of the appendix testis, epididymitis,
inguinal hernia, or other causes of acute testicular pain [3].

The diagnosis of acute testicular torsion is based pri-
marily on clinical signs and symptoms, although Doppler
ultrasound might be useful in some cases [4]. Doppler ultra-
sound has a sensitivity of approximately 100%, a specificity
of 80%, a positive predictive value of 82% and a negative
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predictive value of 100% [5]. However, it should be high-
lighted that a testicular torsion can be only safely excluded
after surgical exploration [6]. The incidence of testicular
torsion is about one case per 4,000 males per year in those
younger than 25 years old and one case per 160 males over
a lifetime in men older than 25 years [7]. The testicular
salvage rate is approximately 90% if the detorsion of the
spermatic cord is performed within 6 h from the onset of
symptoms, whereas this salvage rate falls to 50% after 12 h
and below 10% after 24 h [8].

Even though testicular torsion is a urologic emergency,
a significant number of patients are not treated in a urol-
ogy department. Other non-urologic departments such as
pediatric or general surgery may also operate patients with
suspected testicular torsion [9]. Given that urologists present
greater experience with surgery of the external male geni-
talia, treatment on a urology department may present better
perioperative outcomes. However, to date, no comprehensive
epidemiological studies on this matter exist [10]. Accord-
ingly, studies exploring the current trends and perioperative
outcomes after surgical exploration due to suspected testicu-
lar torsion are sparse. In this context, we aimed to provide
nationwide evidence on the current trends, risk factors, and
important perioperative outcomes of men undergoing surgi-
cal exploration for suspected testicular torsion through the
largest study on the field.

Methods
GeRmAnN Nationwide inpatient Data (GRAND)

The GRAND study contains nationwide in-hospital data in
Germany from 2005 to 2021 except for psychiatric, forensic,
and military cases. These data are stored anonymized at the
Research Data Center of the Federal Bureau of Statistics
and were retrieved for the purposes of this analysis after
agreement (LMU-4710-2022). Our research team did not
have direct access to these data on a patient level but could
only access their summary results. In particular, all analy-
ses were performed, on our behalf, from the Research Data
Center based on R codes developed by our research team.
Subsequently, the summary results were provided by the
Research Data Center of the Federal Bureau of Statistics to
our research group for further evaluation (source: Research
Data Center of the Federal Bureau of Statistics, DRG Sta-
tistics 2005-2021, own calculations).

Since 2005, all hospitals in Germany are required to
transfer all in-hospital data to the German Institute for the
Hospital Remuneration System to receive their remunera-
tion. These data are coded according to the International Sta-
tistical Classification of Diseases and Related Health Prob-
lems, 10th revision, German modification (ICD-10-GM),
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and the German Procedure Classification (OPS) and contain
information on baseline diagnoses, in-hospital procedures,
and perioperative outcomes. Following the German legisla-
tion, approval by an ethics committee or patient informed
consent was not mandatory for the present analysis from
the GRAND study.

Outcomes

We included all hospitalized cases with suspicion of testicu-
lar torsion (ICD-10-GM: N44.0 and N44.1) in Germany.
The primary outcome of the study was to assess the current
trends in the management of suspected testicular torsion.
Secondary outcomes included perioperative complications
(length of hospital stay, transfusion, and surgical wound
infection) in patients undergoing orchiectomy, detorsion
with preservation of the testicle and subsequently orchi-
dopexy, and in those with no testicular torsion. Moreover,
we assessed the perioperative outcomes (type of surgery,
length of hospital stay, transfusion, and surgical wound
infection) based on the department of operation (urological
versus non-urological).

Statistical analysis

All categorical variables were summarized as frequencies
with proportions and were compared with the chi-squared
test. Accordingly, all continuous variables were reported as
median with interquartile range (IQR) and were compared
with the Kruskal-Wallis test. We performed a multivariable
logistic and linear regression analysis to assess the periop-
erative outcomes (length of hospital stay, transfusion, and
surgical wound infection) after surgical exploration due to
suspected testicular torsion based on both the outcome of
surgery (orchiectomy, detorsion with preservation of the
testicle, and no testicular torsion) and on the department
of operation (urological versus non-urological). Based on
clinical relevance, all models were adjusted for age, obesity,
and diabetes. The odds ratios (ORs) with the 95% confi-
dence intervals (CIs) were reported for all logistic models
and two-sided p-values < 0.05 were considered statistically
significant.

Results
Baseline characteristics

A total of 81,899 males with a median age of 16 (IQR: 13,
23) years have undergone surgical exploration due to sus-
pected testicular torsion in Germany from 2005 to 2021.
Of them, 11,725 (14%) underwent an orchiectomy, 30,765
(38%) detorsion with preservation of the testicle and
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subsequent orchidopexy, and 39,409 (48%) presented no
testicular torsion. Among patients with no testicular torsion,
torsion of the appendix testis was the cause of acute testicu-
lar pain in 9,861 (25%) cases and epididymitis in 3,161 (8%)
cases. Compared to patients with intraoperative detorsion
of the testicle and no testicular torsion, patients undergo-
ing orchiectomy presented higher rates of diabetes, chronic
kidney disease, hypertension, and obesity (p <0.001 for all
characteristics). Interestingly, a higher proportion of males
undergoing orchiectomy had a history of cryptorchidism
(p<0.001). Furthermore, the hospital revenues were higher
after orchiectomy (p < 0.001). The baseline characteristics
of all included males are depicted in Table 1.

The total number of patients undergoing surgical explo-
ration due to suspected testicular torsion in Germany has
decreased in the last years from 5,235 cases in 2005 to
4,900 cases in 2021 (p<0.001). The latter is attributed to
the decrease in the cases of surgical exploration with no
testicular torsion which decreased from 2,688 in 2005 to
2,248 in 2021. On the other hand, both the number of orchi-
ectomies and the number of preservations of testicle after
detorsion has slightly increased (from 733 and 1,814 in 2005
to 773 and 1,879 in 2021, accordingly). The annual trends of
orchiectomy, detorsion with preservation of the testicle, and
no testicular torsion are presented in Fig. 1.

Perioperative outcomes of suspected testicular
torsion

The median length of hospital stay was 1 day (IQR: 1, 2)
for patients with no testicular torsion, 1 day (IQR: 1, 2) for
those with detorsion with preservation of testicle, and 2 days
(IQR: 2, 4) for those undergoing orchiectomy. The rates of
transfusions and surgical wound infections were low in all

groups. In the multivariate analysis after adjusting for age,
obesity, and diabetes, orchiectomy was significantly associ-
ated with longer length of hospital stay (2 versus 1 days,
day difference of 1.4 days, 95% CI: 1.3 to 1.4, p<0.001)
compared to no testicular torsion, whereas preservation of
testicle after detorsion was associated with shorter length of
hospital stay (day difference of 0.08 days, 95% CI: 0.02 to
0.14, p<0.001) compared to no testicular torsion. Similarly,
orchiectomy was associated with significantly higher odds
of transfusion (0.4% versus 0.2%, OR: 1.8, 95% CI: 1.2 to
2.6, p=0.002), and preservation of testicle after detorsion
was associated with significantly lower odds of transfu-
sion (<0.1% versus 0.2%, OR: 0.27, 95% CI: 0.15 to 0.47,
p<0.001) compared to no testicular torsion. Accordingly,
orchiectomy was associated with significantly higher odds
of surgical wound infections (0.9% versus 0.5%, OR: 1.8,
95% CI: 1.4 to 2.3, p<0.001), and preservation of testicle
after detorsion was associated with significantly lower odds
of surgical wound infections (0.3% versus 0.5%, OR: 0.67,
95% CI: 0.52 to 0.85, p<0.001) compared to no testicular
torsion. All regression models are available in Table 2.

Perioperative outcomes based on the department
of treatment

A total of 61,491 (75%) surgical explorations due to sus-
pected testicular torsion were undertaken in a urological
department and 20,408 (25%) in a non-urological depart-
ment. Among them, the proportion of patients undergo-
ing orchiectomy was significantly lower in urological
departments (8,383, 14%) versus non-urological depart-
ments (3,342, 16%) and the proportion of patients under-
going preservation of testicle after detorsion and subse-
quent orchidopexy was significantly higher in urological

Table 1 Baseline characteristics of patients with suspected testicular torsion

Characteristic Overall, n=81,899  Orchiectomy, n=11,725 Detorsion with pres- No testicular torsion, p-value
ervation of testicle, n=739,409
n=30,765
Age (years) 16 (13-23) 16 (13-27) 16 (13-21) 17 (13-23) <0.001
Hospital revenues (Euros) 1,962 (1,735-2,317) 2,409 (2,036-3,014) 1,954 (1,755-2,304) 1,859 (1,630-2,225) <0.001
Diabetes 485 (0.6%) 141 (1.2%) 126 (0.4%) 218 (0.6%) <0.001
Chronic kidney disease 175 (0.2%) 72 (0.6%) 23 (<0.1%) 80 (0.2%) <0.001
Hypertension 1,265 (1.5%) 442 (3.8%) 247 (0.8%) 576 (1.5%) <0.001
Obesity 843 (1%) 160 (1.4%) 248 (0.8%) 435 (1.1%) <0.001
Hypospadias 64 (<0.1%) 14 (0.1%) 16 (<0.1%) 34 (<0.1%) 0.06
Cryptorchidism 1,047 (1.3%) 323 (2.8%) 246 (0.8%) 478 (1.2%) <0.001
Department <0.001
Non-urological 20,408 (25%) 3,342 (29%) 7,527 (24%) 9,539 (24%)
Urological 61,491 (75%) 8,383 (71%) 23,238 (76%) 29,870 (76%)

Variables are presented as median with interquartile range or frequencies with proportions. The Kruskal-Wallis test was performed for compari-
sons among continuous variables and the chi-squared test for categorical variables. The bold cells indicate statistically significant p-values
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Table 2 Multivariable logistic and linear regression analysis comparing length of hospital stay, transfusion rates and surgical wound infection

rates after surgical exploration due to suspected testicular torsion

Outcome of surgi-  Hospital stay Transfusion Surgical wound infection
cal exploration -
Days  Day difference p-value Events OR p-value Events OR p-value
No testicular tor- 1(1,2) — - 7302%) - - 188(0.5%) - -

sion

Detorsion with ~ 1(1,2) —0.08 (=0.14,

preservation of —0.02)
testicle
Orchiectomy 2(2,4) 14(1.3,14) <0.001 52 (0.4%)

<0.011 14 (<0.1%) 0.27 (0.15, 0.47)

<0.001 96 (0.3%) 0.67 (0.52,0.85) <0.001

1.8 (1.2,2.6) 0.002 110 (0.9%) 1.8(1.4,2.3) <0.001

All models are adjusted for age, obesity, and diabetes. The bold cells indicate statistically significant p-values. OR odds ratio

departments (23,238, 38%) versus non-urological depart-
ments (7,527, 37%), p <0.001.

In the multivariate analysis, patients undergoing treat-
ment in a urological department were discharged 1.4 days
(95% CI: 1.3 to 1.4, p<0.001) earlier compared to
patients undergoing treatment in a non-urological depart-
ment. Accordingly, treatment in a urological department
was associated with significantly lower odds of transfu-
sion (0.05, 95% CI: 0.03 to 0.08, p<0.001) and surgi-
cal wound infection (0., 95% CI: 1.4 to 2.3, p<0.001)
compared to a non-urological department. All regression
models are displayed in Table 3.
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Discussion

The results of the present GRAND analysis show that
almost half of all men undergoing surgical exploration for
suspected testicular torsion do not present a testicular tor-
sion intraoperatively. Even though this number has slightly
decreased in the last years, it remains alarmingly high.
Of note, the total number of perioperative complications
in men with suspected testicular torsion is relatively low.
However, as expected, patients undergoing orchiectomy
have the highest rates of perioperative complications, and
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Table 3 Multivariable logistic

. . . Department Hospital stay Transfusion Surgical wound infection
and linear regression analysis
comparing length of hospital Day difference p-value OR p-value OR p-value
stay, hospital revenues,
transfusion rates and surgical Non-urological - - - -
wound infection rates based on Urological -1.4(-14,-1.3) <0.001 0.05(0.03, <0.001 0.4(0.33,0.5) <0.001

the department of operation

0.08)

All models are adjusted for age, obesity, and diabetes. The bold cells indicate statistically significant p-val-

ues. OR odds ratio.

men with no testicular torsion have more perioperative
complications than males with detorsion with preserva-
tion of testicular torsion. The latter may be explained by
the fact that patients with testicular pain, but no testicular
torsion, may present other conditions with higher rates of
perioperative complications such as epididymitis or ingui-
nal hernia. It should be also highlighted that our findings
suggest that patients undergoing surgery in a urological
department presented better perioperative outcomes and
higher rates of testicular preservation in cases of testicular
torsion.

It seems that testicular torsion occurs in Germany at a
higher age compared to other countries. Nationwide data
from the USA, Korea, and Ireland indicate that the common-
est age for testicular torsion is 10 to 14 years [2, 11, 12]. On
the other hand, the ratio of orchiectomy to preservation of
testicle after detorsion in Germany is 1:3, which is similar
to other Western countries such as the USA and Ireland [11,
13]. Importantly, the decreasing trends in patients with no
testicular torsion who undergo surgical exploration may be
attributed to the improvement of imaging modalities used for
the assessment of patients with suspected testicular torsion
[14, 15]. Moreover, our analysis demonstrates that cryptor-
chidism is a risk factor for testicular torsion in males that
have not previously undergone orchidopexy. The latter has
been recognized by previous studies suggesting that testicu-
lar torsion in these patients should be suspected, diagnosed,
and managed without delay [16].

Overall, the number of perioperative complications in
patients with suspected testicular torsion seems to be rela-
tively low in Germany and is comparable to other Western
countries. Based on our findings, the length of hospital stay
was short, patients rarely required transfusion, and the rates
of surgical wound infections were below 1%. These find-
ings are in line with previous studies focusing on periopera-
tive complications. In particular, administrative data from
the USA indicate that the length of hospital stay after sur-
gical exploration for suspected testicular torsion is about
one day, transfusions are rare, and surgical wound infec-
tions occur in about 1% of all cases. Accordingly, severe
complications such as admission to an intensive care unit,
myocardial infarction, pulmonary embolism, sepsis, or acute
renal disease occur in extremely rare cases and, therefore, it

was beyond the scope of the present analysis to assess their
incidence [13].

Emergency care for suspected testicular torsion is gen-
erally provided by urology, pediatric surgery, and general
surgery. To our knowledge, our study is the first to com-
pare nationwide data on outcomes of this surgery between
different departments. Our findings indicate that patients
should preferably undergo surgical exploration in urologi-
cal departments. In particular, the hospital stay was shorter
by 1.4 days, the transfusion rates were lower by 5% and the
surgical wound infections were lower by 40%. Importantly,
the orchiectomy rates were 2% lower in patients undergo-
ing surgical exploration of suspected testicular torsion in a
urological department versus a non-urological department.
Nevertheless, it should be highlighted that only 75% of all
patients with suspected testicular torsion undergo surgical
exploration in a urological department. The latter might be
attributed to the fact that patients younger than 18 are pri-
marily assessed by pediatric surgeons and by the fact that
about 50% of all hospitals in Germany do not have a urologi-
cal department.

Our findings indicate that a correct and timely diagnosis
of testicular torsion is mandatory to save the testicle and
prevent unnecessary surgeries. Indeed, our epidemiological
study on the German population suggests that an important
number of patients, who require surgical exploration for sus-
pected testicular torsion, do not present a testicular torsion
intraoperatively. Moreover, although our study shows better
perioperative outcomes in hands of urologists, it should be
highlighted that testicular torsion is an absolute emergency
[17]. Therefore, general, and pediatric surgeons should
also be able to perform it when necessary. It seems that a
better distribution and availability of urology departments
throughout the country is mandatory [18]. Accordingly, a
urologist-guided training of non-urological surgical fellows
for the initial evaluation of acute scrotum might lead to bet-
ter outcomes [19].

Even though we present, to our knowledge, the largest
analysis of trends in the surgical management of suspected
testicular torsion, our findings were mitigated by some limi-
tations. The GRAND study is based on retrospective, admin-
istrative data, which are prone to coding errors, although
they are checked by multiple independent task forces. It
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should be noted that important baseline and perioperative
data such as patients’ laboratory findings, previous attempts
of manual detorsion, duration of testicular torsion, rates of
orchidopexy for the contralateral side, operative time, post-
operative care, as well as long-term complications, readmis-
sion, and reoperation rates are not included in the GRAND
database. Moreover, no information on the use of Doppler
prior to surgical exploration of suspected testicular torsion
is available and the preoperative clinical findings could not
be correlated with the intraoperative findings. The lack of
these data introduces a certain selection bias to the present
findings. Based on the previous notion, the observed better
outcomes in urology departments compared to non-urology
departments might be attributed to the inherent differences
in the baseline characteristics of the included patients
(e.g. less comorbidities, prompt presentation to the urol-
ogy department), for which we could not account. It was
also beyond the scope of the present analysis to identify all
causes of testicular pain imitating acute testicular torsion.
Importantly, all our findings derive from nationwide Ger-
man data and, thus, they might not be extrapolated to other
medical healthcare systems. Nevertheless, in an attempt
to overcome these limitations, our holistic approach with
multiple high-volume analyses may serve predominantly as
a valuable guide for proper patient counseling and for the
referral of patients with suspected testicular torsion to uro-
logical departments, whenever possible.

Conclusion

The present real-world data indicate that an important
amount of patients with suspected testicular torsion under-
going surgery do not in fact present a testicular torsion. Even
though the proportion of males with no testicular torsion
undergoing surgery has decreased, the proportion of patients
undergoing unnecessary surgery is high. Overall, the pre-
sent analysis suggests that surgical exploration of suspected
testicular torsion should be preferably performed in urologi-
cal departments due to better perioperative outcomes and,
importantly, due to lower rates of orchiectomy and higher
rates of saving of the testicle. Nevertheless, it should be
stressed that, due to the selection bias of the present cohort
and the limitations of the analysis, no definite conclusions
can be drawn and further studies in the field are mandatory.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00345-024-05015-z.
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