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Reconstructive Urology
The Outcomes of Pelvic Fracture

Urethral Injuries Stratified by Urethral
Injury Severity: A Prospective Multi-
institutional Genitourinary Trauma
Study (MiGUTS)

Kiarad Fendereski, Benjamin J. McCormick, Sorena Keihani, Judith C. Hagedorn,
Bryan Voelzke, J. Patrick Selph, Bradley D. Figler, Niels V. Johnsen,
Rodrigo Donalisio da Silva, Joshua A. Broghammer, Shubham Gupta, Brandi Miller,
Frank N. Burks, Jairam R. Eswara, E. Charles Osterberg III, Kenneth J. Carney,
Brad A. Erickson, Matthew B. Gretzer, Paul H. Chung, Catherine R. Harris,
Gregory P. Murphy, Paul Rusilko, Katherine T. Anderson, Anand Shridharani,
Cooper R. Benson, Amjad Alwaal, Sarah D Blaschko, Benjamin N. Breyer,
Maxim McKibben, Ian W. Schwartz, Jay Simhan, Alex J. Vanni, Rachel A. Moses, and
Jeremy B. Myers#

OBJECTIVE To determine patient outcomes across a range of pelvic fracture urethral injury (PFUI) severity.
# Jeremy B. Myers: Division of U
In conjunction with the Trauma an
Funding Support: This study wa
central database design and implem
From the University of Utah, D

kane, WA; the University of Alab
of Colorado School of Medicine, D
Lexington, KY; the Detroit Medic
Brighten, MA; the University of T
and Clinics, Ames, IA; the Unive
Valley, Medical Center, San Jose,
Tennessee College of Medicine, C
tem, Oakland, CA; the University
sity of Minnesota, Minneapolis, M
Center, Lebanon, MH; and the U
Addresss Correspondence to: K

801-739-3795; Fax: 801-585-28
Submitted: May 6, 2022, accep

© 2022 Elsevier Inc.
All rights reserved.
PFUI is a devastating consequence of a pelvic fracture. No study has stratified PFUI outcomes
based on severity of the urethral distraction injury.
METHODS
 Adult male patients with blunt-trauma-related PFUI were followed prospectively for a minimum
of six months at 27 US medical centers from 2015-2020. Patients underwent retrograde cystour-
ethroscopy and retrograde urethrography to determine injury severity and were categorized into
three groups: (1) major urethral distraction, (2) minor urethral distraction, and (3) partial urethral
injury. Major distraction vs minor distraction was determined by the ability to pass a cystoscope
retrograde into the bladder. Simple statistics summarized differences between groups. Multi-vari-
able analyses determined odds ratios for obstruction and urethroplasty controlling for urethral
injury type, age, and Injury Severity Score.
RESULTS
 There were 99 patients included, 72(72%) patients had major, 13(13%) had minor, and 14(14%)
had partial urethral injuries. The rate of urethral obstruction differed in patients with major
(95.8%), minor (84.6%), and partial injuries (50%) (P < 0.001). Urethroplasty was performed in
90% of major, 66.7% of minor, and 35.7% of partial injuries (P < 0.001).
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CONCLUSION
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In PFUI, a spectrum of severity exists that influences outcomes. While major and minor distrac-
tion injuries are associated with a higher risk of developing urethral obstruction and need for ure-
throplasty, up to 50% of partial PFUI will result in obstruction, and as such need to be closely
followed. UROLOGY 170: 197−202, 2022. © 2022 Elsevier Inc.
Traumatic genitourinary injuries are observed in
approximately 0.5 % of all trauma patients and
considerably increase trauma-related morbidity

and mortality.1,2 While urethral injury is relatively rare,
comprising only 4% of all urologic trauma, it is present in
up to 10% of patients with traumatic pelvic fractures.3,4

Pelvic fracture urethral injury (PFUI) occurs most com-
monly at the bulbomembranous junction, and is the result
of the forceful sheering of the prostate and bulbomembra-
nous urethra.5,6 Male patients are at a much higher risk
for PFUIs due to a longer and less mobile urethra.7 Many
patients with PFUI will subsequently develop urethral
obstruction, erectile dysfunction, and urinary inconti-
nence, which markedly reduce patient quality of life and
increase burden on health care systems.8

Within PFUI there exists a wide spectrum of severity.
The urethra can be partially or circumferentially trans-
ected, and the distance between to the two ends of the
fully transected urethra can vary greatly among patients.9

Partial injuries consist of full thickness tears without
complete circumferential disassociation of the mucosa.10

Complete urethral transection is defined as circumferen-
tial disassociation of the mucosa and adventitia of the
urethra without any remaining continuity between the
two severed urethral ends. Complete and partial injuries
are commonly distinguished with a combination of retro-
grade urethrography (RUG), cystourethroscopy, and sim-
ple retrograde catheter placement. Partial urethral
injuries often exhibit passage of radiological contrast into
the bladder during RUG, will show at least some mucosal
continuity on cystourethroscopy, and will often allow for
successful blind urethral catheterization.5 Complete cir-
cumferential urethral injuries, on the other hand, infre-
quently allow passage of radiologic contrast into the
bladder duringRUG, and successful retrograde catheteri-
zation is often impossible even with the aid of a cysto-
scope. For minor distraction injuries, even though
contrast material may not fill the bladder, it is often pos-
sible to navigate a retrograde placed cystoscope into the
bladder, passing through the hematoma intervening
between the urethral ends.
PFUI patients are affected with a wide spectrum of

injury severities meriting different management strategies
based on the severity level of the genitourinary damage.
This is comparable to renal trauma patients who are cate-
gorized using severity scales to receive optimized treat-
ments ranging from conservative management to
immediate surgical interventions.11,12 The Committee on
Organ Injury Scaling of the American Association for the
Surgery of Trauma (AAST) introduced a scaling system
for urethral injuries. According to AAST injury scale,
major distraction roughly corresponds to grade 5, minor
distraction to grade 4, and partial injury to grade 3 injury
scales.13 However, no effort has as of yet been made to
more carefully categorize PFUI outcomes and manage-
ment based on severity of urethral distraction.

In this multi-institutional prospective study, we aimed
to compare the outcomes of major distraction, minor dis-
traction, and partial injury PFUIs. We hypothesized that
obstruction rates and the need for urethroplasty are higher
in major and minor complete distraction injuries com-
pared to partial urethral injuries.
MATERIALS AND METHODS

Study Design
This study was a prospective observational cohort study and was
conducted in conjunction with the American Association for
Surgery of Trauma Multi-institutional Trials Committee and the
Trauma and Urologic Reconstruction Network of Surgeons. The
study design and primary a priori hypotheses have been previ-
ously published.14 In brief, the main aim of the study was to
establish the impact of endoscopic urethral realignment (EUR)
vs suprapubic cystostomy tube (SPT) alone in major distraction
injuries. Forty-two US medical centers joined the study from
2015 to 2020. Institutional review board approval was obtained
by each participating site; 27 centers ultimately entered data
included in the study. Data were managed using Research Elec-
tronic Data Capture (REDCap) electronic data capture tools
hosted at University of Utah. REDCap is a secure, web-based
software platform designed to support data capture for research
studies.15

Patient Cohort and Variables
Adult male patients presenting to a participating center with
blunt-trauma-related PFUI were included. Included patients
underwent retrograde cystourethroscopy as well as many who
underwent RUG to determine injury severity, and they were cat-
egorized into three groups: (1) major distraction injury, (2)
minor distraction injury, and (3) partial urethral injury. Major
distraction injury was defined as a circumferential urethral injury
combined with the inability to navigate a cystoscope retrograde
into the bladder. Minor distraction injuries were defined as those
with circumferential disruption, but the injury allowed for pas-
sage of a cystoscope retrograde into the bladder. Partial urethral
injuries were defined as incomplete urethral disruption as seen
on cystourethroscopy and RUG. Mechanism of injury (motor
vehicle accident vs other), concomitant injury other than pelvic
fracture (solid organ, gastrointestinal, spinal cord, major vascu-
lar, and bladder injuries), Injury severity score (ISS), and medi-
cal comorbidities were recorded and evaluated. Medical
comorbidities were defined by those recorded within the
National Trauma Databank and included: history of diabetes,
stroke, peripheral vascular disease, cirrhosis, drug abuse, alcohol-
ism, current smoking, myocardial infarction within the last six
months, congestive heart failure, chronic obstructive pulmonary
disease, and end stage renal disease.
UROLOGY 170, 2022



Management and Outcomes Measures
Major distraction injuries were managed with either SPT alone
or with SPT with early endoscopic urethral realignment within
seven days of their injury depending upon the primary study
design. The primary study showed no difference in outcomes
between these treatment arms for either development of obstruc-
tion or need for urethroplasty, and for this reason major distrac-
tion injuries, regardless of their acute management, were pooled
into one group. Minor distraction and partial injury patients
were managed with Foley catheter and/or SPT placement
depending upon surgeon preference.

The primary outcome was development of urethral obstruc-
tion which was identified by cystourethroscopy, urethrography,
or failed passage of a catheter. The secondary outcome was the
need for urethroplasty. Patients were followed for a period of at
least six months after their injury for development of urethral
obstruction, unless they were diagnosed with urethral obstruc-
tion prior to six months. Urethral obstruction during the follow-
up period was diagnosed by cystourethroscopy, urethrography, or
failed passage of a catheter.
Statistical Analysis
We performed statistical analysis using the Statistical Package for
the Social Sciences (SPSS; version 28.0.1.0, SPSS Inc., Chicago,
Illinois, USA). Descriptive statistics were generated for covariates
of interest, the results were expressed as the mean § standard
deviation (SD) or median (Interquartile range (IQR): Q1-Q3
(25th percentile-75th percentile)) for continuous variables, and
as frequencies for the categorical variables. The differences
Table 1. Demographics and injury characteristics in PFUI patie
minor distraction, and partial injuries.

Total 99 (100%)
Major Distraction 72

(72.3%)

Age mean (SD) 40.3 (16.3) 37.2 (16.1)
BMI mean (SD) 27.5 (5.4) 27.0 (5.2)
Medical comorbidities
≥1 n (%)

28 (28.3) 19 (19.2)

ISS mean (SD) 28.8 (12.6) 29.4 (12.7)
Mechanism of injury-
MVC n (%)

65 (66.3) 51 (70.8)

Concomitant injuries
other than pelvic
fracture − any n (%)1

48 (48.5) 35 (48.6)

Concomitant injuries
other than pelvic
fracture >1 n (%)1

18 (18.2) 14 (19.4)

Solid organ injury n
(%)

31 (31.3) 25 (34.7)

GI injury n (%) 13 (13.1) 8 (11.1)
Spinal cord injury n
(%)

7 (7.1) 6 (8.3)

Major vascular injury
n (%)

21 (21.2) 17 (23.6)

Bladder injury n (%) 23 (23.2) 19 (26.4)
Mean follow-up days
median (IQR)

404 (234-725) 407.5 (244.5-665)

Abbreviations: SD: standard deviation; BMI: body mass index; ISS, inju
IQR: interquartile range (Q1-Q3 (25th percentile-75th percentile)).
* Comparisons made between major distraction, minor distraction, an
are bolded.
1 Defined as presence of any concomitant injury, including: solid organ,

UROLOGY 170, 2022
between the outcomes for the groups with different injury types
were analyzed using Fisher’s exact test for continuous variables,
and one-way analysis of variance (ANOVA) for categorical vari-
ables. Multi-variable analyses were carried out using a logistic
model to determine the odds ratios (OR) and 95% confidence
intervals (95% CI) for obstruction and need for urethroplasty
controlling for injury types, age, and ISS. The level of signifi-
cance was defined as P-value < 0.05.
RESULTS
There were 136 patients enrolled in the study from 27 participat-
ing centers, of which 99 patients met inclusion criteria. 37
patients were excluded either because they were lost to follow-
up (22), were not evaluated by cystourethroscopy (11), died
from their injuries (2), or had penetrating mechanism of injury
(2). Of the included patients, 72 (72%) patients suffered major
distraction injuries, 13 (13%) patients had minor distraction
injuries, and 14 (14%) patients had partial urethral injuries.
Mean age was 40.3 (SD: 16.3) years for the whole cohort, 37.1
(SD: 16.1) years for the major distraction group, 48.3 (SD: 13.4)
years for the minor distraction group, and 49.1 (SD: 15.2) years
for the partial injury group (P = 0.006). Motor vehicle-associated
trauma was the most common mechanism of injury and was
observed in 65 (66.3%) patients. Nearly half of the patients
(48.5%) were diagnosed with at least one major injury other
than pelvic fracture, and 18.2% of patients had more than one
other major injury. Medical comorbidities were observed in 28
(28.2%) of all patients (Table 1).
nts with different injury severity including major distraction,

Minor Distraction 13
(13.1%) Partial Injury 14 (14.1%) P-value *

48.3 (13.4) 49.1 (15.2) 0.006

26.8 (5.9) 30.3 (5.8) 0.107
5 (38.5) 4 (28.6) 0.672

23.3 (11) 30.9 (12.8) 0.251
4 (33.3) 10 (71.4) 0.05

6 (46.2) 7 (50) 1

3 (23.1) 1 (7.1) 0.490

1 (7.7) 5 (35.7) 0.137

4 (30.8) 1 (7.1) 0.135
1 (7.7) 0 (0) 0.682

2 (15.4) 2 (14.3) 0.787

4 (30.8) 0 (0) 0.059
573 (202.5-825.5) 298.5 (231.25-752.5) 0.438

ry severity score; MVC: motor vehicle collision; GI: gastrointestinal;

d partial injury groups; Values that are significant at the 0.05 level

gastrointestinal, spinal cord, major vascular, and bladder injury.
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Primary and Secondary Outcomes
According to the study protocol, patients in major distraction
group were initially managed by EUR (37) or SPT placement
(35). SPT was placed in ten minor distraction and nine partial
injury patients. The remaining minor distraction (3) and partial
injury (5) patients received a Foley catheter as their only initial
treatment. Obstruction and urethroplasty rates were significantly
different among the three groups. The rate of urethral obstruc-
tion was higher in patients with major distraction (95.8%) and
minor distraction (84.6%) compared to partial injury (50%)
patients (PI < 0.001). Urethroplasty was performed in 90% of
major distraction patients, 66.7% of minor distraction patients,
and 35.7% of partial injury patients (P < 0.001) (Supplemen-
tary Figure 1). Eleven patients were diagnosed with urethral
obstruction during the study period but did not undergo urethro-
plasty (6 major distraction, 3 minor distraction, and 2 partial
injuries). Treatment of these patients included multiple dilations
without urethroplasty in the study period in one patient in the
major distraction group, one patient in the minor distraction
group, and two patients in the partial injury group. One patient
with a major distraction injury elected to keep the SPT and did
not receive any further interventions. Six patients were lost to
follow-up after they were diagnosed with urethral obstruction (4
major distraction and 2 minor distraction) (Supplementary
Figure 2).

Mean follow-up time for the total cohort was 404 (IQR:234-
725) days; 407.5 (IQR:244.5-665) days for major distraction,
573 (IQR:202.5-825.5) days for minor distraction, and 298.5
(IQR:231.3-752.5) days for partial injury (P = 0.438). Mean
time to diagnosis of obstruction was 97 (IQR:57.5-124.5) days
for major distraction injuries, 89 (IQR:47-173) days for minor
distraction, and 48 (IQR:37-199) days for partial injury
(P = 0.669). Mean time to urethroplasty was 125 (IQR:107-
204) days for major distraction injuries, 233 (IQR:164.3-399.8)
for minor distraction, and 153 (IQR:107-412) days for partial
injury patients (P = 0.014) (Table 2).
Table 2. PFUI management, primary (obstruction) and seconda

Total 99 (100%)
Major Distraction 72

(72.7)
M

Pelvic
angioembolization
n (%)

20 (20.2) 16 (22.2)

Total dilations n (%) 10 (10.3) 6 (8.6)
SPT n (%) 91 (91.2) 72 (100)
Primary outcome
Obstruction n (%) 87 (87.9) 69 (95.8)
Days to
obstruction
median (IQR)

91 (55-128) 97 (57.5-124.5)

Secondary outcome
Urethroplasty n
(%)

76 (79.2) 63 (90)

Days to
urethroplasty
median (IQR)

140.5 (109-210.25) 125 (107-204) 2

Why no
urethroplasty?

6 Lost F/U
4 Dilations

1 SPT

4 Lost F/U
1 Dilation
1 only SPT

Abbreviations: SPT: suprapubic cystostomy tube; IQR: interquartile rang
*Comparisons made between major distraction, minor distraction, an
are bolded.
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Adjusted Analysis
In the adjusted multivariable analysis with the outcome of ure-
thral obstruction, partial urethral injury had an OR of 0.06
(95% CI 0.01-0.36, P = 0.002) compared to major distraction
injury. Increased age was also associated with decreased odds of
urethral obstruction (OR 0.92, 95% CI 0.87-0.97, P = 0.007)
(Table 3). The analysis for urethroplasty demonstrated OR of
0.09 in partial injury patients (95% CI 0.02-0.38, P = 0.001),
and OR of 0.96 for increased age (95% CI 0.92-1, P = 0.04)
again compared to major distraction injury (Table 4).
DISCUSSION
In this prospective multi-institutional observational cohort
study, we found higher rates of urethral obstruction and ure-
throplasty in patients with complete circumferential urethral
disruptions, including major and minor distraction injuries,
in comparison with patients with partial PFUIs. Our findings
demonstrate that there is a spectrum of severity in PFUI,
with a clear delineation in rates of urethral obstruction and
need for urethroplasty between the three injury categories.
PFUI is similar to many traumatic injuries in that severity
dictates management and outcomes.

The incidence rate of partial and complete urethral
injuries broadly varies in previous published studies rang-
ing from 3% to 94% for partial injuries among all PFUIs.16

Webster et al reviewed urethral injuries reported between
1964 to 1981 and determined an incidence rate of approx-
imately 35% for partial urethral injuries.9 Mouraviev et al
retrospectively reviewed records of PFUI patients
from1984 to 2001, and concluded 37% incidence rate for
partial injuries. In a more recent study, Chung et al
reported 13% incidence rate for partial urethral injuries
among PFUIs. However, their study only included four
ry (urethroplasty rates) outcomes.

inor Distraction 13
(13.1)

Partial Injury 14
(14.1%) P-value*

1 (7.7) 3 (21.4) 0.611

1 (7.7) 3 (21.4) 0.306
10 (76.9) 9 (64.3) 0.000

11 (84.6) 7 (50) 0.000

89 (47-173) 48 (37-199) 0.669

8 (66.7) 5 (35.7) 0.000

33 (164.25-399.75) 153 (107-412) 0.014

2 Lost F/U
1 Dilation

2 Dilations Why no
urethroplasty?

e (Q1-Q3 (25th percentile-75th percentile)); F/U: follow-up.
d partial injury groups; Values that are significant at the 0.05 level
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Table 3. Adjusted multivariable analysis demonstrating OR for primary outcome, urethral obstruction.

Variable Odds ratio for obstruction Low 95 CI High 95 CI P value

Major distraction (Intercept) - - - -
Minor distraction 0.29 0.03 2.32 0.24
Partial injury 0.06 0.01 0.36 0.002
Age (years) 0.92 0.87 0.97 0.007
ISS 0.95 0.89 1.02 0.182

Abbreviation: ISS: injury severity score.
Odds ratios that are significant at the 0.05 level are bolded.
patients with partial urethral injuries.17 The rarity of PFUI
patients, even at tertiary referral centers, is a considerable
limitation in this field of study. A substantial number of
investigations reported only few partial urethral injury
patients.17-19 Variability in the rate of partial PFUI may
arise from different injury mechanisms or severity of
injury. For instance, it has been demonstrated that the
rate of PFUI is declining in the US but perhaps injuries
are more severe when they occur.20 Another explanation
is that some minor distraction defects may have been cate-
gorized by some studies as partial urethral injuries because
placement of a catheter was feasible in a retrograde fash-
ion. The AAST scaling system for urethral injuries uti-
lized data of patients who were evaluated by RUG on
admission. However, RUG can be associated with low
diagnostic value to distinguish between complete and par-
tial defects due to the contraction of the external sphinc-
ter that may prevent the passage of contrast dye into the
bladder.13 PFUI patients included in the present study
were evaluated by cystourethroscopy, as well as many who
underwent RUG, to provide precise anatomic assessment
of the defects.
According to the American Urological Association

(AUA) Urotrauma Guidelines, prompt urinary drainage
in the setting of PFUI is the urologist’s first priority.11 Full
transection injuries require immediate placement of an
SPT in nearly all cases to provide urinary drainage unless
a urethral realignment procedure is performed promptly.
The European Association of Urology (EAU) guidelines
indicate that partial urethral injuries can be conserva-
tively managed by SPT placement or urethral catheteriza-
tion.12 Although guidelines suggest that partial PFUIs can
be managed with simple urethral catheterization without
subsequent urethral fibrosis or obstruction.21 some studies
reported that indeed urethral obstruction occur in almost
all partial urethral injuries.5,22,23 In this study, we found
that up to half of partial PFUIs developed urethral
obstruction and required further urological interventions.
Table 4. Adjusted multivariable analysis demonstrating OR for

Variable Odds ratio for urethroplas

Major distraction (Intercept) -
Minor distraction 0.26
Partial injury 0.09
Age (years) 0.96

ISS 0.97

Odds ratios that are significant at the 0.05 level are bolded.

UROLOGY 170, 2022
The results of our study and the others mentioned,
emphasizes that this group of patients should be closely
monitored for development of stricture and requirement
of further urological interventions.

It is novel to consider minor distraction defect category
in PFUI. These defects were considered as a separate
group due to the primary aim of this prospective study,
reported elsewhere, which was to evaluate the difference
in outcomes between urethral realignment vs SPT place-
ment alone for major distraction defects. In order to
accomplish this goal, and to minimize inclusion bias of
less severe injuries we aimed to compare major distraction
defects that necessitated combined antegrade − retrograde
realignment only. Thus, we needed to exclude urethral
injuries where a catheter was placed with the aid of a ret-
rograde cystoscope. The logic in excluding these patients,
other than avoiding inclusion bias, is that most urologists
would agree that placement of a retrograde catheter if fea-
sible with a simple cystourethroscopy may benefit patients
and simplify management in some cases in the immediate
post trauma period. We found that altogether, minor dis-
traction injuries had a more benign behavior in compari-
son with major distraction defects, given that obstruction
and urethroplasty rates were lower. Also, our results dem-
onstrated that older PFUI patients were less prone to ure-
thral obstruction and need for urethroplasty. We think
this could be due to a protective effect of increased pros-
tate size in older patients. This is an intriguing finding and
merits further evaluation in future investigations.

The key strengths of this study were its prospective
design and very robust inclusion and exclusion criteria.
However, the study has limitations. Although this is a
national study with 27 US centers contributing for over
five years, this study is still limited by the low number of
patients with partial and minor distraction injuries. Addi-
tionally, a follow-up period of only six months may be
insufficient to demonstrate obstruction, especially in
patients with partial injury treated with a Foley catheter.
secondary outcome, urethroplasty rates.

ty Low 95 CI High 95 CI P value

- - -
0.05 1.25 0.09
0.02 0.38 0.001
0.92 1 0.04

0.92 1.02 0.27

201



We were also unable to determine minor distraction and
partial injury incidence rates as some of the participating
center excluded these patients. Additionally, we were
unable to evaluate the outcomes of urethroplasty due to
variability in surgical management and follow-up after the
surgery, considering the on-going debate about the opti-
mal follow-up methods.24 Also, we did not compare sex-
ual function and measurement of urinary incontinence
between the groups as we were unable to collect patient-
reported outcome measures (PROMs) with any consis-
tency. Partial urethral injury management was left to the
treating surgeon leading to management variability.
Therefore, we were not able to compare differences in
management of partial injuries.
CONCLUSION
There is a spectrum of severity in PFUI, with a clear delin-
eation in rates of obstruction and need for urethroplasty.
Partial PFUIs are associated with lower risks of developing
urethral obstruction and need for further urological inter-
ventions compared to complete circumferential urethral
injuries of any severity. However, patients with partial
PFUI still need to be carefully monitored for development
of obstruction.
SUPPLEMENTARY MATERIALS
Supplementary material associated with this article can

be found in the online version at https://doi.org/10.1016/
j.urology.2022.09.006.
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