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ABSTRACT

Objectives The risk factors for anastomotic leak (AL)
after resection and primary anastomosis for traumatic
bucket handle injury (BHI) have not been previously
defined. This multicenter study was conducted to address
this knowledge gap.

Methods This is a multicenter retrospective study

on small intestine and colonic BHIs from blunt trauma
between 2010 and 2021. Baseline patient characteristics,
risk factors, presence of shock and transfusion, operative
details, and clinical outcomes were compared using R.
Results Data on 395 subjects were submitted by 12
trauma centers, of whom 33 (8.1%) patients developed
AL. Baseline details were similar, except for a higher
proportion of patients in the AL group who had medical
comorbidities such as diabetes, hypertension, and obesity
(60.6% vs. 37.3%, p=0.015). AL had higher rates of
surgical site infections (13.4% vs. 5.3%, p=0.004) and
organ space infections (65.2% vs. 11.7%, p<0.001),
along with higher readmission and reoperation

rates (48.4% vs. 9.1%, p<0.001, and 39.4% vs.
11.6%,p<0.001, respectively). There was no difference
in intensive care unit length of stay or mortality (p>0.05).
More patients with AL were discharged with an ostomy
(69.7% vs. 7.3%, p<0.001), and the mean duration

until ostomy reversal was 5.85+3 months (range 2-12.4
months). The risk of AL significantly increased when the
initial operation was a damage control procedure, after
adjusting for age, sex, injury severity, presence of one

or more comorbidities, shock, transfusion of >6 units

of packed red blood cells, and site of injury (adjusted
RR=2.32(1.13, 5.17)), none of which were independent
risk factors in themselves.

Conclusion Damage control surgery performed as the
initial operation appears to double the risk of AL after
intestinal BHI, even after controlling for other markers of
injury severity.

Level of evidence IlI.

INTRODUCTION

Bucket handle injury (BHI) is defined as a trau-
matic abdominal injury in which the mesentery
is avulsed from its corresponding segment of the
bowel, causing devascularization with subsequent

WHAT IS ALREADY KNOWN ON THIS TOPIC

= A recent study has found that the rates of
anastomotic leak among bucket handle injuries
are significantly higher in colonic injuries versus
the small intestine, but little else is known
about specific risk factors for anastomotic leak
following these blunt-related trauma injuries.
WHAT THIS STUDY ADDS

= Our study has established that classification as
a damage control surgery significantly increases
the risk of anastomotic leak.

= Other factors such as delay in diagnosis and
anastomotic technique were not found to be
significant factors in predicting an anastomotic
leak.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= Despite finding leak rates of between 6%
and 14%, the authors do not have sufficient
information to recommend a lower threshold
for ostomy creation in patients with bucket
handle injury and continue to recommend an
initial attempt at primary anastomosis for these
patients.

ischemia and postinjury intestinal perforation.! BHI
commonly occurs during deceleration injuries, such
as a motor vehicle crash, or from blunt force trauma,
such as contact with a bicycle handlebar. BHIs may
be initially identified on physical examination via a
“seat belt sign,” which presents as bruising across
the abdomen where the seat belt lies; however,
BHI remains a challenging clinical diagnosis due
to its vague symptom presentation, such as diffuse
abdominal pain.?® On CT scanning, BHI can also
be hard to detect due to the lack of typical findings
associated with bowel injury, leading to difficulty
differentiating between those that require surgery
and those that can be managed conservatively.* Once
a patient is determined to require surgical interven-
tion, BHIs can be repaired primarily, resected with
primary anastomosis, or resected with placement of
a temporary or permanent ostomy.>
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Anastomotic leak (AL) is a dreadful complication related to
bowel resection with primary anastomosis. There is a wide range
of reported AL rates related to bowel anastomosis. Previous
literature suggests that the AL rate after primary intestinal anas-
tomosis ranges from 0.5% to 30%, but many of these studies
include a wide variety of indications for anastomosis, such as
elective operations,” ® with fewer focusing solely on trauma
patients.® ° In studies that also include elective operations,
such as resection for colonic malignancy, there are additional
challenges due to the multitude of additional factors involved
that may be associated with ALs.'° '' Among these studies, few
provide information on possible predictors of AL and the rates
of this complication after bowel anastomosis in the context of
blunt-related traumatic injury.

Furthermore, due to the rarity of BHIs, there is a lack of
evidence defining the risk factors for AL in patients with BHI
who undergo repair with primary anastomosis. Having inade-
quate evidence in the literature complicates planning of surgical
intervention for BHIs, creating more difficulty for surgeons
to choose the best option, primary anastomosis versus ostomy
creation, for higher-risk patients. A previous study has analyzed
BHIs in the colon versus the small intestine and found that,
although colonic BHI leak rates were significantly higher, the
clinical outcomes were still similar between these different injury
subtypes.'> We conducted a multicenter retrospective cohort
study to identify other factors, such as diagnostic delay, anas-
tomosis type, and surgical classification as a damage control
surgery (DCS), that could potentially contribute to an AL after
traumatic BHI. We hypothesized that diagnostic delay and clas-
sification as DCS would be associated with increased risk of AL
and that the anastomotic technique would not be significantly
different between those with AL and those without.

METHODS

A multicenter retrospective cohort study was conducted by chart
review on patients with bowel and colonic injury due to blunt
trauma who had an operation to resect injured bowel between
January 1, 2010, and April 1, 2021. Twelve centers participated
in this multicenter study.

Data acquisition
A list of patients aged 18 to 89 years who had either a small
bowel or colonic injury, or both, due to blunt trauma and had
one or more operations was obtained. The International Clas-
sification of Diseases (ICD) codes used to identify the patients
were ICD-10 S36.4, S36.5, and S36.899A, and ICD-9 863.29
and 863.39. Data were retrieved from the medical records of
patients who qualified for the study and recorded by each center.
Ultimately, data without any private health information identi-
fiers were transmitted to the coordinating center for analysis.
Patients with BHIs were identified based on the presence
of predefined terms mentioned in their operative notes or
radiology reports. BHIs were defined as “injuries to a portion
of the intestine that led to separation from its mesentery.” Terms
in operative notes included “bucket handle injury,” “intestinal/
mesenteric devascularization,” “mesenteric avulsion,” “having a
mesenteric defect,” and/or “telescoping avulsion injury.” Radio-
logical findings that identified BHIs were mesenteric hematoma
with active hemorrhage, bowel wall hematoma or hypoen-
hancement on CT, and/or associated traumatic abdominal wall
hernias.! Patients managed by resection and primary anastomosis
were identified from their individual record and included in the
study. An AL was identified based on operative findings and

diagnostic imaging.'® Intraoperative findings of a leak included
intra-abdominal contamination with enteric contents, gas, or
a visible defect at the site of surgical connection between two
sections of the bowel. Imaging techniques (eg, CT scans and
radiographic rectal contrast studies) were used to detect leaks by
the presence of contrast extravasation, pneumoperitoneum, or
an abscess adjacent to a suture/staple line.

Data collected included demographic parameters such as age,
sex, body mass index, Injury Severity Score (ISS), and presence
of comorbidities (diabetes, hypertension, and obesity); clinical
features such as “presented in shock”; and the site of bowel
injury. We also collected biochemical parameters on the day of
the index surgery when the bowel repair was done; manage-
ment details, such as whether the index surgery was done as
an emergency surgery/DCS; technique of anastomosis, whether
handsewn or stapled; and the creation of ostomy. We included
outcome variables such as total length of hospital stay, number
of ventilator days, length of intensive care unit stay, need for
blood transfusions, creation of ostomy, and total number of lapa-
rotomies. Complications such as AL, surgical site infection (SSI),
organ space infection, in-hospital mortality, 30-day unplanned
readmissions, and reoperation in 30 days were included. Finally,
details of the AL and the time from the first operation to the time
to AL were found in the patients’ medical records. Definitions of
each variable are available in the data key provided in the online
supplemental table S1 .

Sample size justification

Our power calculation was based on effect sizes derived from a
recently conducted study which showed the percentage of the
overall AL to be near 16%.° According to these preliminary
data, the AL in BHIs is high. Therefore, the number of subjects
needed for each group is 1447. However, if the overall AL is
closer to 10%, the number of subjects required for each group
is 199. Therefore, to show a significant difference with 80%
power at an alpha of 0.05, each group would need 99 to 1477
subjects.

Statistical analyses

Descriptive statistics were calculated. % or Fisher’s exact test was
used for categorical variable analyses, and independent samples
t-test or Wilcoxon rank-sum test was used for continuous vari-
ables. To identify the factors that could contribute to an AL,
quasi-Poisson regression modeling'* was used to calculate unad-
justed and adjusted relative risks (RRs). This creates the ratio of
risk of AL in those who are exposed to certain variables versus
those who are not . AL was the outcome of interest in the model,
whereas DCS as the first surgery, technique of anastomosis, and
hospital day of surgery were the predictors.”’ Patients’ charac-
teristics were a priori selected as clinically important covariates
to control for potential confounding variables. Before entering
variables into the model, a Pearson correlation matrix was used
to identify potential multicollinearity. The variables included in
each model were age, sex, ISS, presence of one or more comor-
bidities, injury site, whether the patient presented in shock, and
transfusion of >6 units of packed red blood cells.” '* Due to
collinearity, we used the presence of one or more comorbidities
as a variable instead of American Society of Anesthesiologists
classification, which uses categorization of physical status to
predict operative risk. P values of <0.05 were considered statis-
tically significant. All analyses were conducted using R statistical
software (V.4.1.3).1°
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Table 1 Baseline Characteristics of the whole cohort
Variable Anastomotic leak (n=33) mean+SD/n (%) No leak (n=372) mean+SD/n (%) p-value
Age 44.12+15.18 39.08+16.11 0.077
Sex (males) 25 (75.76) 260 (69.89) 0.611
BMI 29.15+7.44 27.93+5.55 0.363
1SS 26.21+11.84 22.85+11.86 0.127
TRISS 0.84+0.25 0.88+0.22 0.388
AlS abdomen 3.27+0.84 3.23+£0.85 0.790
> 1 comorbidity 20 (60.61) 135 (37.29) 0.015
Site of injury* 0.136

Small intestine only 15 (45.45) 220 (59.14)

Colonic injury 11 (33.33) 71 (19.09)

Small and colonic injuries 7(21.21) 77 (20.70)
ASA 0.044

1 1(3.03) 23 (6.18)

2 2 (6.06) 96 (25.81)

3 13 (39.39) 101 (27.15)

4 15 (45.45) 120 (32.26)

5 2 (6.06) 24 (6.45)
Presented with shock 15 (45.45) 130 (35.14) 0.320
WBC 15.66+7.48 15.65+7.21 0.994
Hb 11.96+2.54 12.62+2.19 0.175
BE —3.96+6.47 —4.74+4.66 0.566
Transfusion of>6 packed red blood cells* 9(27.27) 74 (20) 0.444
Technique of anastomosis 0.459

Hand-sewn 12 (37.5) 103 (29.5)

Staples 20 (62.5) 246 (70.49)
Total number of abdominal surgeriest 2(1) 1(1) 0.581
First surgery being a DCS 24 (72.73) 168 (47.32) 0.009

*Fisher's exact test.

tNon-parametric Wilcoxon rank-sum test was used expressed with median and IQR in parenthesis.
AlS, Abbreviated Injury Scale (Abdomen); BMI, Body Metric Index; ISS, Injury Severity Score; TRISS, Trauma and Injury Severity Score.

RESULTS

All the participating centers together reported complete data
on 395 patients with BHIs who underwent bowel resection and
primary anastomosis. Of these patients, 33 (8.15%) developed
an AL. The rate of AL in patients with injuries limited to the
small intestine was 6.38%. Patients with injuries isolated to the
colon had an AL of 13.41%. Baseline patient-related factors and
biochemical parameters on the day of the index operation were
similar in both groups, except for a higher proportion of patients
in the AL group who also had comorbidities (60.6% vs. 37.3%,
p=0.015) (table 1). An AL was diagnosed 11+5.45 days (range
1-23 days) from the index operation.

When we explored potential factors that could predict an AL,
the risk of AL increased significantly when the first surgery was
a DCS (adjusted RR=2.32 (1.13, 5.17)). However, the baseline
characteristics of those who underwent DCS and developed an
AL and those who did not were similar (online supplemental
table S2). All patients in this cohort who had DCS had their

resection and anastomosis performed at the initial operation;
there were no cases where the intestine was left in discontinuity
for subsequent anastomosis at a later operation. Neither anas-
tomotic technique (handsewn vs. stapled) nor hospital day of
diagnosis of BHI was a significant predictor of AL following
resection and primary anastomosis (table 2).

There were notable differences in outcomes between the AL
group and the no leak group. Patients who developed ALs had
a higher surgical site and organ space infection rates (13.49% vs.
5.31%, p=0.004,and 65.22% vs 11.7%, p<0.001). Similarly,
higher readmission and reoperation rates were reported with
an AL (48.39% vs. 9.09%, p<0.001,and 39.39% vs. 11.59%,
p<0.001, respectively) (table 3). Following AL, 17 (51.51%)
had reanastomosis and new ostomy creation, 3 (9.09%) received
a drain, 4 (12.12%) underwent reanastomosis with primary
repair, 3 (9.09%) had a resection and were left in discontinuity,
and 2 (6.06%) were managed non-operatively. As a result, a
higher proportion of patients who had developed an AL were

Table 2 Exploration of factors associated with an anastomotic leak in primary repair

Unadjusted RR p-value Adjusted RR* p-value
Technique of anastomosis (staples) 0.72(0.36, 1.44) 0.350 0.73(0.37, 1.50) 0.375
First surgery being a DCS 2.72(1.3, 5.69) 0.008 2.33(1.11,5.28) 0.033
Hospital day of surgery 1.14(0.87, 1.48) 0.343 1.08(0.77, 1.36) 0.565

* Adjusted for age, sex, injury severity score, presence of > 1 comorbidities, presentation with shock, having transfusion of >6 packed red blood cells of and the site of injury
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Table 3  Outcomes of the patients with bucket handle injury

Anastomotic leak (n=33) No leak (n=372)

Variable mean=SD/n (%) mean+SD/n (%)  p-value
SSI* 7(13.04) 21 (5.31) 0.004
Organ space infection* 22 (65.22) 45 (11.70) <0.001
LOST 12.5(13.75) 1(17) 0.512
ICUt 4(8.02) 4(11) 0.625
Ventilator dayst 2(4) 2 (6) 0.692
Discharged with Ostomy 23 (69.70) 27 (7.34) <0.001
Ostomy reversedt 11 (47.83) 17 (62.96) 0.430
Readmission* 15 (48.39) 32 (9.09) <0.001
Reoperation 13 (39.39) 43 (11.59) <0.001
Mortality* 2 (6.06) 20 (5.38) 0.698

*Fisher's exact test.

tNon-parametric Wilcoxon rank-sum test was used expressed with median and IQR in
parenthesis.

tonly few reports were available on information on ostomy reversal.

BE, Base Excess; DCS, Damage Control Surgery; Hb, Hemoglobin; ICU, Intensive Care Unit;
LOS, Length of Stay; SSI, Surgical Site Infection; WBC, White Blood Cells.

discharged with ostomies compared with the no leak group
(69.7% vs. 7.34%, p<0.001). The mean time from injury to
ostomy reversal was 5.85+2.95 months (range 2-12.4 months).

DISCUSSION

BHIs remain difficult to diagnose after blunt force abdominal
trauma due to vague clinical presentations and non-specific
imaging findings on CT, making them challenging to rule in
without a high index of suspicion.?'” After a bowel resection and
anastomosis, the AL rate and major factors affecting these ALs
in patients with BHI are still not well defined. In this retrospec-
tive cohort study, we used data from multiple trauma centers to
better predict specific determining factors that could influence
the risk of an AL following resection and primary anastomosis
for BHIs.

Our cohort found an overall 8.15% leak rate. Patients with
BHIs limited to the small intestine (6.38%) occurred at nearly
half the rate of those limited to the colon (13.41%). This leak
rate is consistent with the literature, where colonic AL rates have
been found to be higher than those of the small intestine. This
difference is expected due to the colon’s higher level of bacte-
rial flora, less vascularity, and increased intraluminal pressure.’
Our overall leak rate is within the published range for trauma
patients, with ALs of 4.65% to 20.5% reported in the emergent
setting.®® Broader studies representing all clinical indications for
bowel resection with anastomosis report lower rates, around
3.6%,” whereas those focusing on elective surgery report even
lower rates at 2.8%.*

Of the potential predictors of AL we explored, we found that
the classification of the index procedure as a DCS was most
significantly associated with an increased risk of AL. These oper-
ations typically occur in cases of significant bleeding or contam-
ination, and they must be followed by a second procedure for
definitive management once the patient has been stabilized.!® ¥
Initially, DCS was only used to prevent prolonged operations
in unstable trauma patients. This technique was developed to
prevent death caused by the ‘lethal triad’ of hypothermia,
acidosis, and coagulopathy.?’ However, as the concept became
widely accepted as a potentially lifesaving approach for the most
critically injured, the pendulum swung to the other extreme,
where DCS is used in nearly all trauma patients. Many trauma
surgeons consider DCS currently overused; even patients who
are relatively stable and could tolerate a slightly longer operation

3

with definitive abdominal closure often receive abbreviated
operations with temporary abdominal closure. A retrospective
review is hypothesis-generating and not the correct study design
to explore why DCS may be associated with higher leak rates.
However, there are a few potential biomechanical theories that
might explain this association: the potential complications of an
open abdomen have been previously well described,*' and it is
possible that increased AL may be another association.

Despite finding leak rates of between 6% and 14%, the
authors do not have sufficient information to recommend a
lower threshold for ostomy creation with these procedures—
these data have shown primary anastomosis can be attempted
in these patients. Patients with an AL experienced increased
morbidity, including both organ space infections and SSIs, which
further complicated their hospital stays.” 22 These patients were
also more likely to be discharged with an ostomy, require reop-
eration, and be readmitted to the hospital for reasons other than
ostomy reversal. However, these patients did not differ from
those without an AL in terms of 30-day mortality, nor in terms
of length of stay. In addition, those with an AL were not found
to be any less likely to have their ostomy eventually reversed.
Ostomy creation remains an important treatment option due to
the possible reduction in patient morbidity through minimizing
the risk of AL and its associated complications. However, an
ostomy is a significant psychological burden for patients, with
concerns about resuming sexual and social function.?® There-
fore, the authors have shown in this study that primary anasto-
mosis may safely remain the default option for BHI in both small
and large intestines.

Other factors that we explored included diagnostic delay and
anastomotic technique. Delay in diagnosis of traumatic bowel
injury has been associated with additional complications due to
possible septic shock and other injuries secondary to ischemic
bowel perforation,* but a recent study did not find an associ-
ation between complications and diagnostic delay.? Anasto-
motic technique, namely sutured versus handsewn methods, has
also been studied extensively, with many studies finding the AL
rate equivocal.?* However, we found no significant difference
between the AL rate based on the technique of anastomosis nor
the hospital day of surgery. Adjusted analysis using multiple
patient characteristics, such as age, injury severity, and comor-
bidities, did not show significant variability in the calculated RR
for these predictors. This suggests that the technique and timing
of the anastomosis may be less influential in predicting an AL
than other variables.

There have also been a multitude of patient characteristics
proposed to be associated with the development of bowel ALs
following both elective and emergent procedures: leukocytosis,
ASA score of >2, and (but not limited to) comorbidities, such as
congestive heart failure and peripheral vascular disease.”?” These
factors were partially consistent with those in the group with an
AL (8.15%) compared with the no leak group, where patients
with AL were more likely to have been diagnosed with at least
one comorbidity and have a higher ASA score. However, we
did not find any other patient presentation variables associated
with an increased risk of ALs, such as the presence of shock,
lactate, or base excess, in this population. White cell count was
also not significantly different between the two groups; many
patients developed leukocytosis. This suggests that the risk of
AL in patients with BHI may be better predicted by the patient’s
past medical history or other measurements obtained immedi-
ately prior to surgical intervention.

Other studies have also found that the need for blood trans-
fusion, whether preoperatively or postoperatively, may be an
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independent predictor of increased risk of AL."*?” Our data
showed that the measured hemoglobin on presentation was not
significantly different between those with AL and those without.
In addition, significant blood loss, which we defined as trans-
fusion of >6 units of packed red blood cells during the entire
hospitalization, was not significantly different between those
who developed AL and those who did not. This lack of signif-
icance may be secondary to the limited sample size. Further
research is necessary to investigate the role of blood loss and
vascular injury on the risk of AL, specifically for patients with
BHI.

This study is limited due to its retrospective nature and
focus on a specific subset of complications that occur after
traumatic bowel injury. This creates multiple limitations that
should be considered. Due to its retrospective review, results are
hypothesis-generated rather than hypothesis-tested. In addition,
information accuracy relies on proper and timely documentation
within every electronic medical record. BHIs also remain a rela-
tively rare diagnosis, with a smaller overall patient population;
this study included many busy trauma centers but found less than
500. Because of the relatively small sample size of patients with
BHI with an AL, many baseline characteristics and presenting
characteristics were not found to be statistically significant. In
addition, our study did not include all factors that have been
found to be associated with AL in the literature, such as vaso-
pressor requirement and volume overload. These factors have
the potential to impact AL rate in many patients, specifically
those admitted for significant trauma. We tried to mitigate this
limitation by incorporating having shock during presentation
and transfusing >6 units packed red blood cells as variables
into the model. Furthermore, we intended to include hours of
surgery as a variable to predict AL. However, due to limitations
in data availability, we have to limit our analysis to hospital day
of surgery.

In conclusion, this multicenter study focused on the factors
impacting AL among patients with BHI who underwent resec-
tion and primary anastomosis. Interestingly, diagnostic delay
and anastomotic method were not associated with AL, but DCS
significantly increased the relative risk of AL among patients
with BHI in this study. These findings provide a potential avenue
for further exploration and research.

Author affiliations

'Department of Surgery, Texas Tech University Health Sciences Center, Lubbock,
Texas, USA

Department of Surgery, Stanford Medicine, Stanford, California, USA

*Department of Surgery, Denver Health Medical Center, Denver, Colorado, USA
“Department of Surgery, The University of Oklahoma Health Sciences Center,
Oklahoma City, Oklahoma, USA

>Department of Surgery, Texas Tech University Health Sciences Center El Paso, El
Paso, Texas, USA

SDepartment of Surgery, Baylor Scott & White Medical Center Temple, Temple, Texas,
USA

Department of Surgery, University of Texas Health Science Center at Houston,
Houston, Texas, USA

Department of Surgery, JPS Health Network, Fort Worth, Texas, USA

°Department of Surgery, University of Colorado Health, Aurora, Colorado, USA
"°Department of Surgery, Cedars-Sinai Medical Center, Los Angeles, California, USA
""Department of Surgery, University of Maryland, Baltimore, Maryland, USA
"2Department of Surgery, McAllen Medical Center, McAllen, Texas, USA

Acknowledgements We acknowledge the staff at the Clinical Research Institute
for their assistance and administrative management of this study, as well as the
dedicated work done by the research staff at each of our 12 institutions.

Contributors SD had full access to all the data in the study and takes responsibility
for the integrity of the data and the accuracy of the data analysis as the guarantor.
Concept and design: SD, CSD, RR, AK, EMC, FCW, MB, GN, JLR, SLK, MKM, RRG, TJS,
DRM. Acquisition: BM, EM, LT, HK, YMH, JH, MG, LS, X-LD. Analysis/interpretation

of data: CSD. Drafting of the article: SD, CSD, HG. Critical revision of the article for
important intellectual content: all authors. Statistical analysis: CSD. Administrative,
technical, or material support: SD, KS. Supervision: SD, AK, EMC, FCW, GN, JLR, MKM,
RRG, TJS, DRM, JH, MG, LS.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests SD: Heron Therapeutics (board member). RRG: Careflite
Symposium ($500 paid), Acclaim Physician Group Travel/CME fund ($10 000 yearly
paid), The Warm Place (board member, unpaid), LifeGift Advisory Board (board
member, unpaid), and North Texas American College of Surgeons (executive board,
unpaid).

Patient consent for publication Not applicable.

Ethics approval Each site obtained its own institutional review board approval
prior to the data search.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Holly Grossman http://orcid.org/0000-0001-8318-8587

Chathurka Samudani Dhanasekara http://orcid.org/0000-0002-2661-062X
Kripa Shrestha http://orcid.org/0000-0002-4927-2395

Justin L Regner http://orcid.org/0000-0002-5111-5997

Thomas J Schroeppel http://orcid.org/0000-0001-9164-5004

Sharmila Dissanaike http://orcid.org/0000-0002-3500-8331

REFERENCES

1 Moore EE, Feliciano DV, Mattox KL. Trauma. New York City: McGraw-Hill, 2017.

2 Alabousi M, Mellnick VM, Kashef Al-Ghetaa R, Patlas MN. Imaging of blunt bowel and
mesenteric injuries: current status. £ur J Radliol 2020;125:108894.

3 Nosanov LB, Barthel ER, Pierce JR. Sigmoid perforation and bucket-handle tear of the
mesocolon after bicycle Handlebar injury: a case report and review of the literature. /
Pediatr Surg 2011;46:€33-5.

4 Extein JE, Allen BC, Shapiro ML, Jaffe TA. CT findings of traumatic bucket-handle
mesenteric injuries. AJR Am J Roentgenol 2017;209:W360—4.

5 Frick EJ, Pasquale MD, Cipolle MD. Small-bowel and Mesentery injuries in blunt
trauma. J Trauma 1999;46:920-6.

6 Tang MH, Wong JSH, Chia CLK, Lee DJK. Meta-analysis on surgical management
of colonic injuries in trauma: to divert or to anastomose? Eur J Trauma Emerg Surg
2021,;47:1381-8.

7 Konishi T, Watanabe T, Kishimoto J, Nagawa H. Risk factors for anastomotic leakage
after surgery for colorectal cancer: results of prospective surveillance. J Am Coll Surg
2006;202:439-44.

8 Mukhopadhyay M. Intestinal injury from blunt abdominal trauma: a study of 47 cases.
Oman Med J 2009;24:256-9.

9 SakrA, Emile SH, Abdallah E, Thabet W, Khafagy W. Predictive factors for small
intestinal and colonic anastomotic leak: a multivariate analysis. Indian J Surg
2017,79:555-62.

10 Foppa C, Ng SC, Montorsi M, Spinelli A. Anastomotic leak in colorectal cancer
patients: new insights and perspectives. Eur J Surg Oncol 2020;46:943-54.

11 Kordzadeh A, Melchionda V, Rhodes KM, Fletcher EQ, Panayiotopolous YP. Blunt
abdominal trauma and mesenteric avulsion: a systematic review. Eur J Trauma Emerg
Surg 2016;42:311-5.

12 Dhanasekara CS, Marschke B, Morris E, Bashrum BS, Shrestha K, Richmond R,
Dissanaike S, Ko A, Tennakoon L, Campion EM, et al. Anastomotic leak rates after
repair of mesenteric bucket-handle injuries: A multi-center retrospective cohort study.
Am J Surg 2023;50002-9610.

13 Morse BC, Simpson JP, Jones YR, Johnson BL, Knott BM, Kotrady JA. Determination
of independent predictive factors for anastomotic leak: analysis of 682 intestinal
anastomoses. Am J Surg 2013;206:950-5.

Grossman H, et al. Trauma Surg Acute Care Open 2023;8:¢001178. doi:10.1136/tsaco-2023-001178 5


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8318-8587
http://orcid.org/0000-0002-2661-062X
http://orcid.org/0000-0002-4927-2395
http://orcid.org/0000-0002-5111-5997
http://orcid.org/0000-0001-9164-5004
http://orcid.org/0000-0002-3500-8331
http://dx.doi.org/10.1016/j.ejrad.2020.108894
http://dx.doi.org/10.1016/j.jpedsurg.2011.09.045
http://dx.doi.org/10.1016/j.jpedsurg.2011.09.045
http://dx.doi.org/10.2214/AJR.17.17927
http://dx.doi.org/10.1097/00005373-199905000-00024
http://dx.doi.org/10.1007/s00068-020-01555-2
http://dx.doi.org/10.1016/j.jamcollsurg.2005.10.019
http://dx.doi.org/10.5001/omj.2009.52
http://dx.doi.org/10.1007/s12262-016-1556-0
http://dx.doi.org/10.1016/j.ejso.2020.02.027
http://dx.doi.org/10.1007/s00068-015-0514-z
http://dx.doi.org/10.1007/s00068-015-0514-z
http://dx.doi.org/10.1016/j.amjsurg.2023.05.032
http://dx.doi.org/10.1016/j.amjsurg.2013.07.017

14 Chen W, Qian L, ShiJ, Franklin M. Comparing performance between log-binomial 22 Meyer J, Naiken S, Christou N, Liot E, Toso C, Buchs NC, Ris F. Reducing anastomotic
and robust poisson regression models for estimating risk ratios under model leak in colorectal surgery: the old dogmas and the new challenges. World J
misspecification. BMC Med Res Methodol 2018;18:63. Gastroenterol 2019;25:5017-25.

15 Fakhry SM, Brownstein M, Watts DD, Baker CC, Oller D. Relatively short diagnostic 23 Torquato Lopes APA, Decesaro M das N. The adjustments experienced by persons
delays (< 8 hours) produce morbidity and mortality in blunt small bowel injury: with an ostomy: an integrative review of the literature. Ostomy Wound Manage
an analysis of time to operative intervention in 198 patients from a multicenter 2014:60:34—42.
experience. J Trauma 2000;48:408-14. o o ) 24 Slieker JC, Daams F. Mulder IM, Jeekel J, Lange JF. Systematic review of the technique

16 leadeg. R:fa Iz;nggage |agd envanmzegtzgor statistical computing. Vienna, Austria: R of colorectal anastomosis. JAMA Surg 2013;148:190-201.

oun ation for tat|st|c§ omputmg, ) o , . 25 Chowdhury A, Burford C, Pangeni A, Shrestha A. Bucket-handle mesenteric

17 Ishister WH. Anastomotic leak in colorectal surgery: a single surgeon's experience. . ) . ; '

. tears: a comprehensive review of their presentation and management. Cureus
ANZ J Surg 2001;71:516-20. 200914028690

18 Stone HH, Strom PR, Mullins RJ. Management of the major coagulopathy with onset o e T ) )
during laparotomy. Ann Surg 1983;197:532-5. 26 Turrgntme FE, Denlinger CE, Simpson VB, Garwood R'A,lGuerlam S Agrawal

19 Schreiber MA. Damage control surgery. Crit Care Clin 2004;20:101-18. A Friel CM, LaPar DJ, Stukenborg GJ, Jones RS. Morbidity, mortality, cost,

20 Rotondo MF, Zonies DH. The damage control sequence and underlying logic. Surg Clin and survival estimates of gastrointestinal anastomotic leaks. JAm Coll Surg
North Am 1997;77:761-77. 2015;220:195-206.

21 George MJ, Adams SD, McNutt MK, Love JD, Albarado R, Moore LJ, Wade CE, Cotton 27 Alves A, Panis Y, Trancart D, Regimbeau J-M, Pocard M, Valleur P. Factors associated
BA, Holcomb JB, Harvin JA. The effect of damage control laparotomy on major with clinically significant anastomotic leakage after large bowel resection: multivariate
abdominal complications: a matched analysis. Am J Surg 2018;216:56-9. analysis of 707 patients. World J Surg 2002;26:499-502.

6 Grossman H, et al. Trauma Surg Acute Care Open 2023;8:¢001178. doi: 10.1136/tsaco-2023-001178


http://dx.doi.org/10.1186/s12874-018-0519-5
http://dx.doi.org/10.1097/00005373-200003000-00007
http://dx.doi.org/10.1046/j.1440-1622.2001.02189.x
http://dx.doi.org/10.1097/00000658-198305000-00005
http://dx.doi.org/10.1016/s0749-0704(03)00095-2
http://dx.doi.org/10.1016/s0039-6109(05)70582-x
http://dx.doi.org/10.1016/s0039-6109(05)70582-x
http://dx.doi.org/10.1016/j.amjsurg.2017.10.044
http://dx.doi.org/10.3748/wjg.v25.i34.5017
http://dx.doi.org/10.3748/wjg.v25.i34.5017
http://dx.doi.org/25299816
http://dx.doi.org/10.1001/2013.jamasurg.33
http://dx.doi.org/10.7759/cureus.28692
http://dx.doi.org/10.1016/j.jamcollsurg.2014.11.002
http://dx.doi.org/10.1007/s00268-001-0256-4

	Rates and risk factors for anastomotic leak following blunt trauma-­associated bucket handle intestinal injuries: a multicenter study
	Abstract
	Introduction﻿﻿
	Methods
	Data acquisition
	Sample size justification
	Statistical analyses

	Results
	Discussion
	References


