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Abstract

Background: Pancreatic trauma is reportedly associated with high morbidity and
mortality. Main pancreatic duct (MPD) injury is critical for treatment.

Methods: As a study project of the Japanese Society for Abdominal Emergency
Medicine (JSAEM), we collected the data of 163 patients with pancreatic trauma
who were diagnosed and treated at JSAEM board-certified hospitals from 2006 to
2016. Clinical backgrounds, diagnostic approaches, management strategies, and out-
comes were evaluated.

Results: Sixty-four patients (39%) were diagnosed as having pancreatic trauma with
MPD injury that resulted in 3% mortality. Blunt trauma and isolated pancreatic injury
were independent factors predicting MPD injury. Nine of 11 patients with MPD in-
jury who were initially treated nonoperatively had serious clinical sequelae and five
(45%) required surgery as a secondary treatment. Among all cases, the detectability
of MPD injury of endoscopic retrograde pancreatography (ERP) was superior to that
of other imaging modalities (CT or MRI), with higher sensitivity and specificity
(sensitivity = 0.96; specificity = 1.0).

Conclusions: Acceptable outcomes were observed in pancreatic trauma patients
with MPD injury. Nonoperative management should be carefully selected for MPD
injury. ERP is recommended to be performed in patients with suspected MPD injury

and stable hemodynamics.
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1 | INTRODUCTION

Pancreatic trauma is relatively rare, with an overall frequency
of only 0.2%-0.3% among all trauma but a high mortality
rate of 17%-46%."~* Pancreatic fistula is one of the major
complications of pancreatic trauma. This can contribute to
prolonged hospital stays and fatal outcomes. Some reports
stated that delayed diagnosis and inappropriate treatment of
main pancreatic duct (MPD) injury could increase both com-
plications and mortality rates.*® However, because of lim-
ited cases at a single institution, experienced specialists and
high-quality evidence are scarce. Consequently, a consensus
regarding diagnostic and treatment algorithms as well as op-
timal surgical selection has not been established.

Operative management (OM) is often selected for deep
injury, especially severe pancreatic trauma with MPD injury.
Pancreatic-sparing surgery may be selected depending on the
patient's age and general condition, the extent of injury, and
the skill of the surgeon. In recent years, some reports have
recommended conservative pancreatic drainage for pancre-
atic trauma with MPD injury, but the short- and long-term
outcomes remain unclear.>® Because accurate evaluation of
MPD injury by abdominal computed tomography (CT) scan
alone is often difficult, some reports recommended emer-
gency endoscopic retrograde pancreatography (ERP) if the
patient's general condition is stable.®® In some cases with
MPD injury, nonoperative management (NOM) with endo-
scopic pancreatic stenting (EPS) is possible after diagnosis
by ERP; however, comprehensive evaluation of ERP for pan-
creatic trauma has not yet been performed.

This study aimed to evaluate the current status and op-
timal management strategy, including the diagnostic role of
ERP, for pancreatic trauma by conducting a multicenter na-
tionwide survey in Japan. In particular, we focused more on
cases with MPD injuries that are difficult to diagnose and
treat.

2 | METHODS

2.1 | Patients and data collection

We conducted a questionnaire survey at abdominal emer-
gency specialist institutions as a project study of the Japanese
Society for Abdominal Emergency Medicine (JSAEM).
Clinical data were collected from 173 patients who were di-
agnosed and treated for pancreatic trauma at the 31 board-
certified hospitals in JSAEM between January 2006 and
December 2016. Furthermore, 10 patients with cardiopul-
monary arrest before or immediately after arrival who died
within 24 hours after examination or were transferred to
another hospital for treatment were excluded. We retrospec-
tively analyzed patients’ demographics, physical findings,

and laboratory data within 48 hours after injury (n = 144),
along with existence of the MPD injury, imaging modalities,
treatment strategies (NOM/OM), perioperative variables, and
outcomes in the finally enrolled 163 patients.

2.2 | Groups and definitions

All pancreatic trauma cases were divided into the groups of
MPD intact and MPD injured according to the final diagno-
sis made in each center, being judged by one or some imag-
ing modalities combined with clinical, intraoperative and/or
pathological findings. Major complications associated with
treatment were defined as those with a Clavien—Dindo classi-
fication” of >Illa. A postoperative pancreatic fistula (POPF)
was defined according to the criteria of the International
Study Group on Pancreatic Fistula (ISGPF). 10

2.3 | Statistical analysis

Descriptive statistics are reported as mean (standard devia-
tion) for normally distributed continuous variables, median
(range) for other continuous variables, and frequency (per-
cent) for categorical variables. Chi-squared test or Fischer
exact test was used to analyze categorical variables of two
groups, whereas unpaired z-test or Mann—Whitney U-test was
used to compare continuous variables. Additionally, analy-
sis of covariance was used to adjust for confounding factors.
The level of significance was set at P < .05. JMP Pro ver-
sion 14 (SAS Institute Inc.) was used to conduct all statistical
analyses.

24 | Ethical statements

The protocol for this research project has been approved by
the Committee of JSAEM (Approval No. 18-1-R1), and the
Committee of Kagawa University (Approval No. 29-200). It
conforms to the provisions of the Declaration of Helsinki.
Consent was obtained from the subjects in an informative or
disclosure document.

3 | RESULTS

3.1 | Patient characteristics

A total of 163 cases were classified into two groups, “MPD
intact” (n = 99) and “MPD injured” (n = 64). Table 1 shows
the clinical characteristics of patients divided into these
groups. There were 109 (67%) males and 54 (33%) females,
with a mean age of 42.7 years. As indicated in Figure S1,
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TABLE 1 Demographics and clinical characteristics of patients with or without main pancreatic duct (MPD) injury (number [%] or value)
Overall MPD intact MPD injured Univariate Multivariate
Variables n =163 n=99 n = 64 analysis analysis
Gender
Male/Female 109(67)/54 (33) 62 (63)/37 (37) 47 (73)/117 (27) 0.152
Age (y) 427+ 1.8 456+23 383 +238 0.045 0.388
Cause of trauma
Traffic accident 90 (55) 55 (56) 35 (55) 0.913
Non-traffic accident 73 (45) 44 (44) 29 (45)
Injury type
Blunt 140 (86) 78 (79) 62 (97) 0.001 0.007
Penetrating 23 (14) 21 (21 2(3)
Intraabdominal injury
Pancreas only 55 (34) 23 (23) 32 (50) <0.001 0.013
Pancreas injury location
Head 66 (40) 47 (47) 19 (30) 0.033
Body or tail 97 (60) 52 (53) 45 (70)
Injury Severity Score (ISS) 15.8 +£0.9 162+ 1.1 153+14 0.613 0.998
Revised Trauma Score (RTS) 7.3 +0.1 7.3 +0.1 7.4 +0.1 0.655

Note: Frequency (%) for categorical variables.

Mean (standard deviation [SD]) for continuous variables.

male patients showed a bimodal distribution and tended to
be in their 10s and 60s. In contrast, female patients tended to
be young, especially in their teens. As presented in Table 1,
there were 140 patients (86%) with blunt trauma and 90
(55%) with injury caused by traffic accidents. Fifty-five pa-
tients (34%) had isolated pancreatic injury, and 108 (66%)
were associated with coexisting severe abdominal injury.
Blunt trauma and isolated pancreatic injury were revealed as
the independent clinical factors predicting MPD injury when
adjusted by multivariate analysis (P = .007 and P = .013,
respectively). Concurrent liver damage was most frequently

observed in 24 patients (15%). Major vascular damage, con-
sidered fatal, occurred in 13 patients (8%). Anatomical injury
sites included the head of the pancreas in 66 patients (40%)
and the pancreatic body/tail in 97 (60%). The mean injury
severity score (ISS) was 15.8. The mean serum amylase
level determined within 48 hours after injury was 332.4 U/L.
Figure 1 shows laboratory values within 48 hours of injury
between the groups with and without MPD injury. Serum
amylase levels as well as CRP were significantly higher in
patients with MPD injury compared to those without MPD
injury (506.1 + 64 vs 220.0 + 51, P < .001).

wic
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FIGURE 1 Laboratory values within 48 h of injury between the groups with and without MPD injury (n = 144). Serum amylase levels in the

vertical axis are displayed using a logarithmic scale. WBC (/pL; 13 491 + 609 vs 13 328 + 749, P = .865). CRP (mg/dL; 0.56 + 0.5 vs 2.44 + 51,
P =.010). Amylase (U/L; 220.0 + 51 vs 506.1 + 64, P < .001). CRP, C-reactive protein; MPD, main pancreatic duct; WBC, white blood cell. One-

way analysis of variance
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3.2 | Treatment and outcomes

Treatment and outcomes of the patients are shown in Table 2.
Forty-one (25%) patients underwent ERP; significantly
more patients with MPD injury underwent ERP than those
with MPD intact (14 [14%] vs 27[42%]). Furthermore, 58
(36%) patients were nonoperatively treated, whereas 105
(64%) were surgically treated. In addition, 53 (83%) patients
with MPD injury and 52 (53%) with MPD intact had OM
(P < .001). Clinical sequelae were observed significantly
more frequently in patients with MPD injury, particularly
in the NOM group. Moreover, 17 (29%) and 49 (47%) pa-
tients had one or more sequential problems in NOM and OM
groups, respectively. The average length of stay in hospital
was 43.2 days (37.6 and 51.8 days in MPD intact and MPD
injured cases, respectively, P = .055). There were eight (5%)
hospital deaths, and all but one patient died of multiple organ
injury.

3.3 | Diagnostic imaging of MPD injury
Table 3 shows the imaging modalities performed to detect
MPD injury in all patients. The rates of performance of CT,
ERP, and magnetic resonance perfusion imaging (MRP) were
94%, 25%, and 12%, respectively. CT was performed in the
majority of patients with pancreatic injury, whereas MRP
was performed at a much lower rate. The sensitivities/specifi-
cities of MPD injury detection by CT, ERP, and MRP were
0.81/0.99, 0.96/1.0, and 0.8/0.89, respectively. The diagnos-
tic accuracy of ERP was superior to that of other imaging
modalities (CT and MRP) for the diagnosis of MPD injury.

3.4 | Management of MPD injury

Table 4 focuses on 64 patients with MPD injury and compares
backgrounds and outcomes between their initial treatment

TABLE 2 Treatment and outcomes of patients with or without main pancreatic duct (MPD) injury (number (%) or value)

Variables Overall n = 163 MPD intact n = 99 MPD injured n = 64 P-value
Treatment
Rate of ERP 41 (25) 14 (14) 27 (42) <.001
Initial treatment strategy
Non-operative management (NOM) 58 (36) 47 (47) 11(17) <.001
Operative management (OM) 105 (64) 52 (53) 53 (83)
Outcomes
Complications® 66 (40) 28 (28) 38 (59) <.001
NOM 17 (29) 8 (17) 9 (82) <.001
OM 49 (47) 20 (38) 29 (55) .095
Hospital stay (d) 432 +3.6 37.6 +4.6 51.8+£5.7 .055
Mortality 8(5) 6 (6) 2(3) 397
Note: Frequency (%) for categorical variables.
Mean (standard deviation [SD]) for continuous variables.
Abbreviation: ERP, endoscopic retrograde pancreatography.
“Clavien-Dindo classification of grade Illa or higher.
TABLE 3  Accuracy of imaging modalities to detect MPD injury
Imaging modality CT ERP MRP
Number (%) of patients 153 (94) 41 (25) 19 (12)
MPD injury on imaging
Positive Negative Positive Negative Positive Negative
MPD injured 50 12 26 1 8 2
MPD intact 1 90 0 14 1 8
Sensitivity 0.98 1.0 0.89
Specificity 0.99 0.93 0.89

CT, Computed tomography; ERP, Endoscopic retrograde pancreatography; MPD, Main pancreatic duct; MRP, Magnetic resonance pancreatography.
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TABLE 4 Demographics and clinical characteristics of main pancreatic duct injured patients initially treated with operative and nonoperative

management
Nonoperative management

Variables n=11
Background

Age (y) 495+6.9
Injury type

Blunt 11 (100)

Penetrating 0 (0)
Intraabdominal injury

Pancreas only 5 (45)
Pancreas injury location

Head 4(36)

Body or tail 7 (64)
Rate of comorbidities 5 (45)
Injury Severity Score (ISS) 147 +2.5

Laboratory values

WBC (/uL) 12,825 + 1634
CRP (mg/dL) 29+22
Amylase (U/L) 562.8 +205.7

Treatment

Rate of ERP 6 (55)

Outcomes

Complications® 9 (82)
Pseudocystb 4(36)
Pancreatic fistula® 4 (36)
Abscess® 2(18)
Peritonitis® 2(18)

Conversion to surgery 5 (45)

Hospital stay (d) 773 +13.0

Mortality 0(0)
Note: Frequency (%) for categorical variables.

Mean (standard deviation [SD]) for continuous variables.

Operative management

n=>53 P value
359+ 3.1 .079
51 (96) 513
24

27 (51) 740
15 (28) .594
38 (72)

10 (23) .058
154+ 1.1 814
13,577 + 744 677
32+1.0 .895
482.6 +91.1 723
22 (42) 428
29 (55) .096
6(11)

22 (42)

10 (19)

24)

472 +5.7 .038
2(4) 513

Abbreviations: CRP, C-reactive protein; ERP, endoscopic retrograde pancreatography; WBC, white blood cell.

“Clavien-Dindo classification of grade IIla or higher.

°Overlapping distribution.

strategies. There were 11 patients in the NOM group and
53 in the OM group. There were no significant differences
in clinical factors such as age, morphology of pancreatic in-
jury, ISS, or blood test results at the time of visit. However,
the length of hospital stay was significantly extended in the
NOM group (77.3 and 47.2 days in NOM and OM groups,
respectively, P = .038).

Table 5 lists individual data of 11 patients with MPD
injury who were initially treated nonoperatively. The ini-
tial treatment included drainage in five patients, EPS in
five, and octreotide injection in one. Only two (18%) pa-
tients successfully recovered after the initial treatment.
In contrast, nine (82%) patients had clinical sequelae.

Furthermore, five (45%) of these nine patients required
surgery as a secondary treatment. Four patients (36%) re-
quired long-term hospitalization for 90 days or more, al-
though there was no hospital death.

Conversely, in a series of 53 patients with MPD injury
who were treated with OM, 48 (90%) received pancreatic re-
section and five (10%) received drainage alone and/or pan-
creatic suture repair without pancreatic resection (Table 6).
When comparing pancreatic resection and no pancreatic
resection, the length of hospital stay was significantly lon-
ger in patients without pancreatic resection (P = .003).
Patients who underwent the Letton—Wilson procedure were
significantly younger (P = .038) and had more blood loss
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Individual characteristics and outcomes of main pancreatic duct (MPD) injured patients initially treated with nonoperative

Second treatment

TABLE 5
management
Initial treatment
Type of
MPD
Pancreas injury Post-
Age/ injury (CT/ERP/
Case Gender (location) MRP) ERP modality hours
1 T7/F Body/Tail Partial (CT) No  Drainage 2
2 61/M Body Complete  Yes Drainage 1
(CT/ERP)
3 86/M Body Partial (CT/ No Drainage 792
MRP)

4 73/M Tail Partial (CT) No Drainage 1

5 60/M Body Partial (CT) No  Drainage 144

6 24/M Head Complete  Yes EPS 10
(CT/ERP)
7 8/'M Head / Complete  Yes EPS 5
Body (CT/ERP)
8 71/M  Head Partial (CT/ Yes EPS 4
ERP)
9 57/M  Tail Partial (CT/ Yes EPS 1.5
ERP)
10 11/M Head Complete  Yes EPS 30
(CT/ERP/
MRP)
11 16/M Body Complete  No  Octreotide 1
(CT/ERP/
MRP)

Treatment traumatic Outcome and Conversion

Post- Hospital
traumatic Outcome and stay

complications modality days complications (days)
Recovered None None None 235
Pseudocyst Operation 18 Pancreatic 119

(DP) fistula

Pseudocyst ENPD unknown Recovered 20
Abscess ENPD >30 Recovered 185
Pancreatic

fistula

Pancreatic Operation 32 Pancreatic 87

fistula (DP) fistula

Recovered None None None 34

Peritonitis Operation 2 Bile leakage 26
(PD)

Peritonitis Operation 2.5 Intestinal 34
(Operative perforation
drainage)

Pseudocyst Drainage 4 Recovered 105

Pancreatic

fistula

Abscess

Pseudocyst None None None 82

Pancreatic Operation 24 Recovered 31

fistula (L&W)

Abbreviations: CT, computed tomography; DP, distal pancreatectomy; Drainage, percutaneous drainage; ENPD, endoscopic nasopancreatic drainage; EPS,

endoscopic pancreatic stenting; ERP, endoscopic retrograde pancreatography; L&W, Letton—Wilson’s procedure; MRP, magnetic resonance pancreatography; PD,

pancreatoduodenectomy.

(P = .010) than those who underwent pancreaticoduodenec-
tomy (PD). Moreover, regarding deep pancreatic body/tail
injury, the Warshaw procedure was performed at a younger
age (P = .018) than distal pancreatectomy. There were no sta-
tistically significant differences in postoperative morbidity,
grade B and C POPF, and mortality rates among surgical pro-
cedures. Two patients (4%) had death outcomes secondary to
hemorrhagic shock.

4 | DISCUSSION

Traumatic pancreatic injury is a relatively rare trauma but
is associated with a high mortality rate.'™ The Japanese

trauma data bank previously reported that this injury ac-
counted for 0.25% of all trauma, 2.4% of abdominal trauma,
and 4.3% of mortality.4 In Japan, more than 90% of these
injuries are caused by blunt trauma resulting from traffic
accidents.*'' MPD involvement is the most important fac-
tor of patient outcomes, and delays in diagnosis are associ-
ated with high postoperative morbidity and mortality rates,
particularly in cases of MPD injury.12 Because the pancreas
is surrounded by the liver, biliary tract, spleen, stomach,
duodenum, colon, and large blood vessels, the frequency
of concomitant other organ injury is also high. The mortal-
ity rate is relatively high in such cases.*!® The frequency
of single pancreatic injury is less than 10%. The number
of concurrently damaged organs averages 3.5-4.1, with
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TABLE 6 Clinical characteristics and outcomes of 53 main pancreatic duct injured patients initially treated with operative management

Patient Operation
Operation number (%) Age (year) time (min)
Pancreatic resection 48 (90) 29 [4-83] 258 [85-690]
Pancreaticoduodenectomy 10 (19) 29.5[16-77] 347.5
[85-550]
Distal pancreatectomy 14 (26) 42[11-78] 176.5
[85-360]
Warshaw procedure 9 (17) 22° [4-65] 180
[120-348]
Pancreas-sparing surgery
Letton—Wilson’s 11 (20) 18° [9-75] 280
procedure [181-690]
Bracy procedure 4(8) 31 [24-83] 398.5
[300-526]
No pancreatic resection 5(10) 32 [19-57] 240
[190-418]
Drainage 2(4) 34.5[19-50] 304
[190-418]
Pancreatic suture repair 3(6) 32 [28-57] 240
[221-265]

Note: Frequency (%) for categorical variables.
Median (range) for other continuous variables.
Clavien-Dindo classification of grade Illa or higher.
°P =003 vs Pancreatic resection.

°P = .038 vs Pancreaticoduodenectomy.
4p=.010vs Pancreaticoduodenectomy.

°P = .018 vs Distal pancreatectomy.

mortality increasing with the number of damaged organs.3’4

This multicenter nationwide survey conducted over the last
decade revealed that mortality was 5% for all cases, 1.8%
for patients with isolated pancreatic injury, and 3% for pa-
tients with MPD injury. This mortality rate was similar to
that reported in previous studies, which found that the mor-
tality rate is 0%-10%.>*1*15

Age distribution was analyzed in male and female pa-
tients. Young patients were more common regardless of sex.
However, male patients showed bimodal distribution with
another peak at 60s. Additionally, a similar result was previ-
ously reported from Japan.* This might be explained by the
fact that males in middle-aged or older populations work out-
side and drive more frequently compared to the same genera-
tion females in this country. In addition, skeletal muscle mass
forming visceral protective layer tends to be more vulnerable
with aging.

Herman et al. reported that there was no association be-
tween elevated serum amylase levels and severity of pan-
creatic injury according to the American Association for
the Surgery of Trauma (AAST) grades, although this indi-
cates that elevated serum amylase levels may be diagnostic

Amount of POPF
bleeding 2> grade Postoperative Hospital Mortality

(mL) Bn (%) complication® stay (days) n (%)

1,090 19 (40) 30 (63) 37 [2-130] 2(4)
[0-5831]

2,525.5 4(40)  5(50) 435 0 (0)
[563-4300] [25-126]

1908[100- 6 (43) 9 (64) 35[2-97] 2 (4)
5831]

555.5 5(56)  7(78) 30[7-126]  0(0)
[70-1340]

5144 3(27) 7 (64) 31 [7-55] 0 (0)
[0-2575]

1584.5 125  2(50) 37(32-52]  0(0)
[400-2400]

850 [520- 4 (80) 5 (100) 65° [30-175] 0(0)
11673]

1,075 1(50) 2 (100) 119.5 0(0)
[850-1300] [64-175]

700 [520- 3(100) 3 (100) 65 [30-117] 0 (0)
11673]

indicators.'¢"18 Alternatively, our analysis was performed
between the two groups, focusing on the existence of the
MPD injury. Patients with MPD injury had significantly
higher serum amylase and CRP levels early after the injury
occurred. In this regard, Nadler et al. 19 have also reported that
high amylase levels were more consistent with MPD injury.
The MPD injury likely contributes to early elevation of serum
amylase and CRP. Rapid serum amylase and CRP elevation
might be important markers for predicting MPD injury.

Blunt trauma and isolated pancreatic injury were indepen-
dent factors predicting MPD injury. It is difficult to speculate
clear mechanisms for these results. Blunt injury to the pan-
creas results in the organ being compressed over the vertebra.
Localized deep compressive forces may result in an isolated
pancreatic laceration depending on the magnitude of the
force. >’ However, the influence of selection bias in a retro-
spective setting should be considered.

The diagnostic accuracy of ERP was superior to that of
other imaging modalities (CT and MRP) in this survey for
the diagnosis of MPD injury. In 1978, Belohravek et al. first
reported ERP experience to identify MPD injury in trauma
cases.”! ERP allows visualization of the MPD and determines
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injury severity, facilitating optimal treatment, such as drain-
age using EPS.’ Many other reports also described the value
of ERP in patients with pancreatic trauma.® %1122
tector-row CT, with sensitivity and specificity of up to 80%,
is the best noninvasive imaging modality to detect pancreatic
injury.” In contrast, although MRP imaging has the advan-
tage of being minimally invasive and can evaluate upstream
of the injured area, the rate of implementation is low in Japan
because of the lack of examination agility. In patients with
suspected deep pancreatic injury on CT examination and sta-
ble vital signs, ERP should be performed to evaluate MPD
injury more accurately for developing more appropriate treat-
ment strategy.

Complications of the initial treatment were more
likely to occur in the MPD injured group, that is, the
presence or absence of MPD injury was found to affect
short-term outcomes. Regarding which treatment strat-
egy, OM or NOM, should be taken for patients with the
MPD injury, OM has been generally recommended.”*
Recently published evidence, however, suggested that
NOM might be an acceptable and safe option even in
patients with MPD injury.4 Previous studies have shown
that endoscopic management, such as EPS, reduced the
need of surgery for pancreatic injury by blocking the
pancreatic leak and draining the pancreatic fluid into the
duodenum.® Nevertheless, in this survey, NOM was as-
sociated with a longer hospital stay than OM. Frequent
sequential problems observed in the NOM group most
likely resulted in prolonged hospital stay. It is also note-
worthy that in this study, five of 11 patients initially
treated with NOM subsequently underwent surgery as
a secondary treatment although there was no mortal-
ity with timely and appropriate additional treatments.
In contrast, in a total of 64 patients with MPD injury,
six patients eventually received successful NOM and no
subsequent surgical intervention. Among them, five pa-
tients were treated with endoscopic pancreatic stenting
or endoscopic nasopancreatic drainage. NOM including
endoscopic stenting procedures may be a less invasive
and effective treatment option for selected patients.
Because the number of NOM for MPD injury is very
small in this series, the actual role of NOM for MPD
injury is still unclear and should be explored further in
large scale studies.

Our study included a large series of patients with MPD
injury who were initially treated with surgery. Pancreatic re-
section was the more frequently performed procedure in this
series. It has been previously reported that emergency PD for
pancreatic injury was associated with a very high mortality
rate (>30%) because of the patient's poor condition and sur-
gical (:omplexity.M’25 However, compared with the outcomes
of these previous reports, the outcome of PD in this recent
series was excellent with zero mortality. This is presumably

multi-de-

because the attending centers are all JSAEM board-certified
hospitals that have abundant experiences in abdominal emer-
gencies. Appropriate initial diagnosis, meticulous perioper-
ative management, prompt decision of surgical intervention
based on each patient condition, and recent improvement in
perioperative intensive care would be related to the excellent
postoperative outcomes. On the other hand, there were only
five patients who underwent surgery without pancreatic re-
section. The length of hospital stay was significantly longer
in these five patients than in those who underwent pancre-
atic resection. Otherwise, pancreatic-conserving surgery in-
cluding Letton-Wilson and Bracy procedures is preferable to
preserve the pancreatic function if the following condition
is met: (a) if the patient is young, (b), if the patient's vital
signs are stable, and (c) if there is a highly qualified pancre-
atic surgeon.5 In Japan, a surgical qualification system has
been implemented by the Japanese Society of Hepatobiliary
Pancreatic Surgery.

This study has some limitations as follows. First, the sam-
ple size was limited and questionnaires were used to obtain
data. Second, because this was a retrospective observational
study, selection bias was intrinsic. Third, only board-certi-
fied abdominal emergency specialist hospitals of the JSAEM
were registered for participation in this survey rather than a
large national study. There was an inherent bias in participat-
ing institutes. Finally, we were unable to evaluate the long-
term outcomes of patients with MPD injury.

In conclusion, serum amylase levels were significantly
higher in patients with MPD injury. ERP is the most accu-
rate imaging modality for assessing pancreatic duct injury
and is recommended to be performed in patients with stable
hemodynamics. Although mortality from pancreatic trauma,
including MPD injury, was relatively low regardless of treat-
ment strategy in this series, serious sequelae occurred more
frequently and length of hospital stay was significantly longer
in patients initially treated nonoperatively.
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