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Abstract Traumatic injuries of the pancreas are rare and affect both children and adults. Very
little has been done to investigate differences in outcome between these two age
groups. We performed a retrospective review of cases in four trauma hospitals to
determine the differences in outcomes between pediatric and adult patients with
traumatic pancreatic injuries. A retrospective chart review was performed for 69
pediatric and adult patients seen at four trauma centers in our health system between
1990 and 2014. The Mann-Whitney’s U-test was used to compare continuous
variables, while the chi-square and Fisher’s exact tests were used for categorical
variables. Mortality was determined using the Social Security Death Master File. In this
study, 26 pediatric and 43 adult patients were included. Median ages were 11.4 and
42.3 years, respectively. There were significant differences in mechanism of blunt
injury between pediatric and adults (motor vehicle collisions = 17.4 vs. 64.9%, bicycle
accidents = 43.5 vs. 0.0%; p-value for both comparisons < 0.0001), median injury
severity score (6.5 vs. 12; p = 0.030), surgical management (30.8 vs. 67.4%;
p = 0.003), and postinjury pancreatitis (57.7 vs. 20.9%; p = 0.002). Median hospital
length of stay was 5 versus 11 days (p = 0.005), respectively. There were no differences
in mortality or other complications. In spite of significant differences in blunt injury
type, injury severity, and the need for surgery, there were no significant differences in
mortality or most postinjury complications between pediatric and adult patients with
traumatic pancreatic injuries.
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Introduction

Pancreatic trauma, although uncommon, is associated with
high morbidity and mortality rates due to the location of the
organ.! While radiographic studies are the mainstay in diag-
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nosing pancreatic injury, these tests frequently fail to diagnose
this injury.? Adults who sustain pancreatic trauma may have a
clinical presentation that is different from children. Further-
more, children may not be able to describe their symptoms as
precisely as adults.> Overlooking or misdiagnosing pancreatic
trauma as a result of other intra-abdominal injuries can occur
in both cohorts of patients since symptoms from other organ
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injuries can present a confounding clinical picture.? Nono-
perative management has become more common in hemo-
dynamically stable children with pancreatic injuries compared
with adults. Understanding the differences in presentation and
outcomes between these two groups would help physicians to
more accurately identify, treat, and manage pancreatic injury
patients. We performed this retrospective study to compare
results between pediatric and adult patients suffering from
traumatic pancreatic injuries. We hypothesized that adult
patients would experience higher morbidity and mortality
rates when compared with pediatric patients.

Materials and Methods

Patients included in this study were seen at four trauma
centers (Cohen Children’s Medical Center, Huntington Hos-
pital, Staten Island University Hospital, and North Shore
University Hospital), all of which are part of the Northwell
Health System in New York, from 1990 to 2014. Regulatory
approval was obtained from the Northwell Health Institu-
tional Review Board. Charts were retrospectively reviewed
and the data entered into a Research Electronic Data Capture
(REDCap) database.

Descriptive statistics were calculated by group: pediatric
(younger than 18 years at the time of injury) or adult (18 years
of age or older at the time of injury). Mean =+ standard devia-
tion, median, 25th and 75th percentiles for continuous data,
frequencies, and percentages for categorical data were calcu-
lated. The Mann-Whitney U-test was used to compare pedia-
tric and adult patients for continuous variables. Either the chi-
square test or Fisher’s exact test, as deemed appropriate, was
used to compare the two groups for categorical variables.

Time to presentation from injury was analyzed by apply-
ing standard methods of survival analysis, that is, computing
the Kaplan-Meier’s product-limit curves, where the data
were stratified by group. No data were considered censored
and groups were compared using the log-rank test. The
median rates for each group were obtained from the Ka-
plan-Meier/product-limit estimates and their corresponding
95% confidence intervals were computed using Greenwood’s
formula to calculate the standard error.

Intensive care unit (ICU) length of stay (LOS) and hospital
LOS were both analyzed using the above-described survival
methods; however, the event was discharged alive from
ICU (or hospital), and those subjects who died while in the
ICU (or hospital) were considered censored at their date
of death.

A result was considered statistically significant at the
p < 0.05 level of significance. All analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, North Carolina,
United States).

Results

In this study, 26 pediatric and 43 adult patients were
included. Median ages were 11.4 and 42.3 years, respectively.
There were significant differences in mechanism of blunt
injury between pediatric patients and adults (motor vehicle
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Table 1 Demographic characteristics

Variable Pediatric | Adult | p-Value
group group
N 26 43 N/A
Age in y (median) 11.4 423 0.000
Number of comorbidities | 0.00 0.00 N/A
(median)
Male sex (%) 69.2 74.4 0.640
Race (%)
Caucasian 55.0 65.1 0.608
African American 15.0 14.0
Ethnicity
Non-Hispanic (%) | 1000 [852 o036

Abbreviation: N/A, not available.

collisions [MVCs] = 17.4 vs. 64.9%, bicycle accidents = 43.5
vs. 0.0%; p-value for both comparisons < 0.0001), median
injury severity score (ISS) (6.5 vs. 12; p = 0.030), surgical
management (30.8 vs. 67.4%; p = 0.003), and postinjury
pancreatitis (57.7 vs. 20.9%; p = 0.002). Median hospital
LOS was 5 versus 11 days (p = 0.005), respectively. There
were no differences in mortality or other complications.
Demographic information is shown in =Table 1; details of
injury and treatment information, respectively, are shown
in =Tables 2 and 3; and outcomes and complications are
shown in =Table 4. Graphical representations of the trend in
operative versus nonoperative management of traumatic
pancreatic injuries during the study period are shown for
pediatric patients (=Fig. 1), adults (=Fig. 2), and all patients
(=~Fig. 3).

Discussion

The treatment approach to children with abdominal trauma
differs significantly from that of adults. Force to the upper
abdomen, commonly from bicycle handlebars or seat belts,
as seen primarily in the pediatric population in our study, can
compress the pancreas against the vertebral column. Chil-
dren have a smaller body habitus which transmits traumatic
force over a larger relative area than in adults. Although the
pancreas is protected by abdominal musculature and ante-
rior fat pads, these protective layers are thinner in children.*
The pediatric skeleton is more flexible, leading to the trans-
mission of force to deeper and retroperitoneal abdominal
structures.> The absence of external signs of trauma cannot
be used exclusively to rule out injury to abdominal organs.”
Due to the retroperitoneal location of the pancreas, injury is
often wrongly attributed to other intra-abdominal organs,
making the physical exam undiagnostic.>%’ Adults tend to
engage in higher risk behavior and consequently derive
pancreatic injuries from higher energy blunt trauma or
penetrating trauma.? Higher impact injuries may account
for the greater injury severity, demonstrated by a higher
median ISS in the adult compared with the pediatric group.
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Table 2 Details of injury Table 3 Treatment and operative information

Variable Pediatric Adult p-Value Variable Pediatric Adult p-Value

group group group group

Blunt mechanism (%) 92.0 86.1 0.701 Operative management (%) 30.8 67.4 0.003

Penetrating mechanism (%) 8.0 14.0 0.701 Operative approach?® (%)

Type of blunt mechanism?® (%) Open 750 96.6 0112

Fall 13.0 18.9 <0.0001 — —
Minimally invasive 25.0 3.5
MVC 17.4 64.9
Pancreatic resection® (%) 75.0 35.7 0.103
Bicycle accident 43.5 0.0 -
Sports-related 17.4 0.0 s o resediion” (%)
Penetrating mechanism® (%) Distal pancreatectomy 83.3 90.0 1.000
Gunshot wound 0.0 66.7 0214 Other resection 16.7 10.0
Stab wound 50.0 16.7 Other procedures*
Other 50.0 16.7 Drain placement 3.9 20.9 0.077
Pancreatic injury grade (%) Repair of injury 3.9 9.3 0.643
1 68.2 48.7 0.181 Evacuation of hematoma 0.0 9.3 0.289
2 4.6 256 Negative laparotomy 0.0 4.7 0.523
3 182 154 Other procedure 0.0 14.0 0.076
4 o > Endoscopic procedure 15.4 14.3 1.000
5 0.0 5.1
Radiologic diagnosis (%) 65.4 55.8 0433 Note: Bold values indicate that the p-Value is less than 0.05.
P—— S 269 g 0,051 ?Percentages are based on patients who were treated operatively.
urgical diagnosis . . X . . .
J J bPercentages are based on patients who had pancreatic resections.

Site of injury (%) “Percentages are based on total sample size.

Head 23.5 39.4 0.612

Neck 235 12.1

Body 23.5 24.2 | licati

o o7 e Table 4 Outcomes and complications

I;jizing,ri;njury to presentation 12.5 0.6 0.006 Variable Pediatric Adult p-VaIue

group group

Laboratory values (median)

Mortality status

Lipase 419.0 153.0 0.070

Dead (%) 3.9 | 20.9 | 0.077
Amylase 155.0 75.0 0.009
AST 40.0 70.0 0.272 Cause of death (%)
ALT 26.5 62.0 0.022 CVA 0.0 12.5 1.000
Alkaline phosphatase 192.5 69.0 0.000 Shock 0.0 50.0
Total bilirubin 0.5 0.8 0.273 Other 100.0 37.5
Hb 13.6 12.9 0.969 ICU admission (%) 61.5 76.7 0.177
Hct 39.2 39.7 0.303 30 d readmission (%) 12.0 2.38 0.143
Lactate 134 3.2 0.012 Surgery 30 d after 4.0 2.4 1.000
pH 7.1 73 0.153 discharge (%)
Serum bicarbonate 24.0 21.0 0.815 Postinjury complications

ISS (median) 6.5 12.0 0.030 Pancreatitis (%) 57.7 20.9 0.002

GCS (median) 15.0 15.0 0.688 Pancreatic pseudocyst (%) 3.9 4.7 1.000

Blood transfusion on admission (%) 19.2 52.4 0.007 Pancreatic hematoma (%) 115 11.6 1.000

Median blood units transfused 3.0 4.5 0.615 Pancreatic necrosis (%) 1.5 4.7 0.358

Associated chest injury (%) 11.5 48.8 0.002 Pancreatic abscess (%) 0.0 23 1.000

Other abdominal injuries (% 48.0 72.1 0.047

er abdominal injuries (%) Endocrine insufficiency (%) 0.0 7.0 0.285

Head injury (%) 7.7 16.7 0.465

Exocrine insufficiency (%) 0.0 0.0 N/A
Spinal fractures (%) 3.9 9.5 0.642
Intra-abdominal fluid 50.0 48.8 0.925

Long bone fractures (%) 3.9 21.4 0.076 collection (%)

Pelvic fractures (%) 3.9 14.0 0.242 TPN requirement (%) 346 39.0 0716
Abbreviations: ALT, alanine aminotransferase; AST, aspartate ICU length of stay (median, d) 3.0 5.0 0.287
aminotransferase; GCS, Glasgow’s coma score; Hb, hemoglobin; Hospital LOS (median, d) 50 1.0 0.005
Hct, hematocrit; ISS, injury severity score; MVC, motor vehicle collision. .

Note: Bold values indicate that the p-Value is less than 0.05. Note: Bold values indicate that the p-Value is less than 0.05.
?Percentages expressed are of blunt trauma patients. Abbreviations: CVA, cerebrovascular accident; ICU, intensive care unit;
PPercentages expressed are of penetrating trauma patients. LOS, length of stay; NJA, not available; TPN, total parenteral nutrition.
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Fig. 1 Management trend (operative vs. nonoperative) of pediatric
patients with time.
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Fig. 2 Management trend (operative vs. nonoperative) of adult
patients with time.
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Fig. 3 Management trend (operative vs. nonoperative) for all
patients with time.

Adults involved in MVCs are more likely drivers, and
impact from the steering wheel can compress the upper
abdomen, leading to injury. In falls, adults are more likely
engaged in construction work and fall greater distances.

Delayed diagnosis and treatment of pancreatic trauma leads
to greater morbidity and mortality, and this is well established
inthe literature;®-'2 however, laboratory abnormalities are not
clinically significant for pancreatic injury until hours after the
trauma. In 1978, Jones first reported on the positive correlation
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between time of pancreatic injury and rise in serum amylase,
suggesting that amylase levels increased 2 hours posttrauma.'>
Takishima et al found that hyperamylasemia, suggestive of
pancreatic injury, occurred 3 hours posttrauma at the ear-
liest."* A recent report concluded that amylase was not diag-
nostic of pancreatic injury until 6 hours posttrauma, regardless
of the grade of injury.'® In our study, the time from injury to
presentation was considerably longer for children than adults,
and serum amylase levels were notably more elevated. This
delayed presentation and resulting increase in amylase levels
could be responsible for the significantly higher diagnosis of
postinjury (acute) pancreatitis in the children, since elevated
amylase three times the upper limit of normal is part of the
diagnostic criteria. In a recent Australian study of 2,580
patients investigating the utility of lipase as a marker for
pancreatic trauma, the authors concluded that elevated lipase
did not reliably correspond with pancreatic injury.'®

In 2009, the Eastern Association for the Surgery of Trauma
issued guidelines for the management of pancreatic trauma.
Injuries without ductal involvement (grades I and II) are best
managed with drainage alone; injuries with ductal involvement
(grade III) would benefit from both resection and drainage; and
more severe injuries (grades I[Vand V) had no recommendations
made."” These guidelines are useful in the clinical decision
making for isolated traumatic pancreatic injuries, but the re-
commendations are based chiefly on adult patient data. There is
currently no clear consensus on when surgery is superior to the
nonoperative management of pediatric pancreatic trauma pa-
tients. In a study of 26 pediatric patients with blunt pancreatic
injury, Bass et al found an increased risk of pancreatic-specific
complications with injuries involving the pancreatic duct, there-
fore, advocating for the nonoperative management of duct-
sparing injuries and surgery for those involving the duct.'®
Shilyansky et al advocated for nonoperative strategies for both
pancreatic contusion and transection injuries (likely grades III
and IV); however, this group did not note the exact injury grade
orifinjuries involved the duct.'® Nadler et al found lower rates of
complication and shorter lengths of hospital stay with earlier
operative management of transecting injuries or those with
major duct involvement; however, this group also did not
separately analyze ductal involvement as a key variable for
operative management.?’ In a recent analysis of 167 pediatric
patients suffering from blunt pancreatic trauma, operative
management of duct-involving injuries resulted in a lower
rate of pseudocyst formation, thus predisposing to faster returns
to oral feeding, shorter LOS, fewer interventions, and more rapid
resolution. If injuries did not involve the pancreatic duct,
both management strategies yielded similar outcomes.?' Over-
all, these studies are difficult to compare due to the lack of
specific detail about the pancreatic injury and scoring using
the American Association for the Surgery of Trauma injury
scoring scale.

We found that adults were more likely to be managed
operatively and children more likely to be managed nonopera-
tively regardless of the pancreas-specific injury. However, adults
were more severely injured based on ISS, and the presence of
hemodynamic instability or other intra-abdominal injuries
likely contributed to the difference in management strategies.
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The median hospital LOS in our study was shorter for the
pediatric patients. In a recent retrospective study, Siboni et al
observed that hospital LOS depended on both trauma sever-
ity and management strategy. Milder injuries, graded 2 on
the organ injury scale (OIS), treated nonoperatively led to
shorter LOS. However, more severe injuries (OIS 3-5) man-
aged nonoperatively led to longer LOS.?% The higher fre-
quency of operative management in adults, and the
increased severity of injury, may have contributed to longer
LOS in this population.

A total of 52.4% of adults and only 19.2% of children
received blood transfusions (p = 0.007). The higher number
of adults undergoing surgery (i.e., intraoperative blood loss
leading to transfusions) may explain this difference. How-
ever, the groups did not differ on number of units transfused.
On bivariate regression analysis, blood transfusion require-
ment and volume transfused correlate with both morbidity
and mortality. On multivariate regression analysis, however,
only volume transfused remained a significant predictor of
mortality.23

Arecent review of the National Trauma Data Bank showed
that 1,600 children with blunt pancreatic injury suffered
major complications in more than 25% of cases, including
acute respiratory distress syndrome and pneumonia.24 Since
major trauma databases do not collect data on pancreas-
specific complications such as pancreatic fistulas and pseu-
docysts, data for these complications are limited to small
retrospective reviews. Morbidity rates have, therefore, ran-
ged from 8 to 60%."" We found that only postinjury pancrea-
titis differed significantly between children (57.7%) and
adults (20.9%; p = 0.002). The major theory for this specific
complication is the autophagy hypothesis: Pancreatic diges-
tive enzymes are released due to splanchnic ischemia or
pancreatic necrosis,'® causing a dysregulation of enzyme
secretion, premature protease activation, and an inflamma-
tory response.?” Since children are more often treated non-
operatively, retaining their pancreatic tissue, disruption of
blood flow, or inflammation would release self-digestive
enzymes and subsequently cause pancreatitis. Acute pan-
creatitis could have also been diagnosed more in children
due to their significantly higher amylase levels at presenta-
tion to hospital.

Abscesses and fistulas occur at a rate of approximately
20%, and are treated with antibiotics, computed tomogra-
phy-guided drainage, and total parenteral nutrition (TPN) if
necessary.%® A review of 134 patients with pancreatic injury
by Patton et al found that both fistulas and abscesses are
associated with ductal injury via multivariate analysis.?” Our
cohort had no significant difference in ductal involvement
between pediatric and adult patients, and subsequently had
no difference in the development of pseudocysts and ab-
scesses. Other complications such as fluid collections and
TPN requirements did not differ significantly between the
two groups.

Difference in mortality rate was not significant; 3.9% in
the pediatric and 20.9% in the adult group (p = 0.077).
Reports of mortality following pancreatic injury have ranged
from 12 to 35%.>28 The previously discussed review of the
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National Trauma Data Bank for pediatric blunt pancreatic
trauma found a mortality of 2.5%, specifically for operatively
managed patients, and 6.7% for nonoperatively managed
patients.?* Cause of death also did not differ significantly
between the pediatric and adult populations, likely due to
the overall low mortality rate in our data. Improvements in
surgical and critical care, restrictive transfusion strategies,
and overall auxiliary care have led to a significant decrease in
mortality and debilitation from injuries and operations.

Though multiple investigations have examined the man-
agement and outcomes of pancreatic trauma, our study is one
of the few to have compared the specific injury details,
treatment, complications, and outcomes of pancreatic injuries
between children and adults. Our sample size of 69 patients is
considerable given the rarity of these injuries in trauma
presenting to the emergency department. We were able to
accrue relatively large numbers of pediatric patients due to
inclusion of the trauma records from a dedicated children’s
hospital with a level I trauma center. Our data are representa-
tive of four hospitals from a variety of geographical locations
spanning two boroughs of New York City in addition to Long
Island, which makes our results fairly generalizable.

Our study suffers from important limitations. First, the
study is retrospective with data collected from more than
two decades of treatment of pancreatic injuries in four
trauma centers. Patient management strategies can differ
significantly by surgeon, hospital, region, and over time.
Second, charts reviewed from the earlier time period often
did not include detailed notes on the rationale for surgical
intervention. It was sometimes unclear whether surgery
resulted due to failed nonoperative management, which
would skew results toward surgery as a first line of treat-
ment. Future studies that categorize cases of nonoperative,
operative, and nonoperative-turned-operative management
within each age group would allow for valuable analyses
regarding complications, morbidity and mortality, and could
change the management strategies.

Conclusion

In conclusion, although the pediatric and adult groups had
significant differences in types of blunt pancreatic injury,
time from pancreatic injury to presentation, injury severity,
presence of other chest and abdominal injuries, need for
operative management, blood transfusion requirement, and
hospital LOS, the groups demonstrated comparable out-
comes in terms of postinjury complications and mortality.
The similar results between the pediatric and adult popula-
tion may be due to improvements in surgical and critical care
over time, which would require a time-trend analysis to
confirm.
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