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Abstract

Background—Exploratory laparotomy in children after motor vehicle collision (MVC) is rare.
In the absence of definitive hemorrhage or free abdominal air on radiographic imaging, predictors
for operative exploration are conflicting.

Objective—The purpose of this study was to explore objective findings that may aid in
determining which children require operative abdominal exploration after MVC.

Methods—Data from 2010-2014 at an American College of Surgeons—certified level 1 pediatric
trauma center were retrospectively reviewed. Demographics, vital signs, laboratory data,
radiologic studies, operative records, associated injuries, and outcomes were analyzed and p < 0.05
was considered statistically significant.

Results—Eight hundred sixty-two patients 0-18 years of age presented to the hospital after an
MVC during the study period. Seventeen patients (2.0%) required abdominal exploration and all
were found to have intraabdominal injuries. Respiratory rate was the only vital sign that was
significantly altered (p = 0.04) in those who required abdominal surgery compared with those who
did not. Physical examination findings, such as the seat belt sign, abdominal bruising, abdominal
wound, and abdominal tenderness, were present significantly more frequently in those requiring
abdominal surgery (p < 0.0001). Each finding had a negative predictive value for the need for
operative exploration of at least 0.98. There were no significant differences in trauma laboratory
values or radiographic findings between the 2 groups.

Conclusion—Data from this study solidify the relationship between specific physical
examination findings and the need for abdominal exploration after MVC in children. In addition,
these data suggest that a lack of the seat belt sign, abdominal bruising, abdominal wounds, or
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abdominal tenderness are individually predictive of patients who will not require surgical
intervention.
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children; injury; motor vehicle crash; seat belt sign

INTRODUCTION

Unintentional injury is the leading cause of death in children >1 year of age, and motor
vehicle collision (MVC) is the leading cause of death in children 8-18 years of age (1,2).
Seat belt use is a crucial method to decrease the risk of severe injury and death in children
involved in MVC (3,4). However, shortly after the introduction of seat belts in 1960, the
“seat belt syndrome” was described—a combination of abdominal wall bruising (AWB),
intra-abdominal injury (1Al), and lumbar spine fracture—raising concern that seat belts may
cause a unique set of injuries (5). Subsequently, multiple reports found that a positive seat
belt sign (SBS) was associated with an increased risk for 1Al (6-11). In addition, children
remain at increased risk for seat belt—related injury caused by improper restraint use (12,13).
The probable mechanism of seat belt injury is direct loading over the injured organ (14).

The optimal evaluation algorithm to identify blunt 1Al in the pediatric population includes a
combination of history and physical examination findings, laboratory values, and imaging
modalities (15-21). The majority of pediatric blunt 1Als are managed conservatively;
however, the need for abdominal exploratory surgery persists in select circumstances.

Literature describing predictive factors for the need for abdominal exploratory surgery in
pediatric patients presenting with blunt trauma after MV C is scarce. A study of 1400
patients over a 3-year period at a major trauma center concluded that SBS was associated
with a higher incidence of 1Al (9). Likewise, Paris et al. concluded that associated lumbar
fracture, free intra-abdominal fluid, and tachycardia were highly predictive of intestinal
injury in children with AWB and the need for laparotomy after MV C (8). However, this
study was limited to patients presenting with AWB and may have missed patients with 1Al
in the absence of this physical examination finding. Other studies have presented conflicting
data, and have suggested that the SBS is not associated with an increased risk of abdominal
injury or need for abdominal surgery (22,23).

The objective of the present study was to determine predictive factors associated with the
need for abdominal exploratory surgery in children sustaining blunt abdominal injury after
MVC. We hypothesized that a combination of laboratory, physical examination, and
radiographic findings would be predictive of the need for operative intervention in children
with blunt abdominal trauma.

METHODS

Patient Selection

A single-center retrospective query of the pediatric trauma database was performed for all
blunt trauma-related encounters incurred over a 5-year period between January 1, 2010 and
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December 31, 2014. Institutional review board approval was obtained before the search.
Patient medical records were assessed for demographic variables and initial vital signs,
physical examination findings, laboratory values, and trauma-related imaging results. These
were compiled into a master database. Patients were subsequently divided into those who
underwent abdominal surgery for their injuries and those who did not undergo abdominal
surgery.

Assessed Variables

Statistics

RESULTS

Continuous variables were considered in 2 groups: initial vital signs (i.e., heart rate, systolic
and diastolic blood pressure, temperature, unassisted respiratory rate, and Glasgow coma
scale) and initial trauma laboratory panel (i.e., hemoglobin, hematocrit, white blood cell
count, aspartate transaminase, alanine transaminase, amylase, and lipase). Vital signs and
laboratory values were additionally considered as binomial variables, categorized into
normal and abnormal variables. Other categorical variables included physical examination
findings (i.e., presence or absence of the SBS, abdominal bruising (AB), abdominal
tenderness, or open abdominal wound) and radiographic findings on computed tomography
(free pelvic fluid or pneumoperitoneum).

Continuous variables were expressed as mean + the standard error of the mean and were
compared using Student’s #test. Categorical variables were compared using chi-squared
tests. p < 0.05 was considered statistically significant.

Patient Population

Eight hundred sixty-two patients ranging from 0-18 years of age were assessed in the
hospital after MVC during the study period. Eight hundred fifty-seven patients had complete
medical records, including documentation of physical examination findings and laboratory
values of interest; these patients form the basis of this report. Seventeen patients (2.0%)
required abdominal exploration while 840 did not require an abdominal procedure.

Operative Findings

Vital Signs

Seventeen patients (2%) underwent operative intervention. Of these patients, 15 (88%) were
identified appropriately on their first admission and operated on immediately after trauma.
Two of 17 patients (12%) exhibited none of the physical examination findings of interest.
One patient was discharged and readmitted 4 days later with a delayed presentation of a
jejunal perforation. The other patient presented in a delayed fashion with small bowel
obstruction 12 days after trauma. Each patient who underwent surgical intervention was
found to have an 1Al (Table 1). There were no negative laparotomies.

Initial recorded heart rate, blood pressure, temperature, and Glasgow coma scale were not
significantly different between those children requiring operative intervention for their
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abdominal injuries and those not undergoing surgery (Table 2). The mean unassisted
respiratory rate was significantly lower in those who did require operative intervention
compared with those who did not (19 + 5.2 vs. 23.5 + 8, p=0.04). There was no significant
difference in the proportion of patients in each group who had abnormal vital signs (Table
2).

Laboratory Panel

There were no significant differences in the laboratory values between the 2 groups either by
comparison of the means or by comparison of the proportions of patients with abnormal
values in each group. Laboratory values assessed included white blood cell count,
hemoglobin, hematocrit, aspartate transaminase, alanine transaminase, alkaline phosphatase,
amylase, and lipase (Table 3).

Physical Examination Findings

Table 4 shows the predictive qualities of the following physical examination findings: SBS,
AB, open abdominal wounds, and abdominal tenderness. There was a significant difference
between the operative group and the nonoperative group in the presence of each of these
findings.

One hundred sixty-one patients (18.7%) had a positive SBS. Twelve of 17 patients (70.6%)
who underwent surgery had a positive SBS, while 149 of 840 (17.7%) patients who did not
require surgery had a positive SBS (p < 0.001). The relative risk (RR) of needing surgery
with a positive SBS was 9.09 (95% confidence interval [CI] 3.5-24.0). The negative
predictive value (NPV) was 99.3 (95% CI 98.5-99.7).

Eighty-four patients (9.8%) had AB. Seven (41.2%) of 17 patients who underwent
laparotomy had AB, while only 77 patients (9.2%) of 840 who did not require operation had
AB (p<0.001). The RR of surgery with AB was 6.0 (95% CI 2.4-15.0). The NPV was 98.7
(95% CI 98.1-99.1).

Twenty-one patients (2.5%) had open abdominal wounds. Thirteen (76.4%) of 17 patients
who underwent laparotomy had an open abdominal wound, while 8 (1.0%) of 840 who did
not require surgery had an abdominal wound (p < 0.001). The RR of surgery with open
abdominal wound was 20.7 (95% CI 8.0-53.8). The NPV was 99.5 (95% CI 98.9-99.1).

One hundred nineteen patients (13.9%) had abdominal tenderness (AT) or signs of
peritonitis. Thirteen (76.4%) of 17 patients who underwent laparotomy had AT or peritoneal
signs. One hundred and six patients (12.6%) who did not have surgery had AT (p < 0.001).
The RR of surgery with AT was 21.8 (95% CI 7.3-65.2). The NPV for surgery with AT was
99.5 (95% CI 98.7-99.8).

Radiographic Findings

Overall, 324 patients (37.8%) underwent computed tomography (CT) imaging of the
abdomen and pelvis. Fifty-one patients (15.7%) had evidence of free pelvic fluid (FPF).
Sixteen patients who underwent laparotomy had a CT scan, with 5 (29.4%) having evidence
of FPF. In the nonoperative group, 307 patients (36.5%) underwent CT scan, and 47 (15.3%)
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of those maintained FPF on CT scan. The presence of FPF did not reach statistical
significance as a predictor for laparotomy.

DISCUSSION

Predictive models to determine which children need abdominal surgery after blunt
abdominal trauma are conflicting. Herein, we determined that physical examination findings
are the most reliable in predicting which children will require an abdominal procedure after
MVC. With the exception of respiratory rate, initial vital signs appear to be equivalent
among surgical and nonsurgical patients. Laboratory values also do not appear to predict
which children will require surgery. The presence of specific physical examination findings,
such as the SBS, AWB, abdominal wound, or AT are associated with a higher likelihood of
abdominal intervention. Most importantly, patients who lack these signs are appropriate for
nonoperative, conservative management.

This study is one of the larger series on this topic with >800 patients studied over 5 years.
As expected, this study shows that few pediatric patients actually require an abdominal
operation after being involved in a MVC. Of course, patients who are hypotensive or
obviously hemorrhaging require laparotomy, but decision making in the hemodynamically
stable patient remains much more challenging.

With this in mind, obtaining vital signs remains the first assessment of a traumatic patient.
Tachycardia is usually one of the first vital signs to be observed in patients who are in shock,
with hypotension resulting from severely injured patients who may be hemorrhaging or who
have not been adequately resuscitated (24). Indeed, other studies have suggested that
tachycardia was an independent predictor of intestinal injury, and therefore of the need to
undergo an operative intervention (8). However, we observed no difference in mean heart
rate or proportion of patients with abnormal heart rate between the 2 groups. This is a good
reminder that patients with a normal heart rate may still require abdominal operation.
Children have a greater capacity than adults to compensate, and therefore may present as
hemodynamically stable despite ongoing blood loss or perforated viscous. It is unclear why
the only vital sign parameter to be different between the operative group and the
nonoperative group in our study was respiratory rate. We hypothesize that depressed
respiratory rate might have been associated with increased pain and splinting because of
abdominal injury, but a definitive correlation cannot be determined. Despite this difference
in mean respiratory rate, there was no difference between the 2 groups in proportion of
patients with abnormal respiratory rate.

We were also surprised to note that there were no significant differences in laboratory values
between the operative and nonoperative groups. There were differences in the means of
various laboratory parameters, with the operative group having higher levels of aspartate
transaminase, alanine transaminase, and lipase, which makes sense given that those who
required operation had 1Als. However, none of these were statistically significant, and there
was no difference between the groups when comparing the proportion of patients with
abnormal laboratory values. Interestingly, the initial hemoglobin and hematocrit levels were
not different between groups, likely because hemoglobin does not typically drop early in the

J Emerg Med. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Drucker et al. Page 6

course of trauma, but later once resuscitation and equilibration have occurred. In addition,
the main source of anemia in blunt trauma patients is solid organ injury, and this is rarely an
indication for laparotomy in children.

The most significant predictive factor for surgical abdominal injury in blunt trauma in
children appears to be physical examination findings. Findings including the SBS, AWB,
abdominal wound, and AT or peritonitis were each independently significantly more
associated with the operative than the nonoperative group. Despite this association, the
positive predictive value for these factors was quite small, possibly because of the small
sample size in the operative group. On the other hand, the lack of each of these physical
examination findings had a strong NPV for the need for operative intervention. This would
suggest that those children lacking any of the four physical examination findings would not
require abdominal intervention.

Limitations

This study has several limitations. First, it was a retrospective study. As such, the data
acquired are only as reliable as what was recorded during the initial patient encounter. Only
5 patients from the database had any missing data, and they were excluded, which only
accounted for 0.6% of the total population studied.

An additional limitation is that only 2% of the population studied required an abdominal
procedure, which makes the intervention group quite small. The small size of the
intervention group therefore allowed for larger variability in measured parameters within the
operative group. Although this does lead to the potential for the study to be underpowered,
this remains the largest series of these patients, and our rate of operative intervention is
similar to national averages.

CONCLUSIONS

Physical examination findings are the best predictive measures for determining whether a
child requires laparotomy after blunt abdominal trauma. In this study, a positive SBS, AT,
open abdominal wound, or AB was noted more commonly in children who required
abdominal operation after traumatic injury, and the lack of these findings strongly predicted
that the child did not need surgery. These examination findings may assist clinicians in
determining which children may require an abdominal operation in the absence of overt
findings, such as hemorrhage or shock.

References

1. Heron M. Deaths: leading causes for 2013. Natl Vital Stat Rep. 2016; 65:1-95.

2. Sochor M, Kerrigan JR. Motor vehicle traffic crashes as a leading cause of death in the United
States, 2008 and 2009. Ann Emerg Med. 2013; 61:484. [PubMed: 23638465]

3. Sauber-Schatz EK, Thomas AM, Cook LJ. Motor vehicle crashes, medical outcomes, and hospital
charges among children aged 1-12 years - crash outcome data evaluation system, 11 states, 2005—
2008. MMWR Surveill Summ. 2015; 64:1-32.

4. Durbin DR, Durbin DR, Chen I, Smith R, Elliott MR, Winston FK. Effects of seating position and
appropriate restraint use on the risk of injury to children in motor vehicle crashes. Pediatrics. 2005;
115:e305-9. [PubMed: 15741356]

J Emerg Med. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Drucker et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 7

. Garrett JW, Braunstein PW. The seat belt syndrome. J Trauma. 1962; 2:220-38. [PubMed:

13897066]

. Tso EL, Beaver BL, Haller JA. Abdominal injuries in restrained pediatric passengers. J Pediatr Surg.

1993; 28:915-9. [PubMed: 8229568]

. Lutz N, Nance ML, Kallan MJ, Arbogast KB, Durbin DR, Winston FK. Incidence and clinical

significance of abdominal wall bruising in restrained children involved in motor vehicle crashes. J
Pediatr Surg. 2004; 39:972-5. [PubMed: 15185237]

. Paris C, Brindamour M, Ouimet A, St-Vil D. Predictive indicators for bowel injury in pediatric

patients who present with a positive seat belt sign after motor vehicle collision. J Pediatr Surg. 2010;
45:921-4. [PubMed: 20438927]

. Campbell DJ, Sprouse LR 2nd, Smith LA, Kelley JE, Carr MG. Injuries in pediatric patients with

seatbelt contusions. Am Surg. 2003; 69:1095-9. [PubMed: 14700298]

Sokolove PE, Kuppermann N, Holmes JF. Association between the “seat belt sign” and intra-
abdominal injury in children with blunt torso trauma. Acad Emerg Med. 2005; 12:808-13.
[PubMed: 16141013]

Borgialli DA, Ellison AM, Ehrlich P, et al. Association between the seat belt sign and intra-
abdominal injuries in children with blunt torso trauma in motor vehicle collisions. Acad Emerg
Med. 2014; 21:1240-8. [PubMed: 25377401]

Valent F, McGwin G Jr, Hardin W, Johnston C, Rue LW 3rd. Restraint use and injury patterns
among children involved in motor vehicle collisions. J Trauma. 2002; 52:745-51. [PubMed:
11956394]

Nance ML, Lutz N, Arbogast KB, et al. Optimal restraint reduces the risk of abdominal injury in
children involved in motor vehicle crashes. Ann Surg. 2004; 239:127-31. [PubMed: 14685110]
Arbogast KB, Kent RW, Menon RA, et al. Mechanisms of abdominal organ injury in seat belt-
restrained children. J Trauma. 2007; 62:1473-80. [PubMed: 17563669]

Schonfeld D, Lee LK. Blunt abdominal trauma in children. Curr Opin Pediatr. 2012; 24:314-8.
[PubMed: 22450250]

Eppich WJ, Zonfrillo MR. Emergency department evaluation and management of blunt abdominal
trauma in children. Curr Opin Pediatr. 2007; 19:265-9. [PubMed: 17505184]

Streck CJ Jr, Jewett BM, Wahlquist AH, Gutierrez PS, Russell WS. Evaluation for intra-abdominal
injury in children after blunt torso trauma: can we reduce unnecessary abdominal computed
tomography by utilizing a clinical prediction model? J Trauma Acute Care Surg. 2012; 73:371-6.
[PubMed: 22846942]

Retzlaff T, Hirsch W, Till H, Rolle U. Is sonography reliable for the diagnosis of pediatric blunt
abdominal trauma? J Pediatr Surg. 2010; 45:912-5. [PubMed: 20438925]

Adelgais KM, Kuppermann N, Kooistra J, et al. Accuracy of the abdominal examination for
identifying children with blunt intra-abdominal injuries. J Pediatr. 2014; 165:1230-12355.
[PubMed: 25266346]

Sola JE, Cheung MC, Yang R, et al. Pediatric FAST and elevated liver transaminases: an effective
screening tool in blunt abdominal trauma. J Surg Res. 2009; 157:103-7. [PubMed: 19592033]
Yen K, Kuppermann N, Lillis K, et al. Interobserver agreement in the clinical assessment of
children with blunt abdominal trauma. Acad Emerg Med. 2013; 20:426-32. [PubMed: 23672355]
Chidester S, Rana A, Lowell W, Hayes J, Groner J. Is the “seat belt sign” associated with serious
abdominal injuries in pediatric trauma? J Trauma. 2009; 67(1 suppl):S34-6. [PubMed: 19590352]
Makrin V, Wiesel O, Heller D, Klausner JM, Soffer D. Low probability of significant intra-
abdominal injury in stable patients with abdominal “seat belt sign”. Eur J Trauma Emerg Surg.
2009; 35:403-6. [PubMed: 26815057]

Kirkman E, Watts S. Haemodynamic changes in trauma. Br J Anaesth. 2014; 113:266-75.
[PubMed: 25038158]

J Emerg Med. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Drucker et al.

Page 8

ARTICLE SUMMARY
1. Why isthistopic important?

A small percentage of pediatric blunt trauma patients require operative exploration for
their abdominal injuries. In the clinically stable patient, this decision is difficult and no
definitive guidelines exist.

2. What doesthis study attempt to show?

This study attempts to evaluate objective differences between patients who require
surgery and those who do not after blunt abdominal trauma. Examination findings,
laboratory values, and radiographic findings were assessed to come up with criteria to aid
in decision-making.

3. What arethe key findings?

Patients who required operative intervention were no different in terms of initial vital
signs, laboratory results, and radiographic findings compared with the nonoperative
group. Physical examination findings—specifically, the seat belt sign, abdominal wounds,
abdominal bruising, and abdominal tenderness—were found significantly more
frequently in the operative group (p < 0.0001). In addition, these physical examination
signs had negative predictive values of >0.98, indicating that patients who lack these
signs do not need an operation.

4. How is patient careimpacted?

This study indicates that in a relatively stable patient, one should not rely on vital signs,
laboratory values, or computed tomography as the deciding factor for surgical
intervention. In addition, the negative predictive value is extremely helpful for decision
making because patients without these physical examination signs likely do not require
surgical exploration.
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Abdominal Injuries|dentified at

Age Years Gender PosttraumaDay Operation Procedure Performed

2 Female 0 Mesenteric defect with devascularized Exploratory laparotomy, small bowel resection with
small bowel and perforation primary anastomosis

2 Female 0 Pancreatic transection, splenic Exploratory laparotomy with distal pancreatectomy
laceration, renal laceration, and
retroperitoneal hematoma

5 Male 0  Serosal injury to ascending colon Exploratory laparotomy, colorrhaphy

5 Male 0 Hematoma at root of mesentery, blood Exploratory laparotomy, evacuation of
and chylous fluid in abdomen hemoperitoneum

5 Female 0  Small focus of pneumoperitoneum, Exploratory laparoscopy, evacuation of
jejunal mesenteric hematoma hemoperitoneum

7 Male 1 Traumatic ventral and flank hernia, Open flank hernia repair, laparotomy
laceration of external and internal
oblique, and right common iliac
dissection

9 Female 0  Traumatic abdominal wall hernia, Exploratory laparotomy, repair of small bowel
seromuscular tears of sigmoid and right ~ mesentery, repair of colon serosal tears, and repair of
colon, and laceration of small bowel traumatic abdominal wall hernia
mesentery

9 Female 0 Blood in pelvis, deserosalization injury ~ Exploratory laparotomy, evacuation of
to ascending colon through hepatic hemoperitoneum
flexure, and retroperitoneal hematoma

10 Male 2 Necrotic sigmoid colon, mesenteric Diagnostic laparoscopy, laparotomy, and partial
defect, and mesenteric hematoma colectomy with primary anastomosis

10 Female 4 Delayed presentation of jejunal Laparotomy, primary repair of jejunal perforation
perforation

11 Male 0  Traumatic abdominal wall hernia, Exploratory laparotomy, small bowel resection with
ischemic bowel with mesenteric primary anastomosis, and temporary closure
avulsion

12 Male 0 Grade 5 splenic injury with complete Exploratory laparotomy, splenectomy, and temporary
avulsion closure

12 Male 0 Jejunal perforation Exploratory laparotomy with jejunal resection and

primary anastomosis

12 Female 2 Spleen laceration, pneumoperitoneum Diagnostic laparoscopy, evacuation of hematoma, and
without evidence of bowel injury full exploration

13 Male 12 Mesenteric hematoma, mesenteric Exploratory laparotomy, small bowel resection with
defect, deserosalization of jejunum, and  primary anastomosis
delayed small bowel obstruction

13 Male 0 Perforation of proximal jejunum Diagnostic laparoscopy, exploratory laparotomy, and

primary repair of perforated jejunal injury

13 Male 0  Mesenteric hematoma with ileal Ileal resection with anastomosis
devascularization

13 Male 0  Jejunal perforation Exploratory laparotomy, enterorrhaphy of jejunum
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