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Abstract

Background—Pediatric truncal vascular injuries occur infrequently and have a reported
mortality rate of 30% to 50%. This report examines the demographics, mechanisms of injury,
associated trauma, and outcome of patients presenting for the past 10 years at a single institution
with truncal vascular injuries.

Methods—A retrospective review (1997-2006) of a pediatric trauma registry at a single
institution was undertaken.

Results—Seventy-five truncal vascular injuries occurred in 57 patients (age, 12 + 3 years); the
injury mechanisms were penetrating in 37%. Concomitant injuries occurred with 76%, 62%, and
43% of abdominal, thoracic, and neck vascular injuries, respectively. Nonvascular complications
occurred more frequently in patients with abdominal vascular injuries who were hemodynamically
unstable on presentation. All patients with thoracic vascular injuries presenting with hemodynamic
instability died. In patients with neck vascular injuries, 1 of 2 patients who were hemodynamically
unstable died, compared to 1 of 12 patients who died in those who presented hemodynamically
stable. Overall survival was 75%.

Conclusions—Survival and complications of pediatric truncal vascular injury are related to
hemodynamic status at the time of presentation. Associated injuries are higher with trauma
involving the abdomen.
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Traumatic injury is the most common cause of morbidity and mortality in the pediatric
population. Vascular injury resulting from pediatric trauma is uncommon, and the
management of vascular injuries in this patient population is often anecdotal. The incidence
is believed to be approximately 1% [1-6]. Large pediatric trauma centers may see an average
of 5 vascular injuries per year, consisting mostly of extremity injuries or iatrogenic injuries
associated with invasive procedures [1,4,6-9]. In contrast, the management of vascular
injuries in adults has been well established based on extensive civilian and military
experience. As reported previously, there has been an increase in vascular injuries in
children and adolescents related to noniatrogenic causes [7,10].

Little is written about truncal vascular injuries in the pediatric trauma patient. The purpose
of this report is to examine the demographics, mechanism of injury, concomitant injuries,
and outcome of pediatric patients with noniatrogenic truncal vascular injuries treated at a
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single institution for a 10-year period and to examine diagnostic and treatment algorithms
and current morbidity and mortality rates.

1. Materials and methods

The study protocol was approved by the institutional review board at the University of
Texas Medical School at Houston. The medical records of all children and adolescents (age
<17 years) with traumatic truncal vascular injuries treated at a single level | pediatric trauma
center (Memorial Hermann Hospital/Children’s Memorial Hermann Hospital, the primary
pediatric teaching affiliate of the University of Texas Medical School at Houston) were
identified using a computerized trauma registry and database. All patients were evaluated
and admitted by either the pediatric trauma surgery service (age <13) and/or the adult
trauma surgery services (age 14-17) (with the assistance of pediatric surgery, as needed) at
Memorial Hermann Hospital/Children’s Memorial Hermann Hospital.

Truncal injuries were defined as injuries to vascular structures within the abdomen and/or
pelvis (excluding mesenteric branch vessels such as the middle colic artery or vascular
injuries associated with solid organ injury such as splenic artery or renal branch arteries),
thorax, or neck. Extremity injuries were excluded.

Data were compiled regarding demographics, mechanism of injury, hemodynamic status on
presentation, time to operation, diagnostic modalities used specific to vascular injuries,
associated injuries, operative treatment and approach, outcome, and vascular and
nonvascular complications.

2. Results

2.1. Demographics

There were 10,992 total trauma patients (<17 years) admitted during the 10-year period,
with 75 truncal vascular injuries identified in 57 patients (mean age, 12 + 3 years). The
injury mechanism was penetrating in 37% of cases and blunt in 63% of cases. Concomitant
injuries occurred with 76%, 62%, and 43% of patients with abdominal, thoracic, and neck
vascular injuries, respectively. Multiple vascular injuries occurred in 36%, 23%, and 21% of
patients with abdominal, thoracic, and neck vascular injuries, respectively. Overall survival
was 75%; survival from abdominal, thoracic, and neck vascular injuries were 80%, 46%,
and 86%, respectively.

2.2. Abdominal injuries

There were 39 total abdominal truncal vascular injuries, primarily related to blunt
mechanisms. Blunt trauma was responsible for 25 vascular abdominal injuries in 21 patients,
including aortic injuries resulting from motor vehicle collisions (MVC) (Fig. 1). Penetrating
trauma was responsible for 14 vascular abdominal injuries in 9 patients. The list of
associated injuries is shown in Table 1.

Most intraabdominal vascular injuries were repaired primarily using end-to-end anastomoses
or primary arteriorrhaphy/venorrhaphy. Exceptions to the primary repairs were as follows. A
reversed saphenous vein graft was used to restore continuity to the external iliac artery.
Internal iliac artery injuries were embolized in 5 patients. Two additional patients had the
internal iliac artery ligated intraoperatively. Of the patients with internal iliac artery injuries,
2 were secondary to gunshot wounds. The rest of the injuries were in the setting of pelvic
fractures. Of 4 patients with renal artery injuries, 2 underwent stent placement after
angiogram demonstrated dissection. The third patient with a proximal renal pedicle avulsion
required a nephrectomy, whereas the fourth was treated nonoperatively.

J Pediatr Surg. Author manuscript; available in PMC 2011 May 3.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Allison et al.

Page 3

2.2.1. Survival and complications—Of the 30 patients with abdominal vascular
injuries, 14 were unstable at presentation. There were 5 deaths; 2 died of exsanguination, 2
from a severe head injury, and 1 from multiorgan failure. Nonvascular complications
occurred in 9 of 30 patients overall; there were 7 complications in 14 unstable patients. Most
complications were infection related. One patient developed severe sepsis and ARDS
requiring a prolonged intensive care unit stay. There was one death from a severe head
injury in the stable patients. Of the 11 patients who had an initial systolic blood pressure
more than 90 mm Hg on arrival, only 2 had nonvascular complications.

2.3. Thoracic injuries

There were 13 patients with 16 total thoracic vascular injuries. The mechanism of injury was
blunt in 6 of 13 patients. These included 9 aortic injuries (Fig. 2), 3 subclavian artery
injuries, 1 innominate injury, 1 internal mammary injury, and 2 pulmonary vein injuries. Of
the 13 patients with thoracic injuries, 7 (54%) died. Associated injuries are listed in Table 2.
Patients with associated, severe traumatic brain injuries had a high mortality rate (80%). The
number of other associated injuries was not predictive of mortality.

2.3.1. Aortic injuries—Of 9 aortic injuries, 6 were caused by blunt trauma (MVC). Blunt
injuries were managed according to hemodynamic status as follows: unstable patients with a
widened mediastinum on chest radiograph were either taken to the operating room or
underwent an emergency department (ED) thoracotomy.

Two stable patients were diagnosed with an aortic injury by angiography, and 2 patients
were diagnosed by contrast-enhanced chest computed tomography (CT). Four patients
required operative intervention secondary to hemodynamic instability, with all dying. The
ED thoracotomies were performed on 2 patients with neither surviving. Two patients
underwent emergent thoracotomies in the operating room. One penetrating injury transected
both the pulmonary hilum and the descending thoracic aorta. One blunt aortic injury in a 16-
year-old patient was repaired without complication with the clamp and sew technique using
a Dacron graft. Another patient had a blunt aortic transection distal to the subclavian artery.
This was repaired with a left thoracotomy and prosthetic interposition graft.

All patients with thoracic aortic injuries were treated by aortic repair and interposition
grafting without cardiopulmonary bypass or shunt procedures. Cross clamp times ranged
from 15 to 22 minutes, and the repairs were performed by cardiovascular and pediatric
surgeons working in conjunction. There was one associated instance of paraplegia related to
an associated spinal cord injury from bullet fragments. Nonvascular complications were
primarily infectious. Care was withdrawn in one patient with an aortic injury secondary to a
severe concomitant traumatic brain injury.

2.3.2. Nonaortic injuries—The remaining 7 patients’ injuries consisted of great vessel
injuries, pulmonary vein injuries, an internal mammary artery transection, or subclavian
artery injuries. All nonaortic injuries were secondary to gunshot wounds (GSWs) except for
a right superior pulmonary vein injury (MVC) and a left internal mammary artery
transection (MVC). The subclavian vascular injuries were approached through a median
sternotomy with supraclavicular extension; 1 of 3 patients required clavicular resection. One
of the patients who sustained a GSW to the chest lost vital signs in the ED and underwent an
immediate ED thoracotomy. The patient had a transected descending thoracic aorta and left
pulmonary vein and died. One victim of a MVC presented with a massive hemothorax and
immediately lost vital signs. Autopsy revealed a transected internal mammary artery,
presumably secondary to rib fractures. One hemodynamically stable patient underwent
angiography in the interventional radiology suite and was found to have a left distal
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subclavian pseudoaneurysm from the blast effect of a GSW. This was successfully repaired
with an interposition graft.

2.4. Neck injuries

There were 14 patients with 20 head and neck vascular injuries. There were 13 carotid artery
injuries, 5 vertebral artery injuries, 1 internal jugular vein, and 1 external jugular (EJ) vein
injury. Of the 14 patients, 5 had penetrating mechanisms of injury. Hemodynamically
unstable patients underwent emergency exploration. Hemodynamically stable patients
underwent diagnostic studies including CT angiography to identify injuries. Associated
injuries in patients with neck vascular injuries are listed in Table 3.

2.4.1. Hemodynamically unstable patients—Of the 2 patients who were
hemodynamically unstable, 1 died. The patient who died had a combined left EJ vein and
left common carotid artery injury from a GSW to the neck. The other unstable patient was
attacked by a dog and had a left vertebral artery injury. The patient underwent a neck
exploration, and the vertebral artery was ligated.

2.4.2. Hemodynamically stable patients—Twelve patients presented with stable vital
signs. Ten of these patients had carotid artery injuries; 2 patients underwent repair. Of the 12
stable patients, 10 had CT angiography of the neck with one requiring a formal angiogram
of the neck to further evaluate the injury. Of the patients who required operation, the first
had a carotid artery injury from a pellet gun and underwent a neck exploration, excision of
the injured segment, and a primary end-to-end anastomosis. The second patient had multiple
penetrating stab wounds to the face, neck, and chest and abdomen. The vascular injuries
were approached using a median sternotomy, right neck exploration with ligation of the
right vertebral artery, primary repair of the right internal jugular vein, and a reverse
interposition saphenous vein graft repair of a right common carotid artery injury. Of the
patients treated nonoperatively, one blunt right internal carotid artery injury was found to
have a middle cerebral artery (MCA) infarct for which no treatment was used; another
patient died of a concomitant closed head injury. Of the remaining 8 patients, carotid
vascular injuries identified by angiography were small dissections that were nonflow or
minimal flow limiting injuries treated with conservative management.

3. Discussion

There are few published reports regarding the treatment of truncal vascular injuries in
children. Data for children are often inferred from isolated case reports and the National
Pediatric Trauma Registry (NPTR) (Table 4). Data for truncal vascular injuries in adults
have changed little in the last 10 years, with a mortality of approximately 50% for all
abdominal vascular injuries [11-13]. Reported pediatric vascular injuries often include
iatrogenic injuries from cardiac catheterization or from percutaneous vascular access
procedures (primarily catheterization of the femoral artery) [3,6,7,10]. Most of both
iatrogenic and noniatrogenic vascular injuries that occur in children are extremity injuries
[2]. Noniatrogenic injuries are primarily related to broken glass, falls, fractures, and soft
tissue injury [3,14,15].

The adult trauma literature demonstrates an increasing frequency of vascular injuries,
accounting for between 3% and 25% of patients undergoing laparotomy for blunt and
penetrating (stab and GSW) abdominal trauma [10,16].A significant portion of patients with
certain major vessel injuries (ie, aorta, inferior vena cava) will die before reaching a trauma
center. Stratification of adults according to hemodynamic status on presentation is often
useful in predicting outcome. Hypotension has been shown in multiple series to be a factor
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associated with significant mortality [11-13,17-30]. Other factors influencing survival,
especially in caval injuries, include anatomical location of the injury, ease of surgical access,
and blunt mechanism of injury [31].

Our data suggest that the hemodynamic status on presentation predicts mortality and
subsequent complications (Table 5). In a previous report, complications occurred almost
exclusively in patients who presented with a systolic blood pressure of less than 90 mm Hg.
Most complications were infection related leading to the development of multiple organ
failure. In this review, the hemodynamic status on presentation to the ED is again the most
critical predictor of mortality and morbidity. In addition, concurrent severe head injury is a
bad prognostic factor [1,2,8,28,30,32-44].

The most common thoracic vascular injury seen in this series was to the aorta. Of aortic
injuries in blunt trauma, 95% occur in the thorax just distal to the left subclavian artery [34].
There were 4 of 8 blunt aortic injuries just distal to the left subclavian artery. Blunt aortic
injury is rare in children (incidence, 0.1%) and survival from the injury is rare. Associated
injuries are common, secondary to the mechanical force required to produce an aortic injury.
Spine fractures are seen with some frequency with aortic injury [33,45].

The NPTR reports survival from blunt aortic injury to be between 40% and 50%. Several
series of patients, however, report survival rates of 66% to 100%. The improved outcome (as
opposed to NPTR statistics) seen in our series is difficult to explain, but hemodynamic status
on presentation offers insight. None of the surviving patients with aortic injuries in other,
previous series were reported to be hemodynamically unstable (as indicated by systolic
blood pressure <90 mm Hg) on presentation; some, however, were reported to have heart
rates more than 100 [28,33,39]. This series had 4 aortic injuries that were hemodynamically
unstable on presentation; all of these patients died.

In evaluating children for blunt aortic injury, our institution previously obtained arch
aortograms to diagnose aortic transection/aortic traumatic pseudoaneurysm. In this series,
our imaging workup for blunt aortic injury was predominantly from CT scans obtained in
the initial workup performed in the ED. Of the 12 aortic (thoracic and abdominal) injuries in
this series, 4 patients were hemodynamically unstable and had chest radiographs before
operation. The patients who were hemodynamically stable had either CT scans with
intravenous contrast (6 patients) and/or angiogram in our interventional radiologic suite (2
patients). Formal angiography has been largely replaced by CT scans; in a recent 10-year
study of pediatric trauma patients at a level | trauma center, formal angiography was used in
only 25 patients, most of which were for extremity trauma. It is most commonly positive
when evaluating patients with suspected limb ischemia and/or pelvic bleeding [46]. Other
series have increasingly used high-resolution CT scans for diagnosis. Transesophageal
echocardiography may be a valuable adjunct in diagnosis [33,34,39,40,45].

All patients with aortic injuries who had surgery were treated with the *“clamp-sew”
technique without left atrial to aortic bypass or other shunting mechanisms. Similar to our
and other’s previous experiences, this technique was not associated with any adverse
outcomes [10,47]. Others have demonstrated good results with shunting [39]. There are no
prospective studies comparing the clamp-sew technique vs techniques preserving distal
perfusion in children in relation to postoperative paraplegia [41]. In the adult literature, a
retrospective review of 67 patients more than 13 years showed judicious use of clamp-sew
technique achieved equivalent neurologic outcomes to distal aortic perfusion [48]. Our
experience highlights, as others have demonstrated, that children can be safely treated using
the clampsew technique [41].
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The endovascular approach is being increasingly used in the adult trauma population, but
large studies in children are lacking. Several case reports have been published in the recent
literature using endovascular repair for aortic transection in pediatric patients. Long-term
follow-up data are lacking [49].

Vascular injuries of the head and neck are uncommon in the pediatric population. Large
retrospective studies have demonstrated similar findings, with low rates of penetrating neck
trauma and lower rates of vascular injury [9,50-52]. We selectively treated patients based on
their clinical presentation. Hemodynamically unstable patients or those with obvious
vascular and/or aerodigestive tract injuries underwent surgical exploration.
Hemodynamically stable patients without overt injury were studied using angiography and
endoscopy.

Our present experience showed that only 2 vascular repairs required surgery secondary to
significant injury. Excluding one patient with an MCA infarct, diagnostic studies obtained
during the initial workup demonstrated no flow or minimal flow limiting injuries and thus
conservative nonoperative management was used. Of our 9 blunt trauma patients, 5 had
neurologic sequelae, including an MCA infarct (1) and traumatic brain injuries (4; 1 died).
Our only penetrating mortality was a GSW to the neck with a left EJ vein and left common
carotid artery injury. This series highlights previously published data on morbidity and
mortality for blunt carotid injury [53]. In addition, CT angiography may be a useful
modality to decrease the rate of surgical neck exploration [54].

The diagnosis and treatment of pediatric patients with truncal vascular injuries is similar to
the standard trauma/vascular diagnostic algorithms and surgical techniques used in adults.
High-resolution CT has emerged as a more common modality of diagnosis, particularly for
thoracic aortic injuries. In our series, 88% of stable patients had a CT scan at their initial
presentation, and 96% had a CT scan during their hospital stay. The morbidity and mortality
after treatment depends largely on the hemodynamic status at presentation. Survival in
children and adolescents should be at least comparable to that reported in adult series and is
often better.
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Fig. 1.
Abdominal aortic angiogram demonstrating a transected abdominal aorta secondary to blunt
trauma.
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Fig. 2.
Computed tomographic angiogram of the chest demonstrating a traumatic abdominal aorta
pseudoaneurysm.
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Table 1

Concomitant injuries associated with abdominal vascular injuries

Spleen
Liver
Pancreas
Kidney
Stomach
Duodenum
Small bowel
Large bowel
Mesentery/vessels
Bile duct
Bladder
Orthopedic
Diaphragm
Head injury

N P A N O O W 0 F P B~ DN NS

9.1%
15.9%
4.5%
9.1%
2.3%
2.3%
18.2%
6.8%
11.4%
0%
4.5%
9.1%
2.3%
4.5%
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Table 2

Concomitant injuries associated with thoracic vascular injuries

Head injury
Spinal cord injury
Facial fractures

Cervicothoracic spine

Pulmonary contusion/rib fractures/

hemopneumothorax
Femur fracture
Other orthopedic injury
Splenic laceration

Brachial plexus injuries

16.7%
3.3%
6.7%

10%

26.7%

@ W N =Eu;

13.3%
13.3%
3.3%

N P~ BN

6.7%
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Table 3

Concomitant injuries associated with neck vascular injuries

Head injury
MCA infarct
Facial fractures

Cervical spine

Pulmonary contusion/rib fractures/

hemopneumothorax
Thyroid laceration

Superficial neck veins

25%
6.25%
12.5%
6.25%

N PN P B

12.5%

[y

6.25%
5 31.25%
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National Pediatric Trauma Registry truncal vascular injury mortality statistics

Table 4

Vessel injured Mortality (%6),
blood pressure <90

Mortality (%6),
blood pressure >90

n

Abdominal aorta 100
Inferior vena 64
cava
Portal vein 50
Superior 0
mesenteric
artery
Hepatic vein 100

56
36

33

14
29

8

Data from National Pediatric Trauma Registry, Boston, Mass, October 1996.
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Table 5

Mortality stratified by hemodynamic status on presentation

Truncal Survival (%) Survival (%) Overall
Vascular Hemodynamically ~Hemodynamically  Survival
injury stable unstable
Abdominal  13/16 (81%) 11/14 (62.5%) 80%
Thoracic 6/7 (86%) 0/6 (0%) 46%
Neck 11/12 (92%) 1/2 (50%) 86%

J Pediatr Surg. Author manuscript; available in PMC 2011 May 3.

Page 15



