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ABSTRACT

BACKGROUND: Thoracoabdominal injuries (TAl) are an important cause of trauma-related morbidity in children. Early and correct
intervention is essential to reduce mortality. VWe aimed to determine factors associated with mortality and the need for intensive care
in TAL

METHODS: The children admitted to the pediatric emergency department of a tertiary care hospital with TAl in a 6-year-period
were enrolled. Demographic data; mechanism of injuries; clinical, laboratory and imaging findings; length of hospital and intensive care
unit (ICU) stay; invasive procedures and medical treatments; surgical interventions; and survival outcomes were recorded.

RESULTS: The median age of the 136 children was 9 (IQR: 5-14) years and 72.8% were male. The vast majority of injuries were
caused by blunt trauma (92.7%). Pulmonary contusion, pneumothorax, splenic, and liver injuries were the most common diagnoses.
Motor vehicle accidents were seen in more than half of the cases (52.2%). The median length of hospital stay was 5 (IQR: 2-8) days;
2| patients were hospitalized in the ICU (15.4%). The need for intensive care was higher in patients with lower Glasgow Coma Scale
(GCS) scores and lower Pediatric Trauma Scores (PTSs), in the presence of multiple injuries, pulmonary contusion, and pneumothorax
(p<0.001). Mortality was seen in nine patients, eight of whom had multiple injuries. The mortality rate was higher in patients with
pulmonary contusion and pneumothorax (p=0.002 and p=0.003, respectively). The PTS and GCS were found to be lower in patients
who died in hospital (p<0.001). Prolongation of coagulation parameters and hyperglycemia was more common in the non-survivor
group (p=0.005 and p=0.004, respectively).

CONCLUSION: Although thoracoabdominal trauma is not common in childhood, it is an important part of trauma-associated
mortality. Multiple injuries, pulmonary contusion, pneumothorax, lower GCS, and PTSs can be a sign of serious injuries to which
physicians must be alert.
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INTRODUCTION

Thoracoabdominal injuries (TAl) are the second important
cause of trauma-associated mortality in children after head
trauma.l"? The abdomen is the most common site of initially
unrecognized fatal injuries in children with trauma.B! Although
thoracic injuries are uncommon among trauma admissions,
they are an important cause of trauma-associated mortality.
M Multiple injuries increase the risk of mortality in children;
the mortality rate is 5% for isolated thoracic injury, whereas it

increases to 40% for multiple injuries.’! Early identification of
patients with TAl affects the clinical pathway.! However, diag-
nosis is difficult in children due to subtle or nonexistent initial
findings on the physical examination. Agitation and non-coop-
eration due to the patient’s age and decreased consciousness
due to concomitant head injuries makes a diagnosis challeng-
ing.’! The value of physical examinations decrease in direct
proportion to the Glasgow Coma Scale (GCS) score.l! The
use of computed tomography (CT) in the diagnosis of TAl in
children is limited due to the adverse effects of radiation.’]
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Identifying seriously injured patients that need intensive care
treatment is important for management. However, there are
limited studies in children on predicting the need for intensive
care. In the present study, we aimed to determine factors
associated with mortality and the need for intensive care unit
(ICU) treatment in patients with TAI.

MATERIALS AND METHODS

Study Design, Setting, and Participant Selection

The present study was conducted in the pediatric emergency
department (ED) of a tertiary care hospital between 201 |
and 2017. The study was approved by the institution’s respec-
tive institutional review boards.

Children with TAls were identified using the International
Classification of Diseases codes, retrospectively. Patients who
were diagnosed as having TAls radiologically or surgically were
included in the study. The mechanism and patterns of injuries
were defined as blunt or penetrating trauma. Blunt trauma in-
cluded pedestrians/cyclists struck by a vehicle, motorcycle or
motor vehicle collision, fall from a height, bicycle collision/fall
from a bicycle, struck objects, and falling down stairs. Pene-
trating trauma included stabbing or gunshot wounds. The de-
mographic details of the participants, Pediatric Trauma Score
(PTS),® GCS score, clinical, radiologic (X-ray, ultrasound
[US], and CT) and laboratory findings (hematocrit, white
blood cells [WBC], transaminases, coagulation parameters,
blood glucose, creatinine, and amylase), invasive procedures,
blood transfusions, length of hospital, and ICU stay, and dis-
charge disposition were recorded. For physical examinations,
low systolic blood pressure was defined by the age-adjusted
cutoff points for systolic blood pressure recommended in the
Pediatric Advanced Life Support guidelines.””]

Thoracic examinations were considered as abnormal if er-
ythema, abrasions, bruising, crepitus or tenderness were
identified in the thoracic wall; respiratory rate higher than
the 95th percentile for age; and oxygen saturation <95% in
room air. Abnormal chest auscultation findings (decreased/
absent lung sounds, crackles or rhonchi) were also recorded.
Abdominal distention or tenderness and bruising on the ab-
dominal wall were abnormal abdominal examination findings.
GCS scores lower than 15 were considered as decreased lev-
els of consciousness. The primary outcome of the study was
in-hospital mortality and the requirement of ICU treatment.

Thoracic injuries included pulmonary contusion, hemothorax,
pneumothorax, pneumomediastinum, tracheal disruption,
aortic injury, hemopericardium, pneumopericardium, cardiac
contusion, rib fracture, sternal fracture, or diaphragmatic in-
jury. Abdominal injuries included splenic, hepatic, renal, ad-
renal, pancreatic, gastric, intestinal injuries. The presence of
intra-abdominal free fluid was also recorded. All radiographic
evaluations were reported by radiologists.
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Patients were considered as requiring invasive treatment if
they underwent tube thoracostomy, thoracotomy, tracheal
intubation for respiratory failure, laparoscopy, laparotomy,
or angiographic embolization. Transfusion was defined as the
receipt of any packed red blood cells (PRBCs), and the inter-
val between trauma and the first transfusion was recorded.
Signs of physiologic instability were defined as a cardiac ar-
rest before admission, moderate or severe traumatic brain
injury, mechanical ventilation, requiring immediate surgery,
or transfusion of pRBCs. Endotracheal intubation was per-
formed in injured patients with potential airway compromise,
pulmonary contusion with hypoxemia, severe head injury, and
hemorrhagic shock.

Primary Data Analysis

Statistical analysis was performed using the Statistical Packag-
es for the Social Sciences (SPSS) software Ver. 22.0 (released
2012, IBM SPSS Statistics for Windows, version 22.0; IBM-
Corp, Armonk, NY). If numerical data fitted normal distri-
bution, meantstandard deviation was calculated, and when it
did not fit normal distribution, median and interquartile range
(IQR) were calculated. In the case of variables with non-nor-
mal distributions, the Mann—Whitney U test was used. The
Chi-square (x?) test was used for the comparison of pro-
portions, and Student’s t-test was used to compare means.
Statistical significance was accepted as p<0.05 for all tests.
Univariate analyses were performed to determine the asso-
ciation between selected variables and the primary outcome
of interest, mortality, and the requirement for intensive care.
Patients admitted to the inpatient ward were compared with
those admitted to the ICU. Finally, patients discharged from
the hospital were compared with those who died in hospital.

265
Screened
110 discharged from the ED
after ruling out TAI
A
155
Eligible
19 excluded
12 due to lack of diagnostic
evaluation
7 with IFF but no TAI
Y
136
Enrolled
87 70
Thoracic injury Abdominal injury
* 50 Isolated thoracic injury * 44 Isolated abdominal injury
« 37 Multiple injury * 26 Multiple injury

Figure 1. CONSORT diagram of patient enroliment. ED: Emer-
gency department; TAl: Thoracoabdominal injury; IFF: Intra-ab-
dominal free fluid.
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Figure 2. Mechanism of thoracoabdominal injuries.

RESULTS

Characteristics of Study Subjects

A total number of 265 patients were admitted to the ED
with possible thoracic or abdominal injuries during the 6-year
period. Twelve patients were excluded due to the lack of
any radiologic or surgical evaluations. One hundred and ten
patients were discharged from the ED after ruling out TAI
radiologically. Seven patients who had intra-abdominal free
fluid but no abdominal injury were excluded from the study.
One hundred and thirty-six (51.3%) patients were identified
as having TAls (87 thoracic and 70 abdominal) (Fig. I). The
median age was 9 (IQR: 5-14) years. The majority of the
patients were male (72.8%).

Main Results

Blunt trauma was the most common cause of injury; ten pa-
tients had penetrating trauma (7.3%) (Fig. 2). Motor vehicle col-

lisions were the most common mechanism of injury (52.2%).
There were no differences in terms of demographic and labo-
ratory findings among isolated thoracic and abdominal injuries.

Pulmonary contusion and pneumothorax were the most
common injuries in the entire population; splenic injuries
were the most common abdominal injury (Fig. 3). Of the
70 patients with intra-abdominal injuries, 39 had abdominal
tenderness (55.7%), |15 had bruising (21.4%), and ten had
distension (14.3%). Among the thoracic injuries, 23 patients
had a decrease in lung sounds (27.4%) and ten had tachypnea
(11.9%). Fifty patients with intra-abdominal injuries also had
intra-abdominal free fluid identified radiologically (72.5%).
Forty-two patients had multiple injuries (30.8%).

Nine patients (6.6%) went to the operating room (eight lap-
arotomies, one thoracotomy and laparotomy). Sixteen of 87
patients with thoracic injuries had invasive therapeutic in-
tervention (14 tube thoracostomy [16.1%], one needle tho-
racostomy [l.1%], and one thoracotomy [I.1%]). Eight of the
70 patients with abdominal injuries underwent laparotomy
(11.4%). Angiographic evaluation or embolization was not
performed on any of the patients.

Among the study population, 84.6% were treated in an in-
patient ward and 15.4% in the ICU. The median length of
hospital stay was 5 (IQR: 2-8) days. ICU admission was more
likely for children with lower GCS scores and PTSs, multiple
injuries, pulmonary contusions, and pneumothorax. Transfu-
sion was much more common in patients admitted to the
ICU (Table 1).

There were nine deaths in the studied period. Eight of the
deceased patients also had head injuries and decreased GCS
scores. Two patients died in the ED. Only one patient died
after an isolated thoracic injury who was injured by a hard

(a) Pneumomediastinum

0,
Hemothorax (3%)

(8%)

Rib fracture
(13%)
Pulmonary contusion
(46%)

Pneumothorax
(30%)

(b) Gastric injury
Pancreatic injury ~ (3%)

(3%) —

Renal injury

(25%) Splenic injury

38%

Hepatic injury
(31%)

Figure 3. Distribution of injuries. (a) Thoracic injuries; (b) Abdominal injuries.
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Table |I. Differences of demographic and clinical characteris-
tic between inpatient ward and ICU
Inpatient ICU p-value
ward (n=21)
(n=115)
Age”
<6 years 29 (25.2) 7 (33.3) 0.741
6—12 years 43 (37.4) 7 (33.3)
<12 years 43 (37.4) 7 (33.3)
Sex”
Female 31 (27.0) 6 (28.6) 0.873
Male 84 (73.0) 15(71.4)
Mechanism of injury”
Blunt 106 (92.2) 21 (100) 0.136
Penetrating 9 (7.8) -
GCS”
Mild (214 points) I11(96.5) 4(19.0) <0.00l
Severe to moderate 4 (3.5) 17 (81)
(3—13 points)
PTS™ 10 (8-11) 1 (04) <0.001
Type of trauma’
Isolated abdominal 43 (37.4) | (4.8) <0.001
Isolated thoracic 50 (43.5) -
Multiple 22 (19.1) 20 (95.2)
Injury”
Pulmonary contusion 51 (44.3) 18 (85.7) <0.001
Pneumothorax 33(28.7) 12(57.1) 0.011l
Rib fracture 19 (16.5) 1 (4.8) 0.165
Hemothorax 10 (8.7) 3 (14.3) 0.420
Pneumomediastinum 3 (2.6) | (4.8) 0.595
Splenic injury 19 (16.5) 6 (28.6) 0.190
Hepatic injury 16 (13.9) 4 (19.0) 0.540
Renal injury 15 (13.0) 1 (4.8) 0.279
Pancreatic injury 2(1.7) - 0.543
Gastric injury 2 (1.7) = 0.543
Transfusion” 14 (12.2) 9 (42.9) 0.002
Surgery” 7 (6.1) 2 (0.9) 0.390

ICU: Intensive care unit; GCS: Glasgow Coma Scale; PTS: Pediatric Trauma
Score; "N (%), “Median, interquartile range.

object on the chest wall. The GCS scores and PTS were sig-
nificantly lower and prothrombin time (PT), activated par-
tial thromboplastin time, and INR was prolonged, and WBC
counts, blood glucose, and creatinine were increased in the
non-survivor group. Pulmonary contusion and pneumotho-
rax were much more common in non-survivors. Abdominal
distension and a decrease in lung sounds were the important
physical examination findings for mortality. Hemodynamic in-

936

stability was another clinical finding for mortality, as expected
(Table 2). Multivariate regression analysis was performed to
evaluate risk factors for mortality and need for the ICU, but
no risk factors could be identified.

DISCUSSION

Accurate evaluation of children with TAl is important to distin-
guish high-risk children for serious injuries who need intensive
care treatment. In the present study, the requirement for ICU
treatment and mortality rates was found higher in patients
with pulmonary contusion or pneumothorax, lower GCS
scores or PTS, and prolongation of coagulation parameters.

Mortality is usually associated with concomitant head injuries
in patients with TAI. Eight of the nine deceased patients had
head injuries and a decreased GCS score in the present study.
Nagqvi et al.l'? found increased mortality rates with the addi-
tion of head injuries to TAls (8.7-11.9%). Although thoracic
injuries were not common, they had the highest mortality rate
in that study, also none of the thoracic injuries were isolated.
['T1n our study, one patient died after an isolated thoracic inju-
ry that occurred by being struck by an object in the chest wall.
We saw no rib fractures in approximately 77% of thoracic in-
juries. More kinetic energy can be transmitted to the intratho-
racic structures without rib fracture because the chest wall of
a child is compliant. Despite the application of significant force,
children may not demonstrate external evidence of injury.['!!

Children more commonly have lower velocity trauma. Falls
from a height and motor vehicle collisions remain the most
common mechanisms of major pediatric injury.l'? Motorized
vehicle accidents, especially motorcycle crashes, are the most
common cause of severe injury and trauma associated with
mortality, as in our study. A high index of suspicion is very
important in trauma admissions because many patients have
no external signs of injury. Tachypnea, bradypnea, and ten-
derness on the chest wall, abnormal chest auscultation find-
ings, oxygen saturation <95%, and back abrasions were found
to be associated with abnormal chest radiographs in several
studies.l'*'"] Ecchymosis, abrasions, lacerations, abdominal
tenderness, or distension and seat belt signs are predictive
findings for abdominal injuries.!'] Mortality was much more
common in patients with abdominal distension and decreased
lung sounds in the present study. Consistent with the pre-
vious literature, a considerable proportion of the TAls was
pulmonary contusion in our study.l'” Mortality was found
to be more common in patients with pulmonary contusions
or pneumothorax. The presence of these two injuries might
alert physicians to follow-up patients more closely.

Many pediatric traumas are typically blunt in nature. The
spleen and liver are the most sensitive intra-abdominal tis-
sues for injury after blunt trauma.®! Similar to the literature,
splenic injuries were the most common type of abdominal
injuries in our study, followed by hepatic injuries.['! The man-
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Table 2. Differences of demographic and laboratory characteristics of survivor and non-survivor

Survivor (n=127) Non-survivor (n=9) p-value
Age’ <6 years 33 (26.0) 3 (33.3) 0.430
6—12 years 47 (37.0) 3 (33.3)
>|2 years 47 (37.0) 3 (33.3)
Sex” Male 94 (74.0) 5 (55.6) 0.220
Mechanism of injury” Blunt 118 (92.9) 9 (100) 0.530
Penetrating 9(7.1) -
GCS <14 points” 22 (17.3) 9 (100) <0.001
PTS™ 9 (8-I1) I [(-1)-3] <0.001
Physical examination” Abdominal distension 11(8.7) 3 (33.3) 0.019
Abrasion 31 (24.4) I (11.1) 0.093
Decrease in lung sounds 18 (14.2) 7 (77.8) <0.001
Peritoneal irritation 7 (5.5) I (11.1) 0.097
Tachypnea 8 (6.3) 2 (22.2) 0.051
Type of trauma’ Isolated abdominal 44 (34.6) - 0.001
Isolated thoracic 48 (37.8) 2 (22.2)
Multiple 35 (27.6) 7 (77.8)
Injury” Pulmonary contusion 60 (47.2) 9 (100) 0.002
Pneumothorax 38 (29.9) 7 (77.8) 0.003
Rib fracture 19 (15.0) I (11.1) 0.750
Hemothorax 12 (9.4) I (11.1) 0.570
Pneumomediastinum 3(24) I (I1.1) 0.130
Splenic injury 22 (17.3) 3 (333) 0.230
Hepatic injury 18 (14.2) 2 (22.2) 0510
Renal injury 16 (12.6) - 0.250
Gastric injury 2 (1.6) - 0.704
Pancreatic injury 2 (1.6) = 0.704
Head injury 21 (16.5) 7 (77.8) <0.001
Transfusion” 20 (15.7) 3 (33.3) 0.170
Surgery” 8 (6.3) I (I1.1) 0.570
Mechanical ventilation 9 (7.1) 9 (100) <0.001
Laboratory WBC™ 17380+6174 31200+16700 0.004
PT™ 13 (12-14) 18 (14-54) 0.018
aPTT™ 27 (24-29) 47 (29-107) 0.005
INR™ 1.1 (1.1-1.2) 1.6 (1.34.3) 0.005
Glucose™ 148 (118-180) 279 (197—449) 0.004
Creatinine™ 0.5 (0.4-0.7) 0.7 (0.5-0.8) 0.030
AST” 68 (39-213) 114 (93-238) 0.200
ALT™ 34 (18-125) 51 (36-90) 0.360
Amylase™ 64 (47-82) 92 (62-98) 0.180
Hematuria® 31 (244) 2 (22.2) 0.540
Decrease in hematocrit” 36 (28.3) 3 (333) 0.450
Hemodynamic instability” 10 (7.9) 8 (88.9) <0.001
Time after trauma (minutes)™ 90 (60-180) 75 (50-90) 0.144
Length of stay in hospital (days)™ 5 (2-8) 6 (3-10) 0.667
"N (%); “Med (IQR); ""Meanztstandard deviation; GCS: Glasgow Coma Scale; PTS: Pediatric Trauma Score.
Ulus Travma Acil Cerrahi Derg, July 2022, Vol. 28, No. 7 937
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agement protocol for blunt trauma has changed significantly
over the past three decades from an early mandatory op-
erative approach to a far more conservative, non-operative
management with fluid resuscitation and close clinical ob-
servation. The proportion of patients requiring surgery for
isolated abdominal injuries has decreased significantly.['s!7]
Complications and transfusion requirements are currently far
less frequent, and hospital length of stay is shorter.['®l The
majority of pediatric blunt abdominal injuries were managed
conservatively in the present study; the need for abdominal
exploratory surgery and acute procedural intervention was
rare, and thoracotomy or laparotomy was performed for only
6% of the patients. Angiographic embolization is a possible
potential tool in the treatment of adult abdominal injuries,
especially splenic injuries, but it is rarely used in children.['”]
None of the patients went to angiography in our study. The
presence of isolated splenic or hepatic injury does not change
mortality or the need for intensive care, so these patients
might be managed conservatively safely.

The PTS was developed to reflect the children’s vulnerability
to traumatic injury.®! The PTS is a valid tool used to predict
mortality in injured children. Mortality is estimated as 9% for
PTS >8, and 100% for PTS <0.2% There is a negative linear
relationship between PTS and rates of mortality.2"! In the
present study, PTS was found to be under three points in the
mortality group.

Pediatric patients with trauma are less likely to develop coag-
ulopathy during their admission and tend to develop it later
than adults. If they develop coagulopathy, it is associated with
a two-to-four-fold increased risk of death.?>%! Our findings
are consistent with the fact that trauma-associated coagu-
lopathy may increase the risk of mortality in patients with
trauma. Hyperglycemia is associated with worse outcomes
in trauma. Several studies have shown the presence of hy-
perglycemia increases mortality in children with head trauma.
24251 Sy et al.?®! found higher mortality rates in adult patients
with hyperglycemia. We also found a higher mortality rate in
patients with hyperglycemia. To the best of our knowledge,
this is the first study to show a relationship between hyper-
glycemia and mortality in children with TAI.

The stress of trauma can result in marked demargination by
itself, thus patients with blunt trauma tend to have elevated
WABC values, even in the absence of major injury.*’1 Akkose
et al.”® evaluated 713 adult patients with blunt trauma, and
WABCs were positively correlated with injury severity. Rovlias
and Kotsou®” prospectively evaluated 624 patients with se-
vere, moderate, or minor head injuries and showed WBC
counts as an independent predictor of outcomes. WBCs
were found to be significantly elevated in the non-survivor
group in the present study.

The limitations of our study include those related to reviews
of data registries due to the retrospective design of the study.
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Due to the lack of data, high-risk trauma mechanisms?% could
not be evaluated for the entire population. Some important
physical examination findings such as hemodynamic instability
could only be obtained for a limited number of patients. The
heart rate of the patients could not be investigated. Due to
the rarity of isolated TAls in children, we evaluated patients
with multiple injuries. Most of the deceased patients had con-
comitant head trauma and it was not possible to clearly de-
fine whether mortality was due to severe head injury or pul-
monary injuries. Therefore, a prospective, multicenter study
is required to confirm results in a larger population.

Conclusion

Identifying seriously injured patients is important for accurate
management in TAl. Decreased GCS and PTS scores, abdom-
inal distension, decreased lung sounds, hemodynamic insta-
bility, pulmonary contusion or pneumothorax, the presence
of coagulopathy, hyperglycemia, and leukocytosis were found
to be determining findings for intensive care requirement and
mortality in pediatric TAls. Physicians must be alert to pa-
tients who present with these findings.
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AMAC: Torakoabdominal travmalar ¢ocuklarda kafa travmasini takiben en sik yaralanma nedenidir. Erken ve dogru miidahale mortalitenin azaltil-
masi igin dnemlidir. Bu galismada, torakoabdominal yaralanmalarda mortalite ve yogun bakim ihtiyac ile iliskili faktorlerin belirlenmesi amagland.
GEREC VE YONTEM: Alti yillik siire icinde iiglincii basamak bir hastanenin pediatrik acil servisine torakoabdominal yaralanma nedeniyle bagvuran
hastalar galismaya alindi. Demografik veriler; yaralanma mekanizmalari, klinik, laboratuvar ve gériintiileme bulgulari, hastanede ve yogun bakimda
kalis stireleri, uygulanan invaziv girisimler, tibbi tedaviler ve cerrahi miidahaleler, sagkalim sonuglari kaydedildi.

BULGULAR: Calismaya alinan |36 hastanin ortanca yasi dokuz yil (CAA: 5—14) olup %72.8’i erkekti. Yaralanmalarin biiylik gogunlugu kiint travma
sonucu gergeklesmisti (%92.7). Pulmoner kontlizyon, pnémotoraks, dalak ve karaciger yaralanmalari en sik saptanan tanilardi. Olgularin yarisindan
fazlasinda motorlu arag kazasi sonucu yaralanma goriildii (%52.2). Hastanede ortanca yatis slresi bes glindi (CAA: 2-8); 2| hasta yogun bakim
Unitesinde tedavi edilmisti (%15.4). Coklu yaralanma, pulmoner kontiizyon, pnémotoraks, disiik Glasgow Koma Skalasi (GKS) skoru ve Pediatrik
Travma Skoru olan hastalarda yogun bakim ihtiyaci daha yiiksek bulundu. (p<0.001). Dokuz olguda olim goriildd, bu hastalarin sekizinde ¢oklu
yaralanma saptandi. Pulmoner kontlizyon ve pnémotoraksi olan hastalarin daha sik dlimle sonuglandigi gézlendi (p=0.002; p=0.003). Pediatrik
travma skoru ve GKS éliimle sonuglanan olgularda daha diisiik saptandi (p<0.001). Mortalite grubunda koaglilasyon parametrelerinde uzama ve
hiperglisemi daha fazla bulundu (p=0.005; p=0.004).

TARTISMA: Torakoabdominal yaralanmalar ¢ocukluk ¢aginda travmaya bagl mortalitenin dnemli bir nedenidir. Coklu yaralanmalar, pulmoner kon-
tlizyon, pnémotoraks, diislik GKS ve pediatrik travma skoru varligi ciddi yaralanmalar agisindan klinisyenler igin uyarici olmalidir.

Anahtar sézclikler: Abdominal yaralanma; gocuk; mortalite; torasik yaralanma.
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