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Purpose: Traumatic cardiac injury (TCI) is a challenge for trauma surgeons as it provides a short thera-
peutic window and the management is often dictated by the underlying mechanism and hemodynamic
status. The current study is to evaluate the factors influencing the outcome of TCI.
Methods: Prospectively maintained database of TCI cases admitted at a Level-1 trauma center from July
2008 to June 2013 was retrospectively analyzed. Hospital records were reviewed and statistical analysis
was performed using the SPSS version 15.
Results: Out of 21 cases of TCI, 6 (28.6%) had isolated and 15 (71.4%) had associated injuries. Ratio be-
tween blunt and penetrating injuries was 2:1 with male preponderance. Mean ISS was 31.95. Thirteen
patients (62%) presented with features suggestive of shock. Cardiac tamponade was present in 12 (57%)
cases and pericardiocentesis was done in only 6 cases of them. Overall 19 patients underwent surgery.
Perioperatively 8 (38.1%) patients developed cardiac arrest and 7 developed cardiac arrhythmia. Overall
survival rate was 71.4%. Mortality was related to cardiac arrest (p ¼ 0.014), arrhythmia (p ¼ 0.014), and
hemorrhagic shock (p ¼ 0.04). The diagnostic accuracy of focused assessment by sonography in trauma
(FAST) was 95.24%.
Conclusion: High index of clinical suspicion based on the mechanism of injury, meticulous examination
by FAST and early intervention could improve the overall outcome.
© 2016 Daping Hospital and the Research Institute of Surgery of the Third Military Medical University.
Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Traumatic cardiac injury (TCI) is not a common occurrence
following chest trauma, which is an important cause of mortality in
trauma victims.1 TCI may manifest as cardiac tamponade (CT),
which is an immediate life threatening condition and requires early
recognition and management. Pericardium facilitates ventriculo-
atrial coupling, and regulate coronary tone by prostaglandin
release and neuronal innervation.2,3 Pericardium is a fibrous tissue,
which limits its expansion with sudden accumulation of fluid and
exerts resistance for immediate expansion leading to diastolic
dysfunction.4 In cases of CT following TCI, progressive accumula-
tion of blood within the pericardial sac causes reduction in size of
cardiac chambers and their diastolic compliance limits cardiac
output.5 Blood accumulated within the pericardium gets clotted
tal and the Research Institute
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and it becomes more difficult for pericardiocentesis resulting in
incomplete drainage. Definitive surgical procedure to manage CT is
surgical drainage of pericardial blood and repair of underlying
cardiac injury.6 Clinical features depend on type of mechanism of
injury (blunt or penetrating), and the size of the wound in the
cardia or the pericardium. Unlike blunt cardiac injury (BCI), pene-
trating cardiac injury (PCI) is often dramatic in their presentation
and some of them present with cardiac arrest requiring cardio-
pulmonary resuscitation.7,8 Narrow pulse pressures with distended
jugular vein is often seen in cases of TCI without shock, and all the
classical features of cardiac tamponade (Beck's triad and Kuss-
maul's sign) are rarely witnessed in the hypovolaemic cases espe-
cially in the presence of associated injuries. A refractory
hypotension in absence of tachycardia may be the presenting
feature of cardiac tamponade following blunt injury chest.
Administration of intravenous fluids may be more harmful in these
patients as it may precipitate tamponade.9,10 One of the earliest
means to detect cardiac tamponade is focused assessment by so-
nography in trauma (FAST) to visualize fluid in the pericardium. The
purpose of this study is to evaluate the factors influencing the
outcome following TCI.
ilitary Medical University. Production and hosting by Elsevier B.V. This is an open
c-nd/4.0/).
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Fig. 2. Digital tamponade.
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Material and methods

Data repository and study design

Prospectively maintained database of TCI patients admitted at a
Level-1 Trauma Center, All India Institute of Medical Sciences, New
Delhi from July 2008 through June 2013 was retrospectively
analyzed. Emergency records, operative details, and outcomes of
the intervention were reviewed to obtain data on patient de-
mographics, mechanism of injuries, operative procedures, and au-
topsy details. Statistical analyses were performed using the SPSS
version 15. Mechanism of injuries was categorized into blunt
(motor vehicle crash, road traffic injury and fall from height) and
penetrating injury (gunshot and stab injuries).

Operative procedure

Patients were operated upon under general anesthesia with
single lumen endotracheal tube. Heart lung machine was not used
in any patient. Patients were explored using bilateral anterolateral
thoracotomy approach for better visualization of mediastinum and
both hemithorax (Figs. 1 and 2). After opening the pericardial sac,
bleeding from cardiac injury was controlled by digital pressure. All
the cardiac injuries were repaired using 3-0 polypropylene sutures.
Chest tubes were placed in both the hemithorax before closure of
thorax. All patients were managed in intensive care unit in post-
operative period.

Results

A total of 1798 patients with predominantly thoracic injuries
were admitted during the study period. Mode of injury was blunt
trauma in 1529 (85%) cases and penetrating in 263 (15%) cases.
Twenty-one patients (1.16%) were diagnosed to have TCI at pre-
sentation, of which 18 were men and 3 were women. Blunt and
penetrating injuries were noted in 14 and 7 cases respectively.
Isolated cardiac injury was seen in 6 cases and rest 15 cases had
associated injuries. Out of 14 cases of BCI, only 2 patients had iso-
lated cardiac injury where 4 patients had isolated cardiac injury in
PCI group. Mean ISS was 31.95 (range 16e75). Thirteen patients
presented with tachycardia (heart rate >100/minute) and 12 pre-
sentedwith hypotension (systolic blood pressure<90mmHg). FAST
was positive (pericardial window) in 20 cases. One patient of blunt
chest trauma was FAST negative and was diagnosed to have TCI
later on computed tomography scan (CT scan). The diagnostic ac-
curacy of FAST was 95.24%. Contrast enhanced CT scan (CECT scan)
of thorax was done only in 9 hemodynamically stable patients and
all of them showed pericardial fluid. Cardiac tamponade was pre-
sent in 12 cases only and theywere subjected to surgerywithout CT
Fig. 1. Bilateral anterolateral thoracotomy.
scan. However pericardiocentesis was performed in 6 cases prior to
surgery. Disposition time from emergency department (ED) to the
operation theater ranged from 19 to 36 min in cardiac tamponade
group. All 7 patients with PCI underwent surgery while 12 cases
(86%) of BCI underwent surgery. Overall 19 out of 21 cases under-
went surgery and two cases were managed nonoperatively
(Table 1). Overall patients 10 had sustained isolated injury to one
cardiac chamber. Three cases sustained injury to more than one
cardiac chamber and 4 patients had cardiac injury with great vessel
injury. Isolated pericardial injury (with no cardiac chamber injury)
was seen in 2 cases (Table 2). Out of 21 cases of TCI, 6 had isolated
cardiac injury and 15 had associated injuries (Table 3). Overall the
mortality following TCI was 28.5%. Mortality was high in patients
who presented with hypotension or had perioperative cardiac ar-
rest or arrhythmias and the differences were statistically significant
(Table 1). Cardiac tamponade was not significantly related to
mortality (p ¼ 1.000), and pericardiocentesis did not show any
survival benefit in our series (p ¼ 1.000). The overall mean hospital
stay was 25 days (range 15e46 days).

Discussion

The prevalence of TCI varies from region to region and institu-
tion to institution. It depends on amount of violence in society,
volume of motor vehicle crashes, and access to medical facility,
etc.11,12 The incidence of TCI in our studywas 1.16% (21/1798), which
is comparable to the retrospective population based on the study
done by Rhee et al.13We observed that the incidence of PCI (2.7%, 7/
263) was more common than BCI (0.91%, 14/1529). Mandal et al14

reviewed a single institution's 24 year experience and found that
cardiac injuries occurred in 6.4% of penetrating thoracic injuries.
The difference between PCI in our series and the literature is
because the incidence of penetrating thoracic trauma is more
common in western countries. The occurrence of TCI was pre-
dominantly in men (86%) in our study that is comparable to the
incidence reported in the literature.15 In our study cardiac
arrhythmia and cardiac arrest were significantly responsible for
high mortality in patients with TCI. Survival rate following TCI has
been reported from 19% to 74% in the literature.13,16 The survival
rate has improved in recent years due to rapid transportation of
trauma to the hospital, rapid assessment in the ED, early surgical
intervention and better intensive care.13,16 In our study 62% patients
had hypotension at presentation and 75% of them survived. In the
present study, hypotension at presentation in the ED was signifi-
cantly related to highmortality (p¼ 0.004) and this is in accordance
with the published literature.16



Table 1
Demographics and outcome of traumatic cardiac injury patients.

Variables Total Death Survival p value

Age Mean ¼ 28.52 Mean ¼ 32.17 Mean ¼ 27.07 1.000
Gender Male ¼ 18 Male ¼ 5 Male ¼ 13 1.000

Female ¼ 3 Female ¼ 1 Female ¼ 2
Mechanism of injury Blunt ¼ 14 Blunt ¼ 3 Blunt ¼ 11 0.354

Penetrating ¼ 7 Penetrating ¼ 3 Penetrating ¼ 4
ISS Mean ¼ 31.95 Mean ¼ 37.00 Mean ¼ 29.93 0.074
HR >100 ¼ 13 >100 ¼ 4 >100 ¼ 9 1.000

<100 ¼ 8 <100 ¼ 2 <100 ¼ 6
SBP <90 mm Hg ¼ 12 <90 mm Hg ¼ 3 <90 mm Hg ¼ 9 0.04

>90 mm Hg ¼ 9 >90 mm Hg ¼ 3 >90 mm Hg ¼ 6
FAST Positive ¼ 20 Positive ¼ 6 Positive ¼ 14 1.000

Negative ¼ 1 Negative ¼ 0 Negative ¼ 1
Cardiac tamponade Present ¼ 12 Present ¼ 3 Present ¼ 9 1.000

Absent ¼ 9 Absent ¼ 3 Absent ¼ 6
Pericardiocentesis Performed ¼ 6 Performed ¼ 1 Performed ¼ 5 0.623

Not performed ¼ 15 Not performed ¼ 5 Not performed ¼ 10
Cardiac arrest Yes ¼ 8 Yes ¼ 5 Yes ¼ 3 0.014

No ¼ 13 No ¼ 1 No ¼ 12
Arrhythmia Yes ¼ 7 Yes ¼ 5 Yes ¼ 2 0.001

No ¼ 14 No ¼ 1 No ¼ 13
Associated injury Isolated ¼ 6 Isolated ¼ 2 Isolated ¼ 4 1.000

Associated ¼ 15 Associated ¼ 4 Associated ¼ 11
Treatment Surgery ¼ 19 Surgery ¼ 6 Surgery ¼ 13 1.000

NOM ¼ 2 NOM ¼ 0 NOM ¼ 2
Total outcome 21 cases 6 15

HR: heart rate, SBP: systolic blood pressure, FAST: focused assessment sonography in trauma, ISS: Injury severity score, NOM: nonoperative management.

Table 2
Details of cardiac injuries noted intraoperatively.

Cardiac injuries Blunt cardiac injury (n ¼ 12) Penetrating cardiac injury (n ¼ 7)

RA 2 e

RV 4 2
LV 0 2
More than one cardiac chamber 1 (RA þ RV) 2 (RV þ LV)
One cardiac chamber þ vascular injuries 3 (RA þ IMA, RA þ SVC, RA þ PH) 1 (LA þ PV)
Isolated pericardial injury with hemopericardium 2 e

RA: right atrium, RV: right ventricle, LV: left ventricle, IMA: internal mammary artery, SVC: superior vena cava, PH: pulmonary hilum, LA: left atrium, PV: pulmonary vein.

Table 3
Details of associated injuries in 15 patients with TCI.

Associated injuries Number

Brain injury 1
Lung injury 4
Rib fractures 4
Diaphragmatic rupture 1
Abdominal solid organ injury 7
Hollow viscus injury 2
Vertebral injury 1
Long bone fracture 4
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Trauma victims who sustain severe cardiac injury such as
valvular injury, septal injury or multiple cardiac chamber injuries
usually do not reach to the hospital and succumb to cardiac injuries
at the scene. Patients with TCI who survive to reach the hospital
usually have sustained injuries limited to one cardiac chamber that
can be repaired by trauma surgeons without cardiopulmonary
bypass.17 In our series trauma surgeons operated all the patients of
TCI without using heart lung machine. Acute pericardial tampo-
nade following trauma requires immediate intervention for better
outcome.18e20 But we did not find cardiac tamponade as an inde-
pendent risk factor for highmortality (p¼ 1.000). Therefore trauma
surgeons managing TCI should not consider pericardiocentesis as a
definitive treatment for CT.17 Moreover pericardiocentesis did not
show any survival benefit (p ¼ 1.000) in our series of TCI.
Pericardiocentesis will remain a temporizing measure to buy time
while preparing the patient for surgery.18e20 The management and
outcome of TCI are often dictated by the mechanism of injury,
hemodynamic status and clinical features.20 Patients with BCI
without features of cardiac tamponade and with minimal hemo-
pericardium on CT scan may be treated nonoperatively by doing
serial physical examination and echocardiography.21 PCI patients
often require surgery.12,17 In our series 100% PCI patients under-
went surgery, while 86% cases required surgery in BCI group.
Associated injuries were more often seen with blunt injury than in
penetrating injury in our series. But associated injuries did not
affect the survival rate significantly (p ¼ 1.000). FAST is a good
investigating tool to detect fluid in the pericardial sac. In our study,
diagnostic accuracy of FAST was 95.24%, and sensitivity and nega-
tive predictive values were 100%, which are in accordance with a
prospective, multicentre study of ultrasound in patients with
possible cardiac injuries by Rozycki et al and others who reported
100% sensitivity and 97% accuracy.22e24 We observed that most
frequently injured cardiac chamber was right ventricle followed by
right atrium and left ventricle respectively. These findings are in
accordance with the published literature.25,26
Conclusion

Possibility of occult cardiac injury must always be kept in pa-
tients who sustained torso trauma without obvious reason for
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shock. FAST has good diagnostic accuracy for detecting fluid in
pericardium. Acute pericardial tamponade requires immediate
drainage for better outcome. Cardiac tamponade is not an inde-
pendent risk factor of mortality in TCI, and pericardiocentesis will
not improve the survival in TCI. Emergency thoracotomy for acute
traumatic pericardial tamponade and repair of underlying cardiac
injury by trauma surgeon could improve the survival rate. Cardiac
arrhythmia needs to be addressed promptly, as they are signifi-
cantly related to mortality in survivors of TCI.
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