
Introduction

Myocardial contusion following blunt chest trauma oc-
curs in 7±71% of the cases [1, 2]. Electrocardiographic
(ECG) abnormalities following blunt chest trauma
have been reported to occur in up to 70 % within the
first 3 days after hospitalisation [3]. Cardiac arrhythmias
are most common, including uniform ventricular prema-
ture beats (54 %), multifocal ventricular premature
beats (16 %), atrial fibrillation (6%) and ventricular ta-
chycardia (3 %). However, mortality resulting from car-
diac arrhythmias is low [3, 4]. Previous studies suggest
that 24±48 h of ECG monitoring after trauma is appro-
priate [5, 6]. In this report, we present two critically ill
patients with fatal cardiac arrhythmias occurring several

days after chest trauma and histologically proven myo-
cardial contusion.

Case reports

Case 1

After a car crash, a 23-year-old man presented to a local hospital.
On admission, the patient was awake and complaining of chest
pain. Besides a right-sided pneumothorax for which he received a
chest tube, chest X-ray showed ipsilateral fractures of clavicle,
scapula and ribs II±IV. Chest computed tomography (CT) revealed
multiple bilateral lung contusions, sonography and a CT of the ab-
domen showed a liver and right-sided renal contusion with a retro-
peritoneal haematoma. The patient was transferred to our institu-
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Abstract Objective: Case reports of
two patients who developed fatal
cardiac arrhythmias several days af-
ter blunt chest trauma.
Design: Case reports.
Setting: Surgical intensive care unit
of a university hospital.
Patients: A 23-year-old man and a 9-
year-old girl with blunt chest trauma
and multiple further injuries follow-
ing car crashes were transferred to
our institution. Although ECG on
admission was normal, both patients
developed fatal cardiac arrhythmias
after 6 and 4 days, respectively. In
both patients, post-mortem analysis
confirmed myocardial contusion
without coronary artery lesions.
Histological findings included se-
vere interstitial oedema, haemor-
rhages and infiltration of lympho-
cytes and neutrophils, fresh myocar-

dial necrosis and fatty degeneration.
Conclusion: Blunt chest trauma with
myocardial contusion may lead to
fatal cardiac arrhythmias even after
several days, particularly when oth-
er severe injuries are present. Thus,
a normal ECG on admission and
absence of cardiac arrhythmias dur-
ing the first 24 h of intensive care
treatment do not necessarily ex-
clude the occurrence of life-threat-
ening arrhythmias in the further
course.
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tion. On arrival, he was awake, without any vasoactive drugs and
required oxygen insufflation (3 l/min) for sufficient oxygenation.
However, he required endotracheal intubation due to respiratory
failure. After induction and maintenance of anaesthesia, he re-
quired 0.08 mg/kg ´ min norepinephrine for haemodynamic stabili-
sation. The 12-leads ECG and a rhythm strip showed a normal si-
nus rhythm without any abnormality. Unfortunately, he developed
ARDS and the further course was complicated by systemic inflam-
matory response syndrome. Six days after the trauma, the patient
suddenly developed ventricular tachycardia, intermittent left ante-
rior hemiblock and, ultimately, left bundle branch block as docu-
mented by a 12-leads ECG. At this time, serum potassium
(5.1 mmol/l), sodium (143 mmol/l) and lactate levels (2 mmol/l)
were within normal ranges. Blood analysis showed a normal mag-
nesium level of 0.84 mmol/l (normal 0.4±0.85 mmol/l) and exclud-
ed hypophosphataemia. Arterial partial pressure for oxygen
(PaO2) was 90 mmHg and for carbon dioxide (PaCO2) 35 mmHg.
Body temperature was 38.6�C.

The patient had been stable in terms of cardiac rhythm (i.e.,
normal sinus rhythm on the monitor), global haemodynamics and
oxygenation over the past 16 h while receiving norepinephrine

(0.32 mg/kg ´ min) to maintain mean arterial pressure above
60 mmHg. An internal pacemaker was inserted due to the hemi-
block syndrome. In the following hours, increasing dosages of
norepinephrine (up to 4 mg/kg ´ min) were required and the patient
developed signs of multiple system organ failure. About 10 h after
the onset of these arrhythmias ventricular fibrillation occurred.
However, sustained cardiopulmonary resuscitation (CPR) re-
mained unsuccessful. Five hours after the start of arrhythmias, se-
rum creatine-phosphokinase (CPK) was 8,100 IU/l (normal ran-
ge < 150 IU/l) and CPK-isoenzyme MB 128 IU/l (normal
range < 6±8% of CPK). Autopsy revealed multiple contusions of
the right lung, a liver and a right-sided kidney laceration. Slices of
the myocardium appeared pale with local haemorrhages in the
central part of the interventricular septum near the heart base. Mi-
croscopy of the myocardium showed severe interstitial oedema
and haemorrhages with infiltration of lymphocytes and neutrophils
(Fig.1). Furthermore, fresh necrosis and fatty degeneration were
described (Fig.2).

Case 2

Following a car crash, a 9-year-old girl with severe head injury was
brought to our institution by the emergency medical service. On
admission, she was sedated, intubated and mechanically ventilat-
ed. After diagnostic procedures, she underwent surgery for a femo-
ral bone fracture and received a Crutchfield extension due to a cer-
vical vertebral subluxation C4/C5 with a C4 fracture. Furthermore,
an epidural probe was placed for the continuous monitoring of in-
tracranial pressure. On arrival at the intensive care unit (ICU),
she was haemodynamically stable while receiving 0.28 mg/kg ´ min
norepinephrine to keep mean arterial pressure above 60 mmHg.
Three days later she underwent bilateral craniectomy due to intra-
cranial hypertension resulting from brain oedema. However, car-
diocirculatory instability due to intermittent atrioventricular disso-
ciation developed during surgery. On her return to the ICU, vaso-
pressor requirements were unchanged (norepinephrine 2.5 mg/
kg ´ min). Heart rate was about 90/min and a 12-leads ECG exclud-
ed atrial fibrillation and revealed AV-dissociation with intermit-
tent AV-node extrasystoles.

Within the next hours, global haemodynamics improved fol-
lowing moderate fluid loading and oxygenation was uncomplicat-
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Fig.1 Small haemorrhages in the myocardium with infiltration of
granulocytes

Fig.2 Haemosiderosis in the subendocardium 6 days after cardiac
trauma

Fig.3 Moderate haemosiderosis in the subepicardial connective
tissue and fatty degeneration of myocytes 4 days after cardiac trau-
ma



ed. An echocardiography was performed that excluded pericardial
effusion and showed a normal left ventricular contraction pattern.
About 12 h after the end of surgery, the child developed a transient
total heart block and became hypotensive. At this time, serum po-
tassium (5.1 mmol/l) was in the normal range, however, sodium
(158 mmol/l) and lactate levels (7.2 mmol/l) were markedly in-
creased. The arterial blood gas analysis revealed pH 7.428, BE
±5.0 mmol/l, PaO2 145 mmHg and PaCO2 28 mmHg. Several hours
later, ventricular flutter required defibrillation and a transcuta-
neous pacemaker system was placed. Recurrent episodes of ven-
tricular fibrillation occurred which, initially, could be successfully
terminated. However, finally all therapeutic interventions to con-
vert ventricular flutter and fibrillation failed. Autopsy of the brain
showed contusions of the frontal lobe and moderate brain oedema
which did not lead to a protrusion of the brain above the craniecto-
my area. Both lungs had multiple contusions. Furthermore, smaller
haemorrhages in the interventricular septum with one near the
heart base (about 1 cm large) and moderate subendocardial ecchy-
mosis were described. Histological examination of the myocardi-
um showed many small haemorrhages with fresh necrosis, moder-
ate infiltration of leukocytes and fatty degeneration of myocytes
(Fig.3).

Discussion

Blunt chest trauma leading to cardiac injury is common-
ly known to be associated with cardiac arrhythmias. De-
velopment of arrhythmias may result in considerable
morbidity but low mortality [3, 4]. However, the specific
mechanisms for arrhythmias occurring after blunt cardi-
ac injury remain unknown. Pathophysiologically, ectopic
pacemakers from myocardial stretching, electrical gradi-
ents between injured and intact tissue, local hypoxia, is-
chaemia and/or oedema, and vagosympathetic stimula-
tion or interference with neuromuscular interactions
have been discussed [7, 8]. Finn et al. [9] reported an 18-
year-old man who fell prone onto a football and devel-
oped ventricular fibrillation. During resuscitation, which
remained unsuccessful, transient third degree heart
block became obvious. Autopsy verified a right atrial
subendocardial tear extending through the conduction
system which was considered as the cause of death.

Most commonly, arrhythmias are considered to de-
velop within the first hours after trauma [10, 11]. Wisner
et al. [4] found, in 3,010 patients with blunt chest trau-
ma, only four patients with arrhythmias requiring thera-
py. The maximum time interval between trauma and on-
set of arrhythmias was 48 h. In a study of 17 patients by
Mayfield et al. [12], all five deaths occurred within 1.5 h
after trauma. Based on a study of 71 patients, Illig et al.
[5] proposed an ECG monitoring for 24±48 h. In a case
report, Silverman et al. [13] described a 40-year-old
man, after a motor vehicle accident, who was asymp-
tomatic for 26 h before he developed ventricular fibril-
lation. Early direct current cardioversion re-established
sinus rhythm. However, 24 h later he developed left
bundle-branch block and multiple organ dysfunction.
On day 4 ventricular tachycardia occurred, which finally

led to death. Post-mortem examination of the heart
showed congestion in the left ventricular posterior wall
and disruption of myocardial fibres.

Experimental studies [7] have underlined that fatali-
ties due to ventricular arrhythmias and cardiogenic
shock occur immediately after injury. Anderson et al.
[14] could demonstrate that severity and duration of ar-
rhythmias correlated closely with the amount of impact
on the myocardium. In a canine model of myocardial
contusion [15], 50 % of the animals died from arrhyth-
mias within a few minutes. No animal developed any
life-threatening arrhythmias in the remaining study pe-
riod. Based on clinical studies, a normal ECG on admis-
sion in a stable non-ICU patient predicts excellent out-
come [6] and monitoring over 24 h has been suggested
as appropriate. In general, the risk of having a clinically
significant myocardial contusion is insignificant if the
admission ECG is normal [16].

In contrast to these recent evidence-based guidelines
[16], we present two critically ill patients suffering from
other severe injuries who had normal sinus rhythm on ad-
mission but developed late cardiac arrhythmias. In our
department, a 12-leads ECG with a 1-min rhythm strip
is a standard procedure in every patient admitted to the
ICU. Since monitor ECG showed a normal sinus rhythm
for several days, follow-up 12-leads ECG examinations
were obtained after several days when arrhythmias oc-
curred. Unfortunately, both patients died between 4 and
6 days after the initial trauma from therapy-refractory
arrhythmias. Thus, our two patients confirm the state-
ments of two recent articles [17, 18] which both empha-
sise the possibility of late serious cardiac sequelae that
range from arrhythmias to shock and/or death in patients
with blunt chest or cardiac trauma undergoing major op-
erations for accompanying injuries. The specific feature
of these case reports is the time interval between the
trauma and the onset of life-threatening arrhythmias. In
the literature, there is one case of late cardiac arrest after
myocardial contusion, i. e. on the 5th postoperative day,
in which the patient had a thoracic aortic rupture as addi-
tional significant injury [19]. Autopsy had confirmed my-
ocardial contusion. Hoppe et al. [20] reported a 29-year-
old ice hockey player who developed atrial tachyarrhyth-
mia 2 days after blunt chest trauma. While coronary ar-
tery angiography was normal, left ventricular anterior
wall was found to be akinetic. The obtained endomyocar-
dial biopsy excluded myocarditis and confirmed myocar-
dial contusion with extravasation of red blood cells and
degeneration of myocytes. The left ventricular anterior
wall returned to normal function within the following
3 months. Norton et al. [21] reported two patients who
developed ventricular fibrillation 36 h after admission
and recommended monitoring patients at risk for at least
48 h. Wisner et al. [4] also mentioned one patient with ar-
rhythmias due to supraventricular tachycardia treated
48 h after admission for blunt chest trauma.
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In fact, our patients had numerous other injuries in
addition to myocardial contusion that may have en-
hanced the susceptibility for cardiac arrhythmias. Ab-
normalities of serum potassium levels, i. e. due to renal
failure, which may lead to cardiac arrhythmias, were
not present in our patients. Unfortunately, only one pa-
tient underwent echocardiography by which pericardial
effusion and pathological left ventricular contraction
pattern were excluded. Among the different methods
evaluated for the clinical diagnosis of myocardial contu-
sion, echocardiography and CPK levels showed only a
moderate sensitivity [5] while troponin I might be more
reliable [22]. Unfortunately, troponin I was not mea-
sured in our two patients because this test was not yet
available in our department at that time. Nevertheless,
neither CPK nor troponin I levels are useful in predict-
ing which patient will have complications related to
blunt cardiac injury [16].

In both patients, autopsy confirmed myocardial con-
tusion of the interventricular septum directly below the
valvular plain near to the conductive system and coro-
nary artery lesions could be ruled out. Although both pa-
tients were receiving norepinephrine, the pathological
appearances were not those of catecholamine-induced

contraction band necrosis, which can be seen with high-
dose inotropic therapy. Since other conditions that may
cause dysrrhythmias, such as hypotension, acidosis or
hypoxaemia, can be excluded in our patients, blunt car-
diac trauma seems to be the main causative factor that
led to the fatal arrhythmias. Furthermore, intracardiac
catheters as well as pacing wires may cause arrhythmias.
In our patients, central venous catheters were in the cor-
rect position and pacing wires were placed even after the
onset of arrhythmias. Nevertheless, the potentially pro-
arrhythmic effects of high dosages of norepinephrine
[23] may have contributed to the development of cardiac
arrhythmias. However, a mono-causal relationship
seems unlikely and other contributing factors cannot
definitely be excluded, since our patients suffered from
multiple severe injuries besides blunt cardiac injury.

In conclusion, blunt chest trauma causing myocardial
contusion may lead to fatal cardiac arrhythmias not only
in the very early period but even after several days.
Thus, a normal ECG on admission and absence of cardi-
ac arrhythmias during the first 24 h of ICU treatment
may not necessarily exclude life-threatening arrhyth-
mias. Further studies are needed to evaluate the patho-
mechanisms involved.
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