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Abstract
Background 
Data on the occurrence of cardiac abnormalities in traumatic brain injury (TBI) are 
sparse. We aimed to investigate the frequency of electrocardiographic (ECG) changes 
and arrhythmias in patients with severe TBI. Additionally, the relation of these cardiac 
abnormalities with intracranial pressure (ICP) treatment and outcome was determined.

Methods 
Patients with severe TBI who fulfilled criteria for ICP-monitoring admitted to our hospital 
were entered in a prospective cohort study. Retrospectively, ECG recordings obtained 
within 48 hours after admission were independently scored according to predefined 
criteria. Arrhythmias could be diagnosed on recording of continuous rhythm monitoring.

Results 
Data of 171 patients were analyzed. ECG changes were observed in 86% and arrhythmias 
in 20% of patients. Most frequently observed ECG changes were increased QT-intervals 
(57%) and T wave changes (53%). Bradycardia (13%) was the most common cause 
in arrhythmias. Arrhythmia was related to CT progression (P = 0.038), right-sided (P = 
0.049) and frontotemporal injury (P = 0.025). Arrhythmias were also related to severity 
of brain injury reflected by frequency of elevated ICP (P = 0.004) and treatment levels 
(P = 0.008). ECG abnormalities were not associated with arrhythmia. Mortality during 
admission was 31%, with cardiac causes only present in 4 patients.

Conclusion 
In patients with severe TBI ECG abnormalities are often present, mostly consisting of 
T-wave changes and QT-time increase. Arrhythmias are less frequently observed, but 
related to severity of brain injury and not with ECG changes. The contribution of sudden 
cardiac death to mortality was negligible. Further research should elucidate whether ECG 
changes and arrhythmias are signs of cardiac dysfunction.
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Introduction
Data on the occurrence of electrocardiographic (ECG) changes and arrhythmias in 
traumatic brain injury (TBI) patients are sparse.1-3 Most data are derived from case 
reports of patients with specific ECG changes, rather than data of populations of TBI 
patients.1,4-6 Hersch et al. described a series of 164 patients with TBI and observed that 
in comparison to controls TBI patients had an increased QT interval and an increased 
voltage of the P wave.1 Others reported changes in T waves, ST segments and U waves.7 
Similar phenomena have also been described in the setting of acute stroke or intracranial 
hemorrhage suggesting a neurogenic mechanism with excessive catecholamine 
release.8-12 Very recently comparable cardiac abnormalities have been described in 
patients with isolated subdural hematoma although these were not associated with 
SDH characteristics or myocardial injury.13 These aforementioned studies describe a 
different group of patients and do not analyze the effects of these cardiac abnormalities 
on outcome. 

It is therefore the aim of this study to analyze the frequency ECG changes and 
arrhythmias in patients with severe TBI. Furthermore, our secondary aim is to determine 
the association of ECG changes and arrhythmias with ICP treatment and outcome.

Methods
Study population
All patients with severe TBI admitted to the University Medical Center Groningen from 
January 2002 until December 2008 who fulfilled the criteria for Intracranial Pressure 
(ICP)-monitoring defined by the international guidelines 14 were included for analysis. 
These patients are part of a prospectively followed cohort of patients to determine 
predictive factors related to outcome.

Data collection
Data was collected by retrospective data analysis of medical records and ambulance 
forms. Laboratory data were assessed at the emergency department and during ICU 
admission. Hypokalemia was defined by a potassium level of < 3.5 mmol/l, hyperkalemia 
by a potassium level of > 4 mmol/l and hypomagnesaemia by < 0.7 mmol/l. Cardiac 
biomarkers were considered as elevated when troponin I was > 0.01, or creatine kinase 
(CK)-MB was > 10% of CK and above 10 mmol/L.

Computer Tomography
In all patients a CT-scan was obtained directly after admission with a second CT-scan if 
clinical status deteriorated. All scans were classified according to the Marshall criteria.15 
Focal lesions < 25 cc were recorded separately for frontal, temporal, occipital or brainstem 
region. The CT-scan with highest Marshall-score was used for analysis. CT-progression 
was defined as an increase of the Marshall-score or as an increase of volume of an 
existing lesions/development of new lesions in case of equal Marshall-scores on the 
second CT-scan.
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Monitoring 
Patients were monitored according to a standardized protocol including continuous 
blood pressure monitoring and pulse oximetry. For ICP-monitoring a ventricular catheter 
for simultaneous ICP reading and CSF drainage (neurovent-iFD-S from Raumedic) was 
used. Zero level for arterial pressure measurement was the left ventricle. ICP data were 
obtained by notating end-hour values in combination with ICP elevations necessitating 
change in therapy. Increased ICP was defined as at least two episodes of intracranial 
hypertension requiring treatment, with an increase of ICP > 20 mmHg lasting for more 
than 5 minutes. 

Electrocardiography
ECGs were obtained within 48 hours of admission were analyzed with 12-leads ECGs 
recorded with Cardio Perfect equipment (Cardio Control, Delft, The Netherlands) and 
stored digitally after admission. The ECGs were examined for rate; intervals; ST deflection; 
T-wave inversions; presence of U-wave; and the magnitude and duration of the P, R, and 
T waves. Predefined criteria for abnormal ECG were rate < 60/min and > 100/min, PR 
interval > 210 ms, QRS duration > 120 ms, QT-interval > 450 ms in men and > 460 
ms in women, ST deflection > 1mm and negative T wave. After admission to the ICU 
the heart rate and rhythm was continuously monitored. In case of a suspected rhythm 
change a 12-leads ECG was recorded. These ECGs were analyzed for the presence of 
asystole, pulseless electrical activity, bradycardia (and type), atrial tachycardia, atrial 
fibrillation, atrial flutter and ventricular tachycardia, ventricular fibrillation according 
standard criteria.16-18

Treatment
Patients were admitted to the ICU with a standard regimen of sedatives and analgesics 
for ventilatory support. The level of sedation was assessed according to the Sedation 
Agitation Scale (SAS), with the intended sedation level 1 (unarousable).19 Therapy for 
elevated ICP was applied according to the international guidelines.20 The patients were 
positioned with head in the midline position with slight elevation (20-30 degrees). With 
respiratory support pCO2 levels between 4-4.5 kPa were maintained. Normothermia was 
defined as temperature between 36.5-37.5 °C. Hypothermia was defined as temperature 
between 32-34 °C. Cerebral Perfusion Pressure minimum target value was 60 mmHg. 
Treatment of preexisting cardiovascular comorbidities and rhythm abnormalities was 
done according to ACLS guidelines. To estimate the intensity of ICP-therapy the TIL was 
used.21 With this scale the stepwise therapeutic approach of ICP elevation was monitored 
by recording points for each therapeutic measure applied to control ICP. The TIL-scores 
range from 2 (normal ventilation and sedation) to 15 (barbiturates). To evaluate this 
stepwise change in ICP therapy, four categories were formed with increasing intensity 
of therapeutic measures: (1) ventilation, sedation and analgesics, (2) CSF drainage, (3) 
mannitol or hypertonic saline, (4) barbiturates. 
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Outcome
Outcome was determined one year after injury with the extended Glasgow Outcome 
Scale (GOSE) 22 in combination with a neurological examination. Favorable outcome 
was defined by complete recovery or moderate disability while unfavorable outcome 
comprised severe disability, vegetative state and death.

Statistical analysis
Data are presented as means with standard deviation (SD) for continuous variables, 
or as group percentages for categorical variables. Statistical analysis was performed 
using Student’s t for numerical values, Mann Whitney for numerical values comparing 
two independent groups and Fisher exact or Chi square (χ2) test for significance between 
variables. Statistical significance was defined as P < 0.05. All statistical analyses were 
performed using commercially available software (SPSS 17.0, SPSS, Chicago, Illinois).

Results
Patient characteristics
In total, 194 patients were admitted for ICP monitoring comprising 23 patients (12%) 
with an age < 16 years leaving 171 patients for analysis. Demographic and clinical 
characteristics of patients are shown in table 1. Seven patients had a history of 
cardiovascular disease. 

Cardiac characteristics
ECG changes and arrhythmia
ECGs were obtained within 48 hours after admission in 100 patients (59%). No differences 
were present between patients in whom an ECG was obtained compared to those without 
an ECG registration, except for hypomagnesaemia (50 vs. 75% respectively, P = 0.005) 
(table 2). ECG changes were present in 86 of these patients (86%). An increased QT-
interval was observed in 57% of patients. T-wave changes were noted in 53% (n = 46), 
mostly comprising negative T waves (n = 31, 36%). Pathological Q-formation was noted 
in 7% (n = 6) patients (table 3). Arrhythmia was seen in 34 patients (20%), with one in 
three patients showing multiple rhythm abnormalities (table 3). 
Rhythm abnormalities were not significantly related to ECG abnormalities as 27% of 
patients without ECG abnormalities developed arrhythmia vs. 35% with ECG abnormalities 
(χ2 = 0.4, P = 0.37).

ECG changes and arrhythmia related to laboratory values
ECG abnormalities were not related to electrolyte levels (Magnesium, Potassium). 
Potassium levels below 3.6 were present in 16% of patients with arrhythmia compared 
to 25% in those without arrhythmia (χ2 = 1.6, P = 0.45). Hypomagnesaemia was present 
in 63% vs. 45% of patients with or without arrhythmia (χ2 = 3.14, P = 0.06). In total 14% of 
patients showed elevated troponin levels and 11% showed elevated CK-MB-levels during 
ICU stay. These cardiac biomarkers were not significantly related to arrhythmia or ECG 
abnormalities.
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Table 1. Patient characteristics of study population.

No. of patients 171

Age (mean (± SD)) 38 (19)
Cause of injury

Traffic collision
Of which Car (55%)
Bicycle (21%)
Motorcycle (16%)
Pedestrian (8%)

  Fall
  Violence
  Other

65%

31%
1%
3%

GCS (mean (± SD)) 6.2 (1.5)
Bilateral reactive pupils 73%
Marshall score

I
II
III
IV
V

44%
18%
6%
15%
17%

Extracranial injuries 72%
Alcohol involved 9%
Known prior cardiovascular history 4%
Laboratory characteristics Day 1

Troponin I (mean (± SD))
Elevated troponin*)
CK-MB (mean (± SD))
 Hypokalemia*)
Hyperkalemia*)
Magnesium (mean (± SD))

0.6 (1.3)
9.4%
24 (17)
9.1%
7.8%
0.7 (0.1)

Data are number (%) unless otherwise indicated. GCS = Glasgow Coma Scale. CK-MB = Creatine Kinase-
Myocardial Band. *) cut off values are defined in the method section.
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Relation with CT findings 
Patients with arrhythmia showed more contusions and hemorrhage compared to those 
without arrhythmias 97% vs. 81% (χ2 = 5.27, P = 0.013) and 100% vs. 80% (χ2 = 7.96, P = 
0.001) respectively). Characteristics of the CT findings are presented in table 4.
Arrhythmia was also associated with right sided (χ2 = 9.55, P = 0.049) and frontotemporal 
injury (χ2 = 5.19, P = 0.025). In particular the progression of CT abnormalities was 
related to an increased incidence of arrhythmia (χ2 = 4.10, P = 0.038). Arrhythmia was 
present in 34% of patients with CT-progression compared to 10% in patients without CT-
progression. These CT abnormalities comprised the progression of existing abnormalities 
and not the occurrence of new abnormalities on follow up CT. Arrhythmia was present in 
40% of patients if existing abnormalities increased vs. 7.1% if there was no progression 
of existing lesions (χ2 = 8.86, P = 0.003). Baseline CT findings such as the presence of 
shift or cisternal compression did not correlate with ECG abnormalities or arrhythmia. 

Table 2. Patient characteristics with or without ECG.

ECG in archives No ECG in Archives P-value

Age (yrs ± SD) 37 (19) 38 (18) 0.41
Sex (male in %) 79 76 0.42
GCS Mean (± SD) 6.54 (3) 6.59 (3.2) 0.92
Bilateral reactive pupils (%) 84 74 0.43
Extracranial injuries (% 72 73 0.51
ITL Mean (± SD) 5 (2.7) 4.6 (2.2) 0.86
Mortality (%) 36 30 0.27
Increased Troponin (%) 18 7 0.06

Increased CK-MB (%) 10.6 20 0.105
Hypomagnesaemia (%) 50 75 0.005

Hypokalemia (%) 13 21 0.28

Data are presented as numbers (%) unless otherwise indicated. Abbreviations: GCS = Glasgow Coma Scale. 
TIL = Therapy Intensity Level. CK-MB = Creatine Kinase-Myocardial Band. *) cut off values are defined in the 
method section.
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Table 3. ECG abnormalities and arrhythmias in severe TBI.

ECG abnormalities *  n (%)

Increased QT interval 49 (57)
T waves changes 46 (53)

T wave inversion 31 (36)
Non specific T wave changes 15 (17)

ST Elevations 24 (28)
Straight ST segment 18 (21)
Axis change

4 Left, 4 right, & 5 vertical axis
13 (15) 

ST depression 7  (8)
Q development 6  7)
U-wave 2 (2)
1st degree AV block 2 (2)
2nd degree AV block (Wenckebach) 1 (1)
Bundle branch block 6 (7)
RBBB (2) iRBBB (2) LAFB (1) LBBB (1)

Arrhythmias n (%)

Bradycardia 13 (8)
Atrial (non sinus) 8 (5)
Atrial Fibrillation 8 (5)
AV junctional 6 (4)
Ventricular Tachycardia 6 (4)
Atrial Tachycardia 3 (2)
PEA 2 (1)
Ventricular Fibrillation 2 (1)
Atrial Flutter 1 (1)
Asystole 1 (1)

Data are number (%). AV = AtrioVentricular. (i)RBBB = (incomplete) Right Bundle Branch Block. LAFB = Left 
Anterior Fascicular Block. LBBB = Left Bundle Branch Block. VF = Ventricular Fibrillation. VT = Ventricular 
Tachycardia, PEA = Pulseless Ectrical Activity.
*) ECG available in 100 patients for analysis.

Relation with treatment 
Intensive care treatment 
Duration of mechanical ventilation varied from 2 to 50 days with a mean of 17 (± 10) 
days. The most common complication during ICU admission was pulmonary infection, 
occurring in more than half of patients. In total only 18% of patients with arrhythmias 
were treated with anti-arrhythmic agents. In 4 patients cardiopulmonary resuscitation 
was initiated during ICU admission and 2 of these patients did not recover spontaneous 
circulation. Two patients developed arrhythmia with ensuing cardiac shock necessitating 
brief CPR, one of these patients subsequently died. Another patient developed an AV 
junctional dissociation with untreatable cardiac shock during a barbiturate-induced 
coma. 
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ICP Treatment levels and cardiac characteristics
In 34% of patients acceptable ICP values were achieved by treatment with sedatives 
and analgesics, 22% needed additional CSF drainage, and 39% hyperosmolar therapy. 
Refractory ICP elevations were treated with barbiturates in 8 patients (5%) and with 
decompressive craniotomy in 7 patients (4%). Additional cooling was applied in 55 
patients (34%) to normothermia and in 3 patients (2%) to hypothermia. Patients with 
arrhythmias showed more ICP elevations (87%) compared to patients without arrhythmia 
(60%) (χ2 = 7.6, P = 0.004). Arrhythmias were also related to treatment levels (χ2 = 11.8, 
P = 0.008) (figure 1). Cooling was also related to arrhythmia, occurring in all patients 
cooled to hypothermia vs. 24% in cooling to normothermia and 14% in uncooled patients. 
ECG abnormalities were not related to ICP elevations or treatment levels.

Relation with outcome
Overall outcome in patients comprised good recovery (16%), moderate disability (26%), 
severe disability (22%) and vegetative state (5%). In total 51 patients (31%) died during 
admission, mostly (in 92%) the neurological condition was considered to be the primary 
cause of death. Other patients died of MODS in combination with a poor neurological 
prognosis (2) and sepsis (1). Severe cardiac complications were considered as 
determining factor in the death of four patients. Both ECG abnormalities and arrhythmias 
were not significantly associated with mortality. 

 

Table 4. Characteristics of cerebral lesions (n of patients 171).

Localisation n (%) of patients total n (%) arrhythmia
Right hemisphere Frontal

Tempero-parietal
Fronto-temporal
Occipital

54 (32)
34 (20)
20 (12)
8 (5)

9 (17)
7 (21)
7 (35)
4 (50)

Left hemisphere Frontal
Tempero-parietal
Fronto-temporal
Occipital

49 (32)
36 (21)
17 (10)
6 (4)

8 (16)
5 (14)
7 (41)
2 (33)

Brainstem 34 (20%) 7 (21)

N of lesions 0
1
2
3

23 (14)
48 (28)
51 (30)
49 (29)

2 (9)
11 (23)
11 (22)
10 (20

Data are presented as numbers (%) unless otherwise indicated. 
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Figure 1. Percentage of arrhyhtmia (A) and ECG abnormalities (B) in the different Therapy Intensity Level 
groups.

Mortality rate was 37% in patients without ECG abnormalities compared to 28% of 
patients with ECG abnormalities (χ2 = 0.52, P = 0.32). For patients with arrhythmia 
mortality was 38% compared to 31% in patients without arrhythmia (χ2 = 0.67, P = 0.27). 
Outcome as defined by the GOSE was not significantly related to arrhythmia (χ2 = 3.42, 
P = 0.49). 

Discussion
In our cohort of patients with severe TBI ECG changes were seen very often, in 86% of 
patients, and arrhythmias were observed in 1 out of 5 patients. In comparison to the 
existing literature we observed far more ECG abnormalities.1 Already in 1961 Hersch 
et al. observed in 164 patients an elevated ST segment in 14% and inverted T waves in 
10% of cases and a 21% prevalence of U waves. The incidence of ECG abnormalities in 
our cohort is higher and the frequency of U waves is much lower. Several reasons might 
explain these differences. First, our patient population was more severely injured, as only 
12% of patients were comatose in the Hersch study. Second, time between injury and 
admission is short in our study and we correct electrolyte disturbances, which are known 
to be related to the occurrence of U waves, rapidly. This could be an explanation for the 
low frequency of U waves. 

In addition we observed more arrhythmias in our cohort. Hersch et al. described a 4% 
incidence of nodal arrhythmia and 1% incidence of atrioventricular block in patients 
with head trauma. More recently, an incidence of arrhythmia ranging from 6-8% for 
severe trauma patients was observed.23,24 However, these studies comprised mostly 
trauma patients without TBI. The higher incidence of arrhythmias in our cohort might be 
explained by the fact that all patients at the ICU are on continuous rhythm monitoring 
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which is started directly after admission. Furthermore, our hospital is a level I trauma 
center to which all patients with severe TBI are referred.
In patients with cerebrovascular disease more information on ECG abnormalities is 
available.2,3 The incidence of ECG changes and other cardiac sequelae is 20-81% after 
subarachnoid hemorrhage (SAH) 8,9,11,25 and ischemic stroke.10,12,25,26 Mainly T-wave 
changes and QT-interval increase were reported which were also related to arrhythmias. 
In our study of patients with severe TBI, T-wave changes and increased QT-interval 
were also most commonly seen. The T-wave changes consisted of T-wave inversion and 
the arrhythmias mostly concerned atrial rhythms and bradycardia. The ECG changes 
were not found to be related to the arrhythmias in our cohort. Very recently Busl et al. 
described a series of patients with isolated subdural hematoma with a frequency of ECG 
abnormalities similar to our findings.13 They did not comment on incidence of arrhythmias 
or sudden cardiac death. Since they did not present data on injury severity in detail it 
remains unclear whether the cohorts are comparable. Additionally their mean age was 
much higher explaining the large number of patients with a previous cardiovascular 
history.

An important question concerns the clinical significance of the reported ECG changes 
and whether these changes are related to concomitant to severity of TBI or to ischemic 
cardiac disease. Ischemic ECG changes with concomitant elevation of cardiac biomarker 
levels are suggestive of ischemic heart disease. However, increased troponin levels 
without confirmatory ECG changes have been described in cerebral hemorrhage 10 and 
in subarachnoid hemorrhage.8,9 A neurogenic mechanism of myocardial injury has been 
postulated with excessive catecholamine release from the cardiac sympathetic nerves.27-31 
In these studies troponin elevations correlated both with severity of neurologic injury 8 and 
left ventricular dysfunction, pulmonary edema, and hypotension requiring vasopressors.9 
Elevations in troponin also predicted a higher likelihood of in-hospital death or severe 
disability at discharge, although this relationship was no longer significant at 3 months 
follow-up.9 On the other hand, the presence of ECG changes suggesting ischemia without 
increased cardiac biomarkers have also been described leading to erroneous diagnosis 
of ischemic heart disease. In the current study no relation between biomarkers of 
ischemic heart disease (troponin, CPK) and the occurrence of ECG abnormalities was 
found. Since a few patients had a history of cardiovascular disease it is unlikely that all 
ECG abnormalities had a primarily cardiac cause. Furthermore, only 14% of patients 
showed elevated troponin levels and just 11% showed elevated CK-MB-levels during the 
ICU stay. In addition, these cardiac biomarkers were not related to arrhythmia or ECG 
abnormalities. Likewise the observed hypokalemia and hypomagnesaemia were not 
related to incidence of arrhythmia, and therefore the observed arrhythmia cannot be 
contributed to abnormal electrolyte levels.

In cerebrovascular disease arrhythmias and fatal cardiac outcome have been related to 
intracerebral infarct localization, and a role of the insula in the occurrence of arrhythmia 
has been postulated.26,32 We also explored this relationship and found an association 
between the right sided and frontotemporal regions with arrhythmia. This finding is partly 
comparable to studies in ischemic stroke that showed a definite correlation between 
lesions of the insular region and arrhythmia.26,33,34 Oppenheimer 35 demonstrated 
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that stimulation of the left insular cortex caused parasympathetic cardiac responses 
with the right insular cortex showing sympathetic responses. The conclusion was that 
the resulting augmentation of intra cardiac sympathetic nerve activity could provoke 
arrhythmias, even in the absence of symptomatic coronary artery disease. In our cohort 
we found more arrhythmias in patients with contusions of the right hemisphere, although 
not significantly related to the insular region. An explanation for this absent relation of 
arrhythmia with specific regions of the right hemisphere in patients with TBI could be 
that in cerebrovascular disease primarily more circumscribed areas injured by ischemia 
or bleeding are present while in TBI the more global effects of blunt head injury might 
obscure the relationship between the insular region and arrhythmias.

In our cohort of TBI patients, an increase in the frequency of arrhythmia was found related 
to the progression of CT abnormalities, which are regarded to represent global brain injury 
severity. In addition brain injury severity is also reflected by the frequency of increased ICP, 
which were also found to be related to a higher incidence of arrhythmia in our study. We 
also examined the relation of arrhythmia with the treatment of these ICP-elevations. The 
Treatment Intensity Level (TIL) comprises the step-wise treatment of ICP and is therefore 
indirectly related to severity of brain injury. In the current study, increasing TIL was related 
to an increased incidence of arrhythmias but not the occurrence of ECG abnormalities. 
It is suggested that these arrhythmias occurring with intensified ICP treatment might 
represent severity of injury instead of specific cardiac complications. This is supported by 
the fact that there was no correlation between increasing TIL levels and increased levels 
of cardiac enzymes. Furthermore, a relation between the incidence of arrhythmia and the 
cooling of patients to hypothermia was found in accordance with other studies.36 Also a 
trend towards more arrhythmia in the group cooled to normothermia was seen. Other 
factors for increasing severity such as the GOSE did not show a relation with arrhythmia. 
This might be explained by the fact that CT-progression reflects secondary complications 
whereas the GOSE on admission reflects in particular primary brain injury at the moment 
of impact.

The relationship between the occurrence of arrhythmia and ECG abnormalities with 
outcome was also explored. We did not find any significant differences in mortality of 
patients with ECG abnormalities or arrhythmias compared to those without these cardiac 
abnormalities. Only 18% of the arrhythmias were treated with anti-arrhythmic agents. This 
is most likely due to the time limiting nature of some of these arrhythmias not leading 
to an instable hemodynamic situation. In our study only four patients received CPR; all 
but one of these patients had arrhythmia before CPR was necessary. The estimated 
incidence of sudden in-hospital-cardiac arrest of was 1%. Since additional factors were 
present in at least two patients, the estimated contribution of cardiac death to fatal 
outcome of traumatic brain injury in our study was 7%, a small but not insignificant 
number. Therefore, it is suggested that while cardiac complications of TBI are present 
they do not constitute a major contributing factor to mortality.
Several limitations have to be mentioned. First, our study has a retrospective design. 
Therefore, the ECGs were not available for all patients, since they were not entered in 
a database but came available from medical records. Since no differences regarding 
patient characteristics were present between the populations of which the ECGs were 
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analyzed, except for hypomagnesaemia, we feel it can be stated that ECG abnormalities 
occur often in patients with severe TBI. Moreover, the percentage of ECG changes and 
arrhythmias observed would only increase if on the missing recordings abnormalities 
were present. Another limitation is that in the group of patients included in the earlier 
years cardiac markers were not assessed routinely. Finally, despite the long period of 
inclusion and being a referral center, the number of patients is still modest to draw firm 
conclusions. To our knowledge few studies are available to compare our results with. 
Others could enhance the data by publishing their observations and together this would 
increase the knowledge on ECG changes, rhythm disturbances in relation to outcome 
in severe TBI patients. Other objectives of future studies could be to elucidate whether 
ECG changes and arrhythmias are signs of cardiac dysfunction as determined by cardiac 
imaging.

Conclusion 
In patients with severe TBI ECG abnormalities are very common, especially T-wave changes 
and increased QT-interval. Arrhythmias occur less frequently although still present in 
one in five patients. Arrhythmias are related to severity of injury. The contribution of 
sudden cardiac death to mortality was negligible. It appears that cardiac sequelae occur 
relatively frequently in patients with severe TBI although they are not a major contributing 
factor to mortality and outcome. 
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