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Abstract: Background: Traumatic brain injury (TBI) induces systemic responses, including neurogenic cardiac injury
via the brain-heart axis, manifesting as electrocardiographic (ECG) abnormalities that may predict outcomes. Objec-
tive: This systematic review aimed to evaluate the diagnostic and prognostic utility of ECG monitoring in patients
with TBI, identify knowledge gaps, and guide future research. Methods: Following PRISMA guidelines, we searched
PubMed and Google Scholar (January 2020 - March 2025) for studies on adult patients with TBI (> 16 years) who
underwent acute ECG assessment (< 72 hours post-injury). The inclusion criteria focused on observational/cohort
studies that reported ECG changes, severity correlations, and outcomes. The exclusion criteria were pediatric cases,
pre-existing cardiac conditions, and non-English articles. Data were extracted from the eligible studies. Results:
Six studies (1,642 patients) revealed ECG abnormalities in 10-88% of cases, increasing with TBI severity (e.g.,
prolonged QTc in 3% of mild cases vs. 15% of severe cases). Common changes included repolarization issues (QTc
prolongation and ST-segment/T-wave alterations), arrhythmias, and conduction disturbances. Abnormalities often
resolved within days, improved post-neurosurgery (e.g., reduced QTc), and predicted mortality (e.g., QTc prolonga-
tion/ST depression as independent factors) and cardiac dysfunction. Conclusion: ECG changes are prevalentin TBI,
correlate with severity, and have prognostic value for risk stratification. Routine monitoring is recommended, and
larger, standardized studies are needed to optimize management.
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Introduction Inflammatory cascades, neurohormonal activa-
tion, and autonomic neural pathways mediate
this relationship [5]. TBI triggers a robust neuro-
inflammatory response, resulting in the release
of cytokines, adhesion molecules, and multi-
functional peptides into systemic circulation.
Although this response is initially protective

in preserving cerebral perfusion, it can subse-

Traumatic brain injury (TBI) is a major cause
of mortality and disability worldwide. The esti-
mated worldwide incidence of TBI is 69 million;
however, this figure likely underrepresents the
actual prevalence due to under-reporting [1, 2].
In addition to primary neurological damage, TBI

induces complex systemic responses that sig-
nificantly affect multiple organ systems, partic-
ularly the cardiovascular system [3].

The brain-heart connection, initially described
by Bramwell in 1934, encompasses complex
neurohormonal and inflammatory cascades
that occur following acute brain injury [4]. The
bidirectional physiological and pathological re-
lationship between the central nervous system
and the cardiovascular system is known as
the brain-heart connection, or brain-heart axis.

quently lead to cardiac neurogenic injury and
systemic organ dysfunction [6, 71].

Electrocardiographic (ECG) changes following
TBI have emerged as markers of neurogenic
cardiac injury and potential predictors of patient
outcomes. The reported incidence varies widely
across studies, reflecting differences in study
populations, injury severity, and diagnostic cri-
teria [8, 9]. These abnormalities include rhythm
disturbances (atrial fibrillation, sinus tachycar-
dia), conduction abnormalities (bundle branch
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Figure 1. PRISMA flow diagram for enrollment of studies.

blocks, AV blocks), repolarization changes (ST-
segment alterations, T-wave abnormalities, QT
prolongation), and morphological changes (Q
and U waves) [10].

The pathophysiology involves dysregulation of
the autonomic nervous system, characterized
by excessive sympathetic stimulation that re-
sults in a catecholamine surge and neurogenic
stunned myocardium. This reversible cardiac
injury is evident through abnormal ECG chang-
es, arrhythmias, left ventricular dysfunction,
and elevated cardiac biomarkers. The severity
of TBI often correlates with the extent of brain
damage, with more severe TBI linked to more
pronounce cardiac abnormalities [11-13].

Recent studies have highlighted the prognos-
tic significance of specific ECG parameters.
Corrected QT interval (QTc) prolongation repre-
sents neurogenic cardiovascular dysfunction,
whereas ST-segment depression is strongly as-
sociated with early mortality [8, 9, 14]. These
findings suggest that ECG monitoring may serve
as a valuable, noninvasive tool for risk stratifi-
cation in TBI management.

The perioperative period is a critical window for
cardiovascular monitoring in patients with TBI
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of ECG changes in TBI, knowl-
edge gaps remain regarding
(@=2) their relationship with long-

term outcomes, optimal moni-
toring protocols, and therape-
utic implications. The integra-
tion of ECG parameters with
existing prognostic tools re-
quires further investigation.

Given the high prevalence of
ECG abnormalities in TBI and
their potential association with
both cardiac and neurological
outcomes, a systematic review of recent litera-
ture is warranted. Therefore, this systematic
review aimed to clarify the diagnostic and prog-
nostic utility of ECG monitoring in this popula-
tion, identify gaps in knowledge, and inform
future research directions to optimize the man-
agement and outcomes of patients with TBI.

Material and methods
Search strategy

For this systematic review, we conducted a
comprehensive search to identify relevant stu-
dies examining the ECG changes in patients
with TBI. The research was performed in com-
pliance with the PRISMA criteria, Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses, and the Flow Diagram is shown
in Figure 1. The research was conducted in the
PubMed and Google Scholar databases from
January 2020 to March 2025. It used the
Advanced Search Builder, and the keywords
were searched in [Title OR Abstract]. We have
filtered only research articles published in
English language and using the terms ‘(Brain
injuries, Traumatic [Mesh] OR Traumatic brain
injury [Text word] OR Traumatic head injury
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[Text word] AND (Electrocardiography [Mesh])
OR Cardiography [Text word] OR Electrocar-
diogram [Text word] OR Electrocardiograph
[Text word]).

Inclusion and exclusion criteria

Studies were eligible for inclusion if they
involved adult patients aged > 16 years with
traumatic brain injury of any severity who
underwent electrocardiographic evaluation wi-
thin the acute phase of injury, defined as with-
in 72 h posttrauma. Included studies were
required to be prospective observational stud-
ies, retrospective cohort studies, or case-con-
trol studies that provided extractable data on
ECG parameters and their association with TBI
severity, clinical outcomes, or mortality. Stu-
dies comparing ECG findings between different
TBI severities, examining pre- and postsurgi-
cal intervention changes, or contrasting TBI
patients with control groups were included.
The primary outcomes of interest included the
prevalence of ECG abnormalities and their
association with TBI severity and mortality,
while the secondary outcomes encompassed
specific ECG parameters, such as QTc prolon-
gation, ST-segment changes, cardiac arrhyth-
mias, and repolarization abnormalities.

Studies were excluded if they included patients
with pre-existing cardiovascular disease, those
taking cardiac medications before injury, or
patients with significant chest trauma that
could potentially confound cardiac findings.
Pediatric studies focusing solely on patients
aged < 16 years were excluded, as were case
reports, case series, review articles, editorials,
and conference abstracts. Studies that did not
provide sufficient extractable data on electro-
cardiographic parameters or failed to meet
the temporal criteria for ECG assessment were
excluded. Additionally, studies not published
in English were excluded to ensure consistent
data interpretation and reduce potential trans-
lation bias that could affect the quality of the
data extraction and analysis.

Data extraction and research indicators
Titles and abstracts were reviewed by A.M.
After implementing inclusion and exclusion cri-

teria, data from studies were extracted based
on the requirements of the survey.
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After scanning the references in previously
published review articles, any relevant studies
were included. We obtained six eligible pub-
lished research articles in their final version.
For some of them, we chose to include only the
main findings that fit the purpose of this review.

Extracted information included general study
characteristics such as the first author, year of
publication, study design, and total sample
size. Patient populations consisted of adult
individuals with TBI who underwent ECG as-
sessment within 72 hours of injury, as defined
by the study inclusion criteria.

The primary research indicators focused on
electrocardiographic abnormalities and their
relationship to TBI severity and clinical out-
comes. Data were extracted on the presence
and prevalence of ECG abnormalities and on
the specific types of changes reported in the
included studies. These included repolarization
abnormalities such as QTc prolongation and
ST-segment or T-wave alterations, rhythm dis-
turbances including atrial fibrillation and sin-
us tachycardia, and conduction disturbances.
Where reported, quantitative information such
as the proportion of patients with QTc prolon-
gation in different TBI severity categories was
also recorded to assess the relationship bet-
ween ECG abnormalities and injury severity.

In addition, outcome-related indicators were
extracted to evaluate the clinical significance
of ECG changes in patients with TBIl. These
included reported associations between ECG
abnormalities and mortality, the occurrence of
cardiac dysfunction, and the temporal evolu-
tion of ECG changes during the acute phase
after injury. Information describing the resolu-
tion of ECG abnormalities over time or impro-
vement following neurosurgical intervention
was also recorded when available. These indi-
cators were subsequently synthesized to eva-
luate the frequency, patterns, and prognostic
relevance of ECG changes in traumatic brain
injury.

Results
Search and selection process
A comprehensive literature search conducted

until March 2025 identified 104 articles. Af-
ter duplicates removed and title and abstract
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screening, 64 articles were excluded, and 9
underwent full-text review, with 3 further ex-
cluded. Ultimately, six studies met the inclu-
sion criteria and were included in the final
analysis.

Characteristics of included studies

The five included studies collectively analyzed
1,642 patients with TBI, encompassing a spec-
trum of severities from mild to severe. The
study designs varied, including retrospective
analyses, prospective cohort studies, and inter-
ventional studies, providing a robust founda-
tion for evaluating ECG changes in this popula-
tion (Table 1).

Prevalence and types of ECG abnormalities

The prevalence of ECG abnormalities in pa-
tients with TBI varies widely, reflecting the dif-
ferences in injury severity and study design.
Verma et al. [17] reported abnormalities in
only 10% of cases, with 90% of patients main-
taining normal electrocardiograms. In contrast,
Lenstra et al. [9] observed abnormalities in
88% of patients with severe TBI, including ven-
tricular repolarization disorders (57%, predo-
minantly ST-segment alterations), conduction
abnormalities (45%, chiefly QTc prolongation),
and arrhythmias (38%, primarily supraventri-
cular).

Ediga et al. [8] conducted a prospective ob-
servational study of 100 patients with isolated
TBI and found ECG abnormalities distributed
across all severity levels. They observed pro-
longed QTc intervals in 3% of mild, 10% of mod-
erate, and 15% of severe cases. ST-segment
elevation was noted in 7% of mild, 3% of mo-
derate, and 14% of severe cases, while ST-
segment depression occurred in 5% of mild,
9% of moderate, and 16% of severe cases.
T-wave inversions were present in 22% of mild,
11% of moderate, and 12% of severe cases.
Prolonged PR intervals were observed in 8%
of mild, 11% of moderate, and 16% of severe
cases, while prolonged QRS patterns were
found in 5% of mild, 7% of moderate, and 15%
of severe cases.

Srinivasaiah et al. [18] found ECG abnormali-
ties in a substantial proportion of TBI patients
undergoing surgical decompression within 48
hours, with prolonged QTc interval observed in
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42% and morphologic end-repolarization ab-
normalities (MERA) in 47% of patients preoper-
atively. Lee et al. [14] identified QT prolonga-
tion and ST-segment depression as common
findings, whereas Hamila et al. [19] noted sinus
tachycardia (38% at admission), bradycardia
(18%), shortened PR intervals (26%), inverted
T waves (16%), and ST elevation (5%). Praveen
et al. [20] (n=60, 73% moderate TBI) report-
ed preoperative ECG abnormalities in 48.33%
of patients who underwent decompressive
craniectomy.

Association with TBI severity

A consistent association was observed be-
tween TBI severity and the prevalence of ECG
abnormalities. Studies focusing on severe TBI,
such as those by Lee et al. [14] and Lenstra
et al. [9], reported higher rates (up to 88%),
whereas Verma et al. [17] found a lower preva-
lence (10%) in a cohort with predominantly
mild TBI (67% mild, 15% moderate, and 18%
severe).

Ediga et al. [8] demonstrated a clear severity-
dependent pattern, with repolarization abnor-
malities being more prevalent in severe cases:
prolonged QTc (15% vs. 3% in mild cases),
ST-segment elevation (14% vs. 7% in mild
cases), and ST-segment depression (16% vs.
5% in mild cases). Their study population con-
sisted of 55% mild, 21% moderate, and 24%
severe TBI cases, with a mean heart rate of
89.55 + 12.7 bpm.

Srinivasaiah et al. [18] demonstrated that a
poor GCS motor score was an independent
predictor of left ventricular dysfunction (OR
0.406, 95% CI 0.213-0.775), reinforcing the
relationship between neurological severity and
cardiac abnormalities. Lenstra et al. [9] identi-
fied significant associations between arrhyth-
mias and higher grades of diffuse brain injury
(P=0.042) and hyperosmolar therapy use (65%,
P=0.022). Hamila et al. [19] further linked
ECG changes to specific cerebral pathologies,
including brain edema (P=0.043), intracereb-
ral hemorrhage (P=0.033), and subarachnoid
hemorrhage (P=0.015).

Temporal dynamics of ECG changes

Hamila et al. [19] characterized the temporal
evolution of ECG abnormalities over 72 hours.
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Table 1. Summarized evidence from recent studies that evaluate the electrocardiogram abnormalities in patients with traumatic brain injury

Study Year Study Design :iazr:ple %Z?li;ge’ TBI severity (%) ECmGe points for Type of ECG changes Conclusion

Verma etal. 2024 Retrospective 100 36.69 Mild: 67% On admission -Conduction abnormalities: Right bundle branch ~ The study found a significant correlation
observational  patients Moderate: 15% block, AV block among the severity of head injury, ECG results,
study Severe: 18% -QRS, ST complex abnormalities: Mostly nonspe-  and overall outcome.

cific ST changes, old myocardial infarction, acute
myocardial infarction

-Rhythm abnormalities: Sinus tachycardia

-QTc interval abnormalities: Prolonged QTc.

Srinivasaiah 2024 Prospective 110 43.5 Mild: 24.5% On admission and -Repolarization abnormalities, prolonged PR Preoperative poor LVEF (< 50%) and/or

etal. observational  patients Moderate: 41.6%  within 48 hours interval, QRS prolongation, QTc prolongation, ST-  regional wall motion abnormality were associ-
study Severe: 33.6% after surgical segment depression, ST-segment elevation, and  ated with lower GCS at discharge.

intervention T wave changes.

Edigaetal. 2024 Prospective 100 43.88 + 15.96 Mild: 55% On admission -Prolonged PR interval, QRS prolongation, ECG may serve as an inexpensive screening
observational  patients Moderate: 21% QTc prolongation, ST-segment depression, ST- tool for cardiac dysfunction in isolated TBI
study Severe: 24% segment elevation, and T wave changes. patients.

Hamila 2022 Prospective 50 37.8 £ 14.85 Moderate: 46% On admission, -Sinus bradycardia, sinus tachycardia, short PR Significant associations were found between

etal. observational  patients Severe: 50% 24 and 72 hours interval, ST segment elevation, inverted T wave. ECG changes and brain edema, intracerebral
study after admission -Serial ECGs showed significant changes in heart hemorrhage, and subarachnoid hemorrhage.

rate and short PR interval over time.

Lee et al. 2022 Retrospective 1024 63.1 Moderate to On admission -PR prolongation, QRS complex widening, QTP, The study assessed the association between
observational  patients severe TBI ST-segment elevation, ST-segment depression. ECG findings and early mortality, finding that
study QTP and ST-segment depression were inde-

pendently associated with 48-hour mortality.

Praveen 2021 Prospective 60 39+13 Mild: 20% On admission -Repolarization abnormalities, QTc prolongation.  Cardiac issues are common after TBI, with

etal. observational  patients Moderate: 73.33% and within 24-48 even those suffering from mild TBI showing
study Severe: 6.66% hours after surgi- preoperative systolic dysfunction on echocar-

cal intervention diography.

Lenstra 2021 Retrospective 198 40 + 19 Exclusively severe  Within 24 hours -Ventricular repolarization disorders: Mostly ST- In conclusion, a significant prevalence of ECG

etal. observational  patients TBI (median after ICU admis- segment abnormalities and T-wave changes abnormalities was identified in patients with
study GCS=3) sion -Conduction disorders: Mostly QTc prolongation severe TBI during the acute phase after injury.

-Arrhythmias: sinus tachycardia and sinus bra-
dycardia, atrial or AV junctional dysfunction, and
ventricular arrhythmias.

However, no correlation was found between
ECG abnormalities and the location of brain
lesions or the presence of thoracic injuries.

AV: Atrioventricular, ECG:
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Electrocardiogram, GCS: Glasgow coma scale, ICU: Intensive care unit, LVEF: Left ventricular ejection fraction, SD: Standard deviation, TBI: Traumatic brain injury.
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At admission, sinus tachycardia affected 38%
of the patients, bradycardia 18%, shortened
PR intervals 26%, inverted T waves 16%, and
ST elevation 5%. By 24 hours, tachycardia
decreased to 22%, bradycardia to 5%, PR inter-
val abnormalities to 14%, and T-wave inver-
sions resolved completely. By 72 hours, further
reductions were observed: tachycardia to 8%,
bradycardia to 5%, and shortened PR intervals
to 4%.

Ediga et al. [8] provided insights into the natu-
ral history of ECG changes, noting that most
abnormalities develop within days post-injury
and typically resolve, though some can persist
up to eight weeks. They observed that among
mild TBI cases, 53% showed normal heart rates
(60-100/min), while only 2% exhibited tachy-
cardia (> 100/min). Their findings support the
concept that ECG abnormalities are largely
transient and improve following resolution of
the inciting cerebral events.

Srinivasaiah et al. [18] provided additional in-
sights into postsurgical changes, demonstrat-
ing that following surgical decompression, the
QTc interval decreased significantly (P=0.01)
from a median of 439.5 ms preoperatively to
428.5 ms postoperatively, while MERA abnor-
malities decreased from 47% to 29% (P=
0.002). Interestingly, the heart rate increased
significantly postoperatively (P < 0.01), with
new-onset tachycardia observed in 20% of
patients (P=0.009). These findings suggest
both the natural resolution of many ECG abnor-
malities over time and the specific effects of
surgical intervention on cardiac parameters.

Prognostic value of ECG abnormalities

ECG abnormalities have varying prognostic sig-
nificance. Lee et al. [14] identified QT prolon-
gation (odds ratio [OR] 2.017, 95% confidence
interval [Cl] 1.203-3.382) and ST-segment de-
pression (OR 8.428, 95% Cl 5.019-14.152)
as independent predictors of 48-hour mortali-
ty, observed in 8.7% of cases (n=89). The com-
bined predictive accuracy of these abnormali-
ties yielded an area under the curve (AUC) of
0.786 (95% Cl 0.759-0.811), comparable to
the Revised Trauma Score (RTS) (AUC=0.790,
95% CI 0.764-0.815) and outperforming the
Injury Severity Score (ISS).

Ediga et al. [8] emphasized that prolonged QTc
intervals after brain injury are associated with

86

sudden cardiac death and correlate with
worse neurological outcomes. They found that
improvement in QTc interval favors a good
prognosis, while persistent, prolonged QTc is a
harbinger of ominous outcomes. Their study
noted elevated intracranial pressure was link-
ed to prolonged QTc intervals, and emergency
decompressive craniectomy reduced QTc in 13
patients, with this effect being more remark-
able in survivors.

Srinivasaiah et al. [18] identified a prolonged
QTc interval as an independent predictor of
left ventricular dysfunction (OR 1.016, 95% CI
1.004-1.030), and patients with preoperative
left ventricular dysfunction had significantly
lower GCS motor scores at discharge and pro-
longed hospital stays, although no association
with in-hospital mortality was observed. Con-
versely, Verma et al. [17] found that QTc pro-
longation did not independently predict prog-
nosis in milder TBI cases. Lenstra et al. [9]
reported that arrhythmias were not indepen-
dent predictors of in-hospital mortality (P=
0.097), with hypotension (P=0.029) and dif-
fuse brain injury (P=0.017) driving a 30% mor-
tality rate.

Impact of neurosurgical intervention

Praveen et al. [20] explored the impact of
decompressive craniectomy on ECG abnor-
malities. Preoperative abnormalities, present
in 48.33% of patients, decreased to 13.33%
within 24-48 hours postoperatively. Concu-
rrent echocardiographic assessments reveal-
ed preoperative systolic dysfunction in 13.33%
of cases, with all affected patients showing
significant improvement following surgical de-
compression.

Ediga et al. [8] corroborated these findings,
reporting that more than half of their TBI cohort
underwent surgery, with cardiac abnormalities
recorded intraoperatively including ST-segment
depression, T-wave inversion, and improved
QTc intervals. They identified surgical decom-
pression as the most important factor in im-
proving cardiac function, with decompressive
craniectomy effectively reducing QTc intervals
in patients with elevated intracranial pressure.
However, they noted that patients who did not
survive showed significantly longer QTc inter-
vals even after decompressive craniectomy,
suggesting that intracranial hypertension may
be an additional risk factor for prolonged QTc.
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Srinivasaiah et al. [18] provided complementa-
ry evidence with their comprehensive evalua-
tion of both ECG and echocardiographic pa-
rameters before and after the surgical decom-
pression. They observed that left ventricular
ejection fraction < 50% decreased from 9.8%
preoperatively to 2% postoperatively, whereas
regional wall motion abnormalities decreased
from 10.8% to 4.9%. The mean ejection frac-
tion improved significantly from 62.96 + 8.55%
to 65.58 + 7.17% (P=0.006) following surgery.
These findings collectively suggest that neuro-
surgical intervention may mitigate both electri-
cal and mechanical cardiac dysfunction, sup-
porting the hypothesis that surgical decom-
pression and reduction of intracranial pressure
can reverse neurogenic cardiac injury.

Discussion

The systematic review conducted henceforth
carries the premise that ECG abnormalities in
patients with TBI are common, with an occur-
rence range of 10-88%, depending on the
study, and are strongly correlated with injury
severity. Beyond the recorded incidence, these
changes are often neurogenic cardiac injuries
caused by mechanisms such as catechola-
mine surges, autonomic dysregulation, and ra-
ised intracranial pressure. In this context, our
findings support the concept of a “brain-heart
axis”, in which the intensity of the cerebral
insult is translated into transient but clinically
relevant myocardial dysfunction rather than in-
cidental ECG noise. Understanding these ECG
changes could help in the management of
patient care, as they can be used as noninva-
sive markers in the identification of individuals
at high risk of contracting cardiac complica-
tions and timely intervention to optimize pa-
tient outcomes in neurology and cardiovascu-
lar fields. Hence, performing physician ECGs
would significantly stratify risk, adapt multidis-
ciplinary care plans, and introduce alerting
mechanisms for the evolution of brain-heart
interaction in this vulnerable population. Taken
together, these observations suggest that ECG
abnormalities should be regarded as integral
features of TBI pathophysiology rather than
incidental bystanders, and they may represent
a potentially modifiable component of second-
ary injury if identified and managed early.

The prevalence of ECG abnormalities in pa-
tients with TBI differs widely depending on the
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study, ranging from 10% in Verma et al.’s popu-
lation [17] of mostly mild TBI to 88% in Lenstra
et al.’s group [9] of severe TBI with a median
GCS score of 3. Other studies found middle val-
ues, such as 48.33% of Praveen et al.’s preop-
erative assessment patients [20] (mostly mod-
erate TBI) and varying incidences reported by
Hamila et al. [19] (38% sinus tachycardia at
admission). Taken together, this gradient sug-
gests that the burden of ECG abnormalities
tracks not only with the binary presence of TBI
but with its severity and the acuity of the in-
tracranial process. The prospective study by
Srinivasaiah et al. [18] adds to this variability,
reporting QTc prolongation in 42% of patients
undergoing surgery within 48 hours of injury,
which falls within the moderate range of re-
ported abnormalities. Similarly, Ediga et al. [8],
in a prospective observational analysis of 100
patients with isolated TBI, observed ECG ab-
normalities in 53% of mild cases (predomi-
nantly normal heart rates of 60-100/min), es-
calating to higher rates in moderate and severe
cases, including prolonged PR intervals (up to
16%), QRS durations (up to 15%), and QTc
intervals (up to 15%). This demonstrates how
the study design, severity of injury, and timing
of assessment might affect the incidence, with
higher incidence rates generally observed in
the acute phase and severe cases. In clinical
terms, this implies that a normal ECG in mild
TBI should not be interpreted in the same man-
ner as in severe TBIl, and risk stratification
should explicitly incorporate the severity of
injury. Conversely, the presence of new or
evolving abnormalities in milder TBI may indi-
cate a level of systemic stress that is not wi-
dely recognized.

These abnormalities can be classified into
three major groups: repolarization abnormali-
ties, rhythm disturbances, and conduction ab-
normalities. Repolarization abnormalities have
been reported rather commonly, including QTc
prolongation, ST-segment changes, and T-wave
abnormalities [9, 14, 17-20]. Among these,
QTc prolongation and ST-segment depression
appear particularly important because they
have repeatedly been linked to worse short-
term outcomes, including early mortality, in
larger cohorts. Srinivasaiah et al. [18] specifi-
cally identified MERA in 47% of their patients,
including biphasic T-waves (24%) and two-
peaked T-waves (7%), providing detailed char-
acterization of these repolarization changes.
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Ediga et al. [8] further corroborated this, noting
repolarization issues such as ST-segment ele-
vation/depression, T-wave inversions, and QTc
prolongation in 3-15% of cases, with frequ-
encies increasing alongside TBI severity; they
emphasized that these repolarization changes,
rather than ischemic-like patterns, were most
closely linked to true cardiac dysfunction on
echocardiography. This pattern supports the
interpretation that many of the observed ECG
changes reflect diffuse neurogenic myocardial
injury rather than primary coronary occlusion,
which has practical implications for deciding
when to pursue invasive cardiac investigations
versus conservative monitoring [21]. Our syn-
thesis also suggests that repolarization chan-
ges convey more specific information about
neurogenic myocardial injury than rhythm or
conduction disturbances, which are more likely
to be influenced by external factors such as
drugs, electrolytes, or ventilatory status.

Rhythm disturbances ranged from bradyar-
rhythmias to tachyarrhythmias and premature
complexes (the latter infrequently reported,
though implied in the series of arrhythmias) [9,
19]. Conduction disturbances refer to situa-
tions including changes in the PR interval or
QRS widening [9, 19], as seen in Ediga et al.
[8] where prolonged PR intervals (8-16%) and
QRS patterns (5-15%) were documented, again
varying by injury severity. Although these ab-
normalities are generally less specific than re-
polarization changes, their presence may still
indicate heightened autonomic instability and
should prompt closer hemodynamic monitor-
ing, especially in the perioperative period. This
grouping depicts the multiphase behavior of
ECG changes described as mostly resolving
over time in Hamila et al.’s 72-hour serial mo-
nitoring [19]: a fall in tachycardia from 38% to
8%, bradycardia from 18% to 5%, and PR ab-
normalities from 26% to 4%, which is a hall-
mark of a transient neurogenic rather than a
permanent insult. Such reversibility suggests
that timely control of intracranial pressure and
sympathetic overactivity might mitigate or even
prevent sustained cardiac sequelae in a subset
of patients [14, 22]. From a pragmatic stand-
point, this means that in TBI care pathways,
priority should be given to systematic evalua-
tion of QTc and ST-T morphology, while rhythm
and conduction changes should trigger target-
ed evaluation for potentially reversible syste-
mic contributors.
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A uniform correlation was observed between
the severity of TBI and the degree of ECG ab-
normalities, with greater changes in more se-
vere cases. Research such as Lenstra et al. [9]
and Lee et al. [14], involving severe TBI, cited
higher prevalence rates (up to 88%) than Ver-
ma et al.s milder population (67% mild TBI,
with only 10% abnormalities) [17]. Lenstra et
al. [9] directly correlated arrhythmias with
increased grades of diffuse brain injury and
hyperosmolar therapy administration (65%),
whereas Hamila et al. [19] correlated ECG
changes with particular pathologies, such as
brain edema, intracerebral hemorrhage, and
subarachnoid hemorrhage. Srinivasaiah et al.
[18] further strengthened this relationship by
demonstrating that lower GCS motor scores
independently predicted left ventricular dys-
function, with patients having severe TBI (GCS
3-8) showing 61.5% prevalence of cardiac dys-
function compared to 0% in mild TBI. This stu-
dy also identified a prolonged QTc interval as
another independent predictor of cardiac dys-
function, establishing a direct mechanistic link
between specific ECG abnormalities and func-
tional cardiac impairment. Ediga et al. [8] pro-
vided additional evidence, reporting a gradient
of abnormalities - prolonged QTc in 3% of mild,
10% of moderate, and 15% of severe cases -
directly associating repolarization changes with
injury severity and echocardiographic evidence
of cardiac dysfunction, such as RWMA in 23%
and diastolic dysfunction in 45% of cases. This
study also identified specific patterns like left
ventricular hypertrophy and valvular involve-
ment (e.g., mitral in 25% of mild cases, aortic
in 9% of severe cases), reinforcing the link
between severe TBI and multifaceted cardiac
impairment. Interestingly, Lenstra et al. [9] did
not find any correlation with lesion location,
highlighting that the extent of injury could out-
weigh anatomical specificity. That being said,
the relationship is not absolute; even mild TBI
can have cardiac dysfunction, as witnessed in
the findings of Verma et al. [17] where QTc pro-
longation was noted in some milder instances,
albeit without significant prognostic correla-
tions and in Ediga et al. [8] where mild cases
showed preserved ejection fractions (55-70%
in 54%) but subtle repolarization issues. This
indicates that ECG changes can potentially
occur along the spectrum of severity, possibly
due to subtle autonomic disruption, although
correlations with lower GCS scores (denoting
severe injury) are stronger. From a clinical per-
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spective, this endorses a stratified methodolo-
gy wherein ECG abnormalities in severe TBI are
regarded as high-risk indicators, while abnor-
malities in moderate TBI necessitate focused
yet more cautious assessment. These con-
verging lines of evidence underscore a signifi-
cant conceptual transformation: rather than
perceiving cardiac dysfunction as an isolated
comorbidity in TBI, it may be more beneficial to
regard it as an additional organ-level manifes-
tation of overall injury severity, akin to pulmo-
nary or renal involvement in multiorgan failure.

Surgical procedures also modulate this rela-
tionship, with Praveen et al. [20] showing a
decrease in ECG abnormalities from 48.33%
preoperatively to 13.33% postoperatively fol-
lowing decompressive craniectomy in moder-
ate-to-severe TBI (median GCS=11), in concert
with improvements in echocardiographic sys-
tolic dysfunction. Srinivasaiah et al. [18] pro-
vided more granular evidence of surgical ef-
fects, demonstrating that QTc prolongation sig-
nificantly decreased from 42% preoperatively
to 33% postoperatively, and MERA abnormali-
ties decreased from 47% to 29%. Paradoxi-
cally, they also observed an increase in sinus
tachycardia from 15% to 29% postoperatively,
which they attributed to the unmasking of cat-
echolamine surge effects following the intra-
cranial pressure reduction. This nuanced find-
ing suggests that while some ECG abnormali-
ties improve with surgical decompression, oth-
ers may temporarily worsen as the physiologi-
cal response to brain injury becomes more
apparent. Hamila et al. [19] also observed sur-
gical effects on heart rate and PR interval,
supporting the contribution of intracranial pre-
ssure reduction in decreasing severity-related
cardiac impacts. Ediga et al. [8] aligns with
these observations by noting that repolariza-
tion abnormalities, prevalent in non-operated
isolated TBI cases, warrant surgical consider-
ation for risk mitigation, though their study fo-
cused on non-surgical patients and highlighted
ECG’s role in early screening. Clinically, these
findings suggest the inclusion of ECG trends in
perioperative decision-making. If repolarization
abnormalities persist or worsen despite ade-
quate decompression, it could indicate a par-
ticular group with a high risk, which could ben-
efit from increased cardiology involvement and
extended intensive monitoring.
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The integration of ECG findings with echocar-
diographic assessment provides a more com-
prehensive evaluation of neurogenic cardiac
injuries. Srinivasaiah et al. [18] uniquely com-
bined both modalities and revealed that 10%
of patients had reduced left ventricular ejec-
tion fraction (< 50%) and 10.8% had RWMA
preoperatively, with both parameters improving
following surgical decompression. This study
demonstrated that patients with preoperative
cardiac dysfunction had significantly lower GCS
scores at discharge (median, 9 vs. 12) and lon-
ger hospital stays (median, 5 vs. 2 days), estab-
lishing cardiac dysfunction as a marker of over-
all injury severity and recovery potential. Ediga
et al. [8] extended this integration, reporting
normal ejection fractions (55-70%) in most
cases but identifying RWMA in 23%, diastolic
dysfunction in 45%, and valvular dysfunction
in 39%, with repolarization ECG changes (e.g.,
prolonged QTc) strongly associated with these
echo findings. The combined ECG-echocar-
diographic approach in Ediga et al. [8] and
Srinivasaiah et al. [18] showed that prolonged
QTc intervals and reduced GCS motor scores
could predict functional cardiac impairment
with high accuracy (up to 89.5%), providing a
practical screening tool for identifying high-risk
patients, particularly those with isolated TBI
or subarachnoid hemorrhage. In practice, this
indicates that the systematic integration of
ECG and targeted echocardiography during the
initial phase of TBI may facilitate the triage of
patients into various monitoring and treatment
protocols (e.g., intensive telemetry versus nor-
mal ward care). This combined ECG-echocar-
diography technique, in our opinion, is especial-
ly appealing in poor and middle-income coun-
tries where advanced neuromonitoring may be
unavailable but basic ultrasound and ECG are
available.

While ECG parameters are promising for evalu-
ating the possibilities of death and morbidity in
patients with TBI, there remains inconsistency.
In a large retrospective study conducted by Lee
et al. [14], QTc prolongation and ST-segment
depression were said to independently predict
death within 48 hours (observed in 8.7% of
cases), with a combined AUC of 0.786, which is
similar to the RTS (AUC=0.790) and superior to
the ISS. Hence, repolarization abnormalities
compete with well-recognized trauma scoring
systems in predicting early adverse outcomes
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in TBI patients. Srinivasaiah et al. [18] ex-
tended this prognostic utility by showing that
preoperative cardiac dysfunction was associ-
ated with poorer neurological outcomes at dis-
charge, but not with in-hospital mortality in
their cohort. Ediga et al. [8] similarly positioned
repolarization changes as predictors of cardiac
dysfunction rather than mortality, noting their
resolution potential and utility in risk stratifica-
tion. This suggests that ECG abnormalities may
be more useful for predicting functional recov-
ery than acute mortality in certain populations.
Conversely, Verma et al. [17] denied any inde-
pendent prognostic role of QTc prolongation in
milder TBI, while Lenstra et al. [9] determined
that arrhythmias were not independently relat-
ed to in-hospital mortality, with factors such as
hypotension and diffuse injury claiming a 30%
mortality rate. Overall, although some ECG
abnormalities, such as QTc prolongation and
ST-segment depression, have great potential
for predicting short-term mortality, their role in
assigned disparity (e.g., long-term cardiac dys-
function) has yet to be validated, especially in
serial monitoring. The available data indicate a
dual use for ECG: repolarization markers like
QTc and ST depression may aid in forecasting
early mortality in severe injuries, while compre-
hensive ECG-echo patterns may provide great-
er insight into functional recovery and long-
term cardiac risk. Subsequent prospective stu-
dies must to concentrate on the standardized
assessment of QTc and ST segment variations
over time, as well as on correlating these tra-
jectories with both cardiac and neurological
outcomes.

ECG monitoring provides a cheap, noninvasive,
and readily accessible screening procedure
for cardiac dysfunction in victims of TBI, thus
complementing more expensive modalities su-
ch as echocardiography. Routine ECG screen-
ing can identify higher-risk patients early, such
as those exhibiting QTc prolongation or ST-
segment depression, both of which are associ-
ated with an increased risk of mortality and
functional cardiac impairment [14, 18]. The
practical application of ECG screening is fur-
ther enhanced by the finding that simple pa-
rameters, such as the QTc interval and GCS
motor score, can predict cardiac dysfunction
with high accuracy, making this approach fea-
sible even in resource-limited settings. This
would occur mainly in resource-limited settings,
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where ECG can herald the presence of subtle
neurogenic cardiac injury before clinical de-
compensation becomes evident. Combined wi-
th trauma scoring systems, including the ISS
and RTS, ECG findings improve diagnostic pre-
cision above and beyond that provided by re-
polarization abnormalities alone for risk strati-
fication and triage of acute TBI care. Based on
this, we suggest that ECG results should be
included to existing trauma ratings instead of
being utilized on their own. Even simple com-
posite indices that combine GCS, QTc, and
essential radiologic aspects could be better
than single-modality instruments and should
be tested in the future.

The high prevalence and dynamic nature of
ECG abnormalities necessitate routine cardiac
monitoring in patients with TBI, particularly in
the acute phase (within 72 hours post-injury),
to track temporal changes and guide interven-
tions. Serial ECG assessments can serve as a
surrogate for neurological recovery and inform
ongoing management, especially for patients
with severe TBI or specific pathologies (e.g.,
brain edema or hemorrhage), where changes
correlate with injury progression [9, 19]. The
findings of Srinivasaiah et al. [18] and Ediga et
al. [8] support the utility of postoperative ECG
monitoring, as they demonstrated differential
patterns of improvement and deterioration in
various ECG parameters following surgical in-
tervention. In terms of anesthetic and surgical
management, ECG abnormalities have direct
implications, such as the heightened risk of
arrhythmias during procedures. Studies by Pra-
veen et al. [20] and Srinivasaiah et al. [18] and
Ediga et al. [8] highlighted how surgical inter-
ventions (e.g., decompressive craniectomy) can
mitigate cardiac risks by reducing preoperative
abnormalities and associated systolic dysfunc-
tion, suggesting that timing and intracranial
pressure reduction are key; thus, anesthesio-
logists should prioritize ECG-guided optimiza-
tion, including electrolyte correction and beta-
blocker use for tachyarrhythmias. Periopera-
tive care should incorporate multidisciplinary
strategies, such as continuous ECG monitoring
in intensive care units, tailored hemodynamic
support (e.g., for bradycardia or QTc prolonga-
tion), and vigilant screening for confounders,
such as medications or electrolyte imbalances.
The identification of specific predictors, such
as prolonged QTc intervals and low GCS motor
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scores, can help clinicians implement en-
hanced hemodynamic monitoring protocols for
high-risk patients, potentially improving both
cardiac and neurological outcomes. These con-
siderations could reduce morbidity, particularly
in high-risk cohorts, by preventing cardiac com-
plications that exacerbate the neurological
outcomes.

However, our systematic review has some limi-
tations. Methodological limitations among the
studies, including variations in design, varia-
tions in sample sizes (n=50-1,024 patients),
and injury severities, also cause inconsisten-
cies in the findings. Different ways to account
for confounders, such as pre-existing cardiac
conditions, electrolytes, or medications, fur-
ther complicate interpretations. Another hin-
drance is the outcome measure employed and
estimation of the sample size. In addition, we
relied on recently published studies in adults
and in English, which may introduce publica-
tion and language bias and limit generaliza-
bility to pediatric or low-resource settings.
Future research should incorporate standard-
ized ECG protocols, predefined cardiac end-
points, and longer follow-up to more clearly
delineate which ECG patterns are transient epi-
phenomena and which truly modify prognosis.
Such data would ultimately allow clinicians to
move from descriptive use of ECG patterns
toward evidencebased, protocolized manage-
ment strategies in TBI.

Conclusion

In conclusion, ECG abnormalities are prevalent
in TBI, with their occurrence dependent on the
severity of the injury and significant prognostic
implications. Notably, repolarization changes,
such as QTc prolongation and ST-segment de-
pression, are critical predictors of mortality.
The temporal resolution of these abnormali-
ties and their responsiveness to interventions
underscore the potential of integrated brain-
heart management strategies. Future research
should focus on the development of standard-
ized protocols, inclusion of larger cohorts, and
mechanistic studies to further elucidate the
role of ECG in optimizing outcomes for pa-
tients with TBI.

Disclosure of conflict of interest

None.

91

Address correspondence to: Azad Mojahedi, Car-
diology Department, Brookdale University Hospital
and Medical Center, Brooklyn, New York, USA. Tel:
818-519-1953; E-mail: Amojahed@bhmcny.org

References

[1] Naik A, Bederson MM, Detchou D, Dharnip-
ragada R, Hassaneen W, Arnold PM and Ger-
mano IM. Traumatic brain injury mortality and
correlates in low- and middle-income coun-
tries: a meta-epidemiological study. Neurosur-
gery 2023; 93: 736-744.

[2] Graves JM, Mackelprang JL, Moore M, Abshire
DA, Rivara FP, Jimenez N, Fuentes M and
Vavilala MS. Rural-urban disparities in health
care costs and health service utilization follow-
ing pediatric mild traumatic brain injury. Health
Serv Res 2019; 54: 337-345.

[3] Maas AIR, Menon DK, Manley GT, Abrams M,
Akerlund C, Andelic N, Aries M, Bashford T, Bell
MJ, Bodien YG, Brett BL, Biiki A, Chesnut RM,
Citerio G, Clark D, Clasby B, Cooper DJ, Czeiter
E, Czosnyka M, Dams-O’Connor K, De KeyserV,
Diaz-Arrastia R, Ercole A, van Essen TA, Falvey
E, Ferguson AR, Figaji A, Fitzgerald M, Foreman
B, Gantner D, Gao G, Giacino J, Gravesteijn B,
Guiza F, Gupta D, Gurnell M, Haagsma JA,
Hammond FM, Hawryluk G, Hutchinson P, van
der Jagt M, Jain S, Jain S, Jiang JY, Kent H, Ko-
lias A, Kompanje EJO, Lecky F, Lingsma HF,
Maegele M, Majdan M, Markowitz A, McCrea
M, Meyfroidt G, Mikoli¢ A, Mondello S, Mukher-
jee P, Nelson D, Nelson LD, Newcombe V,
Okonkwo D, OreSic M, Peul W, Pisica D,
Polinder S, Ponsford J, Puybasset L, Raj R, Rob-
ba C, Rge C, Rosand J, Schueler P, Sharp DJ,
Smielewski P, Stein MB, von Steinblchel N,
Stewart W, Steyerberg EW, Stocchetti N, Tem-
kin N, Tenovuo O, Theadom A, Thomas |, Espin
AT, Turgeon AF, Unterberg A, Van Praag D, van
Veen E, Verheyden J, Vyvere TV, Wang KKW,
Wiegers EJA, Williams WH, Wilson L, Wisniews-
ki SR, Younsi A, Yue JK, Yuh EL, Zeiler FA, Zel-
dovich M and Zemek R; InTBIR Participants
and Investigators. Traumatic brain injury: prog-
ress and challenges in prevention, clinical
care, and research. Lancet Neurol 2022; 21:
1004-1060.

[4] Sosin DM, Sniezek JE and Waxweiler RJ. Trends
in death associated with traumatic brain in-
jury, 1979 through 1992. success and failure.
JAMA 1995; 273: 1778-1780.

[5] Rafieezadeh D and Esfandyari G. Marine bio-
active peptides with anticancer potential, a
narrative review. Int J Biochem Mol Biol 2024;
15: 118.

[6] Postolache TT, Wadhawan A, Can A, Lowry CA,
Woodbury M, Makkar H, Hoisington AJ, Scott

Int J Burn Trauma 2026;16(3):81-92



(7]

(8]

(9]

[10]

[11]

[12]

[13]

92

ECG abnormalities in traumatic brain injury

AJ, Potocki E, Benros ME and Stiller JW. Inflam-
mation in traumatic brain injury. J Alzheimers
Dis 2020; 74: 1-28.

Kursancew ACS, Faller CJ, Bortoluzzi DP, Niero
LB, Brandao B, Danielski LG, Petronilho F and
Generoso JS. Neuroinflammatory response in
the traumatic brain injury: an update. Neuro-
chem Res 2024; 50: 64.

Rafieezadeh D. Extracellular vesicles and their
therapeutic applications: a review article (part
2). Int J Physiol Pathophysiol Pharmacol 2024;
16: 81.

Lenstra JJ, Kuznecova-Keppel Hesselink L, La
Bastide-Van Gemert S, Jacobs B, Nijsten MWN,
Van der Horst ICC and Van der Naalt J. The as-
sociation of early electrocardiographic abnor-
malities with brain injury severity and outcome
in severe traumatic brain injury. Front Neurol
2021; 11: 597737.

Chaikittisilpa N, Kiatchai T, Liu SY, Kelly-Hed-
rick M, Vavilala MS, Lele AV, Komisarow J,
Ohnuma T, Colton K and Krishnamoorthy V. In-
cidence of myocardial injury and cardiac dys-
function after adult traumatic brain injury: a
systematic review and meta-analysis. J Neuro-
surg Anesthesiol 2024; 36: 283-293.
Coppalini G, Salvagno M, Peluso L, Bogossian
EG, Quispe Cornejo A, Labbe V, Annoni F and
Taccone FS. Cardiac injury after traumatic
brain injury: clinical consequences and man-
agement. Neurocrit Care 2024; 40: 477-485.
Izzy S, Chen PM, Tahir Z, Grashow R, Radma-
nesh F, Cote DJ, Yahya T, Dhand A, Taylor H,
Shih SL, Albastaki O, Rovito C, Snider SB, Wha-
len M, Nathan DM, Miller KK, Speizer FE, Bag-
gish A, Weisskopf MG and Zafonte R. Associa-
tion of traumatic brain injury with the risk of
developing chronic cardiovascular, endocrine,
neurological, and psychiatric disorders. JAMA
Netw Open 2022; 5: €229478-e229478.

Lele AV, Liu J, Kunapaisal T, Chaikittisilpa N,
Kiatchai T, Meno MK, Assad OR, Pham J, Fong
CT, Walters AM, Nandate K, Chowdhury T,
Krishnamoorthy V, Vavilala MS and Kwon Y.
Early cardiac evaluation, abnormal test re-
sults, and associations with outcomes in pa-
tients with acute brain injury admitted to a
neurocritical care unit. J Clin Med 2024; 13:
2526.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Lee JH, Lee DH, Lee BK, Cho YS, Kim DK and
Jung YH. Role of electrocardiogram findings in
predicting 48-h mortality in patients with trau-
matic brain injury. BMC Neurol 2022; 22: 190.
Algahtani R and Merenda A. Multimorbidity
and critical care neurosurgery: minimizing ma-
jor perioperative cardiopulmonary complica-
tions. Neurocrit Care 2021; 34: 1047-1061.
Denchev K, Gomez J, Chen P and Rosenblatt
K. Traumatic brain injury: intraoperative man-
agement and intensive care unit multimodality
monitoring. Anesthesiol Clin 2023; 41: 39-78.
Verma RK and Ahuja V. An assessment of ECG
changes in cases with traumatic brain injury
and their correlation with outcome. Int J Trop
Med 2024; 19: 115-119.

Srinivasaiah B, Muthuchellappan R and Ganne
Sesha UR. A prospective observational study
of electrocardiographic and echocardiographic
changes in traumatic brain injury - effect of
surgical decompression. Br J Neurosurg 2024;
38:1108-1113.

Rafieezadeh D and Abbaspour M. Safety and
effectiveness of micropigmentation skin graft-
ing using the Meek method. Int J Burns Trau-
ma 2024; 14: 107.

Praveen R, Jayant A, Mahajan S, Jangra K, Pan-
da NB, Grover VK, Tewari MK and Bhagat H.
Perioperative cardiovascular changes in pa-
tients with traumatic brain injury: a prospec-
tive observational study. Surg Neurol Int 2021;
12: 174.

Ricci F, Martini C, Scordo DM, Rossi D, Gallina
S, Fedorowski A, Sciarra L, Chahal CAA, Meyers
HP, Herman R and Smith SW. ECG patterns of
occlusion myocardial infarction: a narrative re-
view. Ann Emerg Med 2025; 85: 330-340.

Yu H, Ande SR, Batoo D, Linton J and Shankar
J. Prognostic value of initial diagnostic imaging
findings for patient outcomes in adult patients
with traumatic brain injury: a systematic re-
view and meta-analysis. Tomography 2023; 9:
509-528.

Int J Burn Trauma 2026;16(3):81-92



