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Abstract

The presence of abnormal electrocardiograms in individuals without known organic heart disease is one of the most common
manifestations of cardiac dysfunction occurring during acute non traumatic brain injury. The primary goal of the present
review is to provide an overview of the available data and literature regarding the presence of new-onset electrocardiographic
(ECQG) alterations in acute non traumatic brain injury. The secondary aim is to identify the incidence of ECG alterations
and consider the prognostic significance of new-onset ECG changes in this setting. To do so, English language articles from
January 2000 to January 2022 were included from PubMed using the following keywords: “electrocardiogram and subarach-

CEI "non

noid hemorrhage”, "electrocardiogram and intracranial hemorrhage", "Q-T interval and subarachnoid hemorrhage ", "Q-T
interval and intracranial bleeding ", "Q-T interval and intracranial hemorrhage", and "brain and heart- interaction in stroke”.
Of 3162 papers, 27 original trials looking at electrocardiogram alterations in acute brain injury were included following the
PRISMA guideline. ECG abnormalities associated with acute brain injury could potentially predict poor patient outcomes.
They could even herald the future development of neurogenic pulmonary edema (NPE), delayed cerebral ischemia (DCI),
and even in-hospital death. In particular, patients with SAH are at increased risk of having severe ventricular dysrhythmias.
These may contribute to a high mortality rate and to poor functional outcome at 3 months. The current data on ECG QT
dispersion and mortality appear less clearly associated. While some patients demonstrated poor outcomes, others showed no
relationship with poor outcomes or increased in-hospital mortality. Observing ECG alterations carefully after cerebral dam-

age is important in the critical care of these patients as it can expose preexisting myocardial disease and change prognosis.
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1 Introduction

At the beginning of the 20th Century, Dr. Cushing described
how intracranial pressure affected blood pressure following
intracranial hemorrhage. In doing so, he was the first to suggest
a physiologic connection between the central nervous system
(CNS) and cardiac function [1].

Abnormal electrocardiographic (ECG) findings, in the
absence of known organic heart disease, are among the most
common manifestations of cardiac dysfunction observed in
patients with central nervous system (CNS) disorders [2—4].
ECG changes [3, 6], dysrhythmias [7], and myocardial damage
[8, 9] are some of the manifestations of cardiac dysfunction
that can occur as a result of acute brain injury. The etiology of
these ECG changes is not completely understood, but they are
believed to be related to autonomic changes in the brain, par-
ticularly the hypothalamus, which frequently occur in patients
with acute cerebrovascular disease [8, 9]. After a stroke or sub-
arachnoid hemorrhage (SAH), insults to the anatomical struc-
ture of the central autonomic network in the hypothalamus can
result in an accelerated sympathetic discharge [10-12]. Sudden
increases in intracranial pressure [10] can cause hypothalamic
dysfunction [13], which subsequently leads to cardiac nerve
stimulation, accompanied by severe sympathetic activity,
resulting in structural damage to the myocardium.

Neurocardiology is an emerging field that studies these
brain—heart relationships. [14]. The exact mechanisms under-
lying the development of cardiac dysrhythmias and electro-
cardiographic alterations following stroke and subarachnoid
hemorrhage are still unclear, and their prognostic significance
remains unknown [15, 16]. It is important to consider that
ECG alterations could be an early indicator of non-traumatic
brain injury, and understanding these patterns could aid in
early diagnosis.

Many studies have analyzed the presence and role of ECG
alteration in acute non traumatic brain injury and a systematic
review of the data could help clarifying the incidence of ECG
alterations in non-traumatic brain injury and whether these
alterations are related to poor outcome. The primary aim of
the present review is to provide an overview of the available
data and literature regarding the ECG alterations in acute non
traumatic brain injury (SAH and Stroke) and their underlying
incidence. The secondary aim is to investigate the prognos-
tic significance of new-onset electrocardiographic changes in
SAH and Stroke.
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2 Materials and methods
2.1 Data sources and search strategy

We followed the recommendation of the PRISMA-P (Pre-
ferred Reporting Items for Systematic review and Meta-
analysis protocols), encoding the review on PROPSERO
with serial number 364178. (17).

A systematic review of the literature was performed col-
lecting the articles present in PubMed and Scopus with the
following keywords: “electrocardiogram and subarachnoid
hemorrhage”, “electrocardiogram and intracranial hem-
orrhage”, “Q-T interval and subarachnoid hemorrhage ”,
“Q-T interval and intracranial bleeding”, “Q-T interval and
intracranial hemorrhage”, and “brain and heart- interaction
and stroke”. We included all articles published from Janu-
ary 2000 to January 2022 that disclosed ECG abnormali-
ties following acute brain injury in humans. (Fig. 1) The
studies were independently screened by two authors (MB
and YL) and the disagreements between the two authors
were solved by a third reviewer (CZ). After identification
of all the articles, we then removed: all duplicates, all arti-
cles not written in English, and all records ineligible by
automatic tools. The relevance of the screened articles was
decided upon following review of the titles and abstracts.
(Supplemental File) Articles excluded from consideration
included: (a) all the articles containing data from trau-
matic brain injury (avoiding the bias that the trauma could
have caused on cardiac injury) (b) all the articles seeking
a brain—heart correlation based on serum levels of cat-
echolamines or cardiac enzymes (c) all the articles whose
primary endpoint was different from the primary endpoint
of the review (d) all case reports, narrative review, editori-
als, commentaries, letters to the editor, opinion articles,
meeting abstracts, and original articles lacking an abstract
and e) all articles not available on PubMed. (Supplemental
file).

2.2 Quality assessment

The level of evidence (LOE) of each study was assessed
according to the Grading of Recommendations, Assess-
ment, Development and Evaluations (GRADE) evidence
system [17]. We selected relevant risk of bias indicators,
and we evaluated risk of bias with regards to population
selection, outcome assessment and treatment. For each cri-
terion, studies were classified as high or low risk of bias.
The included trials were judged as “low risk of bias” when
all domains were judged as low risk of bias. Conversely,
trials were judged as “high risk of bias” when unclear or
high risk of bias was judged in one or more domains. LOE
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was further analyzed by two experts (MB and YL). Disa-
greement was resolved by consensus (Supplemental file).
We used a standardized electronic spreadsheet (Microsoft
Excel, version 14.4.1; Microsoft, Redmond, Washington,
USA) to extract the data from all the included studies and
recorded trial characteristics.

2.3 Endpoints

To assess the incidence of ECG alteration and cardiac dys-
rhythmias in acute non-traumatic brain injury. To evaluate
whether ECG abnormalities could predict adverse events and
worsening of outcome.

3 Results

As shown in TAB-Prisma, 3162 articles were identified. 110
articles met initial eligibility criteria and 27 were included
for the final analysis (Supplemental File). The excluded

articles consisted of 35 case reports, 4 letters to editor, 9
narrative reviews, 7 articles not relevant for the study, 9 full
articles not available, 17 studies with different end points,
and 2 systematic reviews (Supplemental file). The studies
that relate ECG aberrations with acute nontraumatic brain
injuries are shown in the Supplemental file. A population
of approximately 3.000 patients was reviewed. 21 studies
investigated the presence of ECG abnormalities in SAH.
A heterogenous group of ECG abnormalities was noted in
these studies. They focused on the analysis of three groups
of ECG changes: Dysrhythmias, ECG morphological altera-
tions and QTc prolongation.

The ECG abnormalities studied were ST segment depres-
sion, ST segment elevation, peaked T waves, T wave inver-
sion, prolonged QTc, U wave abnormalities, non-specific ST
changes (NSSTC), and P wave abnormalities.

QTc prolongation has been long studied and several
studies noted a correlation between a prolonged QTc in the
ECG of patients with subarachnoid hemorrhages [18, 19].
Indeed, the QT interval on the ECG has been found to vary
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amongst the 12 leads [20] and this variability is now thought
to reflect the regional myocardial electrical recovery of a
patient post SAH [85-88]. This “QT dispersion” is defined
as the difference between the longest and shortest QT in the
12-lead ECG and is considered to reflect arrhythmogenicity
[21]. The greater the QT dispersion is, the greater seems
to be the underlying regional inhomogeneity of ventricular
repolarization and the higher the risk of dysrhythmias [22].
In all the selected articles, the QT interval was measured
from the first deflection of the QRS onset to the end of the T
wave as it merged with the isoelectric TP baseline. Bazett's
formula was used to correct the QT for the heart rate, and
dispersions were calculated as the difference between the
maximal and minimal precordial values. Kawasaki looking
for a correlation between ECG alterations and in-hospital
death retrospectively analyzed 122 cases of SAH following
ruptured aneurysm [10]. The population was divided into
survivors and non survivors, a prolonged QTc interval was
more common non-survivors than in survivors (536.0+50.0
vs 462.0+59.0, p<0.0001) and an abnormal Q wave, ST
segment depression and T wave inversion were more fre-
quently present in non-survivors [10]. A case control study
reported that 21 of 38 patients with SAH (55%) had a pro-
longed QTc (> 500 ms) compared to a QTc prolonged in 5 of
30 control patients [21]. They also proved that QTc was pro-
longed in SAH and that this correlated with the Hunt Hess
grade of the patient [21]. The incidence of ECG repolariza-
tion abnormalities in patients with subarachnoid hemorrhage
(SAH) varied between studies, with one retrospective cohort
study reporting approximately 65% of abnormalities in 834
patients [23], and another retrospective study finding that
66.7% of 159 patients with acute SAH had abnormal ECG
findings [16]. Schuiling et al. published a paper designed to
study the prognostic value of these ECG changes and noted
that only 20.7% of patients had no repolarization abnor-
malities on the ECG [24]. Among 450 patients with stroke,
338 (75%) showed new ECG abnormalities, including ven-
tricular repolarization abnormalities, cardiac dysrhythmias,
and other abnormalities, compared to a baseline ECG taken
before the cerebrovascular accident [25]. A population of
361 patients with acute cerebral events was divided in two
groups by Togha et al.: (1) those with previous cardio-vascu-
lar disease (CVD) and (2) without CVD. In the latter group
of 228 patients, the ECG alterations were as follows: (1) QTc
prolongation in 30.7% and (2) pathologic Q wave in 14.5%.
Other ischemic ECG changes observed in Togha’s group
without CVD included: (1) ST-segment depression in 7%,
(2) ST-segment elevation in 9.6%, (3) T-wave abnormalities
in 28.9%, and (4) abnormal U-waves in 11.8%. Among these
alterations, the U wave abnormality was the only abnormal-
ity present mainly in patients without previous CV comor-
bidities [24]. While studying the incidence of dysrhythmias
in SAH, Togha et al. found them to occur 16.2% of the time
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in patients without any previous CV disease [26]. Among
the population of 450 patients with stroke in Ornella’s study,
cardiac dysrhythmias such as atrial fibrillation, ventricular
tachycardia, SVEB and VEB were found in 97 cases (28.7%)
[15]. Additionally, several studies evaluated whether the
heart rate (either tachycardia or bradycardia) was related to
prognosis [27, 28]. In Y.S. Jeong’s pool of patients, 50% had
clinically significant dysrhythmias [29].

4 Discussion

This systematic review of the literature highlights the
observation that the brain and heart can suffer together
during acute non-traumatic head injury. Overall, the main
ECG alterations found in the studies were ischemic-like
changes and prolonged QTc intervals. The next question
may be: “ What is the clinical relevance of these findings?”
Liming Zhang et al. studied whether ECG abnormalities
could predict poor outcomes by evaluating the incidence
of neurogenic pulmonary edema (NPE), delayed cerebral
ischemia (DCI), and in-hospital death [23]. They concluded
that ECG abnormalities are independently associated with
adverse clinical outcomes. In particular, QTc prolongation
in patients with acute non-traumatic head injury was inde-
pendently associated with an increased risk of NPE and
DCI while ST depression was associated with an increased
risk of in-hospital death [23]. Christensen et al. and Stead
el al noted some independent risk factors for poor outcomes
at 3 months after acute ischemic stroke were ECG altera-
tions such: atrial fibrillation, A-V block, ST-depression,
ST-elevation, inverted T-wave, and QTc prolongation [30,
31]. Moreover, Sakr et al. indicated that only ST depres-
sion seems to be a significant predictor of the neurological
outcome status [16]. A similar observation in a multivariate
logistic regression run by Kuroiwa et al. identified abnor-
mal ST-segments as an independent variable predicting
poor in-hospital outcome [32]. In a clinical trial Schuiling
et al. observed that ischemic-like ECG abnormalities and
ST- depression are independent predictors of poor outcomes,
and these appeared to be associated with the occurrence of
DCI [24]. Finally, in a logistic regression model, after cor-
recting for ICH severity and prior cardiac history, the pres-
ence of inverted T waves was independently associated with
increased mortality [27].

Besides localized minor ECG abnormalities, dysrhyth-
mias could have a role in predicting adverse events and wors-
ened outcomes. As highlighted from the literature, patients
with SAH are at risk of having severe ventricular dysrhyth-
mias and the clinical significance of these dysrhythmias
was evaluated by several publications. Di Pasquale et al.
used Holter detection for cardiac dysrhythmias in patients
with SAH which showed not only that ECG alterations
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are frequent in SAH patients but also that life-threatening
tachyarrhythmia and bradyarrhythmia occurred in the early
stages of subarachnoid hemorrhage [33]. In line with this,
Frontera confirmed this data, finding that dysrhythmias fol-
lowing SAH can be life-threatening [34]. Atrial fibrillation/
flutter as well as ventricular tachycardia are associated with
an increased risk of cardiovascular comorbidities, and a high
rate of mortality in addition to poor functional outcomes at
3 months [34].

Kawasaki ran a univariate analysis and a regression analy-
sis for risk stratification and poor outcomes in SAH and the
ECG score (based on ECG abnormalities) [10]. ECG score
was the most powerful risk factor and was correlated with an
association between in-hospital death and the neurological
status estimated by Hunt and Hess grade. Y. S. Jeong found
that clinically significant dysrhythmias were, after correction
for many parameters, still independently predictive of death
and poor outcome [29]. According to these results, Park and
Schimdt proved that Heart Rate Variability (HRV) correlated
with occurrence of clinical events and HRV analysis would
be able to predict clinically relevant events via a model that
could predict complications such as infection and DCI [25,
35].

Other studies have found that ECG alterations caused
by acute non-traumatic brain injury are risk factors for the
development of complications and poor outcomes. Prolonga-
tion of the QTc interval is often observed in the acute phase
of SAH. On the subject of QTc intervals, Frangiskakis found
that prolonged QTc and decreased heart rate (HR) are inde-
pendent risk factors for the development of ventricular dys-
rhythmias after subarachnoid hemorrhage and are associated
with reduced post-bleed survival at 3 months [36]. Lazar,
Hanci and Fan Xin found that an increased QT dispersion
is an independent prognostic factor for negative outcomes
in acute brain injury [37-39]. In the systematic review of
Lederman that analyzed the current data on QT dispersion
and stroke, he confirmed an association between QTc pro-
longation and non-surviving stroke patients [5].

The ability to use ECG aberrations to allow early pre-
diction of serious clinical events such as: vasospasm, neu-
rogenic pulmonary edema, and cardiomyopathy in acute
brain injury patients would be of great clinical value. The
potential to use the detection of QT dispersion, ECG changes
score, and heart rate variability to correlate to future clinical
complications has been demonstrated by many publications
[40-42]. Macmillan found a correlation between QTcd and
neurogenic pulmonary edema and myocardial dysfunc-
tion [40]. In a logistic regression model by W.L. Chen, Q
wave abnormalities and NSSTTC were identified as inde-
pendent variables associated with the development of NPE
[41]. Furthermore, L. Zhang’s study demonstrated that QTc
prolongation and NSSTTCs are independent predictors of
adverse clinical outcomes in SAH [23]. QTc prolongation is

independently associated with an increased risk of NPE and
DCI, while NSSTTCs are independently associated with an
increased risk of NPE, DCI, and in-hospital death. Komat-
suzaki’s work proved a positive correlation between ECG
parameters (QTd dispersion, QTc, Tp-Te interval, Tp-Te/QT
ratio, and Tp-Te/QTc ratio) and Hunt and Hess grade [43].
Similar findings were reported by Ichinomiya and Stead
Danese, where Qtc prolongation was observed in patients
with an unfavorable outcome [42]. Additionally, the studies
of Loggini and Rahar linked increased QTc dispersion to
high mortality, severe clinical disease, and poor functional
outcomes at hospital discharge [27, 44].

Although many publications support the relationship
between ECG aberrations and the prediction of poorer out-
comes in acute non-traumatic brain injury, other publica-
tions refute this [4, 45—-48]. Sommargegren concluded that
a prolonged QTc interval can predict myocardial injury that
is not necessarily related to overall poor patient outcomes
[49]. Similarly, Quin Liu and Ziabara did not find a relation-
ship between ECG changes and overall patient outcome [45,
46]. Despite this, it is believed that close monitoring of ECG
changes and evaluation of QT dispersion could be of great
importance in identifying patients at risk for both myocardial
and neurological deterioration in the critical care setting of
acute non-traumatic brain injury."

5 Conclusion

Despite the uncertainty that lingers on the prognostic val-
ues of ECG aberrations, we believe that ECG abnormali-
ties assessed after SAH using a standard 12-lead ECG are
independently associated with an increased risk of adverse
clinical outcomes in patients with non-traumatic SAH. Con-
tinuous ECG monitoring could be very useful during the
acute phases of this disease. Observing ECG alterations
carefully after cerebral damage could help to identify under-
lying undetected myocardial disease which could impair
recovery. Early identification of these characteristic ECG
alterations could help predict complications. The strengths
of our study are the systematic approach to literature review
and analysis of clinically relevant outcomes. Limitations of
our study include: (1) the relatively small sample size of
included studies, (2) the heterogeneity of data, (3) the lack
of randomized controlled trials and (4) the lack of analysis
of retrospective studies. The potential pathological features
reflected in ECG changes in non-traumatic brain injury are
numerous. Several studies have analyzed these alterations
in tandem without focusing on just one ECG abnormal-
ity. Currently, we did not see a reproducible consensus of
studies that correlated one specific ECG abnormality to a
predictable poor outcome. Future studies might investigate
which exact electrocardiographic aberration or collection
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of aberrations correllate to a known cardiac dysfunction.
If identified, clinicians could anticipate lethal dysrhythmias
and plan accordingly to decrease patient mortality rates.

6 Highlights

-Certain ECG aberrations related to non-traumatic brain
injury are associated with worse neurological outcome,
higher risk of in-hospital death and longer hospital length
of stay.

-QTec prolongation in patients with acute nontraumatic
head injury was independently associated with an increased
risk of neurogenic pulmonary edema and delayed cerebral
ischemia.

-ST depression was associated with an increased risk of
in-hospital death and poor outcome.

-This population of critical care patients can have
increased risk of life-threatening tachyarrhythmias and brad-
yarrhythmias that could progress to heart failure leading to
poor functional outcome and increased mortality.
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