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The Relationship Between QT
Prolongation and Short Term Prognosis in
Patients with Subarachnoid Hemorrhage
Due to Aneursym Rupture

Anevrizma Kanamasina Bagl
Subaraknoid Kanamalarda QT Uzamasi ile
Prognoz Iligkisi

ABSTRACT Objective: Electrocardiographic (ECG) abnormalities and rhythm disorders are frequ-
ently observed in the acute phase of spontaneous subarachnoid hemorrhage (SAH). The pathoph-
ysiology of these abnormalities is considered to be related with the imbalance in autonomic
cardiovascular control. There is no study yet showing the prognostic relevance of corrected QT in-
terval (QTc) prolongation following subarachnoid hemorrhage in the Turkish population. Materi-
al and Methods: This retrospective study consisted of 33 SAH patients (7 male and 26 female) who
were operated for aneurysm rupture in the Department of Neurosurgery between 2003 and 2005.
Early ECG alterations of patients were evaluated by a cardiologist who was blinded for the prog-
nosis of patients. We examined the relationship between prognosis and ECG findings. Results: Of
the 33 SAH patients, those who died during hospitalization constituted the mortal group (n=9), and
the remaining patients the as survived group (n= 24). Baseline characteristics of the 2 groups were
similar, however mean QTc values of mortal patients were significantly higher than in patients that
survived (p= 0.034). In correlation analysis, we found that QTc interval was significantly correla-
ted with Glasgow outcome scale (r=-0.39, p= 0.024). Conclusion: ECG should be evaluated in terms
of QTc prolongation in SAH patients as a clinical prognostic finding.
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OZET Amag: Spontan subaraknoid kanama (SAK)'nin erken déneminde elektrokardiyografik (EKG)
anormallikler ve ritim bozukluklari sik gériilmektedir. Bu bozukluklarin patofizyolojisinde kardi-
yovaskiiler sistemin otonomik kontroliinde dengesizliklerin rol oynadig: diisiiniilmektedir. $imdi-
ye kadar Tirk popiilasyonunda subaraknoid kanamay: takiben diizeltilmis QT (QTc uzamas)
intervalinin prognostik etkisini gosteren caligma yoktur. Gereg ve Yontemler: Bu retrospektif ¢a-
ligma, 2003-2005 yillar arasinda beyin cerrahisi kliniginde anevrizma riiptiirii nedeniyle opere edi-
len 33 SAK hastasin1 kapsamaktadir (7 erkek, 26 kadin). Hastalarin erken EKG degisiklikleri,
hastalarin prognostik bilgisinden haberi olmayan bir kardiyolog tarafindan degerlendirilmistir. Biz
bu ¢alismada EKG bulgular ile prongoz arasindaki iligkiyi inceledik. Bulgular: Toplam 33 hastadan
hastane i¢i donemde 6lenler mortal grubu olusturuken (n=9), diger hastalar sagkalan grubu olus-
turmugtur (n= 24). Bu iki grubun bazal 6zellikleri benzemekle beraber, 6len hastalarin ortalama
QTc degerleri sagkalan hastalardan anlamli oranda daha uzun idi (p= 0.034). Korelasyon analizin-
de, QTc intervali ile Glasgow sonlanim skalasi arasinda anlaml bir korelasyon izlendi (r=-0.39, p=
0.024). Sonug: Klinik olarak prognostik bilgi verebileceginden, SAK hastalarinda EKG, QTc uzama-
s1 yoniinden degerlendirilmelidir.

Anahtar Kelimeler: Subaraknoid hemoraji; mortalite; elektrokardiyografi
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he most commoncause of SAH is aneurysm rupture in cerebral blo-
od vessels.! The annual incidence of SAH is reported to be 7.5 to 12.9
per 100.000. It accounts for 22-25% of cerebrovascular deaths.? SAH
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cause systemic complications including cardiopul-
monary dysfunction, ECG abnormalities and pul-
monary edema; however the pathophysiology of
these complications is controversial.3

ECG changes of repolarization, including neg-
ative T wave, QT prolongation, ST elevation or de-
pression following SAH were reported.*’
Repolarization changes are more common in he-
mispheric lesions compared to brain stem lesions.®
Although there are some reports on the relations-
hip between ECG changes and the mortality of pa-
tients with SAH, the prognostic value of these
changes are still controversial.® We aimed to analy-
ze the relationship between QT prolongation and
short-term prognosis of patients who were opera-
ted for SAH due to aneurysm rupture.

I MATERIAL AND METHODS

Thirty-seven consecutive patients who were ope-
rated for SAH due to aneurysm rupture in our cli-
nic between 2003 and 2005 consisted the study
population. The patients were diagnosed with ne-
urological examination, lumbar puncture, cranial
computerized tomography (CT) and cerebral angi-
ography. Four cases were excluded from the study
due to previous history of coronary artery disease,
diabetes mellitus, neurological disease other than
SAH, severe renal disease, previous history of a
drug responsible for QT prolongation or marked
electrolyte disturbance

Standard 12 lead ECGs of 33 patients obtai-
ned within the first 4 hours of their admission for
SAH were evaluated by a cardiologist who was
blinded for the names and prognosis of the pa-
tients. QT interval was measured manually from
the beginning of the QRS complex to the end of
the T wave where it connected to the isoelectric
level and the longest QT interval in any of 12 le-
ads was recoded. The connection of T and U wa-
ves was considered the end of the QT interval in
the existence of U wave. When the connection of
T and U waves was not clear, the connection of
the U wave with the isoelectric level was consi-
dered the end of the QT interval. The longest QT
interval was corrected for the heart rate in accor-
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dance with the Bazett Formula: QTc = QT/ (VR-
R). Long QTc intervals of >450 msn for men and
>460 msn for women were considered abnor-
mal.’

Statistical Analysis

Analysis were performed using SPSS software pac-
kage (version 13.0 for Windows, SPSS Inc., Chica-
go, Illinois). Data were expressed as numbers and
percentages for discrete variables, means + SD for
continuous variables and median and interquartile
range for other continuous variables. The chi-squ-
are analysis or the two-tailed Fischer’s exact test,
where appropriate, was used to assess the signifi-
cance of differences between dichomatous variab-
les. Continuous variables were compared by
Student’s t test, Mann-Whitney U test or Kruskal-
Wallis analysis of variance test. Correlation analy-
sis was carried out using Spearman’s rank
correlation test. Results with a p value < 0.05 were
considered significant.

I RESULTS

Of the patients included in the study, 7 (20.58%)
were male, and 26 (79.42%) were female. Mean age
of the group was 54.5 (30-72) years. The Glasgow
outcome scale (GOS) is among the most common
used outcome scales in neurosurgery and the pati-
ents were graded between 1 and 5, where 1 reflects
mortality and 5 reflects complete recovery.!” The
patients were divided into 2 groups as mortal pati-
ents (GOS 1) and non-mortal ones (GOS 2, 3, 4, 5).
The characteristics of these groups were presented
in Table 1.

As shown in Figure 1 the mean QTc values of
mortal patients were significantly higher than in
patients that survived (492 + 61 msec and 439 +
36 msec, respectively). In addition, the percenta-
ge of long QT was significantly higher in mortal
patients (Figure 2).

In correlation analysis, we found that QTc in-
terval was significantly correlated with GOS (r= -
0.39, p= 0.024) (Figure 3).

None of the patients experienced serious ven-
tricular arrhythmia or arrhythmic death during the
hospitalization period.
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TABLE 1: Characteristics of 33 patients included
in the study.
Survived Mortal p
n=24 n=9

Age, years 53+12 60+ 10 0.11
Female sex 17 (71) 9 (100) 0.15
Hypertension 12 (50) 4 (44) 0.78
Diabetes mellitus 4(17) 2(22) 0.71
Systolic blood pressure, mmHg 152 + 38 141+ 28 0.44
Diastolic blood pressure, nmHg 85 +20 78+ 14 0.30
Pulse rate (/min) 84 +£13 81+10 0.83
Serum creatinine, mg/dL 1.0+£0.2 098+01 025
Potassium, meg/L 45+0.7 42+0.6 0.39
Calcium, mg/dl 95+0.6 9.6+08 0.59
WENS 1.8+1.1 23+13 031
Fisher 28=+1.1 27+07 0.80
Hunt 1.7+1.0 22141 0.24

600.000-

p=0.034

550.0007
g
£ 500.000
&
o

450.0004

400.000~

I T
Survive Mortal
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interval prolongation and pathological Q wave to-
gether showed poor prognosis.'* Cruiskhank et al
reported that pathological Q and ST elevations we-
re both considered an indicator of poor diagnosis.
However, the incidence of Q wave or ST elevation
is very low in SAH patients and their sensitivity va-
lues are low as well.® In our study mortal and non-
mortal groups were compared based on QTc
interval prolongation and mortal cases showed lon-
ger QT intervals (p= 0.034).

Brain stem possesses a cardiovascular regula-
tory system influencing both sympathetic and pa-
rasympathetic pathways and cardiac functions.
Suprabulbar lesions such as intracranial tumors,
cerebral trauma, encephalitis, intracerebral hem-
orrhage, cerebral infarct, and stroke including
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FIGURE 2: Percentage of patients with long QT interval according to survival
outcome.

FIGURE 1: Median QTc values according to in-hospital survival outcome.
Boxes cover the interquartile range (25"-75™ percentile) where the line bi-
secting the box depicts the median. The whiskers extend to the 5th and 95th
percentiles and circles depict individual values.

I DISCUSSION

Cardiac effects of intracranial hemorrhage, rhythm
and blood pressure changes were first reported in
1903 by Cushing."' Byer et al explained the ECG
changes of SAH patients in 1947.112 Several studi-
es showed the relationship between prognosis of
SAH patients and ECG abnormalities.2 #1317 Maiu-
ri et al suggested that ST segment depression, QT
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FIGURE 3: Scatter plots showing the correlation between QTc interval and

GOS.
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SAH cause changes in heart rate and ECG. Howe-
ver, these cardiac changes may be physiological
and the underlying mechanism causing these
changes is not clear. Supratentorial structures are
also known to be associated with cardiovascular
regulation.® Possible mechanisms may be presu-
med to explain the underlying mechanism of ECG
abnormalities, such as electrolyte imbalance, the
effect of aneurysm rupture on hypothalamic func-
tions and myocardial injury related to intensive
catecholamine secretion.'® Some researches sup-
ported the data that hypokalemia and female gen-
der were independent risk factors for severe QTc
prolongation in patients with SAH.'® The patients
with electrolyte abnormalities were excluded
from our study so that our study data would not
support the mechanism of hypokalemia. On the
other hand, all mortal cases were female and QTc
intervals of women were more prolonged than the
intervals of others in our study. In fact, prolonged
QTc interval was observed in all mortal cases of
our series.

Zaroff et al demonstrated myocardial dysfunc-
tion in dogs after SAH and the effects of catecho-
lamine on heart by evaluating cardiac angiography
and cardiac blood flow but this study was critici-
zed for not evaluating intracranial pressure.” As
animal studies suggested that antiadrenergic drugs
inhibited cardiac injury after SAH, similar studies
were conducted in humans." Moreover, some stu-
dies suggested that increased intracranial pressure
was of importance in cardiopulmonary dysfuncti-
on."® A number of autopsy series about SAH reve-
aled petechial subendocardial hemorrhage and
eosinophilic transverse bands in myocardial cell
cytoplasm on histological examination.!” Propra-
nolol, an adrenergic blocker, when given alone or
with phentolamin, was shown to decrease morta-
lity and provide better prognosis in SAH patients
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compared to placebo.” Although the use of similar
drugs in SAH is still controversial, some other stu-
dies reported that antihypertensive therapy affec-
ted the prognosis unfavorably in SAH patients.”
Tung et al demonstrated a relationship between
poor outcome and higher cardiac troponin I levels
in SAH patients.”> They pointed out the relation
between the severity of SAH and the degree of
myocardial necrosis. Interestingly they found that
female sex was an independent predictor of high
cardiac troponin I levels. They proposed further
studies on this subject. Sakr et al studied the rela-
tionship between ECG changes and prognosis of
SAH patients.” They found that ST depression
strongly correlated with higher APACHE II sco-
res and higher grades of Hunt-Hess classification,
but they did not find any relationship between
mortality and ST depression. However, changes
that are more common like QT interval prolonga-
tion and U waves were not considered in this
study.

The close relationship between cardiac comp-
lications and poor prognosis enforce the need for
further studies.”? Consequently, cardiac injury
should be considered in SAH patients and it can be
detected in routine preoperative ECG. In this
study, the cases with prolonged QTc interval had a
high mortality rate. Regardless of definitive expla-
nation of the possible pathophysiological mecha-
nisms underlying this condition, our study supports
the data that ECG findings may have some value in
predicting the prognosis of a SAH patient.
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