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Abstract

Background

Takotsubo cardiomyopathy (TCM) is caused by exgegsinysical and mental stress, and
sometimes causes potentially fatal arrhythmias sisdiorsades de pointes. This study
characterized the features of TCM due to aneurysmiadrachnoid hemorrhage (SAH),
particularly the delayed normalization of electnaltagrams compared to that of
transthoracic echocardiograms.

Methods

Ten patients with TCM were selected from the 45M$atients treated in our hospital
between January 2007 and November 2015. We rettigply examined these 10 patients
with regard to various factors, including durati@igbnormal electrocardiographic and
echocardiographic findings.

Results

All 10 patients were female. Mean age at diagnesis 69.3 years (range, 40-90 years).
Electrocardiographic findings were as follows: irted or flattened T waves (100%); QTc
prolongation >0.45 s (90.0%); ST segment eleva®0%); and ST segment depression
(20.0%). Echocardiograms showed typical findingg GM in nine cases and inverted TCM
in one case. In one case, ventral fibrillation waserved. Normalization of
electrocardiograms was consistently delayed condparéhat of echocardiograms, by more
than 3 weeks in at least 5 cases (50%). If follgnetielectrocardiographic parameters is
discontinued at the point of normalization of walbtion and the end of the vasospasm
period, fatal arrhythmia may occur in the aftermath

Conclusion

This study showed a notable delay in recovery obaimal electrocardiographic findings,
compared to the recovery of echocardiographic figsli Sufficient attention to persistent
abnormalities on electrocardiography is warranée@@n after improvements in cardiac wall
motion and the vasospasm period.
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I ntroduction

Takotsubo cardiomyopathy (TCM) was first reportgdSato et al. in 1990 as a clinical
condition brought on by excessive psychosomatiesstr Excessive catecholamine
concentrations and microcirculation disorder, amartpers, have been suggested as
etiologies, but the exact mechanism remains unkhoWhe typical echocardiographic
findings are hyperkinesis of the basal part ofrthid-ventricular segment and hypokinesis or
akinesis of the apical segment, which does not Imtte perfusion pattern of the coronary
arteries. TCM is known to be associated with eteardiographic abnormalities such as ST
elevation, prolonged QTc, and inverted T waves, aodhetimes causes potentially fatal
arrhythmias such as torsades de pointes €FfdPhe modified guidelines of the Mayo Clinic
include cerebrovascular diseases in the diagnosi¥G@M* and multiple reports have
examined TCM related to subarachnoid hemorrhageH}S&. The present report proposes
further finding, particularly regarding the diffete timings for normalization of
electrocardiograms and echocardiograms in TCMedltd SAH.

Material and methods

Between January 2007 to November 2015, a totab0fphtients with aneurysmal (including
dissecting aneurysms) SAH had been admitted tohospital. Ten of these cases were
confirmed as presenting with TCM in the clinicalcoeds. All patients underwent
electrocardiography (ECG) and chest x-ray on adonssPatients who presented with
clinical symptoms of heart failure such as dysprmpitation, stridor, pink blood-tinged
mucus, and coarse crackles on auscultation alserwedt transthoracic echocardiography
(TTE). Patients with no medical justification feeating aneurysm did not undergo TTE. We
selected the ten patients who met the followintgda: 1) TTE findings with hyperkinesis of
the basal part of the mid-ventricular segment aypbkinesis or akinesis of the apical part,
which does not match the territory of the coronarieries. So-called “inverted takotsubo
cardiomyopathy” associated with hypokinesis or agia of the basal contraction and apical
sparing was also included. 2) Improvement of abmbrfimdings of TTE on subsequent
studies. After hospitalization, patients were momadt in the Stroke Care Unit for at least the
2-week cerebral vasospasm period. Until surgertiems were sedated with propofol to
prevent rebleeding. We maintained normovolemiar aftegical treatment. For patients with
symptomatic cerebral vasospasm, dobutamine wasné&traied only if cardiac function had
improved. We examined the following items: age,,skcation of aneurysm, World
Federation of Neurosurgical Societies (WFNS) gradicale, Hunt & Kosnik (H&K) grading,
Fisher classification, presence or absence of gemio pulmonary edema (NPE), type of
surgical treatment, modified Rankin Scale (mMRS)ecabnormal findings on ECG and their
duration; and abnormal findings of TTE and theiradion. TTE was not performed either
every day or on specific days. The schedule of Waked according to the condition of
patients and plans for other examination.
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Results

Participants and characteristics

TCM was detected in 10 of the 450 patients (2.2Pfg clinical features of these patients are
presented in Table 1. All 10 TCM patients were woraad mean age at diagnosis was 69.3
years (range, 40-90 years). Nine of the ten deeelopCM after menopause. Locations of
aneurysms (including dissecting aneurysms) werefollsws: internal carotid-posterior
communicating artery aneurysm, 5 cases; anteriomuanicating artery aneurysm, 2 cases;
basilar tip aneurysm, 1 case; dissecting aneurylstheovertebral artery, 1 case; and distal
posterior cerebral artery aneurysm, 1 case. MealN8Vgrading scale and H&K grading
were 3.7 and 3.6, respectively. Fisher classificatvas as follows: group 2, 1 case; group 3,
5 cases; and group 4, 4 cases. Eight patients @meINPE. Five patients underwent neck
clipping and 3 patients underwent coil embolizati@ncluding internal trapping). Two
patients were treated conservatively. Mean mRSesg@ass 2.6. In the course of treatment for
heart failure, two patients received human atrédtiaretic peptide (Patients 4 and 8) and four
patients received furosemide (Patients 2, 4, 6,1&)dTwo patients needed treatment with a
ventilator (Patients 2 and 8). One patient needdthirastration of propranolol for
tachycardia due to atrial flutter (Patient 5). Hoee all patients were free from symptoms of
heart failure and were not receiving treatmenthieart failure at the time of confirmation of
TTE normalization.

Electrocardiographic findings

ECG abnormalities were observed in all 10 patiefi®quent abnormal findings were
inverted or flattened T waves (100%), QTc prolorggat(>0.45 s, 90.0%), ST segment
elevation (60.0%), and ST segment depression (20.D%ation of abnormal ECG findings

was relatively long. Five of the 10 patients needeer 4 weeks to achieve normalization of
ECG findings. In 2 patients, re-exacerbation ofemed T waves was observed after
improving once. Transient ventricular fibrillatiomas observed on day 1 in 1 patient, and
tachycardia due to atrial flutter was observed mmother patient. ECG findings are

summarized in Table 1.

Transthoracic echocardiographic findings

Typical findings of TCM were found in 9 cases andearted TCM was found in 1 patient.
Abnormal TTE findings normalized in 4-16 days. Quase showed left ventricular thrombus
on day 5. That patient showed no arrhythmia, bdtsiow a low ejection fraction (EF) of
32%. No anticoagulant therapy was performed andhtenbus disappeared spontaneously
by day 16. TTE findings are summarized in Table 1.

Time lag between abnormal period of ECG and TTE
The time lag between normalization of ECG findirmgsl that of TTE findings was over 3
weeks in at least 5 cases (50%). The temporal esl0BECG and TTE are summarized in
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Table 2.

Representative case

A 64-year-old woman experienced sudden onset ofldetee and vomiting. The next day
(day 1), she consulted our hospital. She was $figttimnolent, but no other neurological
abnormalities were noted. Computed tomography (€&Wealed SAH in the prepontine
cistern and bilateral Sylvian fissures (Figuredlpng with mild hydrocephalus. The WFNS
grading scale was 2. Cerebral angiography showeshooular aneurysm, but did reveal an
irregularly shaped right vertebral artery, consistgith a diagnosis of SAH from dissecting
aneurysm (Figure 2). ECG on admission (day 1) sdopvelonged QTc, inverted T waves,
and ST segment elevation in leads I, II, 1ll, ang-W6 (Figure 3). Chest x-ray showed no
NPE. On day 2, brain natriuretic peptide (BNP) @ased to 1023.2 pg/ml and positive
results were seen for troponin | (3.64 ng/ml). Abmalities on ECG and blood testing
suggested TCM or ischemic heart disease. TTE, eoyoangiography (CAG), and left
ventriculography (LVG) were therefore performed bgrdiologists on day 2. These
examinations showed hypokinesis of the mid-apicallwvEF was 44.1% and coronaries
appeared normal, consistent with a diagnosis of TOM day 3, parent artery occlusion via
endovascular treatment was performed to prevem¢eding (Figure 2) and was completed
uneventfully. The patient showed a good coursegpesttively and was discharged on day
23 without neurological deficit. TTE findings hadllf recovered by day 11. ECG findings
had not recovered by day 43 at the outpatientglinith slightly inverted T waves, but
eventually recovered by 5 months after onset of SAke temporal course of ECG is shown
in Figure 3. The time lag between normalizatiorEGIG findings and that of TTE findings
was over 1 month.

Discussion

TCM was first reported in 1990 by a Japanese chmit', and was characterized by

hyperkinesia of the basal segment with or withdahesis or hypokinesis of the apical and

mid-ventricular segments of the left ventricle imetabsence of notable coronary artery
diseas®*®. The mortality rate is reported to be up to?2%ith a recurrence rate of 5-11.4%

2122 Ninety percent of TCM cases occur in women, paldirly postmenopausal women. The
prevalence of TCM following aneurysmal SAH is reedty 4-159%%

Etiologiesof TCM

The mechanisms underlying TCM have yet to be petcislucidated but some etiologies
have been suggested, such as higher catecholaawils,lepicardial spasm, coronary
microcirculatory impairment, and relevance of egéro Wittstein et al. made the first report
on the role of catecholamines in TCM, showing filasma catecholamine levels were higher
in TCM patients than in Killip 1ll myocardial infation patient&’. Other reports have
examined the relationship between high levels tfatelamines and TC#?® Ischemic
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changes from epicardial spasm unlikely as this a@ésiccount for the various wall-motion
abnormalities’. Galiuto et al showed decreases in coronary feserve (CFR) and
velocity?®, which support coronary microcirculatory impairrhéreory. Multiple reports
support this theofy** Previous reports have shown that TCM is likelfévelop in
postmenopausal wom¥rt®?* Estrogen is supposed to play various roles, asqireventing
some cardiovascular impairment, sympathoadrenafagicin, and vagal inhibitiofi*3

Temporal course and ECG findings

Wall motion in TCM is said to recover within 1-2 ales®?* Kurisu et al. compared the
temporal course of ECG findings between TCM and caydial infarctioi®. They say
typical ECG on admission showed ST segment elavatioinverted T waves, with the ST
segment level usually improving within 3 days, whilhe inverted T wave deepened
progressively to peak after approximately 3 dayd mmproved in 10532 days. However,
patients with a history of cerebrovascular accidesite excluded from this study. To the best
of our knowledge, the present study is the firstfoégus on the time lag between
normalization of ECG and TTE in patients with s@wdnoid hemorrhage. Inverted T waves
in TCM are supposed to result from dispersion gfotarization caused by abnormal
prolongation of action potentidfs The relationship between QTc prolongation anchyksd
ventricular repolarization (increase in action pdi duration) in ventricular myocytes has
been reporte§™:

TCM and Arrhythmia

Relationships are known to exist between TCM andtipte types of arrhythmia, including
auriculoventricular block, sinus bradycardia, pasral atrial fibrillation, ventricular
tachycardia, and ventricular fibrillatibh*****> QTc prolongation is suggested to cause
malignant arrhythmia, including T8%". Migliore et al. reported that 8.2% of patients
hospitalized with TCM develop fatal arrhythiffiaPredictive ECG findings include QTc
prolongation and diffuse inverted T waves. Of nistthe finding that 0.5% of TCM patients
suffered sudden cardiac death weeks to monthsthftesnsef, whereas another study found
no sudden deaths after normalization of the QTervat’’.

Necessity for attention to ECG in SAH patientswith TCM

Cerebral vasospasm usually occurs within 2 weetey #ie onset of SAH. Because wall
motion recovers within 1-2 weeks, patients wouldehéttle opportunity to undergo ECG
after the acute period. Although abnormal electdiography itself is not considered to
involve functional consequences, such findings fmayassociated with fatal arrhythmia in
the chronic period as indicated above, and regniston the management of patients may be
warranted, such as administration of inotropic &geehabilitation, and general anesthesia in
cases of cranioplasty, shunt operation, and thee Tikerefore, TCM patients should receive
attention to ECG for longer periods than standakti atients.
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Limitations

We did not perform TTE for all SAH patients, asstimodality is not performed for severe
cases with no indications for surgical treatmenpatients without symptoms of heart failure.
These facts may have led to the lower incidencBGQ than described in previous reports.

Conclusions
This study showed that a time lag exists betweemalization of electrocardiographic and
echocardiographic findings. Sufficient attentionB6G is needed, even after improvements

in cardiac wall motion.
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Figure L egends

Figure 1: Computed tomography on admission
Figure 2: Vertebral angiography (VAG)

Figure 3: Temporal course of ECG
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Table 1: Characteristics of the TCM patients

No. Age Sex Aneurysm WFNS Fisher Treatment mRS NPE - TTE
ECG findings -
grade group findings
1 90 F Rt.IC-PC 2 3 conservative 3 + inverted T
QTc prolongation  EF57%
ST elevation
2 656 F RtIC-PC 4 4 clipping 2 inverted T
QTc prolongation EF48%
ST elevation
3 63 F Acom 5 4 coiling 2 + inverted T
QTc prolongation  EF44%
ST elevation
4 67 F BA top 2 3 clipping 2 + ST dlevation EF32%
thrombus
5 64 F Rt.VA 2 2 coiling 0 inverted T
dissection (1nte1:nal QTc prol ongatlon EF44%
trapping) ST elevation
AF
6 75 F Acom 5 4 clipping 5 + inverted T | EF35%
QTc prolongation
7 81 F Lt.PCA 4 3 coiling 4 + ST depression
dissection (internal ST elevationn EF47%
traping) flattened T wave
8 71 F LtIC-PC 5 4 conservative 6 + inverted T
inverted P. EF 20%
QTc prolongation
Vf (day 1)
9 77 F RtIC-PC 4 3 clipping 2 + inverted T
QTc prolongation
ST elevation EF 45%
ST depression
10 40 F RtIC-PC 4 3 clipping 0 + flattened T wave EF 46%

ST elevateon

*|C-PC: internal carotidartery-posterior communicating artery
* Acom: anterior communicating artery

*VA: vertebra artery

*BA: basilar artery

*NPE: neurogenic pulmonary edema
*Vf: ventricular fibrillation
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*AF: atrial flutter



Table 2: Normalizationtimeof ECGand TTE

No. Normalization abrl;;srtnal Normalization
of TTE £CG of ECG

1 day 5 day 7 Not available

2 day 9 day 47 Not available
3 day 4 day 28 6 months
4 day 16 day 47 7 months
5 day 11 day 43 5 months

6 day 10 dayl Not available

7 day11 day 15 Not available

8 Not available day 8 Not available

9 day6 day 29 day 66

10 day6 day 1 day 3
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Highlights

Some of the patients of subarachnoid hemorrhage suffer from takotsubo

cardiomyopathy.

+ Abnormal cardiac wall motion usually recovers within the acute period.

+ Abnormalities on electrocardiograms can remain much longer than that of cardiac
wall motion.

+ Abnormalities in electrocardiography may cause some fatal arrhythmia such as
Torsades de Pointes.

+ Sufficient attention to electrocardiograms is necessary after the acute period.
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