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THE COMPONENT OF PATHOGENESIS OF SUDDEN NOCTURNAL DEATH IN PATIENTS
WITH HEART FAILURE
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Patients with chronic heart failure (CHF) constitute the bulk of the group at the highest risk of sudden death (SD). The majority of SDs occur at night. However, CHF
grade and ejection fraction do not always determine the risk of SD in the outcome of the disease. The following view has been expressed based on the research
on the topic and the described mechanisms underlying SD: impaired QT interval adaptation (“hyperadaptation”: QT/RR slope > 0.24) to HR in patients with CHF
who show maximum QT interval prolongation during the night, capable of triggering life-threatening ventricular tachyarrhythmias that trigger the mechanism of SD
associated with CHF, can play some role. It is possible that identification of QT interval hyperadaptation in patients with CHF makes it possible to form the group
at high risk of SD associated with HF and can become an additional indication for implantation of cardioverter-defibrillator.
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3BEHO MNATOMEHE3A HOYHOW BHE3AMHOW CMEPTU NMPU CEP,U,E'-IHOIZ HEOOCTATOYHOCTU
J1. M. Makapos =

DefepanbHbIi Hay4YHO-KIMHUHECKWIA LIEHTP AeTei 1 noapocTkoB defepanbHOro Meanko-6ronornieckoro areHTeTea Poccun, LIeHTp crHkonanbHbIX COCTOSHUIA 1
ceppe4HbIx aputMuia, Mocksea, Poccus

OCHOBHYtO 4acCTb rpynnbl ¢ HaMBOMbLLIMM PUCKOM BHe3anHo cmepTi (BC) cocTaBnsitoT O0MbHbIE C XPOHUYECKOW CEepAeyHON HeqoCcTaToYHOCTLIO (XCH).
B 6onblumnHcTBe cnydaes BC nponcxopgnT B HOYHOe Bpems. [Mpu atom cTeneHb XCH u dpakumsa Beibpoca He Bcerga onpepenser puck uveHHo BC B
ncxofe 3abonesaHns. OCHOBbIBAsSCH Ha aHaIM3e UCCNeaoBaHuiA Mo TeMe 1 OrnMcaHHbIX MexaHamoB BC, Bbicka3aHO MHEHWE O BO3MOXKHO PO HapyLLIEHHOM
apanTaumn («<runepapantauum»: QT/RR slope > 0,24) nHitepsana QT k YCC y 60nbHbIX ¢ XCH, ¢ MakcuMasbHbIM yaimHeHem nHtepsana QT UMEHHO B HOYHOE
BPEMS], YTO MOXKET MPUBOAMTE K 3aryCKy MM3HEYPOXAIOLLMX XKEMYA0HKOBbIX TaxMapUTMUiA, 3aryckaroLmx MexaHnam BC npu XCH. Bo3MOXHO, HTO BbISIBNEHME
«rmnepaganTaupmm» QT y 60nbHbIX ¢ XCH MOXeT dhopmmrpoBaTh rpynmy noBbiLLEHHOTO prcka no BC nput CH 1 6biTb AONOMHUTENBHBIM MOKa3aHeM B VMMaHTaLmm

KapavosepTepa AechmbpunnaTopa.
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Sudden death (SD) is one of the main challenges for modern
cardiology. People with chronic heart failure (CHF) associated
with coronary artery disease (CAD) are at the highest risk of SD.
Up to 20% of patients in this group die suddenly [1]. Analysis
of the PRAISE (Prospective Randomized Amlodipine Survival
Trial) study results has shown that patients with ischemic heart
failure significantly more often (44%) died during sleep between
4 and 8 hr am compared to other four-hour blocks of the
day [2].

QT interval prolongation is a well-known independent risk
factor of SD. Studying the circadian variation in QT dispersion
showed that patients with CHF had a more prolonged QT interval
compared to both healthy people and patients with CAD and no
CHEF [3]. However, the study revealed no significant differences
in the values of QT dispersion between nighttime and daytime.
The method for assessment of the QT interval/heart rate (or QT
interval/RR interval) relationship based on the Holter monitoring
data known as QT dynamics has been relatively recently widely
implemented in clinical practice [4]. When using the method, it
is assumed that the main indicator of QT dynamics, the linear
regression coefficient (slope) between QT and RR intervals,
defines the degree of QT variability related to changes in heart
rate (Fig. 1). In the adopted interpretation of QT dynamics, the
steep and flat QT/RR slopes are distinguished with the low or
high values of the linear regression slope [4].
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The criteria for physiologically normal QT dynamics (QT/RR
slope = 0.13-0.24) were previously identified, the approach
to clinical interpretation of QT dynamics was proposed that
defined the concepts of the QT interval “hyperadaptation”
and “hypoadaptation” [5-7]. QT interval hyperadaptation is
determined when QT/RR slope > 0.24 and is characterized
by excessive QT prolongation associated with bradycardia
and QT shortening associated with tachycardia. QT interval
hypoadaptation (QT/RR slope < 0.13) is characterized by
insufficient QT interval adjustment to heart rate with any heart
rate changes. These criteria for QT dynamics interpretation
were included in the National Russian Guidelines on Application
of the Methods of Holter Monitoring in Clinical Practice [8].
This approach was pioneered in healthy neonates with age-
related sinus tachycardia [5]. However, when assessing the
proposed interpretation of QT dynamics, M. Malik, one of
the world's leading experts on electrocardiology, noted its
prospects: “Their concept or hypo- and hyperadaptation of
QT interval to heart rate might be worthy of further studies in
different populations....” [9]. We also found in promising to use
this approach in assessing possible mechanisms underlying
SD in patients with CHF. We did not assess groups of patients
with CHF, although a few isolated cases of nocturnal SD in
patients with CHF were available (Fig. 2 and 3). We have found
no Russian reports of using the QT dynamics method in
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Fig. 1. Assessment of the 24-hr QT dynamics in healthy male aged 22 using the
modern Holter monitoring system. QT/RR slope (QTo) = 0.199
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Fig. 2. Ventricular tachyarrhythmia that occurs at 05:44 am, ventricular fibrillation
and sudden death that occur at 05:56 am in female patient aged 77 with ischemic
cardiomyopathy and ejection fraction of 38%. No option for assessment of QT
dynamics was installed in the system

patients with CHF, but, in our opinion, some global studies
have provided interesting results. Thus, when predicting the
risk of SD in patients with ischemic cardiomyopathy during
the European Myocardial Infarct Amiodarone Trial (EMIAT), it
was shown that patients with CHF, who died suddenly, had
the significantly higher QT/RR slope values compared to those
who survived (0.26 vs. 0.16, respectively) [10]. According to
other researchers, QT/RR slope exceeding 0.28 was a strong
independent predictor of SD in patients with CHF (relative risk
3.47; 95% confidence interval 1.43-8.40; p = 0.006) [11]. Both
studies showed that QT hyperadaptation to heart rate with
disproportionate QT prolongation associated with bradycardia
during night-time was typical for patients with CHF who died
suddenly.

The records of implantable cardioverter-defibrillators
obtained from patients with CHF showed that the decrease in
ejection fraction below 30% resulted in the higher incidence
of ventricular tachycardia during the second half of the
night compared to the first half [12]. This period of sleep
is characterized by the daily minimum heart rate [13] and
therefore by maximum QT interval prolongation in case of QT
hyperadaptation. Higher abundance of REM sleep is typical
for the second half of the night [13]. Ventricular extrasystoles
are more often registered in patients with CHF during the REM
sleep phase (163.0 vs. 118.4) [14], despite the fact that this
phase accounts for only 20% of total sleep. It could be this
combination of factors (prolonged QT interval and increased
arrhythmogenic electrical instability of myocardium) that makes

this period the most vulnerable to fatal arrhythmias in patients
with CHF.

As explained in the opening lecture of the ISHNE Sudden
Cardiac Death World Wide Internet Symposium, “... despite the
fact that congenital long-QT syndrome is rather rare compared
to other cardiovascular disorders, we could understand
the whole problem of sudden cardiac death by studying the
underlying mechanisms of arrhythmias”. In support of this thesis,
it can be noted that QT interval hyperadaptation is typical for
patients with the molecular genetic type 3 long-QT syndrome
(Fig. 4), who most often die during sleep [15]. This may indicate
the common mechanisms underlying pathogenesis of SD in
patients with the same main cause of the disease.

CONCLUSION

Based on the above, we have formulated the following
hypothesis:

— QT interval hyperadaptation in patients with CHF
associated with disproportionate prolongation of the QT
interval and higher incidence of ventricular tachyarrhythmias
in the night-time makes this group more susceptible to life-
threatening nocturnal arrhythmias and SD.

— ldentification of QT interval hyperadaptation in patients
with CHF makes it possible to form the group at high risk of
SD associated with HF and become an additional indication for
implantation of cardioverter-defibrillator.

Confirmation or refutation of this hypothesis requires
targeted research, which obviously pose no practical
differences, since there is sufficient number of Holter recordings
obtained from patients with CHF in numerous studies.

Scale: 6 hours per trend

130 200 230 300 330 400 430 500 530 E00 630 700

-1 B
Mean Heart Rate (bpm) gp i

50 bpm/div 150 o g
100
Cursor = 140 bpm 500

O i

Fig. 3. Nocturnal heart rate trend with sudden death occurring at 05:56 am (see
Fig. 1) during the period of the increased heart rate variability that corresponds to
REM sleep phase according to conventional somnography [8, 13] in the 77-year-
old female patient with ischemic cardiomyopathy
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Fig. 4. QT hyperadaptation in male patient with type 3 long QT syndrome. QT/RR
slope (QTo) = 0.369 (normal range: 0.13-0.24)
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