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BACKGROUND: Differential diagnosis of arrhythmias with wide QRS complexes remains an unresolved problem in clinical
practice. After decades of careful research, many different criteria and algorithms have been proposed, but many of them are
not quite accurate and effective in real clinical conditions. One of the approaches is to use ECG to estimate the speed of propa-
gation of excitation through the ventricular myocardium. The estimation is based on the ratio of the amplitudes of the initial and
final parts of the QRS complex, in particular, using the slow conduction index.

AIM: To study the possibility of using the slow conduction index in the differential diagnosis of arrhythmias with wide QRS
complexes and to carry out a detailed comparative analysis of the diagnostic value of this criterion in all 12 ECG leads with
evaluation and comparison of the obtained values of diagnostic accuracy.

MATERIALS AND METHODS: The study included 280 single wide QRS complexes with a form of left bundle branch block
(LBBB) detected during one-day and multi-day ECG monitoring in randomly selected 28 patients. For a detailed analysis,
a comparison of the original 12-lead ECG and individual scalable ECG graphs for selected leads was carried out, followed by
measurement of the absolute values of the total amplitudes during the initial and final 40 ms wide QRS complexes. For a quali-
tative and quantitative assessment of diagnostic significance, ROC analysis was used to determine the informative value of
a diagnostic test based on sensitivity (Sn), specificity (Sp) and diagnostic accuracy (Acc).

RESULTS: According to the obtained values of Sn, Sp and Acc, all 12 leads were arranged in the following order as the di-
agnostic value of the slow conduction index decreased: aVL, V2, aVF, V5, lll, V1, V4, Il, aVR, V6, V3 and 1. In the first six ECG
leads, Acc was consistently above 90%, gradually decreasing in the next six leads from 89% to 67%, respectively (p < 0.001
for all leads).

CONCLUSIONS: The results of this study showed that the slow conduction index can be used in any ECG leads as a crite-
rion for the differential diagnosis of arrhythmias with wide QRS complexes with a form of LBBB. The study also demonstrated
the importance of a comprehensive approach to the analysis of the form of the QRS complex and the need for a consistent
detailed analysis of the existing criteria for the differential diagnosis of arrhythmias with wide QRS complexes in different clini-
cal groups of patients.
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HayuHas craTbs

IlnarHocTuyecKkas LLeHHOCTb MHAEKCca

MeasieHHoro nposeaeHus B 12 otBegeHusax IKI
npu auddepeHuUanbHOU AUArHOCTUKE apUTMUMA

C wupokuMM KoMnaekcamu GRS n dopmMoki 6a1okaab
NneBOM HOXXKM nyyka lNuca

M.M. Ymenesckuin, M.A. bynaHosa, [.A. CtrenaHos, E.C. }abuHa, T.3. TynuHuesa

HauvoHanbHbIN MeaWLIMHCKMIA UccnefoBaTeNbCKuMin LeHTp UM. B.A. AnMa3sosa, CaHkT-leTepbypr, Poccus

Ob6ocHoeaHue. [IndpdepeHunanbHasn AMarHOCTUKA apUTMUIA C LUMPOKMMM KoMnneKcaMm QRS 0cTaeTcs CNOXHOM W [0 KOHLA
He peLUeHHOW NpobneMoi B KNMHUYECKONM npakTuke. llocne fecATUNneTWin TLaTeNbHbIX UCCefoBaHui bbino npefioXkeHo
MHOECTBO Pa3/M4HbIX KPUTEPWEB U aNropuTMOB, HO MHOTUE U3 HUX SIBNSIOTCA HEAOCTAaTOMHO TOYHBIMU U 3QHEKTUBHBIMM
B pearibHbIX KIMHUYeckux yenosusx. 0auH 13 nopxonoB anddepeHUmManbHOM AMarHoCTUKU TakUX apuTMUIA — oLeHKa Ha KT
CKOpOCTel pacnpocTpaHeHus Bo30YXAeHWS N0 MUOKApLY eNyA04KOB Ha OCHOBE COOTHOLLEHWUS aMIMJIUTY[, HaYanbHOM U KO-
HeYHoM YacTi Komnnekca @RS, B YaCTHOCTM C MOMOLLIbK MCMOMb30BaHNS MHAEKCA MEeJJIEHHOO NPOBEEHWS.

Llents. N3yyeHne BO3MOKHOCTM UCMO/b30BaHUS MHAEKCA MeANEHHOr0 NpoBeaeHus B A depeHLManbHOM AMarHoCTUKe
apuTMUIA € LUMpOKMMKM KoMmniekcamu @RS ¢ nocneaylowmM feTasbHbIM CPaBHUTENBHBIM aHaNM30M AMarHOCTUHECKOW LieH-
HOCTM 3Toro Kputepus Bo Bcex 12 otefienmsax KM M conocTaBneHUEM NOSyYEHHbIX 3HAYEHWUN AMArHOCTUYECKOW TOYHOCTH
C NIEKTPOPU3MONOTNIECKON TOUKM 3PEHUS.

Mamepuanel u Memodsl. B uccnepnosanue 6bino BKoYeHo 280 04MHOYHBIX LUMPOKMX KoMnnekcoB GRS ¢ dopmoit
Bnokapbl NEBOM HOXKK NyYKa [1ca), BbISBNEHHBIX NPU OAHOCYTOYHOM U MHOTOCYTOYHOM MoHuTopupoBaHuu KTy cnyyaitHo
BblbpaHHbIX 28 naumreHToB. [11s feTanbHoOro aHanu3a NpoBoAmMIoCh conocTaBneHne UexoaHon 12-kaHanbHoi 3K 1 oTAenbHbIX
macwTabupyembix rpagukos 3Kl ona BbibpaHHbIX OTBELEHWI C NOCNELYHLMM WU3MepeHUeM abCoMTHBLIX 3HAYeHWN
CyMMapHbIX aMnauTyA B TedeHne HauyanbHbIX (V) n KoHeuwbix (V) 40 Mc wupokux QRS Komnnekcos. [na KayecTBeHHOM
W KONMYECTBEHHOMN OLIEHKW AMarHOCTUYECKOK 3HauMMocTy ucnonb3osancs ROC-aHanus ¢ onpegeneHueM MHGOPMaTUBHOCTH
AMarHoCTUYECKOro TeCTa Ha OCHOBAHUM YYBCTBUTENBHOCTU, CNELMPUYHOCTV U AMArHOCTUYECKOW TOUHOCTU. [1pn cpaBHeHWM
nnowaznen ROC-KpMBLIX CTAaTUCTUHECKW 3HAUMMbIMKU NPUHUManUChb 3Hadenusa p < 0,001.

Pe3ynbsmamei. CornacHo noy4eHHbIM 3Ha4eHWAM YyBCTBUTENTBHOCTH, CreumMdUYHOCTM M AMArHOCTUHECKOM TOYHOCTU BCE
12 oTBEAEHNI PACNONOXMIMUCD B ClIEAYHOLLMM NOPSAKE M0 MEPe YMEeHbLUEHWUS AMArHOCTUYECKOM LIEHHOCTU MHAEKCA Me[LIEHHOM0
nposenenus: avl, V2, aVF, V5, Il V1, V4, I, aVR, V6, V3 u |. Mpu 3tom B nep.bIx wectu IKI-0TBEAEHUAX AMArHOCTUHECKAA TOYHOCTb
Obina cTabubHO Bhilwe 90 %, NOCTENEHHO YMeHbLUAACL B NOCNEAYIOLLMX LWEeCTU oTBefeHusAX ¢ 89 [0 67 % COOTBETCTBEHHO
(p < 0,001 ans BCex 0TBEAEHUN).

3arsoyeHue. Pe3ynbTatbl JaHHOrO MCCNEAOBAHMSA NMOKA3aiu, YTO MHAEKC MeJJIEHHOr0 NPOBEAEHUS MOXET UCMOSb30-
BaTbca B Ntobbix otBefenuax JKI Kak Kputepun auddepeHUManbHOM AMarHOCTUKM apuUTMUIA C LUMPOKUMU KOMIJIEKCaMM
QRS v dopmoii briokagbl neBoi HOXKKM NydKa Mca. Takxe npoBeAeHHOE McciefoBaHWe NPOLEMOHCTPUPOBANO BaXHOCTb
BCECTOPOHHEr0 NoAxofAa K aHanuay dbopmbl komnnekca QRS v HeobxoaUMoCTb NOCNeA0BaTeNbHOMO feTaNbHOro aHanu3a cy-
LLeCTBYIOLLMX KpuTepueB anddepeHLManbHOM AMarHoCTUKM apuUTMUIIA € LIMPOKUMU KoMmiekcaMu QRS B pasHbIX KIIMHUYECKUX
rpynnax nauueHToB.

KnioueBble cnoBa: anddepeHumanbHas AMarHoCTUKa; LUMPOKMe KoMnnekcebl QRS; 6iokapa NeBoii HOXKY Nyyka lca.
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BACKGROUND

Differential diagnosis of arrhythmias with wide QRS com-
plexes remains an unresolved problem in clinical practice
[1, 2]. Electrocardiography (ECG) and ECG Holter monitoring
are key data interpretation tools in the differential diagno-
sis of these arrhythmias. After decades of careful research,
many different criteria and algorithms have been proposed,
but many of them are not sufficiently accurate and effective
in real clinical conditions [3, 4]. This is confirmed by many
scientific publications and individual clinical observations that
demonstrate the insufficient effectiveness of most of these
algorithms [5, 6].

The main problem in the differential diagnosis of arrhyth-
mias with wide complexes is the need to analyze the rela-
tionship between atrial and ventricular rhythms to search for
signs of atrio-ventricular (AV) dissociation and other criteria
for ventricular tachycardia (VT), when high-quality visualiza-
tion of atrial activity waves renders difficult. In this regard,
it is often impossible to use this approach and it becomes
necessary to assess the shape of wide QRS complexes
(the so-called morphological features) characteristic of VT
or aberrant ventricular conduction. Despite the ever-increas-
ing number of algorithms for assessing the shape of GRS
complexes, most of these criteria show low diagnostic ac-
curacy in repeated studies on different groups of patients [5].
The reasons for this are, firstly, the high degree of subjectiv-
ity in the assessment of amplitude-time characteristics by
different researchers, and secondly, the inability to take into
account the individual characteristics of the propagation of
the excitation wave through the myocardium using these cri-
teria in arrhythmias with wide QRS complexes.

In fact, all amplitude-time criteria can be divided into
three groups. The first group includes signs that character-
ize the shape of individual deflections of the QRS complexes.
The second group includes features that determine the du-
ration of the individual components of the QRS complexes.
The third one includes characteristics aimed at determining
the rate of change in the amplitude of the initial and final
parts of the QRS complexes and their ratio. At the same
time, almost all amplitude-time criteria included in the first
two groups show relatively low diagnostic accuracy in re-
peated studies on clinically different groups of patients [5].
Apparently, one of the reasons leading to such results is
the presence of structural changes in the myocardium and
a significant difference in the individual ratios of the shape
of the chest and the location of the heart, which largely af-
fect the amplitude characteristics of individual elements of
the QRS complex and their duration.

As we pointed out in our previous publication [7], one of
the approaches designed to solve these problems is the ECG
assessment of the propagation velocities of excitation through
the ventricular myocardium based on the ratio of the am-
plitudes of the initial and final parts of the QRS complex.
The most well-known criterion for assessing the amplitude
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ratio is the slow conduction index proposed by A. Vereckei
et al. [8]. This criterion allows for differential diagnosis of
arrhythmias with wide QRS complexes based on the analy-
sis of the ratio of the absolute values of the total amplitude
of the @RS complex over the first and last 40 ms, which is
calculated in each individual ECG lead. This approach greatly
reduces the subjectivity of wide QRS morphology assess-
ment by different specialists, especially in complex cases of
arrhythmias with the form of a complex in the form of a left
bundle branch block (LBBB).

One of the features of using the slow conduction index is
the need to select an ECG lead with a wide RS-type complex
according to the original concept of the authors of the pro-
posed criterion [8]. However, the choice of an ECG lead is
largely arbitrary, especially in the presence of several simi-
lar leads, which can show conflicting results. At the same
time, in a number of other cases, the absence of an RS-type
form of the complex leads to the formal impossibility of using
the slow conduction index in practical work. Such features of
the use of this criterion, in our opinion, are significant limi-
tations. In this regard, in our previous publication, we pre-
sented the results of a study that showed the fundamental
possibility of using the slow conduction index in the differ-
ential diagnosis of arrhythmias with wide QRS complexes
in any ECG lead without the need to search for a biphasic
wide complex with an RS-type shape [7]. In addition, it was
shown that the diagnostic value of the slow conduction in-
dex was quite high in leads II, Ill, aVL, aVF, V1, V2, V4, V5
(8 out of 12). At the same time, upon careful study of the ob-
tained results, it becomes obvious that a detailed comparison
of the diagnostic value of this criterion in 12 ECG leads, as
well as a detailed analysis of the obtained incorrect values,
is necessary. It is also necessary to evaluate the results of
the study in terms of analyzing the relationship between
the obtained diagnostic characteristics and the electrophysi-
ological features of the propagation of the excitation wave
through the myocardium.

In this regard, this work continues the previous study on
the possibility of using the slow conduction index in the dif-
ferential diagnosis of arrhythmias with wide QRS complexes.
It is also devoted to a detailed comparative analysis of the di-
agnostic value of this criterion in all 12 ECG leads with evalu-
ation and comparison of the obtained values of diagnostic
accuracy, as well as analysis of the obtained results from
the electrophysiological point of view.

MATERIALS AND METHODS

Data processing and recording

The layout for recording and processing ECG data for sub-
sequent analysis was described in detail in a previous pub-
lication [7]. In this work, a detailed analysis of the morpho-
logical characteristics of QRS and a consistent comparison
of the total amplitude during the initial and final 40 ms wide
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ventricular complexes were additionally carried out in those
cases and ECG leads, when the use of the slow conduction
index led to erroneous results. To do this, a comparison of
the original 12-channel ECG and individual scalable ECG
graphs for the selected leads was carried out, followed by
the measurement of the absolute values of the total ampli-
tudes during the initial and final 40 ms wide QRS complexes.

Building scalable ECG graphs

To build separate scalable graphs, ECG data was ex-
ported from the PhysioNet in the text format, which were
then imported into Microsoft Excel spreadsheets (Microsoft
Corporation, 2016). The amplitude-time values of the ECG
were synchronized in 12 leads according to the sampling
frequency of the original signal. After finding the boundaries
of the QRS before its beginning and after its end, the values
of 100-120 ms were plotted, which were used as points be-
tween which the ECG was visualized in a separately selected
lead using the built-in tools for creating graphs in Microsoft
Excel. As a result, for each separately selected ECG lead,
two-dimensional diagrams were constructed, on which
the time scale was plotted along the abscissa axis (X) with
a scale corresponding to the minimum value of the sampling
frequency of the original recording. The amplitude scale was
plotted along the ordinate axis (¥) with automatic scaling
according to the initial values of the potentials of the GRS
complex. After that, on each ECG graph, 40 ms from the be-
ginning and end of the wide QRS complex were plotted on
the time scale, and the absolute values of the total ampli-
tudes at these points were measured, followed by a com-
parison of the results obtained.

STATISTICAL ANALYSIS

The technique of statistical analysis is also described in
detail in our previous publication [7].

In this work, a detailed study of the diagnostic value of
the slow conduction index was carried out based on a com-
parison of the results of ROC analysis. To assess and com-
pare the areas of ROC curves (AUC — Area Under Curve) in
all 12 leads, a nonparametric approach was used according
to the DeLonghi-Clark-Pearson method [9]. Further compari-
son of the areas under the curves was carried out based on
the values of the standard error calculation method of Hanley
and McNeil [10; 11], and an exact 95% confidence interval (Cl)
based on the binomial distribution [12]. To compare the re-
sults, baseline p values < 0.05 were assumed to be statisti-
cally significant. Diagrams of ROC curves were visualized us-
ing a color scale for each ECG lead (6 out of 12) on one graph.

For additional analysis of the results, a plot of the area
difference (AUC difference) of the ROC curves and the cor-
responding significance level p was plotted by analogy with
the method of constructing correlograms [13]. To visualize
the change in the absolute values of the difference in the ar-
eas of the ROC curves and the corresponding significance
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levels, a color palette in the RYG (Red-Yellow-Green) format
was used.

The calculated values of sensitivity (Sn), specificity (Sp)
and diagnostic accuracy (Acc) for all 12 ECG leads were com-
pared with each other and visualized in the form of color
grouped bar graphs for clarity.

After analyzing the number of comparisons made with
the p-level estimate and calculating the probability of an
incorrect conclusion regarding at least one of the hypo-
theses that significantly exceeds the initial significance level
(p <0.05), it was decided to correct the obtained values
for multiple testing using the Bonferroni corrections [14].
As a result, p values < 0.001 were finally considered sta-
tistically significant. The resulting AUC difference plots of
the ROC curves were adjusted according to this final accepted
level of statistical significance.

Complete statistical analysis was performed using Sta-
tistica v.12 (Statsoft Inc., USA), SPSS v.23 (IBM Corp., USA),
and MedCalc Statistical Software v.20.115 (MedCalc Software
Ltd, Ostend, Belgium).

RESULTS

Diagnostic value of slow conduction index
in 12-lead ECG

According to the obtained values of Sn, Sp and Acc, all
12 leads were arranged in the following order as the diag-
nostic value of the slow conduction index decreased: aVL, V2,
aVF, V5, Ill, V1, V4, 1, aVR, V6, V3 and 1. In the first six ECG
leads, Acc was consistently above 90%, gradually decreasing
in the next six leads from 89% to 67%, respectively (Fig. 1).
All obtained values were statistically significant (p < 0.001).

Comparison of the Obtained Values
of the Diagnostics of the Slow Conduction Index
in 12 ECG Leads

Comparison of the ROC curves showed that the diagnostic
value of the slow conduction index does not differ signifi-
cantly in leads aVL, V2, aVF, V5, lll, V1, while in leads V4, II,
aVR, V6, V3, and I it clearly decreases (Fig. 2).

According to the ROC area difference chart, there were
no significant differences in the diagnostic value of the slow
conduction index for the first 8 leads (aVL, V2, aVF, V5, lIl,
V1, V& and Il), while the remaining leads (aVR, V6, V3 and I)
were statistically significantly different from them (Fig. 3).

Evaluation of the obtained incorrect values
of the slow conduction index in individual
ECG leads

A detailed examination of the results obtained revealed
that in some cases the use of the slow conduction index
led to errors in the differential diagnosis of wide QRS com-
plexes. These cases were singled out and selected for fur-
ther analysis. So, as a result of reviewing some ECGs with
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Fig. 1. Histogram of slow conduction index Sensitivity (Sn), Specificity (Sp) and diagnostic Accuracy (Acc) for 12 lead ECG

V; /V, index V; /V, index

Fig. 2. ROC curves comparison charts as an illustration of slow conduction index diagnostic value difference for 12 lead ECG. Cut-off values
are marked as red marker on each of ROC curves
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premature atrial contractions (PAC) and aberrant conduc-
tion by the type of LBB block, it turned out that in one of
the leads (aVL) the use of the obtained values of the slow
conduction index V;/V, < 1) led to an erroneous diagnosis
of premature ventricular contractions (PVC), while in in all
other leads, the use of this criterion showed correct results
(Fig. 4). Analysis of the scaled ECG plot in lead aVL showed
that the absolute values of the amplitudes of the initial (V)
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and final (V) 40 ms of the QRS complex were 94 pV and
316 pV, respectively (Fig. 5). Similarly, reviewing some PVC
ECGs with a form of LBBB, it was found that in some leads
(aVR) the use of the obtained slow conduction index values
(V;/ V,> 1) led to an erroneous diagnosis of PAC, while in all
other leads the use of this criterion showed correct results
(Fig. 6). Analysis of the scaled ECG plot in lead aVL showed
that the absolute values of the amplitudes of the initial (V)

Area under curve (AUC) 0.94 ‘ 0.92 ‘ 0.91 ‘ 0.91 ‘ 0.90 ‘ 0.90 ‘ 0.89 ‘ 0.88 ‘ 0.80 ‘ 0.79 ‘ 0.75 ‘ 0.67
AUC difference
max Lead aVL V2 aVF V5 1} Vi Vi I aVR Vb V3 1
aVL 0.018 0.021 0.029 0.036 0.039 0.043 0.057 0.136 0.150 0.189 0.268
0.92 V2 0.407 0.011 0.018 0.021 0.025 0.018 0.096 0.11m 0.150 0.229
0.91 aVF 0.268 0.007 0.014 0.018 0.021 0.036 0.114 0.129 0.168 0.246
0.91 V5 0.226 0.620 0.007 0.011 0.014 0.029 0.107 0.121 0.161 0.239
0.90 1l 0.049 0.482 0.100 0.007 0.021 0.100 0.114 0.154 0.232
0.90 | 0.078 0.239 0.312 0.671 0.671 0.018 0.096 0.111 0.150 0.229
0.89 Va4 0.059 0.336 0.310 0.545 0.754 0.014 0.093 0.107 0.146 0.225
0.88 I 0.012 0.385 0.011 0.190 0.194 0.385 0.516 0.079 0.093 0.132 0.211
0.80 aVR <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.014 0.054 0.132
0.79 V6 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.576 0.039
0.75 V3 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.076 0.218 0.079
1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.023
min min p-value max

Fig. 3. Diagram of AUC difference between ROC curves (right upper triangle) and corresponding p-value (left bottom triangle) illustrating
a difference of slow conduction index diagnostic value in 12 lead ECG. Leads are sorted towards a decrease of their diagnostic value from
up to down (left column) and from left to the right (upper row) according to the calculated absolute value. A color palette of diagram shows
changing of AUC difference absolute values from min (green) to max (red) and p-values from max (green) to min (red). AUC difference
with corresponding p < 0.001 are marked with red font on white background

V./V> 1

Vi/V<1

VT

Fig. 4. ECG example of supraventricular extrasystoles with LBBB aberration. Borders of all QRS complex are marked with small red
vertical lines. Borders of selected for analysis wide QRS complex are marked with solid red vertical lines in all 12 ECG leads. Leads with
correct results (V; / V,> 1) of slow conduction index calculations in differential diagnosis are marked with green color while leads with

wrong results (V; / V, < 1) for this case are marked with red color
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500
avL

400

V=9 v
v=step Vs

300

200

Voltage (uV)

100

40 ms

40 ms
-100
Time, ms

Fig. 5. ECG plot in aVL lead and determination of an absolute values of initial (V) and terminal (V,) 40 ms of wide QRS complex for the case
of supraventricular extrasystoles with LBBB aberration where calculation of slow conduction index (V; / V,) shows wrong results (V; / V,< 1)
in differential diagnosis. Voltage (V) — ECG amplitude (microVolts), time in ms

V./V<1

V. V> 1

V./V< 1

Fig. 6. ECG example of ventricular extrasystoles with LBBB type morphology. Borders of all QRS complex are marked with small red
vertical lines. Borders of selected for analysis wide QRS complex are marked with solid red vertical lines in all 12 ECG leads. Leads with
correct results (V;/ V, < 1) of slow conduction index calculations in differential diagnosis are marked with green color while leads with
wrong results (V;/ V> 1) for this case are marked with red color
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40 ms

V=385 uV
vt VT

Time, ms

Fig. 7. ECG plot in aVR lead and determination of an absolute values of initial (V) and terminal (V,) 40 ms of wide QRS complex for
the case of ventricular extrasystoles with LBBB type morphology where calculation of slow conduction index (V; / V,) shows wrong results
(V;/ V,> 1) in differential diagnosis. Voltage (uV) — ECG amplitude (microVolts), time in ms

and final (V) 40 ms of the QRS complex were 385 pV and
177 WV, respectively (Fig. 7).

Further consideration of the obtained results showed that
the frequency of occurrence of such cases with incorrect val-
ues of the slow conduction index, leading to erroneous results
in the differential diagnosis of arrhythmias with wide GRS com-
plexes, directly corresponds to the values of the diagnostic ac-
curacy of this criterion in each ECG lead shown in Fig. 1.

DISCUSSION

Main results

The study showed that the diagnostic value of the slow
conduction index does not differ significantly in leads aVL, V2,
aVF, V5, lll, V1, V4, and II, while for the remaining leads aVR,
V6, V3, and |, it clearly decreases (Figures 1 and 3). These
facts once again confirm the results of the previous study [7],
which showed the fundamental possibility of using this di-
agnostic criterion in any ECG leads. In addition, the obtained
results show in which leads the use of the slow conduction
index leads to the best results in the differential diagnosis of
arrhythmias with wide QRS complexes with LBBB.

Analysis of the results of comparing the values
of the diagnostics of the slow conduction index
in 12 ECG leads

A detailed analysis of color grouped bar graphs with
the values of diagnostics showed that the spread of Sn and

DOl https://doiorg/10.17816/cardar233537

Sp values in leads aVL, V2, aVF, V5 and Il does not exceed
10% at the level of Acc from 94% to 90%, respectively
(Fig. 1). This fact testifies to the significant robustness of
the slow conduction index against changes in the shape
of wide QRS complexes with the form of LBB blockade as
a criterion for the differential diagnosis of such arrhythmias.
This is confirmed by a direct comparison of the shape of
the ROC curves in these leads (Fig. 2), as well as a sequential
pairwise comparison of the difference in their areas (AUC)
and the corresponding significance levels p (Fig. 3). For
the remaining leads V1, V4, I, aVR, V6, V4 and |, the spread
of Sn and Sp values increases significantly, reaching 51%
in lead V3, and the values of Acc, respectively, begin to
decrease markedly from 89% to 67%. This, in turn, may
indicate a significant sensitivity of the slow conduction index
to changes in the shape of wide QRS complexes in these
leads. At the same time, sequential pairwise comparison of
the area difference (AUC) and the corresponding significance
levels p for these leads in Fig. 3 shows that for leads aVR,
V6, V3, and |, the difference in diagnostic values reaches
the level of statistical significance adopted in this study
(p < 0.007). These facts confirm that these leads are not
the best choice for using the slow conduction index as
a criterion for the differential diagnosis of arrhythmias with
wide QRS complexes with a form of LBBB.

In general, the analysis of the color palette of the diagram
of the difference in the areas of ROC curves shows a gradual
significant and pronounced decrease in the diagnostic value
of the slow conduction index from its central part towards
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the right and lower borders, while there is no such significant
difference in the upper-central part of the diagram.

Analysis of cases of incorrect differential diagnosis
of wide QRS complexes when calculating the index
of slow conduction in some individual ECG leads

According to the results obtained, the use of the slow
conduction index in some cases led to erroneous results in
the differential diagnosis of wide QRS complexes. As the most
illustrative cases, ECGs of one of the patients with PAC and
aberrant conduction in the form of LBBB were selected and
it was shown that in one of the leads (aVL) the calculated
index of slow conduction incorrectly indicates the ventricular
genesis of these wide @RS (V;/ V, < 1) complexes, while in
the remaining 11 leads diagnostics is correct (Fig. 4). When
considering the scaled ECG graph in lead aVL, it turned
out that the absolute value of the amplitude of the initial
40 ms of the GRS complex (V) is three times less than
the corresponding value of the final 40 ms (Fig. 5). The reason
for this is, apparently, that the first 20 ms of the QRS
complex are almost isoelectric and a significant increase
in amplitude begins only from the 30" ms. However, this
does not mean that during the first 20 ms, excitation spreads
slowly through the myocardium. In this case, such individual
anatomical features of this patient as the location of the heart
in the chest and its shape relative to the recording leads,
as well as the electrophysiological features of the course of
excitation in the myocardium lead to the fact that the main
vector of the first 20 ms of depolarization is directed almost
perpendicular to aVL lead, which results into isoelectric form
of this section of the ECG.

A similar situation arises when considering another
selected case of PVC with LBBB, when in one of the leads
(@VR) the calculated slow conduction index also incorrectly
indicates the supraventricular genesis of wide QRS (V. / V, > 1),
while in the other 11 leads, this criterion correctly diagnoses
PAC (Fig. 6). When considering the scaled ECG plot in aVR
lead, it turns out that the absolute value of the amplitude of
the initial 40 ms of the GRS complex (V) is more than twice
the corresponding value of the final 40 ms (Fig. 7). Similar
to the previous case, when analyzing the terminal part of
the GRS complex, it becomes apparent that the last 30 ms
is almost isoelectric. The reasons for this, apparently, are
the same as in the situation described above with incorrect
diagnosis of PVC in lead aVL in a patient with PAC and
aberrant conduction like LBBB.

When analyzing the remaining cases of incorrect results of
differential diagnosis, it turned out that in the vast majority of
cases the causes are similar to those described above. From
our point of view, these facts testify that with an arbitrary choice
of one of the 12 ECG leads for calculating the slow conduction
index, erroneous results may spontaneously appear. In this
regard, to use this criterion in the differential diagnosis of
arrhythmias with wide QRS complexes, it is necessary to
choose ECG leads with the highest diagnostic value.
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Evaluation of the results of using the slow conduction
index in connection with the electrophysiological
features of the propagation of excitation through

the myocardium

As shown above, in some cases, the use of the slow
conduction index in individual ECG leads may show incorrect
results in the differential diagnosis of wide QRS complexes.
This raises the question: are these erroneous results random
or are there any definite patterns? To answer this question,
we must first consider more detail the electrophysiological
basis for the use of the slow conduction index.

The original algorithm of A. Vereckei is based solely on
the hypothesis of differences in the direction and speed of
initial and final myocardial activation during ventricular and
supraventricular arrhythmias with aberrant conduction [8].
The electrophysiological rationale for the slow conduction
index criterion is that during arrhythmias with wide QRS
due to PAC, the initial activation of the interventricular
septum (occurring either from left to right or from right to
left, depending on the type of BBB) occurs at a rate slightly
slower than during normal conduction of the excitation wave
according to the His-Purkinje system, and intraventricular
conduction delay, causing a wide QRS complex, occurs
in its middle and final parts. As a result, the increase in
the amplitude of the initial part of the QRS complex will occur
more rapidly than the final one. Therefore, the slow conduction
index is greater than 1 (V;/V, > 1) during supraventricular
tachycardias with aberrant conduction. In arrhythmias with
wide QRS due to PVC, the slower propagation of the excitation
wave through the contractile myocardium occurs until
the impulse reaches the His-Purkinje system, after which
the rest of the myocardium is activated more rapidly. As
a result, the amplitude of the initial part of the QRS complex
rises much more slowly, so the slow conduction index is less
than 1 (V;/ V, < 1) during ventricular tachycardias. According
to the authors, this assumption should be true regardless of
the mechanism of occurrence of VT, the presence or absence
of structural heart disease [3]. At the same time, the authors
point to the use, among other things, of another assumption
when developing the criterion for the slow conduction index
(V;/ V,) that the steepness of the initial part of the wide GRS
complex is directly proportional to the conduction velocity of
the excitation wave propagating in the ventricles [3].

A critical analysis of the electrophysiological foundations
of these hypotheses shows that these assumptions, from
our point of view, only partially reflect the real relationship
between the shape of the QRS complex and the nature of
the propagation of the excitation wave through the ventricles
of the heart. First, the assumption that the degree of increase
in the amplitude of the initial part of the QRS complex is
directly proportional to the rate of conduction of excitation in
the ventricles is based on a simplified idea of the shape and
homogeneity of the excitation wave front. In fact, as shown
in experimental studies, when various conduction blockades
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occur, the excitation waveform can vary significantly and
be divided into several fronts [15-18]. Secondly, according
to the accepted dipole ECG model, the propagation of
excitation can be described by the vector theory in the form
of the dependence of the amplitude of the QRS complex on
the location of the recording electrode on the body surface
with respect to the front of the excitation wave in the ventricles
of the heart [19]. However, this dependence is not linear and
also implies the use of a significantly simplified dipole model,
when the ECG is a total reflection of the electrical activity of
the heart [20, 21]. Thus, the magnitude of the amplitude of
the initial and final parts of the QRS complex is not a direct
reflection of the nature of the propagation of the excitation
wave in the heart.

In addition, it is important to note that the original
concept of using the slow conduction index for the differential
diagnosis of arrhythmias with wide QRS complexes,
proposed by the authors, involves only assessing the ratio of
the amplitudes of the initial and final parts of the GRS complex
(V;/ V) relative to each other. Moreover, not only the values
of the amplitudes themselves, but also the absolute value
of this ratio are not used in the analysis, which leads to
the loss of a significant part of the information, since these
values also register the features of the rate of change in
the QRS amplitude as an indirect characteristic of the speed
and direction of propagation of the excitation wave through
the myocardium. It should also be added that the assessment
of these parameters in the sections of the initial and final
part of the QRS complex with a duration of 40 ms poses
a significant number of questions without an obvious
electrophysiological justification.

Thus, the incorrect results of the differential diagnosis
of wide GRS complexes when using the slow conduction
index are, apparently, a reflection of the limitations of this
criterion as a characteristic that actually reflects the course
and nature of the propagation of the excitation wave
through the ventricles of the heart. These limitations, most
likely, are systematic rather than random and lead to an
understanding of the need for a deeper and more detailed
analysis of the relationship between the surface ECG and
the electrophysiological features of the conduction of
excitation through the myocardium.

Analysis of the methodology used and evaluation
of the results of the study in connection with previously
published data

In their original work, the authors of the proposed slow
conduction index criterion showed that their algorithm was
generally superior to the P.Brugada algorithm in terms of
diagnostic accuracy (90.3% vs. 84.8%, respectively) [3].
At the same time, the superiority of the A. Vereckei algorithm
was mainly due to the significantly better overall accuracy
of testing the V. / V, criterion at the 4™ step compared to
the 4™ step of the P. Brugada algorithm (82.2% versus
68%, respectively). Later proposed by A. Vereckei et al.
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the algorithm for the differential diagnosis of arrhythmias
with wide QRS complexes based on only one aVR lead
showed that the overall accuracy of testing the new criteria
was similar to the accuracy of the first A. Vereckei algorithm
and exceeded the accuracy of the P. Brugada algorithm
(91.5% versus 90.7% and 85, 5%, respectively) [22].

However, when analyzing subsequent publications, it
turned out that independent assessments of different research
groups did not show such high diagnostic characteristics as
described in the original publications by A. Vereckei et al.
[23-28]. For example, one of the groups showed that, when
independently tested, the A. Vereckei algorithm showed high
sensitivity, but very low specificity (29%) [26].

From our point of view, the published results show that
the algorithm used has been tested on different groups of
patients, as well as by different researchers, without using
a common standardized approach. Moreover, the ECG analysis
and calculation of the slow conduction index were carried
out manually without the use of modern digital information
processing methods. In addition, it becomes obvious that
the subjective method of selecting different ECG leads was
used to calculate the index of slow conduction according to
the first original algorithm of A.Vereckei. When using the new
aVR algorithm, the degree of subjectivity, apparently, was
lower, however, the use of different groups of patients and
the lack of digital methods for recording and processing ECG
do not allow an objective comparison of previously published
research results. Similar conclusions are reached by other
scientific groups that have conducted a detailed analysis of
the results of using various algorithms for the differential
diagnosis of arrhythmias with wide QRS complexes [29].

In this regard, it should be noted in general that
the method of calculating the slow conduction index is
extremely important. Firstly, the ECGs selected for analysis
should initially be recorded digitally at a high sampling
rate, and not on paper at a speed of 25 mm/s, as is often
described in many publications. Secondly, a detailed analysis
of the initial and final parts of the QRS and an assessment
of the characteristics of its shape in different ECG leads is
necessary. That is why the ECG analysis technique used by
us in this study was initially developed taking into account
all the above features. Moreover, this method of analysis
of the results was subjected to a thorough retrospective
analysis, and the results obtained were analyzed in detail
using modern digital information processing methods and
the possibility of detailed scaling of the ECG.

It also becomes apparent that one of the important
components of any study in the differential diagnosis of
arrhythmias with wide GRS complexes is the analysis of the ECG
in all 12 leads. From our point of view, the algorithm for using
a single lead aVR (proposed by A. Vereckei et al.) has significant
drawbacks, since it completely ignores all other information from
the remaining 11 ECG leads. In this regard, the obtained high
values of the diagnostic accuracy of the algorithm of A. Vereckei
et al. in their original study are questionable, despite the relatively
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large group of patients used for analysis. Later publications of
the results of an independent assessment of various research
groups showed a rather low specificity of these criteria. In
our work, we also received confirmation of these data, since
the results of this study indicate that aVR lead was not the best
choice for calculating slow conduction index in the differential
diagnosis of wide QRS arrhythmias. Moreover, we have shown
that in a number of cases, it is in lead aVR that the calculation
of the slow conduction index leads to an incorrect result due to
the final isoelectric part of the wide GRS complex. From our point
of view, this is yet another confirmation of the need to analyze all
ECG leads in the differential diagnosis of this type of arrhythmias.

Assessment of the representativeness and limitations
of the study

The possible limitations of this study were detailed in
our previous publication [7]. However, it should be noted
that certain limitations may also apply to the limits of
applicability of the slow conduction index criterion from
an electrophysiological and anatomical point of view. So,
the analysis of later publications shows that the authors of
various studies also noted certain limitations when using
the slow conduction index as a criterion for differential
diagnosis [6, 28-30]. In particular, it was pointed out that
myocardial diseases with local changes in different segments
of the ventricles can lead to changes in the rates of excitation
propagation, and, accordingly, incorrect values of the slow
conduction index [3]. For example, in the case of local fibrotic
changes in the myocardium, the use of this criterion cannot
be used in the differential diagnosis of arrhythmias with wide
QRS complexes. These situations require further research.
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