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Standard Output of Long-Term ECG Analysis

I Is this an efficient way of analyzing long-term data?

I Are spreadsheets and short ECG segments enough
for a comprehensive arrhythmia screening?




New Visualization Option

CAST/e042b, male (60-64y)

CAST/e010a, male (45-49y)

CAST/e055a, male (50-54y)

N 69068, Q 28805
| 3198, A 969, V 16

N 64645, | 4997
V 2008, Q 50, A 13

N 75725, | 5523
V 2476, Q 156, A 20

N - Normal beat, A - Atrial premature beat, V - Premature ventricular contraction, Q - Unclassifiable beat, | - Isolated QRS-like artifact




Arrhythmias and Relative RR Intervals
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Arrhythmias and Relative RR Intervals

Relative RR Intervals

Relative RR intervals rr; are defined as a weighted difference of RR intervals:

RR; — RRi— )
rri= g ! forallie {2,...,n}
5(RRi + RRi—1)

Relative RR intervals have the following properties:
1. —2<m< 42
2. rr;=0 ifand only if RR; = RR;_1
3. ri=—2ifand only if RR; =0
4. rri=+2ifand only if RRi_1 =0
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Arrhythmias and Relative RR Intervals

Interpolated extrasystole - isolated
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Arrhythmias and Relative RR Intervals

Interpolated extrasystole - isolated
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Arrhythmias and Relative RR Intervals

Interpolated extrasystole - isolated
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Arrhythmias and Relative RR Intervals

Interpolated extrasystole - isolated
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Arrhythmias and Relative RR Intervals

Interpolated extrasystole - isolated

1.6% 4.6% 3.9% -9.1%
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Arrhythmias and Relative RR Intervals

Interpolated extrasystole - isolated

1.6% 4.6% 3.9% -9.1% -84.4%
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Arrhythmias and Relative RR Intervals

Interpolated extrasystole - isolated

1.6% 4.6% 3.9% -9.1% -84.4%52.3%
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Arrhythmias and Relative RR Intervals

Interpolated extrasystole - isolated

1.6% 4.6% 3.9% -9.1% -84.4%52.3% 29.8%
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Arrhythmias and Relative RR Intervals

Interpolated extrasystole - isolated

1.6% 4.6% 3.9% -9.1% -84.4%52.3% 29.8% 9.9%
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Arrhythmias and Relative RR Intervals

Interpolated extrasystole - isolated

4.6% 3.9% -9.1% -84.4%52.3% 29.8% 9.9% 1.3%

. _ 16
fl i1 = 6 — 2=
. 243-rr;
f2 S = 1—- 6+rr,'
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Arrhythmias and Relative RR Intervals

Extrasytole with compensatory pause - isolated PVC
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Arrhythmias and Relative RR Intervals

Extrasytole with compensatory pause - isolated PVC

672 656 686 694 678 664
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Arrhythmias and Relative RR Intervals

Extrasytole with compensatory pause - isolated PVC

-2.5% 4.6% 1.2% -2.4% -2.1%
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Arrhythmias and Relative RR Intervals

Extrasytole with compensatory pause - isolated PVC

-2.5% 4.6% 1.2% -2.4% -2.1% -36.6%
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Arrhythmias and Relative RR Intervals

Extrasytole with compensatory pause - isolated PVC

-2.5% 4.6% 1.2% -2.4% -2.1% -36.6% 64.5%
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Arrhythmias and Relative RR Intervals

Extrasytole with compensatory pause - isolated PVC
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Arrhythmias and Relative RR Intervals

Extrasytole with compensatory pause - isolated PVC

-2.5% 4.6% 1.2% -2.4% -2.1% -36.6% 64.5% -26.8% -0.8%
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Arrhythmias and Relative RR Intervals

Extrasytole with compensatory pause - isolated PVC

-2.5% 4.6% 1.2% -2.4% -2.1% -36.6% 64.5% -26.8% -0.8% -2.5%
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Arrhythmias and Relative RR Intervals

Extrasytole with compensatory pause - isolated PVC

05

-2.4%

-2.1%

-36.6%

64.5%

-26.8%

f3: rriy1 =

fy:rrip =

-0.8% -2.5%

-1.7%

8
=+4- 2—rr;

8
=2+ 4+rr;
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Arrhythmias and Relative RR Intervals

Skipped/blocked beats
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Arrhythmias and Relative RR Intervals

Skipped/blocked beats

-0.7% 0.0% 0.7% 1.0%
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Arrhythmias and Relative RR Intervals

Skipped/blocked beats
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Arrhythmias and Relative RR Intervals

Skipped/blocked beats
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Arrhythmias and Relative RR Intervals

Skipped/blocked beats
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Arrhythmias and Relative RR Intervals

Skipped/blocked beats

o -0.7% 0.0|% 0.7% 1.0% 53.8% -45.9% -7.4% -1.3%
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Visual Inspection of Long-Term Records
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Visual Inspection of Long-Term Records

Long-term ECG analysis - time lapse

2 crisdb/e/e004a 14:07:16-14:08:16

15F

0.5

-0.5F
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-1 -0.5 0 0.5 1
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Long-term ECG analysis - complete view

15

0.5

i+1
o

-0.5

-1.5

crisdb/e/e004a [Male 45-49]

Visual Inspection of Long-Term Records

Return map of relative RR intervals PVCI PVCII
137
13
r 1 00.42% 05.85%
00.23% \ §
-1 -0.5 0 0.5 1
Asystole Normal or Unclassified
00.07% 0 92.70%
L L L L L L 01.07%
-1 0.5 0 05 1 15 2 2 -1 0 1 2
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Visual Inspection of Long-Term Records

Long-term ECG analysis - hourly view

crisdb/e/e004a [Male 45-49]

13:58 14:58 15:58 16:58 17:58 18:58 19:58 20:58
% & & & N . S
163 (3.59%) 232 (4.40%) 427 (8.29%) 1154 (20.16%) 808 (14.24%) 11 (0.19%) 0 (0.00%) 2 (0.03%)

21:58 22:58 23:58 00:58 01:58 02:58 03:58 04:58

EN N N Y § » @ &

10 (0.18%) 33 (0.59%) 28 (0.51%) 171 (3.17%) 500 (9.90%) 1197 (22.50%) 164 (3.20%) 885 (16.68%)
05:58 06:58 07:58 08:58 09:58 10:58 11:58 12:58

846 (15.63%) 310 (6.11%) 651 (11.35%) 6 (0.11%) 12 (0.23%) 68 (1.27%) 216 (3.55%) 244 (4.52%)
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Outlook

Universitatsmedizin
Marcus Vollmer | Arrhythmia Classification in Long-Term Data 26.09.2017, 14/16 GREIESWALD



Outlook

Recognition, diagnosis and management of arrhythmias

| Characterize and classify patients
| Opportunity for diagnostics
| Screening and case finding

| Discriminate artifacts from arrhythmias
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Appendix

CAST Database
Cardiac Arrhythmia Suppression Trial (CAST)

CAST RR Interval Sub-Study Database available on Physionet.org

Hypothesis: Suppression of asymptomatic or mildly symptomatic ventricular
premature complexes (PVCs) in survivors of myocardial infarction (MI) would decrease
the number of deaths from ventricular arrhythmias and improve survival.

Enrollment: Acute MI within the preceding 2 years and 6 or more PVCs per hour
during a pre-treatment long-term ECG recording.

Intervention: Patients randomly assigned to receive antiarrhythmic drugs (encainide
1987-89, flecainide 1987-89, moricizine 1987-91) or a placebo. (Double-Blind)
Results: Drugs successfully reduced the amount of PVCs but led to more
arrhythmia-related deaths (sudden cardiac death).

Free data: For 734 subjects, separate baseline (pre-treatment) and on-therapy records
available. Database consists of 1543 records (24h-Holter, ~150 million RR intervals).

( Universitats



Pattern of some Arrhythmia Types

N-NVN-N-N-N-N
N-NVNVNVNVNVN
N-NVN-NVN-NVN
N-NV--N-N-N-N
N-NV--NV--NV-
N-NV--N-NV--N
N-NV-N-N-N-N-
N-NVV-N-N-N-N
N-NVVVV-N-N-N
N-N---N-N-N-N
N-Nx--N-N-N-N

isolated, interpolated
bigeminy, interpolated
trigeminy, interpolated

isolated, compensatory pause
bigeminy, compensatory pause
trigeminy, compensatory pause
isolated, incomplete comp. pause

doublet
multifocal PVC, ventricular tachycardia

skipped beats / asystole
blocked PAC

Appendix
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http://physionet.org/lightwave?db=mitdb&record=108&t0=04:53
http://physionet.org/lightwave?db=mitdb&record=100&t0=25:13
http://physionet.org/lightwave/?db=mitdb&record=233&t0=02:00
http://physionet.org/lightwave/?db=mitdb&record=210&t0=09:55
http://physionet.org/lightwave?db=mitdb&record=215&t0=00:20
http://physionet.org/lightwave?db=mitdb&record=205&t0=04:56
http://physionet.org/lightwave/?db=mitdb&record=219&t0=04:56
http://physionet.org/lightwave/?db=mitdb&record=118&t0=02:54

Pattern of some Arrhythmia Types

N-NVN-N-N-N-N
N-NVNVNVNVNVN
N-NVN-NVN-NVN
N-NV--N-N-N-N
N-NV--NV--NV-
N-NV--N-NV--N
N-NV-N-N-N-N-
N-NVV-N-N-N-N
N-NVVVV-N-N-N
N-N---N-N-N-N
N-Nx--N-N-N-N

isolated, interpolated
bigeminy, interpolated
trigeminy, interpolated

isolated, compensatory pause
bigeminy, compensatory pause
trigeminy, compensatory pause
isolated, incomplete comp. pause

doublet
multifocal PVC, ventricular tachycardia

skipped beats / asystole
blocked PAC

Appendix

}PVCI
}PVC [l

} Asystole
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http://physionet.org/lightwave?db=mitdb&record=108&t0=04:53
http://physionet.org/lightwave?db=mitdb&record=100&t0=25:13
http://physionet.org/lightwave/?db=mitdb&record=233&t0=02:00
http://physionet.org/lightwave/?db=mitdb&record=210&t0=09:55
http://physionet.org/lightwave?db=mitdb&record=215&t0=00:20
http://physionet.org/lightwave?db=mitdb&record=205&t0=04:56
http://physionet.org/lightwave/?db=mitdb&record=219&t0=04:56
http://physionet.org/lightwave/?db=mitdb&record=118&t0=02:54

Appendix

Relative RR Intervals and ectopic beats (PVCI)

Arrhythmia type: N-N-NVN-N-N isolated, interpolated
RR sequence: n*(l 1 a 1—-a 1 1) where n is the normal RR interval length

rry = 2-% =0

= 247922 =2 (1-2a)=2—4a
s = 2};8:3 :2'2532231
rrg = 2-% =0 ’
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Relative RR Intervals and ectopic beats (PVCI)

Arrhythmia type: N-N-NVN-N-N isolated, interpolated
Relative RR interval sequence: (0 2 -3

a+1 2—4a
Some relations of successive relative RR intervals:

22_1 0)
4
— 4 —
rrs = 2—a+—1 @3—2_”3—
16 2+3
= 2-4a =6— _g. 2 toms
2—rr3 —2+rr3
2 2—rny
rr5: 231 = S 1:26
a 27rr4_ +rr4

Qniversitéts
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Appendix

Relative RR Intervals and ectopic beats (PVCI)

Arrhythmia type: N-N-NVN-N-N isolated, interpolated
2—4a

. . 4
Relative RR interval sequence: (0 2-9

Some relations of successive relative RR intervals:

4 4

rr3 = 2—m <:>a:2_rr3—1
16 2+3
= 2-4a =6-— _g. 210
2—rr3 —2+rr3
o 9 2 2—rry
5: 2_ p— 8 pu— .
a 1 2_rr4—]. 6+rr4
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Appendix

Relative RR Intervals and ectopic beats (PVCI)

Arrhythmia type: N-N-NVN-N-N isolated, interpolated
Relative RR interval sequence: (0 2 - ﬁ 2—4a gL_I 0)

Some relations of successive relative RR intervals:

= 2—-4 oa= 4 -1 1
3 atl 2—rr3
16 243 2
m= 2-4a —6- _g. 2E0msEe
—rr3 —2+rr3
2 2 rr 1 a=0.3
2 4
rrs = 5 =—3 =2
a 1 2_rr4—]_ 6+rr4 72-
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Appendix

Relative RR Intervals and ectopic beats (PVCI)

Arrhythmia type: N-N-NVN-N-N isolated, interpolated
Relative RR interval sequence: (0 2 - ﬁ 2—4a gL_I 0)

Some relations of successive relative RR intervals:

4 4
rr3 = 2—m <:>a:2_rr3—1 1
16 243 ]

= 2-4a =6-— _g.2Eom o

2—rr3 —2+rr3
2 2 —rr *

2 4

a 1 2_rr4—]. 6+rr4 _2_
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Relative RR Intervals and ectopic beats (PVCI)

Arrhythmia type: N-N-NVNVNVN-N-N bigeminy, interpolated
RR sequence: n*(l 1 al—-a al—a al—-al 1)

rr sequence: (0 A B —B B —B B C 0)

4
A= 2-75
= 2-—4a

( Universitats
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Appendix

Relative RR Intervals and ectopic beats (PVCI)

Arrhythmia type: N-N-NVNVNVN-N-N bigeminy, interpolated
RR sequence: n*(l 1 al—-a al—a al—all 1)
rr sequence: (0 A B —B B —B B C 0)

4
A 2 a+1 .
0
= 2-—4a £
C= 22 1 a=0.3
=-1
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Relative RR Intervals and ectopic beats (PVCI)

Arrhythmia type: N-N-NVN-NVN-N trigeminy, interpolated
RR sequence: n*(l 1 al—-alal-al 1)
rrsequence: (0 A B C A B C 0)

4
A= 2-75
= 2-—4a

( Universitats
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Appendix

Relative RR Intervals and ectopic beats (PVCI)

Arrhythmia type: N-N-NVN-NVN-N trigeminy, interpolated
RR sequence: n*(l 1 al—-alal-al 1)
rrsequence: (0 A B C A B C 0)

( Universitats



Appendix

Relative RR Intervals and ectopic beats (PVCII)

Arrhythmia type: N-N-NV--N-N-N isolated, compensatory pause
RR sequence: n*(l 1 a 2—-a 1 1) where n is the normal RR interval length

rrp = 2~% =0

rrs = 2-:%} :2_aj—1

m= 25372 =2-2a

= 250 :2;:2:—%%
rrg = 2-% =0
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Relative RR Intervals and ectopic beats (PVCII)

Arrhythmia type: N-N-NV--N-N-N isolated, compensatory pause

Relative RR interval sequence: (0 2 - ail 2—2a -2+ % 0)

Some relations of successive relative RR intervals:

m= 2—-4 oa= 1 —1
3T atl C2—rm
8
rry = 2—2a =4- = s
2—rr3 —2+rr3
8
= 244 =2
g +3—a +4+rr4

Appendix
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Relative RR Intervals and ectopic beats (PVCII)

Arrhythmia type: N-N-NV--N-N-N isolated, compensatory pause

Relative RR interval sequence: (0 2— 5% 2—2a -2+ 32 0)

Some relations of successive relative RR intervals:

Appendix

4
_ 4 _
rrs = 2—m @3—27”3—1 1
8 g
= 2-2 =4- S S
2—rmr3  —24rm
_ 4 _ 8 '
rrs = _2+E ——2+4+rr4 i
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Appendix

Relative RR Intervals and ectopic beats (PVCII)

Arrhythmia type: N-N-NV--N-N-N isolated, compensatory pause

Relative RR interval sequence: (0 2— 5% 2—2a -2+ 32 0)

Some relations of successive relative RR intervals:

4
_ 4 _
= 2- 35 @3—27”3—1 1
8 z
m= 2-2a =4- = 3 &0
2—rmr3  —24rm
_ A _ 8 1 a=0.3
rrs = _2+E ——2+4+rr4 ,
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Appendix

Relative RR Intervals and ectopic beats (PVCII)

Arrhythmia type: N-N-NV--N-N-N isolated, compensatory pause

Relative RR interval sequence: (0 2 - ﬁ 2—-2a -2+ % 0)

Some relations of successive relative RR intervals:

4
_ 4 _
rrs = 2—m @3—27”3—1 1
8 z
m= 2-2a =4- = 3 &0
2—rr3 —2-41rr3
_ 4 _ 8 '
rrs = _2+E ——2+4+rr4 ,
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Relative RR Intervals and ectopic beats (PVCII)

Arrhythmia type: N-N-NV--NV--NV--N bigeminy, compensatory pause
Arrhythmia type: N-N-NV--N-NV--N-N trigeminy, compensatory pause

a=0.3

s

i+1

r

2

a=0.3

QTvers

Appendix
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Appendix

Relative RR Intervals and ectopic beats (Asystole)

Arrhythmia type: N-N-N---N-N-N skipped beats
RR sequence: n*(1 1 1+ k 1 1) where kis the number of skipped beats

rrp = 2~% =0
() B
rrs = QW —2m
_ o 1-(4k _ ., —K
rrs = 2-% =0

( Universitats



Appendix

Relative RR Intervals and ectopic beats (Asystole)

Arrhythmia type: N-N-N---N-N-N skipped beats
RR sequence: n*(1 1 1+ k 1 1) where kis the number of skipped beats

=2 % =0 . g
_ (1+k)-1 k °
=2 (I+k)+1  — 2 24+ k o emoo o
_ o 14k ., —k °
m= 2 1y =2 21 k L °
rrs = 2. 1L =0 q\
5 — 1+1 - 2
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Appendix

Relative RR Intervals and ectopic beats (Asystole)

Arrhythmia type: N-N-N---N-N-N skipped beats
RR sequence: n*(1 1 1+ k 1 1) where kis the number of skipped beats

=2 % =0
1
_ o kel k l\
rr3 = QW _22—{—1( o
_ o 14k ., —k
=2 1T _2.2+k 1
rs = 2 % =0 2
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Appendix

Relative RR Intervals and ectopic beats (Asystole)

Arrhythmia type: N-N-N---N-N-N skipped beats
RR sequence: n*(1 1 1+ k 1 1) where kis the number of skipped beats

=2 % =0
1
_ (1+k)-1 k
rr3 = 2. m =2. m __T .
_ oo 10tk ., kK
M= 2 TR 2 9k '
rs = 2 % =0 2
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