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Summary

A 9-lead Holter monitoring apparatus was devised using a commercially-available 3-lead Holter
recorder. The CMS5 lead was monitored continuously on channel 1, and our apparatus was applied to
channels 2 and 3. Channel 2 was switched serially to V;-like (CM1), V,-like (CM4), V,-like (CM2) and
Vs-like (CM3) leads every 20 sec. Channel 3 was switched serially to Vg-like (CM6), low-back (LB),
high lateral (HL) and low-lateral (LL) leads every 20 sec.

The study subjects included 98 patients with coronary artery disease. Myocardial ischemia was
evaluated by exercise thallium-201 (T1-201) scintigrams. Functional maps of myocardial perfusion were
made from T1-201 myocardial SPECT studies, and the extent and severity scores were calculated
from these maps.

The CMS5 lead had a high sensitivity for detecting anterior, inferior and lateral wall ischemia,
however, its specificity was very low. In contrast, the LB lead had very high sensitivity and high spe-
cificity for detecting inferior ischemia (79%,, 76%,, respectively).

The percent extent score and percent severity score determined by the bull’s eye method were
compared between patients with ST depression of 0.5-1.0 mm and those with that greater than 1.0 mm
detected by the LB lead. Both the percent extent score and percent severity score in the latter group
were significantly higher than those in the former group (p<0.001, p<0.01, respectively), suggesting
that the degree of ST depression in the LB lead reflects the degree of myocardial ischemia.

The HL and LL leads had high sensitivity and specificity for detecting lateral ischemia.

It was concluded that the CMS5 lead is necessary for screening global myocardial ischemia and that
leads LB and HL (or LL) are mainly useful for detecting inferior and lateral ischemia.
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Fig. 1. Our 9-lead Holter recording system.
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A shows a model DMC3153 Holter recorder (Nihon-Koden Co). B shows an adaptor which we

devised.
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Fig. 2. Illustration of electrode positions for
our 9-lead Holter recorder.

X =high lateral; Y=Ilow lateral; Z=Ilow back; G=
ground ; M =negative electrodes.
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Fig. 3. Measurement and calculation of per-
cent extent score (9%ES) and percent severity
score (9,SS).

EES=early extent score; DES=delayed extent
score; ESS=early severity score; DSS=delayed se-
verity score.
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Fig. 4. Simultaneous electrocardiographic recordings using the 9-lead Holter device.
First channel: CM5 lead; 2nd channel: LL, CM6, LB, HL leads; 3rd channel: CM3, CMI,
CM4, CM2 leads.
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Table 2. Comparison of thallium-201 scintigram Table 3. Comparison of thallium-201 scintigram
with data of 9-lead Holter device to with data of 9-lead Holter device to
identify regional myocardial ischemia detect single area of myocardial

ischemia
Anteroseptal Ischemia Anteroseptal Ischemia

Sen(soi/oti)vity Sp?ﬁ})ﬁ)clty p value Sen(s(l)/':)vxty Spe(c;/ii;:lty p value
CM1 0/26 (0) 64/64(100.0) NS cM1 0/15  (0) 64/64(100.0) NS
CcM2 2/26 (7.7) 62/64 (96.9) NS CcM2 1/15 (6.7)  62/64 (96.9) NS
CM3 7/26 (26.9) 51/64 (79.7) NS CM3 3/15 (20.0)  51/64 (79.7) NS
CM4.  22/26 (84.6) 22/64 (34.3) NS CM4 13/15 (86.7)  22/64 (34.4) NS
CMS5  25/26 (96.2) 10/64 (15.6) NS CM5 13/15 (86.7)  10/64 (15.6) NS
CM6  25/26 (96.2) 11/64 (17.2) NS CM6 14/15 (93.3)  11/64 (17.2) NS
HL 21/26 (80.8) 30/64 (46.9) <0.05 HL 10/15 (66.7)  30/64 (46.9) NS
LL 23/26 (88.5) 26/64 (40.6) <0.05 LL 8/12 (66.7)  26/64 (40.6) NS
LB 7/26 (26.9)  34/64 (53.1) NS LB 1/15 (6.7)  34/64 (53.1) NS

Inferior Ischemia Inferior Ischemia

Sen(sozn)vxty Sptz%ﬁ)mty p value Se"(sé/zl)vlty Spe(c;:l;uty p value
CcM1 0/29 (0) 59/59(100.0) NS CM1 0/12  (0) 59/59(100.0) NS
cM2 2/29 (6.8)  59/59(100.0) NS CcM2 0/12 (0) 59/59(100.0) NS
CcM3 6/29 (20.6) 48/59 (81.3) NS CM3 0/12  (0) 48/59 (81.3) NS
CM4 6/29 (20.6) 22/59 (37.2) NS CM4 7/12 (58.3)  22/59 (37.2) NS
CMS5  27/29 (93.1) 13/59 (22.0) NS CM5  12/12(100.0)  13/59 (22.0) NS
CM6  26/29 (89.6) 13/59 (22.0) NS CM6  12/12(100.0)  13/59 (22.0) NS
HL 17/29 (58.6)  25/59 (42.3) NS HL 8/12 (66.7)  25/59 (42.3) NS
LL 22/29 (75.3)  36/59 (61.0) NS LL 8/12 (66.7)  36/59 (61.0) NS
LB 23/29 (79.3) 45/95 (76.3)  <0.0001 LB 10/12 (83.3)  45/59 (76.3) <0.0001

Lateral Ischemia Lateral Ischemia

Sen(s(x)/f)x;uty Spe(c;/ii)city p value Sen(s‘l)/f)l)vlty Spe(c(:/ii;:xty p value
CcM1 0/16 (0) 74/74(100.0) NS CcM1 0/2 (0) 74/74(100.0) NS
CM2 0/16 (0) 70/74 (94.6) NS CcMm2 0/2 (0) 70/74 (94.6) NS
CM3 5/16 (31.3)  59/74 (79.7) NS CM3 2/2(100.0) 59/74 (79.7) NS
CM4  13/16 (81.3) 23/74 (31.1) NS CM4 2/2(100.0) 23/74 (31.1) NS
CMS  16/16(100.0)  11/74 (14.9) NS CM5 2/2(100.0) 11/74 (14.9) NS
CM6  15/16 (93.8) 11/74 (14.9) NS CMé 2/2(100.0) 11/74 (14'9) NS
HL 9/16 (56.3) 28/74 (37.8) NS HL 2/2(100.0) 28/74 (37.8) NS
LL 13/16 (81.3)  26/74 (35.1) NS LL 2/2(100.0) 26/74 (35.1) NS
LB 11/16 (68.8) 48/74 (69.9) <0.05 LB 0/2 (0) 48/74 (69.9) NS

NS =not significant.
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Fig. 5A. Nine-lead Holter system and conventional 6-lead system during a treadmill ex-
ercise test of a 60-year-old man with exercise-induced angina pectoris.

During exercise, ST depression in leads II, aVy, V, and V; of the conventional 6-lead system was
recorded, while the 9-lead Holter system recorded ST depression corresponding to leads CM4, CMS5,
CM6, LL and LB.

Fig. 5B. Thallium-201 SPECT images of the same patient in Fig. 5A.

Arrowheads indicate inferior wall redistribution.
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Fig. 6. Percent extent score and percent severity score of inferior myocardial ischemia
using thallium-201 scintigram, and the degree of ST depression recorded by the LB lead (9-

lead Holter).
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Fig. 7. Bull’s eye, extent map and severity map of the same patient shown in Fig. 5.

Inferior wall redistribution is shown.
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