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Evaluation of Myocardial Ischemia Using Holter Monitoring

Yasuyuki Kopama

Department of Bioclimatology and Medicine, Medical Institute
of Bioregulation, Kyushu University, Beppu 874, Japan

Abstract To establish the diagnostic criteria for myocardial ischemia, Holter monitoring and
coronary angiography were performed on 46 cases (24 males (51.8+9.3 years), 22 females (47.5+
10.5 years)). These patients were retrospectively selected from about 12000 patients who had the
Holter monitorings from 1980 to 1993.

The criteria for the entry were 1) reliable trend recordings of heart rate and 2) reliable
recording of ST trend with accurate 1 mV calibration. The coronary stenosis greater than 75%
in diameter was considered to be significant.

Results were as follows: 1) ST trend pattern was classified into typical type, atypical type
and box type. There were no significant differences in the incidence of typical and atypical types
between ischemic and nonischemic groups, 2) Diagnostic accuracy of the criteria for myocardial
ischemia, that is, the horizontal or downsloping ST segment depression with 0.1mV at the point
of 80msec from the J point lasting for 1 minute, was higher in male than in female : the sensitivity
was 93.3% and the specificity was 55.6% for men respectively, whereas the sensitivity was 66.7%
and the specificity was 37.5% for women respectively, 3) Diagnostic accuracy of the ST/Heart
rate ratio was 80.0% for the sensitivity and 64.7% for the specificity, indicating an improvement
of specificity, 4) Maximal ST segment depression was accompanied by pain by 88.89% in true
positive group (significant ST segment depression with significant coronary stenosis), whereas
that was 28.6% in false positive group (significant ST segment depression without significant
coronary stenosis), 5) Comparison of the degree of maximal ST segment depression, duration and
frequency between computer and manual measurement showed a good correlation for the degree
of maximal ST segment depression, whereas the duration and the frequency showed no signifi-
cant correlations.

The above results suggest that combined evaluation of the ST segment depression criteria
(downsloping or horizontal ST segment depression greater than 1mm at the point of 80msec from
the J point) and the ST/Heart rate criteria (1.44V/beats/min) is useful for the diagnosis of
myocardial ischemia using Holter monitoring.
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bUIZEEWCIE, %O S b ERFERSR THEL 2,
Z D& WERHRISROME D HE 1L 25 mm/BTH -
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Fig.1 An example of calibration and fluctuation
of baseline.
A : record of calibration with ImV/cm is
shown in both leads (CM5, NASA). Paper
speed is 2.5cm/sec.
B: upper trace; heart rate trend, lower
trace; ST trend. The fluctuation of
baseline of the ST trend is less than 0.5mm.
Such fluctuation was considered to be in-
significant in this study.
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Fig.2 Three patterns of ST trend in patients
with coronary stenosis. In A, B and C,
upper trace shows heart rate trend and
lower trace, ST trend. A shows ST seg-
ment depression with short duration, B
shows deep ST segment depression with
long duration, and C shows slight ST seg-
ment depression with long duration. The
ST segment depressions shown in B and C
were referred to atypical type in this study.
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Fig.3 An example of ST trend in a patient
without coronary stenosis.
Upper trace shows heart rate trend and
lower trace, ST trend. In A, ST trend
shows the transient depression, however,
the baseline is above the level of 0mV.
Lower left trace shows realtime electrocar-
diogram corresponding to no change in
baseline, and lower right trace shows the
electrocardiogram corresponding to the
ST segment depression in the trend.
In B, heart rate and ST trends were record-
ed in a patient with syndrome X. Labile
ST change could be observed, however, the
degree of change was smaller than in the
patients with coronary stenosis.
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Fig.4 An example of box type observed in ST
trend. Upper trace shows heart rate trend
and lower trace, ST trend. Arrow shows
the box type in the trend.
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ERUEEIZ 109.6217.7/5 Th o 7o, R 1461
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Fig.5 An example of maximal ST segment depression. Upper trace shows ST trend of the channel
1 (CM5), middle trace shows ST trend of channel 2 (NASA) and lower trace, heart rate trend.
The seven episodes of ST segment depression can be observed, however, the maximal ST
segment depression (arrow) can be quantitatively analyzed with reliability among them.

Table 1 Characteristics of ST segment depression in patients with coronary stenosis.

The meanz+standard deviations were shown on the degree of ST segment depression
(mm), duration (minutes), initial heart rate at attack (per minute) and maximal heart rate
at attack (per minute) in each patient with coronary stenosis. A=the degree of ST
segment depression, C=initial heart rate at attack, D=maximal heart rate at attack

name sex age degree(A) duration  initial(C) maximal(D) pain pattern A/C A/D
mm (/min)  HR(/min) HR(/min)
1.8 8 75 80 + T 0.024 0.023
2.2 55 85 115 + A ©0.026 0.019
2.6 14 55 85 + T 0.047 0.031
1.5 24 60 90 + T 0.025 0.017
3.6 16 80 120 - T 0.045 0.030
2.8 46 80 85 + T 0.035 0.033
1.0 6 80 105 - A 0.013 0.010
1.0 160 60 125 + T 0.017 0.008
1.1 115 75 120 + A 0.015 0.009
2.0 30 80 100 + A 0.025 0.020
2.1 10 60 75 + A 0.035 0.028
1.0 10 62 75 + T .0.016 0.013
3.5 20 90 140 + T 0.039 0.n25
2.0 12 80 70 + T 0.025 0.029
1.5 90 80 125 + T 0.019 0.012
2.5 3 75 100 + A 0.033 0.025
1.1 15 90 125 + T 0.012 0.090
2.0 60 70 100 + A 0.029 0.020
n=18 mean 55.6 1.96 38.6 74.3 101.9 88.8% 61.1% 0.0266 0.0180
+S.D.+£7.4  +0.79 +42.1 +10.4 +£20.5 +0.0104 £0.0059
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Table 2 Characteristics of ST segment depression in patients without coronary stenosis.
The mean+standard deviations were shown on the degree of ST segment depression
(mm), duration (minutes), initial heart rate at attack (per minute) and maximal heart rate
at attack (per minute) in each patient without coronary stenosis. A=the degree of ST
segment depression, C=initial heart rate at attack, D=maximal heart rate at attack

name sex age degree(A) duration

initial(C) maximal(D) pain pattern = A/C A/D

(mm) (/min) HR(/min) HR(/min)
1.0 22 75 125 + T 0.013 0.008
2.0 12 60 110 + T 0.033 0.018
1.2 15 75 125 - T 0.016 0.010
1.1 9 75 110 — T 0.015 0.010
1.2 56 50 85 — A 0.024 0.014
1.5 10 60 150 - T 0.025 0.010
1.5 10 60 100 + T 0.025 0.015
1.0 11 75 90 - T 0.013 0.011
1.2 70 60 110 — A 0.020 0.011
1.1 11 70 100 — T 0.016 0.011
1.5 30 75 120 - A 0.020 0.013
1.0 80 60 110 — A 0.017 0.010
1.0 13 75 30 - T 0.013 0.013
1.2 155 70 120 + A 0.017 0.010
n=14 mean 51.1 1.25 36.0 67.1 109.6 28.6% 64.3% 0.0191 0.0116
+S.D. +9.3 +0.27 +40.3 +8.2 +17.7 +0.0056 £0.0026
Table 3 Comparison of characteristics of maximal ST depression
between patients with or without coronary stenosis.
The degree and duration of maximal ST segment depres-
sion, initial and maximal heart rate at attack and occur-
rence of painful attack were compared between the
patients with or without coronary stenosis.
The degree of ST segment depression was greater in the
patients with coronary stenosis. The occurrence of painful
ST segment depression was greater in the patients with
coronary stenosis.
TP FP P value
number 18 14
age 55.6%£7.4 51.1£9.3 ns

ST segment depression (mm)
ST duration (min)

initial heart rate (/min)
maximal heart rate (/min)
chest pain

1.96+0.79  1.25%0.27 P<0.01
38.6+42.1  36.0+40.3 n.s
74.3+£10.4  67.1%£8.2 n.s

101.9£20.5 109.6£17.7 n.s

88.8% 28.6% P<0.01
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Table 6 BZBWiEERT, Bt 24 FlCEBIRER
R L B ORER, ERk 14, BEEEL, BBE4,
HEatk 5 TRUE 93.3%, FRE 55.6%, 2HEIX 79.1
% Lizotz, X 22 PICEBY 4, B2, BB
M 10, BBt 6 TRUE 66.7%, 1R 37.5% T2 M=
1345 4% TH o 7=,

Table 7 IZZ2¥EHEW L 22METDE » ILEMRET L
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Table 4 Heart rate abjustment of ST segment depression in patients with

or without coronary stenosis

Coronary stenosis

No coronary stenosis P value

(n=18 (n=14
ST
0.0266 0.0191 P<0.05
Initial heart rate +0.0104 +0.0056
ST
0.0180 0.0116 P<0.01
Maximal heart rate +0.0059 +0.0026

Table 5 Correlation between duration or degree of ST segment depression and heart rate.

Coronary stenosis

No coronary stenosis

degree vs duration

degree vs initial heart rate

degree vs maximal heart rate

duration vs initial heart rate

duration vs maximal heart rate

n=18 n=14
1.96+0.79 38.5%42.1 1.25+0.27 36.0%40.3
L L |
r=—0.3511 r=-—0.1794
1.96+0.79 74.3x10.4 1.25%£0.27 67.1%8.2
r=0.2592 r=-—0.3819
1.96%£0.79 101.9+20.4 1.25+0.27 109.6%=17.6
r=0.0818 r=0.2981
38.5+42.1 74.3£10.4 36.0+40.3 67.0+8.2
r=-—0.1319 r=-—0.2166
38.5+42.1 101.9%20.4 36.0+40.3 109.6+17.6
r=0.4759 * r=0.0766

* 0.02<P<0.05
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% ER % 1.8 4V/beats/min & T i, KEI1X68.4
%, HEE 61.6%, ZWEIL68.6% &2, FlERE
BEAROHEEAWEY EBR% 1.4 4 V/beats/min £
LR, BUEIX80.0%, BrREIX64.7%, ZHIEIZT1.2
%Lzl

3. FANHY—KIZLBST-TEDAVYE2—
F M DEHENE

ST TR ] &Y 1mm B E, 150 ERE, BE
FREH 1 MU BN T W3 LW BIERETST T
eeddgic kX DEHRIL, A& 25H8IL OB %1T>
7z (Table 8). ST TREDHEE & FrG R IZBM TIX %
NEA 18 [E], 443.4+418.7 43, RAMC & 2EHEITIX 2
NFEN2.4[H, 44.7£33.6 3 THD, WEDOMICIT

ST MR oz, —F, —KDT =712 T
BAROFEIERNRE L TST TEEREL 1223, 53
Bz & BEHANX 3.941.9mm, AWK KB %4 3.6+
1.8mm TH Y, BEFZMHEEEZRL (p<0.05).
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1. FNF—DLBRICASHS ST TROESE

DEFEMIGOER E ST AL, T 2%, QRS ZH1L,
QT &£E, B UK, RECERESE, FBERREES
ETRHEENZY, LHEMOBKICED X AVS
N30k STRALTH 5,

R Y —¥RizB T 5 ST-T &fbid, Bz,
EimEEl, BXUIhso&fficbdshs, FE

Table 6 Difference of diagnostic accuracy of ST segment depression criteria by sex.
Sensitivity, specificity and predictive accuracy in male or female were shown.
TP=True Positive, FP=False Positive, FN =False Negative, TN=True Nega-
tive
Male (n=24) Fcmale (n=22)
Holter Holter
+ - + -
Coronary Coronary
Angio. + TP FN Angio. + TP FN
14 1 4 2
— FP TN - FP TN
4 5 10 6
e _ TP _ 14 o e _ o
Sensitivity -~ = TP + FN = I 93.3% Sensitivity = 66.7%
Specificit; - N _ 5 55.6% Specificit; = 37.5%
pecificity = P + TN 9 6% D city .5%
TP + TN 19
P ags P L P 19 Pt — 49
Fredictive TP+FN+FP+TN 24 79.1% 3 45.4%

Table 7 Comparison of diagnostic accuracy between ST segment
depression criteria with or without heart rate adjustment.

sensitivity specificity  predictive accuracy
ST depression=0.1mV 85.1% 44.0% 63.1%
ST/initial heart rate 68.4% 61.6% 68.6%
(1.8 uv/beats/min)
ST/maximal heart rate 80.0% 64.7% 71.2%

(1.4 gv/beats/min)
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Table 8

R £ #£ =

Comparison between automatic and manual measurement
of ST segment depression. There was no statistically
significant correlation of number or duration of ST seg-
ment depression between automatic and manual measure-
ment, whereas there was a statistically significant correla-
tion of degree of the ST segment depression between both

measurements.

automatic

manual v

P value

18.0+11.1
443.4+418.7
3.9%1.9

number
duration (min)
degree (mm)

2.4+1.7
44.7+33.6
3.6x1.8 0.9846

—0.3367 n.s
—0.0176 n.s
P<0.05

n=7
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THE, EBENERR, FRIEEETE BB rver
REZREBDHIT NS, KPR TEILHRC ST HE
EREES b DR LT,

FERbNLNEST-TEED VY P —
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) 2235 s 0, JEMARY ST THRELRR, HE
ERES—HREETZ MM H Y, FHRERSEL,
B o h iz IBIR - Bie 5 DTH S, FHO ST &1k
3 ST #HOBAZEILE TOR/MNE 3 1 SR TH
D, ST #HHEL THEXE 12 FELEROVWThy
CENEEERWET 2 8T E, DN Em
HELDBE LD BEETE  BIHEHE 2> Ty
72, bhvbh it ST &b & Bt ST Zhog
BTz d W EMIBERORFFEL 21TV, TR ORAL
AR TRTHEUOST Vv RERTZEREHS
PIZ U729, 8 Voller’® 3aBHEREETI RS2
Bz 1)ST DZARTHE2)PQ, ST &SR OESM
3) REB L PHEORRSEMERSNTRETHE &
LT3, KR CREREOCERCRIYE ST 21t
ERLTH ST Py FBERERT 2 ORERIL
2. "RV —¥THONS ST-TE{LOEZE 2 EHT
513, BEEZBVTST-TELBA LN DED
EHODICT ZNEND S,

Quyyumi 52V iZEERA 120 #1400 MU T OH, &
%50, 40~60 FDFE 20 F) DOV THRAY — VB
MEEsE 2T, 1000 B CEREII HEd 5 0wid

DRATI~2mmOST FTHEE2FRD T3S, &6
Armstrong 5V i3 35~59 B £ COREE EZHRICL,
1mm B ED ST TRe% 1541 (30%), labile T % 18
Bl (36%) WD T3, —7F, Deanfield 5° i 80
BloBEE, 20 A0 LEMBEES DDV T]
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