Tuberculosis and Respiratory Diseases Ad 9 sE714%8, Vol 46, No. 5, May, 1999
O¢ xN0O

AF 557 A4l ©E AT e D] B AT

st ojsjs e oty ¥ SIeslayt

e, dws, exgh A A, AefM, oldE,

() e
%‘Tjgv ’d%t’ %I'od% ’ .'T'_'E"&i

= Abstract =
Factors Related to the Development of Myocardial Ischemia
During Mechanical Ventilation
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Introduction : Although myocardial ischemia tends to occur more frequently than can be documented in ven-
tilated patients, it has not been well studied on the factors related to the occurrence of the ischemia.

Methods : To investigate the related factors to ischemia development, a prospective study was done in 95
cases with consecutive 73 patients who had received mechanical ventilation(MV) in MICU. In addition to 24 h
holter monitoring, echocardiogram, electrolytes, cardiac enzymes, hemodynamic, and gas exchange measure-
ments were done within 24 h after initiation of MV in 69 cases. The measurements were repeated at weaning
period in 26 cases. The ischemia was defined by the ST segment changes; up-sloping depression more than 1.5
mm or down-sloping or horizontal depression more than 1.0 mm from isoelectric baseline for 80 ms following J
point.

Results : Twelve patients (12.6% in 95 cases) developed ischemia in total. The incidence of ischemia develop-
ment showed an increased tendency in the initial 24 hr after MV (15.9% ) and in patients with left-sided heart
failure found by echocardiogram (18.2% ) compared with that of the weaning period (3.8% ) and patients with-
out heart failure (10.9%) (P=0.12, P=0.09, in each). There were no differences in APACHE I score, base-
line ECG findings, electrolytes abnormalities, use of inotropics or bronchodilators, presence of sepsis or shock,
mode of ventilation, and survival rate according to the development of ischemia, Maximal heart rates and
mean arterial pressure also were not different between patients with (137.2+30.9/min, 82.5+15.9 mm Hg)
and without ischemia (129.5 +29.7 /min, 83.8 £17.6 mm Hg).
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Conclusion : Although the incidence of myocardial ischemia was 12.6% in total, there were no clinically pre-

dictable factors to the development of ischemia during mechanical ventilation. { Tuberculosis and Respiratory

Diseases 1999, 46 : 645-653)

Key words : Myocardial ischemia, Mechanical ventilation, Respiratory insufficiency, Predictors.

M B
B4 3F FHoR 9F 5F XEE W= #4359
UF TEY) AE A F el Fde] HeHd, F

7 Wigtel F7hgell wet A9 8771 Zago)h o9
o AutEge] Zae AT ¥ B AsAe
FE F Jov. EF AF T olg A JA
SFANA A sFo 29 0|8 A tiAlRe] 20}
& ZHaL ol AT Ak AN 218 7R
LERFY AZ FYo o] VM 4 AU,
Chatilag-& UF T&7] ol A9 FAES e
2 g A GFfA dF 5&7] olF Al ¢ 6%
oA A 3ol #AHY, 7)F9] A 4dgho)
UAY, AF 3FE7] ofgelAM AAPW FollA 2
Aol feodiAl wtin Rasigo’. ey, 9F
ool % sty s} 4F 4% AF 3F
71 A8 Az Ale] A SEe) wae o Wiz o
& ATe ASA Gtk A7 B8] FE A9
A2 S8 2L 94 v e FAYo) F
Aol dAs BAs 0% AF 7] oot
gAlol Y& oo JFL vjF ¢ Qong™o, B
A7 9F 3] AR Mg} o8 A B2E £ Q)
T AT 3Ee Wixe) 2 3 9uE $ e o
2AFgel diste] golraial sty

ched S
1. chd Ex} 2o Me 3 8y

19963 3€HE 1997 2971x] 12709 Z9F A&
9 BY VA 28l 34 5% HHog ¢

A3t AF s F7IE AHEIEE AAES oz
A A+E At AA] 5049 F 958 o
stz AP 179 (35.5%) 7 4 B4 A4e 5
gk ggo g Ql3led holter monitorings] &-&o] ¢}
9 1159 (22.8%), 71k 1378 (27.2%)< A
9l 739l M At AA=HGA o] F 223AAE
AF BF7] A& A A ol A BF A7t R
gEom, 475N AF 8] AF Aldet, 59
M AF 7] ofg Alelwt At AE ). @
A} 359, ofzb 38Heli, FE B 62.844
t}. @7 APACHE I (Acute Physiology and
Chronic Health Evaluation) #<4== 58.549]|%lo
™, holter monitoring =] 3 o Hulel
A FYe BFe A4 BF 13043 4 8.
4mmHg 4} (Table ' 1).

2. STEHES &3 N F9 Y

ST 72 W3+ Holter monitor (Marquette Elec-
tronics ; Milwaukee) & o]&, 24 A|7FESE A&7 0.
2 lead I{latereal), II (inferior), VZ(anterior)<}
Al B3 $337 (Iscelectric point) S Q o
o]A 25 msecZ Aedlglon, ST AL S

& VEoE 3o, J point2XE 60 msecrtA B &
AE Ak Ao #x1E sl ST Bde] ¥sh=
AF &7] A& AR & ol AIE A] 24A]7F ool
AlREoH, olF 24 A1t Bt #FHAN. FHd
(arterial line) &2 cuffE o]&3 gz =at o
IFF7E AR &A=, 4ka ¥ies
pulse oximetry& o]8-3le] dA&Ho 2 ZAIH L,
302uttt @ Z3Alel fJstd JEHU. AF &
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Table 1. A2} 54 (n=73)

A (o)
g (A
APACHE 11 score
g o Hak
HA g ¢ (mmHg)
TF FAe] dd
714 A -Eg
uhg ARA
HEZ (/954))
A8 (/954)
71A AA= 23
normal
non specific ST-T change
regional ST-T change
old myocardial infarction
left ventricular hypertrophy
bundle branch block
A dze 27
normal
mild left ventricular dysfunction
moderate left ventricular dysfunction

severe left ventricular dysfunction

35 [ 38
62.8£17.3
58.5+16.7

130.4 £29.8
85.4+17.4

47(64.4%)
3(4.1%)
15(15.8%)
35(36.8%)

40(54.8%)
7(9.6%)
10(13.7%)
5(6.8%)
5(6.8%)
6(8.2%)

57(78.1%)
5(6.8%)
4(5.5%)
7(9.6%)

19} ¥ &3 (minute ventilation) & 1F &

AR SR, 8 359 34
g st T B2 dee] W3t Al FAZ EFEHAT
AT HEE g4 ¢ AUs STEAL W3l base-
lines} BlEl] J pointo]¥ 80 msecoll ALEHE
1.5 mm o]4}9] upsloping ST depressiono|t} 1.0
mm ©}4F2] downsloping Z& horizontal ST de-
pression?] W3V} #BEE A0 Hosier).
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AT 7] FHL 8L

@
e 2 HAQ QE 8

7 St 849 9
& mefstel 9 23

7] ok (pressure controlled ventilation

PCV), 2% Zd 744 #7] %4(assisted con-
trolled mandatory ventilation ; aCMV) &2 Z
A g7 oFF 4 BE @] 92 (pressure
support ventilation : PSV), BAA 7184 7HA
#7] <k (synchronized intermittent mandatory
ventilation ; SIMV), 94 %<t 7] %4 (contin-
uous positive airway pressure . CPAP)%¢] #}
33 @) A F Yt FHEs . ole AF
3&7) A& olF 30~60E H4H 9 7~
BA AAE hxstd AZAEAD. A7 ] o
Al o)g okrloz= T-piece &2 CPAP(+PSV)
& ol &stdrh. T-pieceE o|§3h= BLollE 244
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7 B 1A e w 1580 FHesle $xprt
A3 A9 I AL A7E B8, 147 ol #H
A 3k AL 71E WBe #asig. PSVE
o143l AS 4 ¢4 Hx 429 5~15cm HO
oAA AlRsle 2~3A12F HHe 2 2~5cm H0¥
ZA2AA 5~8cm HOZA] Wi=of a7} el &
Fah= A9 /18 WEe gt 0% U 5%
71¢] =€ glo] At 3F o= 48A17 ol {AIEH=
739 AT #7] og JFe Aoz Hrlslgn ¢
F 8] NF oA 139(17.8% )& PSVE, 15
8(20.5%)S aCMVE #8393, 399 (53.4%)
M= PCVE FHL34rt ol9dol 24z 3% (4.1%)
o4 SIMV+PS & CPAPS &34t}

4. ol 9l 7|x e

A £F 42 gozs tiardl 49l 2§ H
o} T a4 HAE, dFd T V1A H4d8
o 7118 ATl 478 (64.4%), T NRFHo=w
A T3 A57F 4ol UG F97F 33541
%), o9 HE% A% 35 (4.1%), 98 747 949
of o8 HEE 149(19.2%) Folth(Table 2).
&, 157 (15.8%)004e IR & Ad
oz fRlo] FHE #HEFo] =AM, 359
(36.8%)9M4e 4571 8¢ 90 mmHgolste] AR
ol TG

5. 718 MEx W =S ZAL dat

A Al Ald AEx HAME 4078 (54.8% )9
Ae 34 B34 %-e B3E, 108(13.7%)94
AL FEE AT & e FEH ST 4 Az}
BaEG o, olFe A AME oilE = 9=
2 Q ¥} (pathologic Q wave)7} 55(6.8% ) &
Z=]ch(Table 1). QIF #7] 7|3 =5 A3 A
223 AV 579H(78.1%)ME A 270
3, HA4 F+8-&(Ejection fraction : EF)& 7%

Table 2. F4 3F #49] ¢<U-71A A2d&

(n=73)
¥ 26 35.7%
7184 24 16 21.9%
WA A w28 12 16.4%
H2F 7 9.6%
Lkl 7 9.6%
Hg 3 4.1%
daA A HEE 2 2.7%
HYAZ 2 2.7%
7184 &% 1 1.4%

o oz BFI A% 34 FH(mild left ven-
tricular dysfunction . 40% =EF<55%)0] 54
(6.8%), 2%% 24 B (moderate left ventricu-
lar dysfunction : 30% <EF<40%)¢] 49(5.5
%), 2% #4 EBH(severe left ventricular dys-
function : EF<30%)°] 7%(9.6%)x &&=
A} (Table 1).

6. 87 B

SPSS 7.5 program(SPSS Inc. 1997) & A3l
o, A2 §E9 59 VA F9HE sk B4 A
9 @ Al Aa(AFHA 5=, hemoglobin T,
¥% §4kX, creatinine kinase-MB ¥%)¢}e] #
#AAo| dis] Student’s f-testE Hg3tgom, A&
A F5 % 7)A AARE ojd #F T ATH ¥
4(categorized variables)ofl thdle] y*~testE A&
3t &3k, p-value 0.05 o3kl A9 FAH &
gAe) e Ao Fsrh

27
AA 7373 95¢] F AT 87| AR o 69F 1149

A, ol o 26¢] F 1A 2ju] Y= A2 HEo
g, AA el AT 38 el WEe
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Table 3. <13 5:87] X8 A% Ao} o& A] A2 319 WA ole) YA 54

No. Sex Age Underlying disease Mode* Type" Weaning LVD!' Ischemia®
1 F 85 Pneumonia PSV S Yes Yes No
2 F 30 Toxic hepatitis PSV S No No No
3 M 80 Bronchial asthma PCV S Yes No Yes
4 M 75 COPD PCV S Yes No Yes
5 F 48 Liver cirrhosis, ICH PSV S No No No
6 F 27 ALL, fungal peritonitis aCMV S No N No
7 F 71 Dissecting aneurysm aCMV S No Yes Yes
8 M 80 Pneumonia PCV S Yes Yes No
9 F 37 MR, MCA infarction PCV S Yes No No
10 M 59 Pneumonia, COPD PCV S Yes No No
11 F 77 COPD, bronchial asthma PSV S No No No
12 F 71 Pneumonia, ARDS PCV A Yes No No

*Initial ventilator mode
'LV dysfunction on echocardiogram

'S ; start W ; weaning

*ST segment change suggestive ischemia on initial EKG

12.6% Stk 3 §7] AFAle} o] Ale] H]aldA
T 247 159% % 3.8% % AF &7 Alg A oz
Al mjs) A2 Eo] A5 B FPE HYo
4, BAEA frode /T (p=0.12).

AT o] WAT 124 F UF 7] AlF BA
2ed AF &7 A2 PSV 41, PCV 61, a
CMV 27|t} 3% #49 ddozs A4, 7|8
2 A, g A HEdge] o3 T U4 HAEE
o o 3§ F4 o7t 124] F 74(58.3%) AL
o, o]9] AN TR, 173t B FA o
28, gy A A S o HE
%, T dEd e, HEHS A% 35 A
A7} 42k 14(8.3%) Holirt. U7 &7 ¥+
AF &7) olg AT AF, olFe BEE el £
T 4% A AAH(Table 3).

AT s I #¥E e AR A4
A 4l B BT 71A FHE Tk 4 A B
holter monitoring =39 3 Autol X g7

Al
st AHE 5= € AL B, A 54X (cre-

atinine kinase, creatinine kinase-MB, lactic de-
hydrogenase), 8% 43, % 0|23 4% 5%,
219l @aje] APACHE I score oME A &d
o] Iad T} n|FATNA G FAHLE &
9%t xpol= ¢lQltH(Table 4). 3xpe] 714 Al
AeZol AUel K7, 74 HAEY olgolut
AzEIHE HARAS] §7, o9 aminophyllin, 6
-agonist, inotropics% A& &9 A HF, AT
7] ¥4 FAME & w3l Freld Aol i
(Table 5).

LA

ZEFARAELE 2714 A8 55 FAE A8st
7] 1% At ] Az o) WEgEEEe s A
T 58e] o] F7FE Zog ot AL

5% 32 &2 ol FUE AUgos A 2o

29 b ARFe) pa2 224 B4 thale
olo] Bulsle f4H2%FE 2T 5 QoH, of
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Table 4. 42 589] W7 Adud A

Variables Ischemia present Ischemia absent p-value
Pa0,(mmHg) 79.9+184 89.9+26.9 0.052
PaCO,(mmHg) 37.7+125 38.3+12.1 0.762
Pa0,/Fi0, 192.5+59.0 225.9+97.3 0.111
PH 7.37+0.14 7.36+0.15 0.903
HCO, (mEq/L) 21.0£9.9 23.0+7.8 0.455
Maximal HR(bpm) 137.2+30.9 129.5+29.7 0.536
Minimal MAP(mmHg) 82.5+15.9 85.8+17.6 0.431
Hemoglobin(g/dL) 11.0+2.3 10.8+2.1 0.731
Lactic acid(mg/dL) 51.9+37.3 66.8+224.6 0.609
CK-MB(IU/L) 27.2+514 104 +18.7 0.334
APACHE 1 score 64.2+15.0 57.4+16.9 0.204
*MAP : mean arteriel pressure *HR : heart rate

Table 5. A 3|8¢] T AFH A=F-Fx}e] 7]A] A
Variables Ischemia present Ischemia absent p-value

LV dysfunction 4(33.3%) 18(21.7%) 0.287
Sepsis ' 1(8.3%) 14(16.9%) 0.398
Shock 5(41.7%) 30(36.1%) 0.471
Inotropics 7(58.3%) 40(48.2%) 0.364
Bragonist 6(50.0%) 42(50.6%) 0.605
Aminophylline 6(50.0%) 35(42.2%) 0.417
Ischemia on ECG* 2(16.7%) 12(14.5%) 0.560
Ventilator mode

Spontaneous 4(33.3%) 36(43.4%) 0.370

Mandatory 8(66.7%) 47(56.6%)

'baseline ECG at admission

AT 3] IS 7HAE 4 Y, &,
F 337] AL T ¥l Heor o] F
th(diastolic filling)& ZaAFIH, ©3] Auag
(stroke volume)o] ZAHE FAEH oL &4
o1 Y2ol Bd FHYP] 44¥ 4 Yoz 4
T 3ol WY 4 Uk "y, UF §] Al &
712 9% (positive end-expiratory pressure |
PEEP)& #H&3h= A9t 44 54 (interventri-

cular septum)9] & H'® 2L L9 ol
F0e A" g AuEdgel dad 33, A2 9
ol wlo] F7HE 4 Sltk. A% 7] o' Aldle
AF BrjdlM ApdY 3Fee] AE A EF29
AL Z7tell wet Aol diigx 370, 2344
OF AT 4 o 7P FHHeEN HEY A
7t FEEA dod A2 A (irritability) o]

Aol 42 sdel Waol FAKE & Yo,
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AT &7 ojF A P A2 FEY HEE oY
ATHA F 6%7NM 47% 7 A2 HaFo] go
o, Hurford Fo] T AQE o]&8 AFPAE®
T F 47%M ABFe) A Eu) (redistribu-
tion) & A 44 ggo] BEEHUD, ol
Hshe AT #F Al dsiel Busie oj3g]
el A g A 7izke] A4 xdEUh ®
%, ChatilaG&” g 5§7) o|gg A% izl
6% M AT B AT gl STEAS #H3}
BAHY V2o B T AFo] Jdv FATNA
SATH R Fott T/t AL HYoEAN AN 5
2 Age] 7]1& o] gl Azl Holter mon-
itoring-& o]8-8F W3¢l ST Bge] dgoe] Hast
oha &gk

3 QF 58] HE AR A BAsRs AT §
o] Nz, A Fde) dya BEEE oy QR
S #3tole o] RaH wp) gled], AF 537
g AR Ao} ol"t Ale] A &Ee] wyet 1 vl
E 2 A4S gy e #FT B d7qMe
Holter monitoring$ ©[§-3 24417t d<4 ST 24
TEE Bk AIF 3] A% A A 12.6%, QF
7] o2 Al 3.8% 9 AT Yo wye BEEY
on, ol 7|Ee d7ol s wiaA we wxE
vERRIch ol i fakze] AR Al B 59
Aol 71E WHol e ASE AYsisly) g
Az}

HARA] Sle BE A7 87 o)F A A Y
o] Aol FrHgckn gejA gloyri B oo
TAME IF 7] AL 7IRE < AR Axg
oA o] FAHAY, U FAe] AAENA
AT HYE oAle uhek ST Bdo] W) s A
$EAME A2 Y Y FAGH R )3 2}
o7} BAE A= AYUTE ol B AT U $AE
A FARAe] B 4e S4HA F v 3
A& AHE- 59 cardiac resuscitationo] o}80}%7)
H2e Aoz AlgHSi.

UF 5F7] B4 A DR 5 U FE ol

7N13A] A 2 AAAT A8 B &g, FukE
€ H8F 2 A8Y Y o8 diAg dge S
A a7k ZUt 2 Ysky WalE siAen! Y
oo m}E AT e WAo] F1 4 k. 13
u, & dFdME AT 387 48 A 98 )
2 AP AdtaZ, HNES 9 g HGAL 4
A ol HF 2 AT E2aA, 49 B9
APACHE Il 3%, F 37] o] A H7 g,
Hof Wk, 7)8A A 2 FAATY] AME o %
g QF ] A5 A Asg Fer) AAE
A AT HEe] HA o] fle Rog Yyt

B o A2 5E BTN 9F 587 &
& AZ A9} olg Aol Zzt 12.6%, 3.8% 9 4
&Y o] BaEo] A 58] A8 A9 A §
g Aol Wkt B8 A%g B AL AT )
24 Alofle obF] b Abert EQHYste] dodshy

o)l 2fF A2 sEe] Ao AF F7] o] Al
=]

Higl & WER YepPd Fo] dafdct. o8 &3
2 B A7 diiwel 2EE 2699 17 §7] o]
g dolA ¢1F #7] og AJ(weaning fail-
ure) T §IE Hoz® SHED. % 8] &
sl 4F §Ho] #2419 ofFe vAs dger
=, 34 3F 4 87 olA QdF #Y] o]
o] AAE zefsted oo 3E9 xd & A 7]
7rol @AT At TAE Holmtaiie oy o
IME ATt FE HATNA Fod AEES TaE
Hyou}, & AdAe 42 38 2T ey
TollA &ate] AEF = Aolrt glolrh =3, FE
AR 5L ¥ 3 8lle T AEst Hew A
= f%len, AT e YA dAFol3Iet.

B ATFM AT HAE A & sl STEAS
Wl o]de] B3le Faste]® ) baseline® i
k] J pointo]E 80 msecold AEH+E 1.5 mm
olAte] upsloping ST depressionojt} 1.0 mm o}4F
9] downsloping & horizontal ST depression2}
wglz s gostgon, ST elevationd] A$-= A2
slde] HE2 XgshA] 9ghont, B A oiik Fo
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A] significant ST elevationo] ¥2g o+ ¢%ich.

ojde] ZBzA, A2 FEL AT W] A A
B o) A 12.6% A4 BASAL, ol UF B
71 AL AF A ol Ao uls) w& AE B
v 548 g4 AEeA 2 ge A3 e
& Ao® AR

2 o

A7 uid o 25

B4 3F Fdog JF 5% NEE e AE
A AF TF7] AL F olF Al EHEH sl
o AT 3ol YAE 5 o), oo dud o
T BA 9. £ 97 34 3F Rz
ZEF AEE s FAEA €A W) g
At 28 + UE AR AlF A9 o] Ao T
A3k AL 58 Bx 2 1 24T ddE dRE
£ golruz} syt

CHAF 9l Bk

¥4 3§ FHo2 Mg 34 e U3 a4
o dddte d¥ 3F N8E ¥ 739, 959
(d:o)=35 . 38 9¥=62.8+417.3)3 thi}ox
A Q7-E B AF 3§ 2| AF (69
o) @ o] (264]) Alo] 24A)7F holter monitor-
ing&, ¥ 3F A8 7T F 139 AxgHE A
AEet. olg FA] 269 FollM 5ol olF ARt
3=k A2 88 1.5mmolide] upsloping
ST depressiono]y} 1.0mmo]4e] downsloping &
€ horizontal ST depressione. 2 Aelglgoen, 3
A2] 22xo A¥E APACHE I scored A}-g3}
iz

d 3.

24417t holter monitoringol|A] A2 o] vtehd
A F 1293 (12.6%)°04 #EHYZ, 97 3
F AE AF A 119 (15.9%), olg A 19 (3.8
%) 0.2 AIF Al A2 ¥ A Yixr} By}
(p=0.12).

Az FAFA] QR 734 FAAT 84
(10.9%), AL 22¢] F 441(18.2%)4 A2
o] AFF| H4FA0] 3F A7 FHE BS
AT -] Folslke A%%E Bk

71E AT AT oy ol AT Ao
AAHNE e F 204 (21.1%)E, ©1F 29
(10%) A A &¥o] BAF] Fofdt A4# WA
+ %t

AF &7 AlFoli} og Al AikiFolv Aed
T % A ol /5, ¥F CK-MB level,
APACHE 1l score, shock®] 8%, #8%9] &%,
g #7] ¢4, inotropics®] AN AR T A
Yo G fo3t A BAE HolA] esirt.

AL Fo A Aukre} HA 2 g9 A2 8
o] AW FolA 129.5+29.7bpm, 83.8+17.
6mmHg, A2 #¥o] YL oA 137.2130.
9bpm, 82.5 +15.9mmHg 2 #-2l3 2ol gl
4 2:

Y 2§ #Hez 03 3F NEE U= WE
AT HEL 12.6% 4 FEHJLH F2 AT &
71 A Aol =R, S5 ARE ol
o] 5o fol 4 #AE Rolx &gttt
# n & @
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