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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 III 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.
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TRAM AE sFo o] oL A Al F7}
& 2l ol 429 Ak AvFo F7E J1A
Lug¥Y AZ FHY WAe] F7HE £ Uk,
Chatila$-& IF 387] ol A9 $ASL de
2§ A% TN U7 357 o)g Al % 6%
dA A o] A, 71EY HYAY Ao
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1. o &ixt 22| M 9l &y

199633 3€HE 19973 29714 12709 B¢t A&
3% HE WA Z8Ae] F4 3§ FHo= ¢

ot 9F 3F)E ALY $AES oz
HH A8 APt A4 5049 3 F4% o
312 APEE 1799H(35.5% )7 Y BA Ae 5
b Ao 2 18} holter monitoring2] #g-o0] o]
U 1159 (22.8%), 7]e} 1379 (27.2% )& A
9% 7399 77t AYEYT). o] F 229 M=
AF 3RV Hg AR A9 olg A 25 A7) A
PFEow, 47H M= Q1T 7] A& Aldut, 59
dXe F #7] o) Aldigt dF7t JeEAct G
A+ 359, oz 389olx, FF AL 62.8M%
t}. H# APACHE Il (Acute Physiology and
Chronic Health Evaluation) 4= 58.5% 0|0
©, holter monitoring £ 24" A Aul=e}
HA Bt BHEe A4 ¥ 13043 ¢ 85,
4mmHg % t}H(Table 1).

2. STRAS| &3 W Zat BY

ST &4 W3l= Holter monitor (Marquette Elec-
tronics ; Milwaukee) & ¢]8-, 24 A1705QF A& 0
2 lead I(latereal), II (inferior), V2(anterior)oj
Al BAskd). 43 (Isoelectric point)& Q =
old 25 msecZ A& on, ST FHe SHIH
& 71308 314, J point 22E 60 msec7tA|E =
RS 22l B thstel ST e} Wshe
AT 7] AL A L o|F AJx A] 24 X7 oo
AREIRoT, olF 24417t B2t BEEUch TP
(arterial line) & cuff& o]4-3 ¥y} v} 2
BEF7 1ARN s, a4a ¥iEe
pulse oximetry & o]&3}ld d&xoz ZAIET,
30&rith @9 TsAl ojsle] Z|2EH). U @
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— Factors related to the development of myocardial ischemia during mechanical ventilation —

Table 1. §=}¢] B4 (n=73)

4l (g o)
da= (A)
APACHE 11 score
£ Ao Aupee
A B Y (mmHg)
TH e 9
714 H4g
g AR
H@F (/9540)
AEet (/9540)
714 AA= 47
normal
non specific ST-T change
regional ST-T change
old myocardial infarction
left ventricular hypertrophy
bundle branch block
VAR IE = ]
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%)

7] 9] £2 3 ¥ (minute ventilation)-2 ¢1F @
7] A4 F 6A0n $3EHUL, Y F39 F4
g A3 5 8 e ¥z A fAlz 2.
A HPE 4E + e STEAS ¥k base-
lined} v]iZ&led J pointo}j$ 80 msecolA} A&HE
1.5 mm o}4}+9] upsloping ST depressiono]y} 1.0
mm ©¢}4te] downsloping &2 horizontal ST de-
pressione] W3y} A= A 4002 Fodgct.

3. 213 #7| HB A olw

AF &7] FAL FEAH 27 Pt B9 o4y
e R ANHA 4 e a4 2

g7] <F2Al(pressure controlled ventilation :

PCV), Bz =3 744 ] %2 (assisted con-
trolled mandatory ventilation : aCMV) %9 7}
AH @] FHF ¥ BxE #@r] %2 (pressure
PSV), &AI4 183 74
¥7] <k (synchronized intermittent mandatory
ventilation : SIMV), €94 4}t &7] %2} (contin-
uous positive airway pressure . CPAP)%9 A}
WA #7] FH F At AHL3Ht ol AF
TE7) A4 olF 30~60EUd ZAHE FHY st~
A ZALE FEdy AZAEHUS OF @] o
A] o]g ¢alo g T-piece & CPAP(+PSV)
& o]&3Act. T-pieced o|83l= A-Fole 244

support ventilation :
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b FRt 1A HFo 2 1587 HEsle $x}
Hghe B¢ AA A8 AE 9, 1A oA B
A 383 A4S 18 JEe 23sit. PSVE
olg3h= 7 A ¥ Hz 82 5~15cm H,0
oA Ajztste) 2~3A12t ¥Fo 8 2~5cm H,0¥
ZAaA1A 5~8cm HO7ZA| 230} 27} HalA &
Fihe S 713 BB 28 ol AF ¥
718 =& Qlo] ZPt 3F o2 48417k ol fAh=
A% AT &7] ol 4FF Aoz Yraiytt. ¢
ZF 871 AF doA 13H(17.8% )& PSVE, 15
8(20.5%)& aCMVE #4393, 399 (53.4%)
e PCVE HE3t. o)9jofl 2tz 39 (4.1%)
oA SIMV+PS 2& CPAPS Ag3lqt).

4. el W 7Ix wg

A TF 49 YegE okt ¢gdd 9% )
Holut w4 A4 A%, Fd Fo 1A HFEY
of 7% A7t 479(64.4%), WA NRPo=w
A W HEEe el Y- A9t 3% (4.1
%), o9 HAF AY 39 (4.1%), 43 71 A
o o} WEZ 144 (19.2%) Fo|UtH(Table 2).
ESH 169 (15.8%)dAe Yoz 3o MFEt
oz o] FHE HY¥Fo] FA=UT, 359
(36.8%)1IM= 4%7] 89+ 90 mmHgoldle] A¥
o] FEE .

5. 71X AEE W MERE 2AL Za}

A Aol Al AAE HAME 4078 (54.8% )9
Ae A4 54 9%5E 2Y3, 10%(13.7%) 94
AT HEE 4T = Q= FE4 ST 24 ¥y}
#EEG oM, o)H AT AL AT F U=
2 Q J}(pathologic Q wave)7} 59 (6.8% )] &
Z= At (Table 1). IF 7] 717 £F A1g§ 4
289 ZAME 579 (78.1%) e A4 270
i, YA 788 (Ejection fraction : EF)& 7]&

Table 2. 54 3% FA9] UA-71A4 AP

(n=73)
HH 26 35.7%
718A] A 16 21.9%
A g A 12 16.4%
HEE 7 9.6%
4y 7 9.6%
#Het 3 4.1%
Ly HAdfsE 2 2.7%
HyAZ 2 2.7%
718A §4% 1 1.4%

SF o2 EFE A% HA FH(mild left ven-
40% <EF<55%)°] 59
(6.8%), 5= &4 %4 (moderate left ventricu-
lar dysfunction | 30% <EF<40%)°o] 4%(5.5
%), =% FHA ¥A(severe left ventricular dys-

tricular dysfunction :

function : EF<30%)°] 79(9.6%)lx Wzs
tH(Table 1).
6. BA EY

SPSS 7.5 program(SPSS Inc. 1997)-& A3} 0
W, 42 58e) 79 714 FUY 7kx B 2
% ¥ HAF AA (M %, hemoglobin FX=,
8% fAkA], creatinine kinase-MB &% )9}o] 3
WAdo) tha] Student’s ¢-testS AHE3lg o, AX
Ao 5 V1A AAE ol RF- T ASH E
(categorized variables) o] tha}e] y*-test& &
et E3, p-value 0.05 ol3Rl 3¢ 5AIF §
4ol Qe Aoz UFHUTH

25
A 737 954 F AT W] AF o 69F 1]

A, ol o 269 F 1914 oJn] gl A 3 Yol
BgHol, AA dFTdAM AZ Y B WEe
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— Factors related to the development of myocardial ischemia during mechanical ventilation —

Table 3. F 3§7) X& AlF Alst ojF A] A2 3|8 ¢ o9 4334 &4

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 w Yes No No

*Initial ventilator mode
'LV dysfunction on echocardiogram

1S ; start W ; weaning

*ST segment change suggestive ischemia on initial EKG

12.6% Gtk AF B7) AFAIL o7 A9 H]awelA
= z}z} 15.9%9) 3.8% 2 QUF §7] AlF 4] olg
Ale]| ulg] A2 F¥e] AF LA AYE HAL
U, A8 fo4de gdth(p=0.12).

AZ o] WAF 129 F IF ] AF B4l
AeE ¢ Py % PSV 49, PCV 69, a
CMV 2"0]itt. 3§ K49 loze #d, 718
A A2, 94 s AFPe o3 F 1A AEE
o 2igt &F HA o7} 129 F 741(58.3%)%8 2
of, o]9] AAA NRA, 1733l BAIAY F4
24, WYy FAIMY AT Bl o3 HE
Z, 94 A5 waF, HJEAF A% & FA
o7} Ztzt 144(8.3%) Heoldirt. AF #7] G
AF #y] ojg AF %, ojF YTE Tl £
& 4 #Ae AU (Table 3).

A g s #dE F e AAe] 49
A g ZFA 23 71A TUE sk 4 FA R
holter monitoring 3¢ i Alulee} HA JF
g, A = ¥ Y& FE, AS A2 (cre-

atinine kinase, creatinine kinase-MB, lactic de-
hydrogenase), 8% f-4H4], 8% o|23} #& ¥&,
Q]9 3rle] APACHE I score JAe 4 38
o] #&Y T3} vjAEFAA FTel FAHLE F
o]3+ ol QIUTH(Table 4). F=te] 714 el
HEFol AL /F, 1A AAR ool
Azxgid AARH] {7, o9 aminophyllin, 4
—agonist, inotropics® X8 B AME 57, AF
7] 34 FAME F Tl FolF Xole U
(Table 5).

U -

IFRAVAELS 2 71A A 3F ¥R A8}
7] 9% A9t B7] RO o FepgHes A
Z 3 o] FVHE Aoz JdEn. AktaA
IF FA Fe oo FrE AUGer ¥ 2o
2o] Abh AgFe] g2z A ¥y thAtst
old] FutslE RAMAZE XUY + en*'?, oje
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Table 4. A2 #1389} B4z AuY <Az}

Variables Ischemia present Ischemia absent p-value
Pa0,(mmHg) 79.9+184 89.9+26.9 0.052
PaCO,(mmHg) 37.7+125 383+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 11 score 64.2+15.0 57.4+16.9 0.204
*MAP : mean arterial pressure *HR : heart rate

Table 5. A ¥ dz Qg A=F-8A] 714 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
B-agonist 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%)

tbaseline ECG at admission

A2 S8 2L AL £ Yot gd, 9
T 387 A8L AN U9t Agow ojghy] &
TH(diastolic filling) & ZAA17|H, &) Aurae
(stroke volume)o] ZAEE FHH o)l X7
dtof1d Aol Abh FEFO| Z2E £ gomz A
= o] LAY 4 Ut} G, UF @) Al B
7% <4<t (positive end-expiratory pressure ;
PEEP)¢ #&3l= 2%t 44 %7 (interventri-

cular septum)9] FHZ& HY'® Fo A9l o]ghy]
e A2 2 Aupago] a4 £ T, AT 3§
o] o] F7HE 5 Utk AF FY) o] A=
AF 7oA 2ApaA sFo o] AE Al FZ9
AL 71l met A2 dAE FUlEY, Faky
o2 A3 Akh a7e] FUMgo N HAS An
7} FFER ko AT FEA (irritability) o] 2
Zhsle] A2 HYe] o] FUKE 5 Qlep e,
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AT 7] ol Al B A Yo HisE o
ATNA oF 6% N 47%97A2 BHuEo] o
v, Hurford o] Tl 2708 o]4§ dFfMEo
WTe] oF 47% N A¥F A Eu) (redistribu-
tion) 2 FAF 44 o] BEHY T, olF
ke A2 §F e wsiel fdslid o|%g]
e Ad 2 A izt I syt ®
&, ChatilaB2” JF 5F7) &g AEd 3l
6%°lA A2 HEE 4T T STEAe ¥z}
B 7189 #Y 59 Ago| UE BAEAA
FAtEH R ot ZU A7 HYoER Y 5
9 Aol 71E HYo] At |AFANA Holter mon-
itoring & o] 83 A&l ST $3e] Pao] W3}
Tk 3o

R, AF 387] A4 A A BER= A2 §
o) Wiz, AT HYEY 243 BEEHE o A
Eoll ¥t o} Bad vl gled, AF 3871
g AR Alg) o' Al A SEe W a2 W
E F AT Yo L BEY B dpdMe
Holter monitoring& o] &% 24417t 94 ST &4
TEE 33l AT 7] HE AF A 12.6%, AF
7] olg A] 3.8% 9 AT Y e B
on, ol 7I&9 A7 v ¥aH B NeE
el ols did 8akze] H4F A @4 B9
Ao 71E HYo] & A2 AYsldy] YRoz
Mg

HAR-A] Qe 3¢ AF 7] o7 A A2 Y
o] Lol F7ITh LA goyie, B o
TAME AF &7] A4 7|z B AAE Axev
olA o] BFHAY, Y4 B9 A=A
A2 S8 & Y e ST £49] W} Us 4
FEdME AT 3E 2L BANH o2 Fo 2
o7} HAHAE= AU ol B AT A FAE
A FiRA] 4" A4S Z4HA £ B3 3
AA A 59 cardiac resuscitationo] o]&0]A7]
HEQ Aoz AR E).

AT 3R7] AE A LAY + s AHA o4,

7182 B3A 3 FUAT AR B Fg, Fuly
© HEF H A¥S} T o7 dAyg wshke A2
Ak 879 F7h 8 WoekA WgkE spren-e
ol & A2 Y] TAo) A4 + Uk 27
W, & d7oME AF 3F7] A4 FA 59y o)
& A Adad, Jeads 2 ¥ A 4
A ol A% R A2 m22A, JY B9
APACHE I A<, AF &) 419] 34 H7 ¥st,
o Hut, 7182 SR € FAAT AR g7
R AT 7] P AEY a5 ) Ay
d AT 3] 2 o] gle Aoz vehdo.

€ Q70N A2 Y AT U7 357 A
| AF Mg} ol Aol 242} 12.6%, 3.8% ) A2
Y 2ol BEF UF ZHY) HE Ao} A2 3§
¥ 2 NETt B AYE B AL AF @
AHE Aelle o}y g Ayt st dHey

ool A AT S LAo] AF §7] olF Ale)

vl 22 WI=2 Jepd Ao o gt olaig 23
< ¥ a7 el XE 2699 AF F] o)
gl oA QIF 7] o2 A (weaning fail-
ure) £ Y Ho2x by, AR /) 2 9
Atk A2 S¥e] ¥l dFd) wAE Aoz
© B4 3F 71 83 o)A AF 8] ol
8] AAE zEsle o]F 9] 3B xd & A |
e} A A8 WA Homs i gu o3
dME A2 Y DDA oS Y28 24 E
Hou, & AFNe A 3 SAET u)iy
oA @xte] AEENE Apol7} QT EF, 2
Ag B2 &5 ¥4 Ldle 59 el Usd A4S
© e, A ¥ 2L YA Ho|qr)

B A7l AT 5EE AU S s STRAHe)
Wsh= o]de] £ Fmated! baselined} H]m
3l J pointo]¥ 80 msecoldt A&:EE 1.5 mm
o}’49] upsloping ST depression©|t} 1.0 mm ©]4}
2] downsloping &-& horizontal ST depression¢]
w3lan AHolslglon, ST elevationg] 7= Al
¥ HF2 X3R goto, B A7 gy 3o
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A significant ST elevationo] #ad d& it

ojate] dxtgA, A ¥ AF #7] F& AF
3o o) A 12.6% 94 TAFHAL, ole AT #
7] A4 AlF Al og Al v # AL I
U 533 Q4 NEEAN O 2L 4538 5=
& Aoz AlgHUY.

2 <%

T g R A !

T4 3F FHoz JF 3F A8E ¥ WA
A 4F 337 FE E olF Ao EHHF W
o8 A Yol LAE F ok, oo dud
T BA gt 2 g7E v EF ez O
3§ ABE W RSN QY Wz} Mg
A 2HE & e AB AF A9 ol Ao &
Aske A2 ¥ = 3 23 3ddE e
& dopruial dgict.

Chad 3 U -

B4 3§ 4oz &g Y HY WA T8
o st AF TF A8E Le 739, 959
(d:o=35: 38, 4¥=62.8£17.3)& o=
Ay d7E AT AF & A AE (69

o) B o]g (269]) AJo] 24A|7t holter monitor-

ing&, ¢0F 3F AR 7|2 F 139 H2E0E 4
A3t o) AR 264 FolA 5o ol Al
2=t A ¥ 1.5mmeo]Ade] upsloping
ST depression®|i} 1.0mmo|42] downsloping &
& horizontal ST depression¢. 2 Aojslyen, &
7ol #2590 ¥ APACHE I score& A3}
Act.

4 1}

24 A7} holter monitoringolA A2 3 ¥o] et
A%= % 129 (12.6%)94 FEHUL, AF 3
F X8 ANF A 119 (15.9%), oJ& Al 19 (3.8
%)o2 AlZF Al A ¥ WA Wxr}b EYTh
(p=0.12).

Az AARH| QUG 73] FolAME 84
(10.9%), SUE 22¢] F 4(18.2%)NA A2
HYo| FAFo] HFYRAHo| 3§ Fd3} T Ay
AT H¥ol F718ke A% BT

718 AA=A A2 Yo ojHe] A2 Z4o]
AN A= F 2090 (21.1%)E, ©lF 24
(10%)914 AZ 3|do] F&A= ] {ojdt 4 UA
= floich

IF B7] AlFolu} o] A] AitrFot Fehiky
3 2 A ol #F, ¥F CK-MB level,
APACHE 11 score, shock®] &%, #|¥d39 /%,
1F 87] 94, inotropics] AlME ¥ F& AT
HYo) A7} Foid 4 BAE Holx Wt

AL 9] o Aube} A HF e A2 3

o] ¢ldd TolAM 129.5+29.7bpm, 83.8+17.
6mmHg, AZ 3¥o] UNY FlA 137.2+30.
9bpm, 82.5+15.9mmHga §-2J% 2}oli= Lt
2 E:
FH 3F BHoz R 3F NRE W= BNE F
AT YL 12.6% 914 FEEHAJeH F2 AF @
7] Al Alell gEER, FAFHe|U AAE ol
o] FR4= fo3 A BAE Holx st
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