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The Impact of Pulmonary Hypertension on the Clinical Outcomes of
Acute Myocardial Infarction after Percutaneous Coronary Intervention
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"The Heart Center of Chonnam National University Hospital, Gwangju;
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Background/Aims: Pulmonary hypertension (PH) in patients with heart failure contributes to a poor prognosis. However, the role of
PH in the long-term clinical outcome is unclear in those with acute myocardial infarction (AMI). The clinical significance of ele-
vated right ventricular systolic pressure (RVSP) on routine echocardiography is underestimated.

Methods: This study enrolled 2,526 AMI patients (65.1 + 12.7 years; 1,757 males [69.6%]) from the Korean AMI registry who un-
derwent successful percutaneous coronary intervention and pre-discharge transthoracic echocardiography (TTE). The patients were
divided into four groups according to the RVSP on TTE: normal RVSP (RVSP < 35 mmHg, n = 1,695), mild PH (35 <RVSP <45
mmHg, n = 601), moderate PH (45 <RVSP <70 mmHg, n=211), and severe PH (RVSP > 70 mmHg, n = 19). Major adverse car-
diac events (MACE) were compared among the four groups.

Results: During the 3-year clinical follow-up period, MACE occurred in 562 patients (22.2%), including 321 (18.9%), 145 (24.1%),
83 (39.3%), and 13 patients (68.4%) in the normal RVSP and mild, moderate, and severe PH groups, respectively. On multivariate
analysis, independent factors for MACE were moderate or severe PH, age > 65 years, Killip class > 111, left ventricular ejection frac-
tion < 40%, hypertension, and diabetes.

Conclusions: Measuring RVSP is useful for stratifying the risk of patients with AMI; MACE occurred in patients with moderate or
severe PH. (Korean J Med 2022;97:257-270)
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KAMIR -NIH data
3,009 patients with AMI in CNUH

October 2011 to December 2015

AMI patients

Excluded

Previous HF (n=61)

Previous Ml (n=284)

Moderate to severe MR (n=39)

Lost to follow-up/Incomplete data (n=99)

(n= 2,526)

Echocardiographic PH assessment

Normal RVSP
RVSP<35 mmHg
(n=1,695, 67.1%)

Mild PH
35<RVSP<45 mmHg
(n=601, 23.8%)

Moderate PH
45<RVSP<70 mmHg
(n=211, 8.4%)

Severe PH
RVSP270 mmHg
(n=19, 0.8%)

Figure 1. Flow chart of study inclusion. AMI, acute myocardial infraction; KAMIR-NIH, Korean Acute Myocardial Infarction
Registry-National Institutes of Health; HF, heart failure; MI, myocardial infarction; MR, mitral regurgitation; PH, pulmonary hyper-

tension; RVSP, right ventricular systolic pressure.
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Table 1. Baseline clinical characteristics according to the degree of PH

Parameter Total Normal RVSP Mild PH Moderate PH Severe PH pvalue
(n=2,526;100%) (n=1,695;67.1%) (n=601;23.8%) (n=211;84%) (n=19;0.8%)
Demographic
Age (years) 65.1+12.7 62.8+12.7 69.0+£11.5 71.5+11.1 763+7.2 <0.001
Age > 65 1,384 (54.8) 795 (46.9) 412 (68.6) 158 (74.9) 19 (100.0) <0.001
BMI (kg/m’) 239+34 242+32 23.6+3.4 222+39 23.2+42 <0.001
Male sex 1,757 (69.6) 1,271 (75.0) 356 (59.2) 119 (56.4) 11(57.9) <0.001
Clinical symptoms
Chest pain 2,101 (83.2) 1,484 (87.6) 475 (79.0) 132 (62.6) 10 (52.6) <0.001
Dyspnea 345 (13.7) 170 (10.0) 103 (17.1) 61 (28.9) 11 (57.9) <0.001
Vital sign on admission
SBP (mmHg) 123.6 £26.2 124.5+25.8 121.9+£26.5 121.0+27.4 120.5+38.3 0.080
DBP (mmHg) 77.1+£17.5 77.8+17.3 75.7+17.8 76.0+17.4 76.3+£23.2 0.070
HR (beat/min) 79.6 +18.3 785+17.2 80.1+19.2 86.3+£21.7 89.1 £23.0 <0.001
High Killip class (ITI/IV) 308 (12.2) 149 (8.8) 86 (14.3) 63 (29.9) 10 (52.6) <0.001
Cardiovascular risk factors
Hypertension 1,357 (53.7) 850 (50.1) 357 (59.4) 133 (63.0) 17 (89.5) <0.001
Diabetes mellitus 760 (30.1) 477 (28.1) 192 (31.9) 81 (38.4) 10 (52.6) <0.001
Dyslipidemia 186 (7.4) 131 (7.7) 38(6.3) 16 (7.6) 1(5.3) 0.700
Current smoking 908 (36.0) 691 (40.8) 170 (28.3) 459 (21.3) 2(10.5) <0.001
Family history 133 (5.3) 104 (6.1) 104 (6.1) 11(5.2) 0(0.0) 0.020

Values are presented as number (%) or mean+tstandard deviation.
RVSP, right ventricular systolic pressure; PH, pulmonary hypertension; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; HR, heart rate.

Table 2. Laboratory findings according to the degree of PH

Parameter Total Normal RVSP Mild PH Moderate PH Severe PH pvalue
(n=2,526; 100%) (n=1,695;67.1%) (n=601;23.8%) (n=211;8.4%) (n=19; 0.8%)
Total cholesterol (mg/dL)  171.6 +44.1 175.2+44.1 164.8 £42.0 163.6 £46.3 157.9+44.2 <0.001
Triglyceride (mg/dL) 121.8+98.5 130.3+110.1 108.1+£71.8 98.8 +£54.9 84.6+393 <0.001
HDL-cholesterol (mg/dL)  39.9+11.3 402+11.2 39.7+£11.2 38.8+11.4 41.5+16.2 0.290
LDL-cholesterol (mg/dL)  109.8 +40.0 112.7+40.1 104.1 +£38.3 104.6 +41.5 99.9+42.8 <0.001
Creatinine (mg/dL) 1.0+1.0 0.9+0.8 1.1+£1.2 14+1.6 1.8+1.3 <0.001
Hs-CRP (mg/dL) 1.7+3.7 13+3.3 2.08 4.1 33143 4.1+49 <0.001
CK-MB (ng/mL) 87.7+158.6 87.7+£164.0 92.0+161.6 79.7+105.4 54.6 £ 68.9 0.600
Troponin-I (ng/mL) 44.5+69.9 444+73.6 44.1+59.3 45.7+67.2 52.9+81.0 0.940
NT-pro-BNP (pg/mL)  3,981.1+10,736.6 2,239.0+5,363.8 5,500.9+16,398.4 10,081.3+14,992.2 13,382.8+13,1482 <0.001
Glucose (mg/dL) 169.0 +84.3 166.1 £ 80.6 169.6 £ 85.6 184.1£96.6 2227+ 146.4 <0.001
ARU (units) 469.0 £75.1 465.5+76.8 470.5 £ 69.6 485.7+74.9 496.1 + 86.8 0.020
PRU (units) 227.1+113.3 213.6+113.0 243.5+110.1 268.5+109.4 302.7+67.4 <0.001

Values are presented as number (%) or mean+tstandard deviation.

HDL, high-density lipoprotein, LDL, low-density lipoprotein; Hs-CRP, high-sensitivity C-reactive protein; CK, creatine kinase; CK-
MB, creatine kinase Myoglobin; NT-pro-BNP, N-terminal pro-brain natriuretic peptide; HbAlc, hemoglobin A1C; PRU, P2Y12 reaction
units; ARU, aspirin reaction units; RVSP, right ventricular systolic pressure; PH, pulmonary hypertension.
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Table 3. Coronary angiographic findings and discharge medications
Parameter Total Normal RVSP Mild PH Moderate PH Severe PH pvalue
(n=2,526;100%) (n=1,695;67.1%) (n=601;23.8%) (n=211;84%) (n=19;0.8%)
Angiography and PCI
Target vessel <0.001
Left main 92 (4.0) 50 (3.2) 25 (4.5) 14 (7.2) 3(16.7)
Left anterior descending 1,063 (45.8) 693 (44.7) 269 (48.4) 98 (50.5) 3(16.7)
Left circumflex artery 403 (17.4) 273 (17.6) 90 (16.2) 32 (16.5) 8 (44.4)
Right coronary artery 761 (32.8) 535 (34.5) 172 (30.9) 50 (25.8) 4(22.2)
ACC/AHA type 0.220
A 3(1.5) 3(2.3) 0(0.0) 0(0.0) 0(0.0)
B1 152 (75.6) 102 (78.5) 36 (70.6) 12 (66.7) 2 (100.0)
B2 35(17.4) 18 (13.8) 14 (27.5) 3(16.7) 0(0.0)
C 11(5.5) 7(5.4) 1(2.0) 3(16.7) 0(0.0)
Number of involved vessel <0.001
Left main artery (simple) 11(0.5) 6(0.4) 5(0.9) 0(0.0) 0(0.0)
Left main artery (complex) 116 (5.0) 61 (3.9) 30(5.4) 22 (11.3) 3(16.7)
Single vessel disease 1,344 (58.0) 925 (59.7) 320 (57.6) 91 (46.9) 8 (44.4)
Two vessel disease 611 (26.4) 405 (26.1) 146 (26.3) 55(28.4) 5(27.8)
Three vessel disease 236 (10.2) 153 (9.9) 55(9.9) 26 (13.4) 2(11.1)
Pre-PCI TIMI flow 0.750
0 1,046 (45.1) 710 (45.8) 248 (44.6) 79 (40.7) 9 (50.0)
I 143 (6.2) 97 (6.3) 33(5.9) 13(6.7) 0(0.0)
I 607 (26.2) 410 (26.4) 138 (24.8) 53(27.3) 6(33.3)
11 523 (22.6) 334 (21.5) 137 (24.6) 49 (25.3) 3(16.7)
Post-PCI TIMI flow 0.400
0 3(0.2) 2(0.2) 1(0.3) 0(0.0) 0(0.0)
I 8(0.5) 4(0.4) 2 (0.6) 2(1.8) 0(0.0)
I 53(3.6) 32(3.1) 13(3.9) 8 (7.0) 0(0.0)
11 1,428 (95.7) 998 (96.3) 315(95.2) 104 (91.2) 11 (100.0)
Medical treatment
Aspirin 2,512 (99.4) 1,688 (99.6) 595 (99.0) 210 (99.5) 19(100.0) <0410
Clopidogrel 1,874 (74.2) 1,210 (71.4) 464 (77.2) 184 (87.2) 16 (84.2) <0.001
Prasugrel ticargrelor 619 (24.5) 462 (27.3) 125 (20.8) 30(14.2) 2(10.5) <0.001
546 (21.6) 378 (22.3) 125 (20.8) 40 (18.7) 3(17.6) 0.599
Beta-blocker 1,996 (79.0) 1,331 (78.5) 490 (81.5) 160 (75.8) 15(78.9) 0.280
Calcium channel blocker 194 (7.7) 141 (8.3) 39 (6.5) 13 (6.2) 1(5.3) 0.390
ACE inhibitor 270 (10.7) 188 (11.1) 62 (10.3) 19 (9.0) 1(5.3) 0.660
ARB 1,754 (69.4) 1,189 (70.1) 424 (70.5) 130 (61.6) 11(57.9) 0.050
Statin 2,229 (88.2) 1,517 (89.5) 523 (87.0) 176 (83.4) 13 (68.4) <0.001

Values are presented as number (%) or mean+tstandard deviation.

RVSP, right ventricular systolic pressure; PH, pulmonary hypertension; ACC, American College of Cardiology; AHA, American Heart
Association; DES, dual eluting stent; PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction; ACEI,
angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker.
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Table 4. Echocardiographic findings according to the degree of PH
Parameter Total Normal RVSP Mild PH Moderate PH Severe PH pvalue
(n=2,526;100%) (n=1,695;67.1%) (n=0601;23.8%) (n=211;8.4%) (n=19; 0.8%)
LV EF (%) 543+11.7 56.1+10.9 5224120 46.8+12.6 429+104 <0.001
EF <40% 284 (11.2) 134 (7.9) 82 (13.6) 61 (28.65) 7 (41.2) <0.001
LVEDD (mm) 429+182 42.0+18.3 445+174 453+19.2 46.2 +18.8 <0.001
LVESD (mm) 29.3+13.7 28.1+13.3 30.9+13.6 33.1+15.7 349+153 <0.001
LAD (mm) 289+17.4 269+17.2 333+ 16.1 3224+19.6 37.3+18.9 <0.001
E/A ratio 2.5+374 3214452 1.2+11.5 1.0£0.9 0.8+0.8 0.660
E/A DT (msec) 176.1 £96.5 182.7+94.9 172.4 £100.4 138.9+89.7 121.1 +£78.9 <0.001
e’ (m/sec) 0.05+0.03 0.05+0.03 0.05+0.04 0.04 £0.03 0.04 £0.03 <0.001
Ele’ 119+73 10.8+5.8 13.3+8.0 16.5+11.1 14.8+12.8 <0.001
E/e’ > 15 674 (26.7) 335 (19.8) 210 (34.9) 120 (56.3) 9(52.9) <0.001
RVSP (mmHg) 282+133 21.2+9.1 38.3+2.7 51.7+59 73.9+3.8 <0.001

Values are presented as number (%) or mean+tstandard deviation.
LV EF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; LVEDD, left ventricular end-diastolic
dimension; LAD, left atrial dimension; DT, Deceleration time; ¢', early septal mitral annular velocity; E/e', ratio of early transmitral
velocity to early septal mitral annular velocity; RVSP, right ventricular systolic pressure; PH, pulmonary hypertension.

Table 5. Clinical outcomes during the 3-year follow-up period according to the degree of PH

Parameter Total Normal RVSP Mild PH Moderate PH Severe PH pvalue
(n=2,526;100%) (n=1,695; 67.1%) (n=0601;23.8%) (n=211;84%) (n=19;0.8%)
Total MACE 562 (22.2) 321 (18.9) 145 (24.1) 83 (39.3) 13 (68.4) <0.001
All-cause death 289 (11.4) 139 (8.2) 81 (13.5) 59 (28.0) 10 (52.6) <0.001
Recurrent myocardial infarction 122 (4.8) 65 (3.8) 37(6.2) 18 (8.5) 2 (10.5) <0.001
Re-PCI 190 (7.5) 129 (7.6) 41 (6.8) 17 (8.1) 3(15.8) 0.490
Re-hospitalization 49 (1.9) 21(1.2) 14 (2.3) 11(5.2) 3(15.8) <0.001
Coronary artery bypass graft 4(0.2) 2(0.15) 1(0.2) 1(0.5) 0(0.0) 0.670

Values are presented as number (%).

MACE, major adverse cardiac event; PCI, percutaneous coronary intervention; RVSP, right ventricular systolic pressure; PH, pulmonary

hypertension.
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pgml, FZ2S 13382.8 + 13,1482 pg/mLEA] -0)3t 2jo]
£ EFHp < 0.001). P,Y12 reaction unit (PRU)Z} aspirin re-
action unit (ARU) gF-& AArto] vlsle] o2 A Ho] -9
314 =tHp < 0.001, p = 0.020) (Table 2).
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=2 >
X ok
ol N
S )
et l-rI
O
F—Vl

=

S = A Shee S H HH Al MY o=

B Ed e
2 71o] Solal 2po]2 B ATKp < 0.001). ACC/AHA classi-
ficationof] oJgt E¥ W SAY WFFUTAe A5
TIMI flowol A= F-2J3t Zpol= QISATh U Al ARgt of

B A Azeu} AAE 2748t LVEFS B 43 + 11.7%9]
AL, AR A TR Tewt w0 & folehA wWiltt
(56.1 £ 10.9% vs. 52.2 = 12.0% vs. 46.8 + 12.6% vs. 42.9 +
104%, p < 0.001). LVEF 40% 1]qiQ] $kto] u]5-o AL}
AZL, TS5, S5 &0 2 =9tH7.9% vs.13.6% vs.
28.6% vs 41.2%, p < 0.001). A4 A7 2] A3} 2414
=7 ]”* A7, FAH 217 JA] Y] & FollA S5kl 7HE
Z Hthp < 0.001). 7] $X 35 &L 940 v|(Ee
ratio)@r 5_7] SIS &5 919] H|(E/e' ratio)7} 15 o)Al

H|F-2 AdtE Tt S5 2ol A F-9sHAl =3 tHp < 0.001).
RVSP] HA| H#S 282 + 133 mmHg 1!, A LS
212 + 9.1 mmHg, A2 383 + 2.7 mmHg, 25 % 51.7
+ 59 mmHg £Z-2 739 + 38 mmHgRA] ZZLoll4] folst

=9kthp < 0.001) (Table 4).

Aol 41<= clopidogrel, prasugrel, statin 52 || o+ 7kof| o]t 1 At A
2po]2 H ¢ rthTable 3). &, EELd, E22 407 8951 Z7FE9tH18.9% vs
Table 6. Cox proportional hazards analysis of the independent predictors of MACE at 3 years
MACE

Variable Univariate Multivariate

HR* 95% Cl1 p-value HR* 95% CI p-value
Normal RVSP (reference) 1 1
Mild PH 1.350 1.109-1.642 0.003 1.077 0.879-1.318 0473
Moderate PH 2.629 2.064-3.348 <0.001 1.663 1.283-2.154 <0.001
Severe PH 7.566 4.337-13.197 <0.001 2.943 1.650-5.246 <0.002
Sex (male) 1.371 1.153-1.628 <0.001 0.954 0.791-1.149 0.616
Age > 65 2.200 1.836-2.636 <0.001 1.660 1.359-2.027 <0.001
High Killip class (> III) 2.708 2.219-3.305 <0.001 1.754 1.413-2.177 <0.001
LV EF <40% 2.694 2.192-3.310 <0.001 1.767 1.408-2.216 <0.001
E/e' ratio > 15 1.714 1.441-2.037 <0.001 1.058 0.874-1.281 0.561
Hypertension 1.807 1.517-2.151 <0.001 1.362 1.128-1.644 <0.001
Diabetes mellitus 1.754 1.481-2.076 <0.001 1.329 1.128-1.644 0.002

MACEs, major adverse cardiac events; RVSP, right ventricular systolic pressure; PH, pulmonary hypertension; LVEF, left ventricular
ejection fraction; E/e', ratio of early transmitral velocity to early septal mitral annular velocity.

*Calculated by Cox regression analysis.
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24.1% vs. 39.3% vs. 68.4%, p < 0.001). A
AT o2 QIR AU FA] FBRE B S
T, o w22 w7 TSP < 0.001).
28970l 4] WAYSI o At B ST T
Lo golalA &7 WAEIATHS.2% vs. 13.5% vs. 13.5%
V8. 280% 8. 52.6% p < 0001). AjTHF L3} TAFEH 5]
AR RlE= ) 7ke] Aol §lSiEK(Table 5).
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Figure 2. Restricted cubic spline analysis of MACE. Curves were used to evaluate the associations of MACE with (A) LVEF and (B)
RVSP. Models were constructed using restricted cubic splines with three knots. MACE, major adverse cardiac events; LVEF, left ven-

tricular ejection fraction; RVSP, right ventricular systolic pressure.

Table 7. Cox proportional hazards analysis of the independent predictors of all-cause death at 3 years

All-cause death

Variable Univariate Multivariate

HR* 95% CI p-value HR* 95% CI p-value
Normal RVSP (reference) 1.000 1.000
Mild PH 1.752 1.331-2.306 <0.001 1.163 0.877- 1.542 0.294
Moderate PH 4.224 3.111-5.734 <0.001 1.938 1.395-2.690 <0.001
Severe PH 11.782 6.188-22.433 <0.001 2.619 1.334-5.141 0.005
Sex (male) 1.698 1.342-2.146 <0.001 0.969 0.754-1.243 0.802
Age > 65 (/%) 5.289 3.824-7.314 <0.001 3.719 2.634-5.249 <0.001
High Killip class (> III) 4.612 3.604-5.900 <0.001 2.390 1.824-3.130 <0.001
LV EF <40% 4.703 3.659-6.042 <0.001 2.499 1.886-3.310 <0.001
E/e' ratio > 15 2.322 1.838-2.932 <0.001 1.076 0.833-1.388 0.573
Hypertension 2.012 1.566-2.583 <0.001 1.206 0.921-1.578 0.173
Diabetes mellitus 1.996 1.581-2.518 <0.001 1.310 1.027-1.671 0.030
Dyslipidemia 0.564 0.323-0.983 0.043 0.805 0.459-1.411 0.449

RVSP, right ventricular systolic pressure; PH, pulmonary hypertension; LVEF, left ventricular ejection fraction; E/e', ratio of early

transmitral velocity to early septal mitral annular velocity.
"Hazard ratio was calculated by Cox regression analysis.
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Z(HR, 1.663; 95% CI, 1.283-2.154; p < 0.001), EZZ(HR,
2.943; 95% CI, 1.650-5.246; p < 0.001), 654 ©]Ak2] I (HR,
1.660; 95% CI, 1.359-2.027; p < 0.001), Killip class III ©]A}
(HR, 1.754; 95% CI, 1.413-2.177; p < 0.001), LVEF 40% u]xt
(HR, 1.767; 95% CI, 1.408-2.216; p < 0.001), T ENHR,
1.362; 95% CI, 1.128-1.644; p < 0.001), xH(HR, 1.329;
95% CI, 1.128-1.644; p = 0.002)©.2 u}oFE| It Table 6).

o
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z © Mild PH
<
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]
3 w©
& o
s ©
% Severe PH
3 o
E O Log-rank P <0.001
3 ok T T T
0 365 730 1095
Time(Days)
Number at risk
Normal RVSP 1693 1571 1502 958
Mild PH 601 521 500 314
Moderate PH 211 153 139 82
Severe PH 19 8 7 5

Figure 3. Kaplan-Meier curve of all-cause death according to the
degree of PH. The cumulative survival rate was significantly
lower in severe PH than in mild PH (p <0.001). Kaplan-Meier
plot of survival in patients classified according to all-cause
death. The log-rank test was used to compare survival curves.
RVSP, right ventricular systolic pressure; PH, pulmonary
hypertension.
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& o

g °
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Time(Days)
Number at risk

Moderate PH and EF> 40% 152 118 110 70
Moderate PH and EF< 40% 59 35 29 12
Severe PH and EF> 40% 9 6 5 4
Severe PH and EF< 40% 10 2 2 1

Figure 4. Kaplan-Meier curve of all-cause death according to the
degree of PH. The cumulative survival rate was significantly
lower in patients with severe PH and a LVEF < 40% than in pa-
tients with mild PH and a LVEF > 40% (p < 0.001). A
Kaplan-Meier plot of survival in patients classified according to
total deaths is shown. The log-rank test was used to compare sur-
vival curves. PH, pulmonary hypertension; LVEF, left ven-
tricular ejection fraction.
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EA%E A3} LVEF7L 57F85 MACES] HaE & 5
THp < 0.001). FE3F restricted cubic spline FA4 02 AT,
J9, LVEF, E/¢' ratio, 7 &8¢t T, X EZL H A}
MACE®} RVSP #AE 42t A3, RVSP 35 mmHg g
MACE7} &hitsHA| 5712 & = ASATHp < 0.001) (Fig. 2).
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S = (HR, 1.938; 95% CI, 1.395-2.690; p < 0.001), 5
(HR, 2.619; 95% CI, 1.334-5.141; p = 0.005), 65A ]%4 al
F(HR, 3.719; 95% CI, 2.634-5.249; p < 0.001), Killip class TIT
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H|YHHR, 2.499; 95% CI, 1.886-3.310; p < 0.001), Z == (HR,
1.310; 95% CI, 1.0.27-1.671; p = 0.030).0.2 3}l Table 7).
Kaplan-Meier AJ&354 Aatol A AGES F435 2}, A
Atol| vl FeEa i SE oA FolskA AES
OPE}‘([) < 0.001) (Fig. 3).
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ZFEwul 22104 LVEF 40%S 7|20 2 APYES
2435 A3}, Kaplan-Meier 2L 0] 83F APLE) A
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%5 9 LVEF 40% o)A} $hjict $5 9 LVEF 40%
ajRkef A F-oJ5HA A&l WkTHp < 0.001) (Fig. 4).
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