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Natural history of pri-
mary pulmonary hyper-
tension elucidated by
pulmonary hemodyna-
mics

FA R Nariaki KANEMOTO
Summary

The present study was undertaken to clarify the natural history of primary pulmonary hyper-
tension (PPH) from a hemodynamic point of view. The subjects consisted of 83 patients (18 men
and 65 women), whose ages ranged from 14 to 69 years and averaged 33 years. They were contacted
through a nationwide survey. All patients underwent right-sided cardiac catheterization ; cardiac
output was measured in 52 patients and pulmonary capillary wedge pressure, in 40 patients. The
following results were obtained.

1. The patients who died within three months of their cardiac catheterization were in severe
right ventricular failure as shown by their elevated right atrial pressures and decreased cardiac
indices.

2. 'The patients who died suddenly within two years of their cardiac catheterization had the
same degree of right ventricular failure. The only difference was severe hypoxia in the patients with
cardiac failure (54421 vs 66+4 mmHg, p<0.05).

3. The patients who survived more than two years had normal right ventricular function.

4. Among the hemodynamic variables used to estimate prognosis; namely, pulmonary artery
diastolic pressure, pulmonary capillary wedge pressure, cardiac index, pulmonary vascular resistance
and pulmonary to systemic vascular resistance ratio, the cardiac index was the best predictor of
prognosis.
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Table 1. Hemodynamic and arterial blood gas data in five groups categorized by survival
periods from the time of cardiac catheterization

Group I (n=17) Group II (n=14) Group III (n=12) Group IV (n=14) Group V (n=26)

Age (years) 32+3 35+4
Sex 4M 13F SM 9F
Survival (months) 1.6+0.3 6.9+0.7
RA mean (mmHg) 13+3 6+1
RV systolic (mmHg) 100+8 88+5
edp (mmHg) 13+2 9+2
PA systolic (mmHg) 97+8 91+4
diastolic (mmHg) 44+4 42+3
mean (mmHg) 61+4 58+3
PCW mean (mmHg) 7+2 (6) 5+1 7
SP systolic (mmHg) 106+3 96+8
diastolic (mmHg) 71+2 67+1
mean (mmHg) 83+2 77+5

CI (1/min/m?) 2.41+£0.30(8) 2.48+0.22(11)

29+4 29+2 37+2
1M 11F 5M 9F 3M 23F
17.9+1.2 29.3+1.4 58.3+4.1
6+1 7+1 7+1
100+9 96+8 91+5
10+1 9+1 7+1
91+9 91+7 85+6
43+4 36+4 38+3
58+6 58+4 54+4
71 (9 9+1  (5) 101 (13)
11745 109+9 111+4
78+5 72+5 75+3
92+5 84+6 87+3

2.46+0.26(7) 3.32+0.38(9) 3.27+0.20(17)

PVR (dyne-sec-cm™%) 18414518 (8)
SVR (dyne-sec-cm™%) 2260+ 388 (8)
RVWI (kgm/min/m?) 1.46+0.18(8)

SPA/SSP 0.86+0.20
PVR/SVR 0.76+0.12(8)
Sa0, (per cent) 91+2

PaO, (mmHg) 61+6
PaCO, (mmHg) 27+1

pH 7.47+0.02
Ht (per cent) 44+2

1412+131 (11)
1730+188 (11)
1.83+0.23(11)
1.00+0.03
0.82+0.07(11)

90+3

64+8

33+2
7.44+0.02

45+3

1334111 (7)

1838+124 (7)

1.71+0.45(7)

0.88+0.08

0.80+0.04(7)
92+2

1042+122 (9)
1374+121 (9)
2.13+0.41(9)
0.87+0.07
0.68+0.06(9)
92+3

943+143 (17)

1671190 (17)

1.95+0.27(17)

0.75+0.07

0.54+0.06(17)
93+1

65+5 696 67+4

33+3 24+4 302
7.47+0.03 7.47+0.01 7.461+0.02

48+1 43+1 41+3

RA=right atrial; RV=right ventricular; PA=pulmonary artery; PCW=pulmonary capillary wedge; SP=
systemic pressure; CI=cardiac index; PVR=total pulmonary vascular resistance; SVR=total systemic vascular
resistance ; RVWI=right ventricular work index ; SPA/SSP=systolic pulmonary artery to systolic systemic pres-

sure ratio; Ht=hematocrit:
( ) number of patients.
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Table 2. Statistics of data in Table 1
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ST OME & = DfEEHFER % Table 1,2 iR L.
FEBEER I #2 1343 mmHg & h@fic b~
TEWEM MRS -7%. RVedp 3 FEEOBEARH
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BTECER 2 S v, IEHER 1 g b,
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IvsII IvsIII IvsIV IvsV IIvsIII IIvsIV IIvsV IIIvsIV IIIlvsIV IVvsV

Age (years) * * * *

RA mean (mmHg) 0.10 0.10 0.10 0.05

RV  systolic (mmHg)
diastolic (mmHg)

w

PA  systolic (mmHg)
diastolic (mmHg)
mean (mmHg)

PCW mean

SP  systolic (mmHg)
diastolic (mmHg)

(mmHg)

(=]
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mean (mmHg)
CI (1/min/m?)
PVR (dyne-sec-cm™®)
SVR (dyne-sec:cm™%)
RVWI (kgm/min/m?)
SPA/SSP
PVR/SVR
Sa0, (per cent)
PaO, (mmHg)
PaCO, (mmHg)
pH
Ht (per cent)
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(=]
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* * * * x

* * * * * *
* * * * * *
* * * * * *
* * * * * *
* * * * * *
* * * * * *
* * * * * *

0.05 0.02 0.05 0.10 * *
* * * * * *
* * * * * *
* * * * * *
* 0.10 0.05 * 0.05 *
* 0.10 0.05 ¥ 0.10 *
* * * * * *
* * * * * *
* * 0.05 * * *
* * 0.05 * 0.05 *
* * * * * *
* * * * * *
* * * * * *
* * * * * *
* * * * * *

Abbreviations are the same as in Table 1.
*=not significant.
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PVR i I #n b V BHolEIIEEZ & 3375
wZwshie. PVR/SVR i I-II-111 g X v IV.
V BTRiEE L aEmSTE NI
PEnkdic, ILIT.IIT gL IV-V #officE
PRENBEABD R BP-1DT, ZHALD
28, THbLL2ZEUNELCE Lz EETFL
TREEICAE LT HeitiRat L7 (Table 3). &z
WRENRTZLDIE, RVedp 1141 vs 8+1 mmHg,
PCW 7+1 vs 9+1mmHg, CI 245+0.14 vs
3.28+0.18 [/min/m? (p<0.01), PVR 1500+148
vs 985+ 96 dynes-sec-cm™? (p<0.01), PVR/SVR
0.79+0.05 vs 0.58+0.05 (p<0.01) THo7=.

2. FERBIEEDKZF 2 — & — LHEHROE
AL OftE: PCW &3 r=0.418 (p<0.01),
CI 13 r=0.601 (p<0.01, Fig. 1), PVR iz
r=—0.403 (p<0.01), PVR/SVR &3 r=—-0.370
(p<0.01) LHELRHEMBEHRIED LhI.

3. ALHTF—FNRERZFUNICET L
HEG 2 BLAE L BRED 2 BHTHEH L TifEER
BifE % 3t L7 (Table 4). L L, MAT/H%ER
REEECITTHREWRSLT, B—0E
i1, PaO, »ZERFEH T 5421 mmHg &, A
FAFRE 66+4mmHg X v FE (p<0.05) ik
Ex Lotz Thol.

Table 3. Comparison of hemodynamic and arterial blood gas data of patients decreased within
two years (Nonsurvivors) and patients who survived more than two years (Survivors)

after the times of their catheterization

Nonsurvivors (<2 years) Survivors (>2 years) p value
(n=43 (n=40)
Age (years) 32+2 34+2 *
RA mean (mmHg) 9+1 7+1 *
RV  systolic (mmHg) 94+5 93+4 *
edp (mmHg) 11+1 8+1 0.05
PA  systolic (mmHg) 93+4 87+4 *
diastolic (mmHg) 4342 37+3 0.01
mean (mmHg) 59+2 56+3 *
PCW mean (mmHg) 71 (22) 9+1 (18) 0.01
SP systolic (mmHg) 105+3 110+4 *
diastolic (mmHg) 71+2 74+2 *
mean (mmHg) 83+2 86+3 *
CI (1/min/m?) 2.45+0.14(25) 3.28+0.18(26) 0.01
PVR (dyne-sec-cm™%) 1500+ 148 (25) 985+96 (26) 0.01
SVR (dyne-sec-cm™%) 1956 +167 (25) 1586 +142 (26) *
RVWI (kgm/min/m?) 1.68+0.16(25) 2.03+0.23(26) *
SPA/SSP 0.90+0.04 0.78+0.05 0.01
PVR/SVR 0.79+0.05(25) 0.58+0.05(26) 0.01
Sa0, (per cent) 91+2 92+1 *
PaO, (mmHg) 63+4 68+3 *
PaCO, (mmHg) 31+1 29+2 *
pH 7.46+0.01 7.76+0.01 *
Ht (per cent) 45+1 42+2 *

Abbreviations are the same as in Table 1.
( ) number of patients.
* Not significant.
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Fig. 1. Relationship of the cardiac index to survival in months from the time of measurements.
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Table 4. Comparison of hemodynamic and art-
erial blood gas data in patients who died
suddenly and patients who died of right
heart failure within two years of their
catheterizations

Sudden death  Right heart

failure
(n=13) (n=29)
Age (years) 27+2 34+3
RA mean (mmHg) 9+3 9+2
RV  systolic (mmHg) 86+12 98+4
edp (mmHg) 9+3 12+1
PA  systolic (mmHg) 87+12 97+4
diastolic (mmHg) 44+5 43+2
mean (mmHg) 58+6 60+2
PCW mean (mmHg) 6+2 (4) 7+1  (16)
SP  systolic (mmHg) 98+6 108+3
diastolic (mmHg) 65+3 74+2
mean (mmHg) 76+3 85+3

CI (1/min/m?) 2.30+0.22(7) 2.44+0.16(19)
PVR (dyne-sec-cm™%) 1215+164 (7) 1641+196 (19)
SVR (dyne-sece.cm™5) 1921+341 2026+183

RVWI (kgm/min/m?) 1.58+0.30(7) 1.67+0.78(19)

SPA/SSP 0.82+0.09 0.93+0.05
PVR/SVR 0.74+0.01(7) 0.80+0.06(19)
Sa0, (per cent) 89+4 92+2
PaO,* (mmHg) 54+21 66+4
PaCO, (mmHg) 33+2 30+2

pH 7.43+0.07 7.47+0.01

Ht (per cent) 46+2 45+2

Abbreviations are the same as in Table 1.
* p<0.05
( ) number of patients.
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