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Summary

Right ventricular function was assessed at rest and during exercise in patients with chronic ob-
structive pulmonary disease (COPD). Right ventricular ejection fraction (RVEF) was measured by
first-pass radionuclide angiography using ultrashort-lived radionuclide krypton-81m. The half-life of
this nuclide is only 13 sec, and it is completely expired from the lungs. These properties allow measure-
ment of RVEF without correcting for background activity.

In 30 patients with cardiac or pulmonary disease, RVEF was first measured by krypton-81m
scintigraphy (Kr-RVEF), then by technetium-99m (Tc-RVEF), without changing the patients’ posi-
tions. In eight of the 30 cases, right ventricular cineangiography (RVG) was performed within 72 hrs
after the radionuclide study, and RVEF was measured according to the Chapman’s rule (RVG-RVEF).
Kr-RVEF correlated significantly with Tc-RVEF (r=0.87), and also with RVG-RVEF (r=0.80).

In 10 patients with stable COPD, who had severe hypoxemia (PaO,<60 mmHg) and pulmonary
hypertension [mean pulmonary arterial pressure (mean PAP)>20 mmHg]), and in seven normal control
subjects, radionuclide angiographic and hemodynamic monitoring were performed at rest and during
supine ergometer exercise. Kr-RVEF at rest was 47.6+5.49%, (mean=+SD) in patients with COPD and
was 54.1+4.8% in normal subjects. Kr-RVEF during exercise was 51.8+£7.3%, in the patients, and
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62.3+3.2%, in the normal subjects. Hemodynamically, mean PAP and pulmonary vascular resistance
(PVR) increased significantly during exercise, but the RV end-diastolic volume index (RVEDVI) did
not change. There was inverse correlation between Kr-RVEF and mean PAP (r=—0.51) or PVR (r=
—0.47) as an index of RV afterload. However, there was no correlation between Kr-RVEF and
RVEDVI as an expression of RV preload. These findings suggest that a poor response by RVEF dur-
ing exercise in patients with COPD is associated with elevation of afterload.

Thus, right ventricular imaging techniques using the ultrashort-lived nuclide krypton-81m
allow noninvasive, serial and accurate assessments of right ventricular function in patients with COPD.
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Table 1. Clinical and pulmonary function data
Patient FvC FEV, RV DLco PaO, PaCO,
No Age Sex % mmHg mmH
: Liters % Liters % Liters % ° g g
1 59 M 1.70 49 1.05 62 — — — 39 44
2 63 M 1.97 69 1.76 65 2.01 50 15 32 36
3 63 M 1.46 43 0.97 66 1.64 53 45 52 43
4 76 M 1.34 66 0.46 34 6.46 76 21 62 44
5 48 F 0.98 40 0.44 44 2.08 68 58 60 49
6 58 M 1.99 61 0.63 48 2.17 53 79 58 53
7 64 M 3.76 105 1.60 42 4.95 56 43 56 44
8 65 M 1.99 99 0.97 48 4.50 69 — 43 31
mean 61 1.90 66 0.99 51 3.40 61 44 50 43
+ + + + + + + + + + +
SD 7.9 0.83 24 0.49 12 1.88 10 24 11 6.8

Abbreviations: FVC=forced vital capacity; FEV,=forced expiratory volume in one second; RV =residual

volume; DLco=carbon monoxide diffusing capacity; PaO,=arterial oxygen tension; PaCO,=arterial carbon

dioxide tension.
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Fig. 1. Measurement of right ventricular ejection fraction (RVEF) by first-pass radio-
nuclide angiography.

A: Injection method of krypton-81m nuclide in an antecubital vein.

B: Time-activity curve of the assigned region of interest. The peaks correspond to end-diastole
and the nadirs, to end-systole.

C: Calcualtion of right ventricular ejection fraction (RVEF).
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Fig. 2. Comparison of right ventricular ejection fraction (RVEF) measured by krypton-81m
radionuclide angiography (Kr-RVEF) to those by technetium-99m angiography (Tc-RVEF)
(left) and biplane right ventricular cineangiography (RVG-RVEF) (right).
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Fig. 3. Right ventricular ejection fraction (Kr-RVEF) at rest (REST), during oxygen in-
halation (OXYGEN) and during supine ergometer exercise (OXYGEN+EXERCISE) in 8
patients with chronic obstructive pulmonary disease (COPD) and in 7 normal subjects
(CONTROL).

In control, RVEF significantly increases during exercise compared with that at rest ; however, there
is no change of RVEF in patients with COPD.
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Fig. 4. Hemodynamic and blood gas data at rest (REST), during oxygen inhalation (OXY-
GEN) and during exercise (OXYGEN+EXERCISE).

During oxygen inhalation, heart rate (HR) and cardiac index (CI) are significantly decreased (p<
0.05). During exercise, PaO, decreases remarkably (p<0.01) and all hemodynamic data except the
right ventricular end-diastolic volume index (RVEDVT) increase.

Abbreviations: mean PA=mean pulmonary artery pressure; PCWP =pulmonary capillary wedge
pressure; mean AP=mean arterial pressure; RA=right atrial pressure; PVR=pulmonary vascular
resistance; SI =stroke volume index.
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Fig. 5. Relation between right ventricular ejection fraction measured by krypton-81m
nuclide angiography (Kr-RVEF) and mean pulmonary arterial pressure (mean PA) (panel
A) or pulmonary vascular resistance (PVR) (panel B) as an index of RV afterload.

Note the inverse correlation between Kr-RVEF and mean PA (r=—0.51), and PVR (r=—0.47).
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Fig. 6. Relation between right ventricular ejection fraction (Kr-RVEF) and RV preloads
assessed as right ventricular end-diastolic volume index (RVEDVI) (panel A) and right

atrium (RA) (panel B).

There is no correlation between Kr-RVEF and both indices of RV preload.
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Fig. 7. Relation between PaO, and afterload as assessed by mean pulmonary arterial
pressure (mean PA) (panel A) and pulmonary vascular resistance (PVR) (panel B).
Note the inverse correlation between PaO, and both indices of RV afterload.
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ERTHEARDLBZLERELTVS. Z0X)
REEMEREO FRE B4 bTFoh T3,
ML T b D190, BRBHREE, il & T
KREFShIHAFERAPELLZ WD, Z O
MMERE O LR, [KERSRILEE 124 5 ZE.LBERE
BREOEBLRLYLVBRESLTVWS. FEOBHAEE
B, BEESEWD, HBRESASED
ERIzH LT RRERTERVEE X B h
%. Guyton 5238492 Bk CaBIC B EHL
DERZBZEE, ZOEVWAEZEDOELWEEL
L BrEREVPHBET s L& RELTVWS. &
2 BEZBOEBIZONWT LRI ERARLE, H5H
L LT ERN, BFK, Rl LE&EEEO
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wWFhicd, EXORFZRR AR, o172

COPD iR oh 5 fiBifRE, PVR ogkic
X, MioWEBAEL, EERME"R e ORF
BEALTWS. Fxix PaO, (2% H L, mean
PA, PVR o%ghic PaO, 0§ 2GS & T A
7ok, TEEOFH VAR 2> 5, mean PA, PVR
DEKETF O—2 I EEBEFEMAERE X bh iz fE
WRoEEL-AFEIZEB T2 COPD BE T,
BRBAROH L »RAMMRIBO AR o1
P, EFICE o TR &YV EREOBRORY, E
HHREICX Y, BARORE, HFEBECKEN
#Hish 5.

Pk, 8=Kr iz X 5 RVEF 3 ¥nTc, RVG iz
X5 RVEF LRB<AEEL, %7z COPD #inf
EREREOHECHEICERATOILELDL
Iz

SmKr (38 BB LEL, T_THi»S
MHEh, ZhiBvicExEEH®R (RVEF) #
EEIEL OFREET 5. B L IBHEHAEEM
%E (COPD) mA=#EL, 8=Kr 2 v
first-pass RI M H» 6 Kbz HREBHE
&, FPNMATEIRR & 2 HRRE L 7.

RO B 30 filic vt 8=Kr (Kr ) $
T ¥mTe (Te #) 12 X % first-pass RI [
B2y, METH L I AEHHREHEL
oo E 72 30 filrh 8 5Tk 72 RERALANIC AR
#17vy, Chapman iz X v R &k (RVG
), 81mKr (2 X BfE & Kl L 7-.

Kr g2 Te & offlicix r=087, RVG #: &
DIz r=080 o RBWHERE S, Kr o
fEEE PR SR

Bk MEFESE (PaOy) 60mmHg PAIF 3 L
SE ¥ Bt ) )k IE (mean PA) 20mmHg L F o
COPD 10 filic T, Zhil, = =2—x—
EBARR O AZERHER, MATEHHEOEHERE %
Tol. AEBFHBILTHRR XOESE, zh
Zh 47.6+54%, 51.8+3% (NS) &, E&ED

B HPAZEMEIR U 31 B HRE

FRERTHOEREE (54.1+4.8 - 62.3+3.2%,
p<00l) Tl L T/NTH » 7. MFTHEETIX, E
HERE (32+9— 55+10mmHg, p<0.01),
fifuigEHT (PVR) (404257 — 519+ 244 dynes-
sec-cm™3, p<0.01) PHEFEICHWML 2D ekt LT,
RVEDVI(SI/RVEF) o HE LB & RE o
7. AEEMER L EHENRE, M & &
RVEDVI tofiziz, fi=Ficoik, zhEh
r=-0.51, r=—047 OWHHEL D o72. Fi2Z
D=#Fix PaO; L zhZh r=-0.51, r=-0.50
OWHBEERLE. 2O kXY, HHELE
COPD #i|TR & iz BEHRO KIEIC X, Tk
BIRE, FMEESICR O h 2 %AREK4EE
LTHY, PaO; kzhoolTicgErExs
LEZLNT

SmKr iz & %R 2 A BRI E S E N
»E <, COPD 2R & h 5 AEEEE R & 514,
Rt s LicIEBICER LEX ORI

Xk

1) Olvey SK, Reduto LA, Stevens PM, Deaton W],
Miller RR: First pass radionuclide assessment of
right and left ejection fraction in chronic pul-
monary disease: Effect of oxygen upon exercise
response. Chest 78: 4-9, 1980

Matthay RA, Berger HJ, Davies RA, Loke ],
Mahler DA, Gottschalk A, Zaret BL: Right and
left ventricular exercise performance in chronic
obstructive pulmonary disease: Radionuclide as-
sessment. Ann Intern Med 93: 234-239, 1980
Slutsky RA, Ackerman W, Karliner JS, Ashburn
WL, Moser KM: Right and left ventricular dys-
function in patients with chronic obstructive lung

2

~

3

~

disease: Assessment by first-pass radionuclide
angiography. Am J Med 68: 197-205, 1980
Karliner JS, Bouchard R]J, Gault JH: Hemo-
dynamic effects of angiographic contrast material
in man: A beat by beat analysis. Br Heart J 34:
347-355, 1972

5) Kaplan E, Mayron LE: Evaluation of perfusion
with the 81mRb-81mKr generator. Semin Nucl
Med 6: 163-168, 1976

Nienaber CA, Spielman RP, Wasmus G, Mathey
DG, Montz R, Bleifeld WH: Clinical use of
ultrashort-lived radionuclide krypton-81m for

4

~

6

=

— 127 —



aiE 2%, ML @»

7)

8)

9)

10)

11)

12)

13)

14)

15)

noninvasive analysis of right ventricular perform-
ance in normal subjects and patients with right
ventricular dysfunction. J Am Coll Cardiol 5:
687-698, 1985

Nishimura T, Uehara T, Hayashida K, Kozuka T':
Evaluation of right heart (RA, RV) cardiac func-
tion by short-lived radionuclide (81mKr). Jpn J
Nucl Med 14: 1305-1313, 1982 (in Japanese)
Nishimura T, Uehara T, Hayashida K, Kozuka T':
Evaluation of right heart (RA, RV) cardiac func-
tion by short-lived radionuclide (81mKr). Heart
18: 1431-1436, 1981 (in Japanese)

Wasserman K, Whipp BJ: Exercise physiology in
health and disease. Am Rev Respir Dis 112: 219-
249, 1975 '

Jones NL: Pulmonary gas change during exercise
in patients with chronic airway obstructions. Clin
Sci 31: 39-50, 1966

Marcus JH, Mclean RL, Duffell GM, Ingram RH
Jr: Exercise performance in relation to the patho-
physiologic type of chronic obstructive pulmonary
disease. Am J Med 49: 14-22, 1970

Knapp WH, Helus F, Lambrecht RM, Elfner R,
Gasper H, Vollhaber HH: Kr-81m for determina-
tion of right ventricular ejection fraction (RVEF).
Eur J Nucl Med 5: 487492, 1980

Nishimura T, Uehara T, Hayashida K, Ohmine H,
Kimura M, Hayashi M, Yamada Y, Kozuka T:
Monitoring of right ventricular function by single
probe system (nuclear stethoscope) and 81mKr.
Heart 19: 1543-1550, 1982 (in Japanese)

Berger HJ, Matthay RA, Loke J, Marshall RC,
Gottschalk A, Zaret BL: Assessment of cardiac
performance with quantitative radionuclide angio-
graphy: Right ventricular ejection fraction with
reference to findings in chronic obstructive pul-
monary disease. Am J Cardiol 41: 897-905, 1978
Steele P, Kirch D, Lefree M, Battock D: Measure-
ment of right and left ventricular ejection fractions

16)

17)

18

>

19)

20

=

21)

22)

23)

— 128 —

by radionuclide angiocardiography in coronary
artery disease. Chest 70: 51-56, 1976

Maddahi J, Berman DS, Matsuoka DT: A new
technique for assessment of right ventricular ejec-
tion fraction using rapid multiple gated equili-
brium cardiac blood pool scintigraphy: Descrip-
tion, validation and findings in chronic coronary
artery disease. Circulation 60: 581-590, 1979
Slutsky R, Hooper W, Gerber R: Assessment of
right ventricular function at rest and during
exercise in patients with coronary heart disease: A
new approach using equilibrium radionuclide
angiography. Am J Cardiol 45: 63-71, 1980
Brent BN, Berger HJ, Matthay RA, Mahler D,
Pytlik L, Zaret BL: Physiologic correlates of right
ventricular ejection fraction in chronic obstructive
pulmonary disease: A combined radionuclide and
hemodynamic study. Am J Cardiol 50: 255-262,
1982

Harris P, Segel N, Green I, Housley E: The in-
fluence of the airways resistance and alveolar
pressure on the pulmonary vascular resistance in
chronic bronchitis. Cardiovas Res 2: 84-92, 1968
Weutzenblum E, Loiseau A, Hirth C, Mirhom R,
Rasaholinjanahary J: Course of pulmonary hemo-
dynamics in patients with chronic pulmonary dis-
ease. Chest 75: 656-662, 1979

Permitt S: Relation between pulmonary arterial
pressure and pleural pressure during the acute
asthmatic attack. Chest 63 (Suppl): 25-28, 1973
Buda AJ, Pinsky MR, Ingels NB Jr, Daughters
GT, Stinson EB, Alderman EL: Effect of intra-
thoracic pressure on left ventricular performance.
N Engl ] Med 301: 453-459, 1979

Guyton A, Lindsey A, Gilluly J: The limits of
right ventricular compensation following acute
increase in pulmonary circulatory resistance. Circ
Res 2: 326-332, 1954



