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ABSTRACT: This long-term controlled study was undertaken to assess the
haemodynamic effects of chronic administration of Nifedipine (N). Twenty pa-
tients suffering from pulmonary hypertension secondary to chronic obstructive
lung disease were divided into two groups. One group (treatment group) was
instructed to take 30 mg of N daily and the other (control group) did not take
N. Haemodynamic measurements were recorded before and after an 18-month
observation period. For patients in the treatment group, Nifedipine was stopped
24 h prior to the second investigation. Acute response to a single dose of Nife-
dipine (10 mg sublingually) was also evaluated in all patients during the first
and second investigations in order to estimate a possible tachyphylaxis. No sig-
nificant modification in heart rate, mean pulmonary pressure, mean arterial
pressure or blood gases was observed. Conversely, a 10% decrease in cardiac
output (p<0.05) occurred in the control group. Pulmonary vascular response
to acute administration of Nifedipine was the same in both groups before and
after the observation period. These results suggest that while long-term admini-
stration of Nifedipine to patients with chronic obstructive lung disease does not
improve pulmonary pressure, it may prevent a decrease in cardiac output. No
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tachyphylaxis was noted.
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Encouraged by the benefits of long-term oxygen ther-
apy, several investigators [1-3] have suggested that
administration of vasodilators in chronic obstructive
lung disease (COLD) might improve pulmonary circu-
lation by reversing pulmonary arteriolar constriction
which exacerbates pulmonary hypertension. Vasocon-
striction is ultimately mediated by the intracellular
action of calcium, and thus calcium blockers should
theoretically constitute a specific and effective agent for
the treatment of secondary hypoxic pulmonary hyper-
tension. Indeed several acute studies have indicated that
Nifedipine (N) has beneficial haemodynamic effects in
clinically stable patients [1, 4]. N improves oxygen
transport to peripheral tissues by increasing cardiac
output [1, 3, 4]. On the other hand, arterial desatura-
tion is observed due to transpulmonary shunting of
blood through poorly ventilated alveoli [5].

Despite promising results from short-term trials in
patients with hypoxic pulmonary hypertension [4, 6-8],
few extended studies have been devoted to the long-
term benefits of calcium blockers [8-10]. The present
controlled study was undertaken to evaluate the haem-
odynamic effects of N therapy over an average period
of 18 months in patients with pulmonary hypertension
secondary to COLD and to assess acute response to a
single dose of N before and after chronic administration.

Patients and methods
Patient population

This study included twenty patients with pulmonary
hypertension secondary to COLD (mean pulmonary ar-
tery pressure >20 mmHg) and functional tests showing
evidence of serious respiratory impairment (forced ex-
piratory volume in one second (FEV,) between 20 and
40% of predicted as per C.E.C.A. tables). All had
dyspnoea and fatigue after minimal or moderate exer-
tion but were in a clinically stable condition and free
of bronchopulmonary infection, acute respiratory distress
or right ventricular failure for at least two months prior
to entry into the study. None was being treated with
vasodilators, long-acting theophylline, B,-agonists, almi-
trine, diuretics or digitalis. All were in sinus rhythm
with no clinical, electrocardiographic, X-ray, or
echocardiographic evidence of left ventricular dysfunc-
tion.

The patients were randomly distributed into a control
group (C) and a treatment group (N). As shown in table
1, these two groups were identical with regard to clini-
cal, functional, and haemodynamic data. Five patients
in each group were undergoing long-term oxygen ther-
apy for more than 14 h per day and this treatment was
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maintained during the study but was discontinued 4 h
before each haemodynamic investigation.

Table 1. — Anthropometric, clinical and spiroegraphic data

Parameters Control patients Nifedipine patients

n 10 10

Sex male male

Age yrs 60.5£2.3 63.5£2.3 NS

Weight kg 63.5£3.0 68.743.1 NS

Height cm 168+2.5 170+27 NS

Observation 18.3£1.8 18.6+1.8 NS

period months

TLC % * 116+2.2 1244+2.8 NS

FEV, % * 29+1.4 3242 NS

FVC % * 444426 46+2.2 NS

RV/TLC %* 140+1.5 138+1.5 NS

pHa 7.38+0.001 7.38+0.0001 NS

Pao, mmHg 63.7+3.6 63.312.7 NS

Paco, mmHg 46.2+1.4 44.8+1.5 NS
29.31+2.8 31.7+2.3 NS

MPAP mmHg

TLC: total lung capacity; RV: residual volume; FVC: forced vital
capacity, FEV : forced expiratory volume in one second; MPAP:
mean pulmonary artery pressure. * (%) of predicted values
(C.E.C.A. Tables).

Study procedure

After giving informed consent, each patient underwent
right heart catheterization with a 7 F flow-directed
balloon-tipped thermodilution catheter (Roche-Kontron)
via an antecubital or femoral vein. Systemic arterial
pressure measurements and arterial blood sampling were
performed through a 4 F cannula in a radial or
femoral artery. Intravascular pressures were measured
relative to atmospheric pressure with reference to a zero
level located on the mid-axillary line. Pressures were
measured during apnoea at the end of expiration. Car-
diac output (CO) was determined by the thermodilution
technique using an automatic device (Roche-Kontron)
and expressed as the mean of four consecutive deter-
minations varying less than 10%.

Arterial oxygen tension (Pao,), arterial carbon diox-
ide tension (Paco,), and pH were determined with a
Radiometer BMS 3 MK2 blood gas analyser and arte-
rial oxygen saturation (Sao,) with a Radiometer OS M2
device. Haemoglobin levels (Hb) were measured with
a Technicon M 6000.

Derived haemodynamic variables were calculated as
follows: cardiac index (CI) (:min-!'-m?)=CO/body
surface arca; pulmonary arteriolar resistance (PAR)
(dynes:s.cm™)=mean pulmonary artery pressurc (MPAP)
- pulmonary artery wedge pressure (PWP) x 80/CO;
total pulmonary resistance (TPR) (dynes-s-<cm~)= MPAP
x 80/CO; total systemic resistance (TSR) (dynes-s-cm’
%)=mean arterial pressure (MAP) x 80 /CO; right ven-
tricular stroke work index (RVSWI)
(g-systole-m?*)=MPAP-RVEDP-S1.0.0136:1.055 where
RVEDP stands for right ventricular end-diastolic pres-
sure and SI for stroke index (ml-systole-m?). RVEDP
is measured at the nadir following the a-wave of the
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right ventricular pressure curve and SI is obtained by
dividing CI by heart rate(HR); oxygen delivery (To,)
(ml-min":m?=CI-Cao,/10 where Cao, is arterial oxygen
content (ml-I"' of blood)=(13.4-Sao,-Hb)+(0.031-Pao,)
and Hb is expressed in gl

Study design

All twenty patients underwent two catheterizations:
one at the beginning of the study and the other an
average of eighteen months later. These investigations
were performed under strictly identical conditions by
the same operator using the same equipment and tech-
niques. Each included the measurement of haemody-
namic data and an acute pharmacological test. Control
data were recorded 30 min after catheterization and then
10 mg of N were administered sublingually. In the
following hours readings and samples were taken
every 20 min and the peak effect was considered to
coincide with the maximum increase in CO.

During the eighteen months following the initial
study, the patients in the treatment group were in-
structed to take 10 mg of N orally every 8 h, i.e. 30
mg per day. At the end of the observation period, a
24 h withdrawal period was allowed before recatheteri-
zation, The mean plasma elimination half-life of N is
3 h. The purpose of this withdrawal was to assess the
haemodynamic parameters during the second study in-
dependently of the influence of the last intake.

Between the two catheterizations, all patients were
regularly followed at the out-patient clinic every
3 months (clinical examination, ECG, blood gas).
Compliance was checked by counting the empty blis-
ter sheets returned by the patients.

Statistical analysis

All values are expressed as meanstsem. Statistical
comparisons of haemodynamic data measurcd before
and after long-term N treatment were performed by two
way analysis of variance and the t-test for paired
samples. Comparisons between the two groups were
carried out using the t-test for unpaired values [11].

Results

All the patients completed the study. The only sig-
nificant side effect of N was mild ankle oedema
observed in one patient. After 18 months of N treat-
ment, no statistically significant difference could be
detected with regard to heart rate, mean right atrial
pressure, MPAP, RVEDP, PAR, TPR, RVSWI, MAP,
TSR, Pao,, Sao,, Paco,, or To, Although a small
decrease in Pao, was measured in both groups after 18
months, no signficant difference was observed between
the two groups or within a single group. No major de-
saturation was observed.

The only significant difference was that the decrease
in CO noted in the control group was not observed in
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the ftreatment group. At the end of the observation
period, CI was on average 10% lower in the control
group (p<0.05) than in the treatment group. In treated
patients CO remained constant (table 2). Although TPR
and TSR were appreciably higher in the control group
after 18 months, this difference did not reach the level

control group, the average increase was 679+111
ml-min':m? (23%) for the first study and 808+130
(22%) for the second. In the N group, it was 665+120
(24%) and 656+103 (24%), respectively. MPAP de-
creased (p<0.05): in the control group, the average
decrease measured in the first and second investigations

Table 2. — Measurements before and after an 18-month observation period in the control and treatment group

Control patients
Parameters Initial study 18 month study
HR beats-min’! 88+4 8143
RAP mmHg 9+1 9+1
MPAP mmHg 2912.6 3043.6
PWP mmHg 1332 13+2
Cl-I'min™*m? 340.1 2.710.1
PAR dynes-cm™-s! 284431 312463
TPR dynes-cm™.s! 472442 561+41
RVSWI gm m-syst-m?® 8.3+1.6 79414
P20, mmHg 63.743 6143
PaCO, mmHg 46,719 409+1.9
S20, % 85.942.2 85.542.4
To, ml-min-m? 523436 444129

HR: heart rate; RAP: right atrial pressure; MPAP: mean pulmonary artery pressure; PWP: pulmonary capillary wedge pressure; CI:

Nifedipine patients
Initial study 18 month study

NS 81+4 83+4 NS
NS 10+1 10+1 NS
NS 3242.5 31+1.8 NS
NS 14+1 13+1 NS
p<0.05 2.7+0.1 2.7+0.1 NS
NS 297428 320436 NS
NS 546144 547+47 NS
NS 8.2+0.8 9+1.3 NS
NS 63.31+2 58.612 NS
NS 459+2.2 45+2 NS
NS 89.5£1.3 86.5+2.4 NS
411425 NS

NS 465131

cardiac index; PAR: pulmonary arteriolar resistances; TPR: total pulmonary resistances; MAP: mean arterial pressure; TSR: total
systemic resistances; RVSWI: right ventricular stroke work index; Pa0O,: arterial oxygen tension; TO,: oxygen delivery.

Table 3. — Response to acute administration of 10 mg of Nifedipine sublingually

Control patients
Parameters Basal Peak effect
MPAP TO 29+2.6 27+1.8
mmHg T18 30+3.6 2613
Difference NS NS
CI TO 3.0+0.14 3.6740.11
Imin™?-m? T18 2.740.11 3.50+0.18
Difference p<005 NS
TPR TO 472442 369+27
dynes-cm™-s!  TI18 561+41 386169
Difference NS NS
MAP TO 98+3.3 83+2.6
mmHg Ti18 994+9.1 8045
Difference NS NS
TSR TO 1395483 1056%32
dynes-cm®.s!  T18 140088 1064£71
Difference NS NS

Nifedipine patients

Peak effect

Difference Basal Difference

p<0.05 32425 30£2.1 P<0.05

p<0.05 31£1.8 28+2 p<0.05
NS NS

p<0.001 2.701£0.15 3.37+0.16 p<0.001

p<0.001 2.70+0.14 3.3640.54 p<0.001
NS NS

p<0.001 546+44 435124 p<0.001

p<0.001 547+47 443138 p<0.001
NS NS

p<0.005 88+2.9 753429 p<0.005

p<0.005 89£5.5 72.344 p<0.005
NS NS

p<0.005 1371£111 1029+52 p<0.005

p<0.005 1363%35 103153 p<0.005
NS NS

TO and T18 are the values recorded during the first and second catheterizations respectively.

of statistical significance.

The same response to acute administration of N was
observed in both groups at the beginning and end of
the study. CI increased in all patients (p<0.001). In the

was 2.5+0.9 mmHg (8%) and 3.7+1.3 (12%), respec-
tively, whilst in the N group it was 2.0+0.8 (6%) and
2.240.8 (7%). These responses suggest the absence of
tachyphylaxis (table 3). Comparisons of the subgroups
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of patients treated or not treated by long-term oxygen
therapy did not show any difference.

Discussion

Pulmonary hypertension develops very slowly and
progressively during the course of COLD [12, 13]. In
most patients, a reduction in CO at rest or during ex-
ercise also occurs [7, 12, 14]. Because this progression
is so slow, therapy must be evaluated in long-term
controlled studies. For example, it was only quite re-
cently that the benefit of long-term oxygen therapy was
confirmed and the guidelines for its use defined
[15-18].

In theory, calcium channel antagonism is a logical
approach to the treatment of pulmonary hypertension
secondary to COLD. Short-term studies have shown
these drugs to have both beneficial and detrimental
effects. These effects include a large increase (about
25%) in CO, a slight decrease in pulmonary artery
pressure, small but significant arterial desaturation
secondary to an impairment of the ventilation perfusion
ratio [5, 9], a slight but significant increase in mixed
venous oxygen tension and saturation and an increase
in oxygen transport. The improvement in oxygen trans-
port is the result of increased CO which is thus the
chief effect of acutely administered N [1].

Our study suggests that chronic administration of N
can prevent the spontaneous decrease of CO since this
parameter was on average 10% higher in the treatment
group after the 18-month observation period. Although
this difference is small, it is nevertheless statistically
significant. In this regard, it is important to point out
that the second measurements were performed after a
24-h withdrawal from N, i.e. more than four times the
half-life of N. This was carried out in order to deter-
mine whether chronic administration of N had changed
the course of pulmonary pressure and other haemody-
namic parameters independently of the influence of the
last intake. This design also allowed comparison
between the control and treatment groups at the begin-
ning and at the end of study under the same conditions,
i.e basal state and after a single intake to check for
possible tachyphylaxis.

The large increase in CO observed in the initial in-
vestigation after acute sublingual administration was
also observed in the second investigation. Thus it is
reasonable to speculate that chronic administration of N
maintains higher CO levels. In a 3-5 month study of
a new calcium antagonist, felodipine, BRATEL ef al. [9]
showed a statistically significant incrcase in stroke
volume (+13%) associated with a border-line reduction
of PAR at rest and during exercise. Maintaining car-
diac output could be important since it plays a central
role in oxygen transport and is a main determinant in
ventricular function [6, 19, 20]. It is noteworthy that
CO has been repeatedly proposed as a main prognos-
tic factor [17, 19, 21]. Nevertheless no modification in
survival has yet been demonstrated with a Nifedipine-
based therapy [10].

With regard to side effects, acute administration
studies performed on selected patients in stable
condition have shown that right ventricular function
improves and that N has no deleterious effects on right
heart haemodynamics [1, 3, 4, 22]. Our study which
was performed on the same type of patients revealed
no adverse effects of N on cardiac function after one
and a half years of treatment, since right and left
ventricular filling pressures (RAP, PWP) were un-
changed and CI did not decrease as in the control
group.

Under our study conditions and at the dose used, N
failed to decrease pulmonary hypertension or to affect
systemic circulation. However, it did appear to main-
tain CO. This action was not associated with any
significant impairment of arterial oxygen tension.

The study of acute reactivity to N before and after
long-term administration showed no tachyphylaxis. The
response of pulmonary and systemic arterial beds
remains constant and intact. Larger multicentre studies
will be required to confirm our results and evaluate the
long-term effects of associating oxygen therapy with
vasodilator therapy.

References

1. Kennedy TP, Michael JR, Huang CK, Kallman CH,
Zahka K, Scholit W. — Nifedipine inhibits hypoxic pulmo-
nary vasoconstriction during rest and exercise in patients with
chronic obstructive pulmonary disease. Am Rev Respir Dis,
1984, 129, 544-551.

2. Lupi-Herrera E, Seoane M, Verdejo J. — Hemodynamic
effect of hydralazine in advanced, stable chronic obsiructive
pulmonary disease with cor pulmonale. Chest, 1984, 85,
156-163.

3. Simonneau G, Escourrou P, Duroux P, Lockhart A. — In-
hibition of hypoxic pulmonary vasoconstriction by nifedipine.
N Engl J Med, 1981, 304, 582-585.

4. Saadjian A, Philip-Joet F, Guintoli A, Torresani J, Ar-
naud A. — Two week nifedipine treatment for pulmonary
hypertension complicating chronic obstructive lung disease.
Eur J Respir Dis, 1985, 67, 346-350.

5. Melot C, Hallemans R, Naeije R, Mols P, Lejeune P. —
Deleterious effects of nifedipine on pulmonary gas exchange
in chronic obstructive pulmonary disease. Am Rev Respir Dis,
1984, 130, 612-616.

6. Michael JR, Kennedy TP, Buescherp Farrukh I, Lodato
R, Rock PC, Gottlieb J, Gurtner G, de la Monte S, Hutchins
GM. — Nitendipine attenuates the pulmonary vascular remod-
eling and right ventricular hypertrophy caused by intermittent
hypoxia in rats. Am Rev Respir Dis, 1986, 133, 375-379.

7. Stanbrook HS, Morris KG, McMuriry IF. — Prevention
and reversal of pulmonary hypertension by calcium
antagonists. Am Rev Respir Dis, 1984, 130, 81-85.

8. Sturani C, Bassein L, Schiavina M, Gunella G. — Oral
nifedipine in chronic cor pulmonale secondary to severe
chronic obstructive pulmonary disease (COPD). Short- and
long-term hemodynamic effects. Chest, 1983, 84, 135-141.
9. Bratel T, Hedenstierna G, Nyquist O, Ripe E. — Long-
term treatment with a new calcium antagonist, felodipine, in
chronic obstructive lung disease. Eur J Respir Dis, 1986, 68,
351-361.

10. Vestri R, Philip-Joet F, Saadjian A, Lagier F, Amaud
A. — Etude clinique & long terme de la nifédipine dans le
traitement de I’hypertension artérielle pulmonaire des broncho-



720 A.Y. SAADIIAN ET AL.

pneumopathies obstructives chroniques. La Presse Médicale,
1987, 16, 1437. ‘

11. Wallenstein S, Zucker CL, Fleiss JL. — Some statisti-
cal methods useful in circulation research. Circ Res, 1980, 47,
1-9.

12. Boushy SF, North SB. — Hemodynamic changes in
chronic obstructive lung disease. Chest, 1977, 72, 565-570.
13. Weitzenblum E, Sautegeau A, Ehrhart M, Mammossser
N, Hirth C, Roegel E. — Long-term course of pulmonary ar-
terial pressure in chronic obstructive pulmonary disease. Am
Rev Respir Dis, 1984, 130, 993-998.

14. Dalnogare AR, Rubin LS. — The effects of hydralazine
on exercise capacity in pulmonary hypertension secondary to
chronic obstructive pulmonary disease. Am Rev Respir Dis,
1986, 133, 385-389.

15. Nocturnal Oxygen Therapy Trial Group. — Continuous or
nocturnal oxygen therapy in hypoxemic chronic obstructive
lung disease. Ann Intern Med, 1980, 93, 391-398.

16. Report of the Medical Research Council Working Party.
— Long-term domiciliary oxygen therapy in chronic hypoxic
cor pulmonale complicating chronic bronchitis and
emphysema. Lancet, 1981, 1, 681-685.

17. Timms RM, Khaja FU, Williams GW, Nou G. — Hemo-
dynamic response lo oxygen therapy in chronic obstructive
pulmonary disease. Ann Intern Med, 1985, 102, 29-36.

18. Weitzenblum E, Sautegeau A, Ehrhart M, Mammoser
M, Pelletier A. — Long-term oxygen therapy can reverse the
progression of chronic obstructive pulmonary disease. Am Rev
Respir Dis, 1985, 131, 493-498.

19. Kawakami Y, Vishi F, Yamamoto H, Miamoto K. — Re-
lation of oxygen delivery, mixed venous oxygenation and pul-
monary hemodynamics lo prognosis in chronic obstructive
pulmonary disease. N Engl J Med, 1983, 308, 10451049,
20. Stewart Rl, Lewis CM. — Cardiac output during exercise

in patients with COLD. Chest, 1986, 89, 199-205

21. Traver GA, Cline MG, Burrows B. — Predictors of
mortality in chronic obstructive pulmonary disease. Am Rev
Respir Dis, 1979, 119, 895-902.

22. Nair NN, Townley RG, Bewtra A, Nair CK. — Safety
of nifedipine in subjects with bronchial asthma and COPD.
Chest, 1984, 86, 515-518.

RESUME: Cette étude contrdlée 2 long terme a été entre-
prise pour déterminer les effets hémodynamiques de l'admin-
istration chronique de nifedipine. Vingt sujets souffrant d'hy-
pertension pulmonaire secondaire a une bronchopneumopathie
chronique obstructive, ont été divisés en deux groupes. Le
groupe traitement a pris 30 mg de nifedipine par jour, et le
groupe controle n'a pas pris de nifedipine. Les mesures hémo-
dynamiques ont été enregistrées avant et aprés une période
d'observation de 18 mois. La nifedipine a été interrompue
chez les patients du groupe traité 24 h. avant la deuxiéme in-
vestigation, Une réponse aigué a une dose unique de nifed-
ipine (10 mg par voie sublinguale) a été étudiée chez tous
les patients pendant la premiére et la deuxidme investigation,
pour estimer une éventuelle tachyphylaxie. Aucune modifica-
tion du rythme cardiaque, de la pression pulmonaire moyenne,
de la pression artériclle moyenne, ou des gaz du sang, n'a été
observée. Par contre, on a noté un abaissement de 10% du
débit cardiaque (p<0.05) dans le groupe contrdle. La réponse
vasculaire pulmonaire & l'administration aigué de nifedipine
s'est avérée égale dans les deux groupes, avant et aprés la
période d'observation. Ces résultats suggérent que, I'adminis-
tration au long cours de nifedipine & des patients atteints de
bronchopneumopathie chronique obstructive n'améliore pas la
pression pulmonaire, mais qu'elle peut prévenir une diminu-
tion du débit cardiaque. On n'a noté aucune tachyphylaxie.



