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Acute effects of sublingual nifedipine on pulmonary
ventilation and gas exchange in patients with chronic
obstructive airways disease
R. NARANG,J. S. GULERIA,J. N. PANDE

ABSTRACT
We studied changes in pulmonary ventilation and gas
exchange 45 minutes after administering nifedipine sub-
lingually in 23 male smokers with chronic obstructive
airways disease (COAD) of varying severity. Pao,
decreased (from 67.0±15.1 to 61.8±14.8 mm Hg;
p<O.OOOO5) and A-aD02 widened (from 24.6±15.2 to
27.9±19.5; p<0.02). There was a fall in VC02 (from
195.9±61.7 to 181.1±51.1 ml/min STPD, p< 0.05) as well
as in the respiratory exchange ratio (from 0.877±0.23 to
0.825±0.22, p<0.OO5) with no significant change in Vo2.
Other parameters including Paco-, VE, VA, PAo2, and
VOiVT remained unaltered. Fall in Vco, was directly
correlated with FEV I, MMFR and VC, and inversely cor-
related with basal Pace, and 'VDiVT, indicating a greater
VC02 change in patients with relatively mild disease.

This unexpected fall in VC02 and R may reflect a
decline in the metabolic carbon dioxide production,
manifesting less promptly in patients with severe disease
due to ventilation-perfusion mismatch. The effect of
nifedipine on metabolic CO2 production needs to be
studied further and more directly to explain the under-
lying mechanism(s).

INTRODUCTION
Nifedipine inhibits smooth muscle contraction by restrict-
ing the entry of calcium into cells. It is being studied as a
possible pharmacological agent for the prevention and
treatment of pulmonary hypertension secondary to
chronic obstructive airways disease (COAD) and other
chronic respiratory diseases, e.g. cystic fibrosis. 1-7

Because of its pulmonary vasodilator effect, the use of
nifedipine may be associated with a worsening of V AlQ
relationships and aggravation of hypoxaemia.t-Some
investigators have found nifedipine to possess a mild
bronchodilator effect.s It has been shown to attenuate
exercise-induced bronchospasm in asthmatics.s-u
Moreover, nifedipine may also alter cardiac output. All
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these effects of nifedipine may have a variable influence
on ventilation and gas exchange in the presence of chronic
lung diseases.

The present study was, therefore, designed to evaluate
the acute effects of nifedipine, administered sublingually,
on various parameters of pulmonary ventilation and gas
exchange in patients with COAD.

PATIENTS AND METHODS
Twenty-three patients with COAD (due to chronic bron-
chitis and/or emphysema) were selected from the Chest
Clinic of the All India Institute of Medical Sciences, New
Delhi. The diagnosis of COAD was based on a detailed
history, thorough physical examination, plain chest X-ray
(postero-anterior view), standard pulmonary function
tests, including forced expiratory volume in one second
(FEV1), maximal mid-expiratory flow rate (MMFR),
vital capacity (VC) and diffusion capacity of the lung
(DLCO) and arterial blood gas analysis. 12.13Vital capacity
and its subdivisions were measured with a 10 L rolling seal
dry spirometer (Morgan, UK). Dtco was estimated in 15
patients by the steady state technique using a Rahn and
Otis end-tidal sampling device for obtaining alveolar air .14
The results were expressed as percentages of the predicted
values based on regression tables calculated by Goldman
and Becklaken and Bates et al. 16The arterial blood samples
were analysed within an hour of collection using
Radiometer ABL-3 (Radiometer AlS, Copenhagen,
Denmark).

Only clinically stable patients with COAD were
selected. Patients with acute exacerbations of the disease,
chest infection or right ventricular failure were excluded
from the study. Patients with a history of bronchial
asthma, allergic rhinitis, eczema or a family history of
bronchial asthma were also excluded.

All drugs known to affect the heart or lungs (including
bronchodilators, steroids, diuretics and digoxin) were
stopped at least 24 hours before the study. The patients
were studied in the supine position. They rested for
15 minutes before the start of the study to reach a resting
steady state. The expired air was then collected in a
Douglas bag, using a low resistance unidirectional
Douglas valve over a period of three minutes, and an
arterial blood sample was taken. The volume of the
expired air was measured using a dry gas meter (American
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Meter Company, USA). The patients were then given
10 mg of nifedipin . sublingually in a single dose. The
procedure of collecting expired air and arterial blood was
repeated 45 minutes after the administration -of
nifedipine. The expired air was analysed for oxygen and
carbon dioxide concentration and tension using a Sc'io-
lander gas analyser and a Radiometer blood gas analys r.
The results obtained by the two methods were similar.

The arterial blood gas and expired air results were used
to calculate the O2 consumption (V~), CO2 production
(VC02) , respiratory exchange ratio (R), alveolar O2
tension (PA~), alveolar ver tilation (VA), alveolar- arterial
O2 tension difference (A-aDo2) and dead space to tidal
volume ratio (VO/VT). The equation for the calculation of
mean alveolar oxgen tension was used in its expanded
form. 17 The results obtained before and after the
administration of nifedipine were compared by using the
Student's t test for paired values.

RESULTS
The mean age of the patients studied was 56.6±11.4 years
(range 35-73). They were all males. All patients had been
smokers, with a mean number of pack-ye-ars of 51.3±40.5
(range 10-160). All patients were symptomatic with
cough, expectoration and dyspnoea. Five patients also
gave a history of right ventricular failure. The mean
duration of symptoms was 7.6±5.3 years (range 2.5-20).
The mean anthropometric and lung function data of the
patients is provided in Table I.

Arterial O2 tension varied from 29.0 to 91.7 mm Hg
(mean 67.0±15.1). Seven of the 23 patients (30.4%) had
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baseline Pao, value less than 60 mm Hg, eight patients
(34.4%) had Pa02 between (/)-75 mm: Hg, and the
remaining eight patients had Pao, above 75 mm Hg. The
arterial CO2 tension ranged from 32.4 to 82.9 mm Hg
(mean 45.9±11.8). Ten of the 23 patients (43.5%) had
Paco, more than 45 mm Hg, while 11 patients (47.8%)
had Paco, in the normal range (35-45 mm Hg). Two
patients had Paco, between 30 and 35 mm Hg. Based on
the arterial blood gas data, nine of the 23 patients (39.1 %)
were in respiratory failure (i.e. Paoj less than 60 mm Hg
and/or Pac02 more than 50 mm Hg). .

The changes in various parameters of pulmonary venti-
lation and gas exchange following nifedipine have been
summarized in Table II.

The mean arterial O2 tension (Pa~) fell from 67.O±15.1
to 61.8±14.8 mm Hg (p<0.OOOO5).The Pao, fell in 19 of
the 23 patients (82.6%). One patient showed no change
and three patients showed a slight increase in Pao-. The
greatest fall was 13.9 mm Hg and occurred in one patient.
There was no significant change in arterial CO2 tension
following nifedipine.

The alveolar-arterial oxygen tension difference (A-
aD02) increased significantly from a mean basal value of
24.6±15.2 to 27.9±19.5 mm Hg following nifedipine
(p<0.02). The VO/VT ratio calculated using the modified
Bohr's equation showed no significant change following
nifedipine.

The mean O2 consumption remained unalterer'. The
CO2 production (Vc~) as weUas the respiratory exchange
ratio (R), however, showed a decline following nifedipine
(from 195.9±61.7 to 181.1±51.1 mllmin and from

TABLEI. Anthropometeric and pulmonary function data of patient population (23 males)

S.No. Name Age Height Weight Vital capacity FEV1IFVC MMFR25-75% DLCO
(yrs) (inches) (Ib) (litres) ('Yo of pre- (%) (llsec) ('Yo of pre- (mllminl (% of pre-

dieted) dieted) mmHg) dieted)

1. RKS 63 63.5 83 1.30 41.9 40 0.197 7.1 6.02 46.3
2. KGS 62 65.2 90 1.64 47.9 35 0.25 8.7 2.19 16.5
3. NN 57 69.0 97 1.67 41.1 46 0.21 6.8 8.71 61.8
4. SS 60 63.0 91 2.42 78.1 27 0.20 7.2 5.09 39.2
5. MR 50 67.0 123 3.34 82.5 54 0.63 18.6 18.23 110.5
6. RDS 72 64.0 126 3.20 1i9.9 51 0.80 29.5
7. DSB 73 66.0 134 3.25 94.5 45 0.44 17.1 9.34 85.7
8. S. 35 65.0 121 3.90 93.5 59 1.08 27.8 12.75 62.8
9. AK 39 66.0 128 0.88 20.2 57 0.27 7.1 5.95 30.8

10. SB 50 60.0 82 1.76 57.9 46 0.33 10.7 7.59 49.3
11. KC ~9 62.0 94 2.02 49.2 67 0.06 1.5
12. MLW 60 66.0 136 3.68 102.5 42 0.63 22.7 11.08 90.1
13. MPJ 40 67.0 196 2.37 50.9 tiS 2.17 54.3
14. SNS 70 66.0 117 3.03 97.1 65 1.16 53.7 14.93 140.9
15. OPS 50 62.0 85 3.17 93.2 63 1.06 33.3
16. BS 50 67.0 150 2.76 68.2 58 0.64 18.9
17. ZS 66 65.0 100 2.01 64.4 38 0.32 13.0
18. SN 65 65.5 138 2.51 76.8 33 0.32 12.0 12.15 101.7
19. BSK 66 68.5 154 1.83 46.8 37 0.32 11.2 10.64 83.8
20. SS 71 66.0 134 3.54 102.9 66 0.86 33.5 10.32 94.7
21. F 65 70.0 106 2.12 54.2 40 0.32 11.2
22. TM 45 63.0 102 2.66 74.9 41 0.25 7.4 5.31 30.9
23. R 44 67.0 146 4.13 89.6 58 1.25 31.8

Mean 56.4 65.4 118.8 2.57 70.36 50.1 0.6 19,4 9.35 69.7
±SD ± 11.44 ±2.4 ±28.2 ±0.87 ±23.35 ± 13.8 ±0.49 ± 14.5 ±4.2 ±35.0
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TABLEII. Mean values of various parameters of Pulmonary
Ventilation and Gas Exchange

S.No. Parameter Basal Post- Difference
nifedipine

1. Pao,(mmHg) 66.97 61.82 5.15 ± 4.81
± 15.08 ± 14.79 p<0.OOOO5

2. Paco, (mm Hg) 45.87 45.51 NS
± 11.76 ± 11.42

3. Respiratory rate 22.41 22.02 NS
± 7.68 ± 7.82

4. VE(lImin) 9.06 8.58 NS
± 3.20 ± 2.53

5. VA(llmin) 3.84. 3.61 NS
± 1.43 ± 1.35

6. Pao,(mmHg) 91.59 89.67 NS
± 19.58 ± 19.89

7. A-aDo, (mm Hg) 24.62 27.85 3.23±5.82
± 15.16 ± 19.47 p<0.02

8. VOIVTratio (%) 57.06 56.80 NS
± 9.03 ± 10.75

9. Vo,(mUmin) 228.84 222.52 NS
± 89.74 ± 81.55

10. vco, (mUmin) 195.87 181.09 14.78±30.12
± 61.65 ± 51.13 p<0.05

II. R '0.877 0.825 0.052 ± 0.076
± 0.23 ± 0.22 p<0.OO5

0.877±0.23 to 0.825±0.22 respectively). These changes
were statistically significant (p<0.05 and p<0.OO5,
respectively) .

An attempt was made to correlate various changes
following nifedipine with the basal functional parameters
of the patients. The widening of A-aD02 was directly
correlated with the baseline A-aD~ (r=0.6553; p<O.OOl).
The change in Pao-, however, could not be correlated
with any of the parameters tested, including basal Pao-,
Paco-, age of the patient or baseline pulmonary function
tests.

There was a significant direct correlation between
alveolar. O2 tension (P Ao2) and alveolar-arterial O2
difference (A-aDo2), both before (r=O.6499; p<O.OOI)
and after the administration of nifedipine (r=0.7177;
p<0.OO5). The relationships were represented as regres-
sion equations (given below) and regression lines were
constructed using the least mean square analysis (Fig. I):

Basal A-aDo2 = 0.5032 X PAo2 - 21.4635
Post-nifedipine A-aDo2 = 0.7027 X PAo2-35.1598

It was found that nifedipine increased the slope of the
regression line (from 0.5032 to 0.7027), thereby causing a
greater rise in A-aDo2 with every mm Hg rise in PAo2.

The fall in CO2 production (Veo2) was directly corre-
lated with basal CO2 production (r=0.5643; p<O.Ol), and
basal O2 consumption (r=0.5376; p<O.Ol). It was also
directly correlated with MMFR (r=0.7137; p<0.OO(5),
FEVI (r = 0.4656; p<0.05), and vital capacity (r=0.5078;
p<0.02). The fall in Vco, following nifedipine was,
however, inversely related to basal Paco, (r=4).437;
p<0.05) and VOfVT ratio (r=0.436, p<0.05). All these
indicated that the fall in CO2 output was more marked in
patients with mild rather than with severe disease.
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DISCUSSION
The results show a small but definite deterioration in
pulmonary gas exchange 45 minutes following sublingual
nifedipine, with a mean fall of Pao, by 5.15±4.81 mm Hg
(mean±SD) and widening of A-aDo2 by 3.23±5.82 mm
Hg. The fall in Pao, is small and may not be clinically
significant in the majority of patients. The increase in
A-aDo2 is most likely to be due to worsening of the V AlO
ratios, as a result of inhibition of hypoxic pulmonary
vasoconstriction by nifedipine and increased perfusion to
poorly ventilated alveoli. These results are in agreement
with those of Melot et al. I Kennedy et al. 2 and Simmoneau
et al.3 who demonstrated a fall in Pao, of 5, 4 and 3 mm
Hg, respectively, as an acute effect of nifedipine in
COAD. Sturani et al.w and Muramoto et al.,« however,
could not demonstrate any significant effect on Pao-,
probably owing to the small number of patients they
studied.

The A-aDo2, both before and after the administration
of nifedipine, correlated with the resting alveolar oxygen
tension. The slope of the regression line correlating the
two parameters increased following the administration of
nifedipine as compared to the baseline relationship. This
observation indicates that there was an increased venous
admixture following nifedipine.t?

Nifedipine has been shown to increase the cardiac
output which may, at least temporarily, increase the CO2
output.» An unexpected fall in CO2 excretion and
respiratory exchange ratio was observed following the
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administration of nifedipine. This fall in Ve02 could be a
result of slight hyperventilation at the time of the first
study, with the subject settling down to a true basal state
later. There was indeed a slight fall in expired minute
ventilation following the administration of nifedipine
(mean=0.473±1.81 lImin). This change, however, was
not statistically significant. It is significant that the arterial
CO2 tensions before and after nifedipine were almost
identical. Following nifedipine , despite a slight reduction
in minute ventilation (5.2% change from the basal value)
and in alveolar ventilation (6.0% change from the basal
value), there was no increase in arterial CO2 tension.
These findings cannot be adequately explained on the
basis of mere hyperventilation at the time of first study.

Alternative explanations for the observed decrease in
CO2output and respiratory exchange ratio could be (i) the
release of hypoxic vasoconstriction with worsening of
VA/Q ratios was responsible for a transient and artifactual
decline in gas R, although the blood R remained unaltered,
and (ii) that there was indeed a decline in metabolic CO2
production and blood R.

One interesting finding of the present study was the
presence of a significant direct correlation between the
fall in CO2 production (t:::. Vco 2) following the administra-
tion of nifedipine and several of the resting parameters of
lung function including MMFR, FEY I,and vital capacity,
and an inverse correlation with basal arterial CO2 tension.
If explanation (i) was largely responsible for the fall in
Ve02, one would have expected a greater fall in patients
with more severe lung disease and respiratory failure. The
findings of the present study suggested an opposite
relationship, namely that t:::. VC02was greater in subjects
with relatively better lungs. These observations suggest
that the explanation (ii) might be more relevant in the
present situation. If there is a significant decline in the
CO2 production at the tissue level, the changes in tissue
and blood R may not be promptly reflected in the expired
gas R in patients with more severe ventilation-perfusion
abnormalities.

Although several investigators have reported their
observations on the effect of sublingual nifedipine on
Pa02, A-aD02, and central haemodynamic parameters,
the finding of a low Ye02 and R following nifedipine has
not previously been reported.

It is possible that nifedipine may, directly or indirectly,
affect metabolism and thereby the respiratory exchange
ratio. A fall in Ve02 and R would indicate greater utiliza-
tion of free fatty acids rather than glucose for energy
production. Calcium takes part in regulation and media-
tion of a large number of metabolic reactions and has been
aptly labelled the 'universal provocateur' .21It acts as a
second messenger in the cells for many metabolic path-
ways22 and it is therefore possible that the calcium
channel-blocker nifedipine affects the availability and/or
cellular metabolism of energy substrates and thereby the
Ve02and R.

Secretion of some hormones, including epinephrine, is
also dependent on translocation of extracellular calcium
across the cell membrane.n In addition, in vitro studies
have consistently shown inhibition of insulin release by
nifedipine.« Alteration in the hormone levels may there-
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fore be another mechanism through which nifedipine may
affect metabolic reactions.

Moreover, nifedipine may affect the metabolic pathways
indirectly. Calcium channel blockers, especially
nifedipine, by their vasodilator action cause systemic
hypotension and reflex sympathetic discharge. This may
release epinephrine into the circulation which may, in
turn, affect the metabolic pathways.

To our knowledge no one has so far studied the effects
of calcium channel blockers on Ve02 and respiratory
exchange ratio at rest. Raffestin et al.25 compared the
effects of nifedipine and placebo on responses to exercise
in eight normal subjects. They reported a possible prefe-
rential utilization of free fatty acids due to increased
lipolysis following nifedipine, while patients were on
constant work rate exercise, It is possible that these
effects would have also been seen with the patient in the
resting state.

In the present study, the blood R values could not be
calculated because mixed venous blood was not sampled.
Also the changes in cardiac output and central
haemodynamics were not evaluated. It has been
reported, however, by several investigators that
nifedipine results in an increased cardiac output with
variable changes in the pulmonary artery pressure. The
pulinonary vascular resistance, however, has been
demonstrated to be decreased.t+ None of the investigators,
who have reported their findings on central
haemodynamics, have commented upon mixed venous
blood gas composition following nifedipine administration.

The findings of the present study suggest that sublingu-
ally administered nifedipine in a dose of 10 mg results in a
small, but statistically significant, fall in arterial O2 tension
and widening of the A-aD02' presumably due to
increased venous admixture. There is a possibility that the
drug may have a significant effect on peripheral substrate
utilization and tissue metabolism, resulting in a decrease
in CO2 output and a fall in the respiratory exchange ratio
In view of these findings, further investigations are
warranted, including a study of changes in mixed venous
blood gas composition following nifedipine, in patients
with chronic obstructive airways disese as well as in
normal subjects.
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In vitro fertilization and embryo replacement in women
INDIRA N. HINDUJA and T. C. ANAND KUMAR

INTRODUCfION
Conservative estimates indicate that infertility affects
about ten per cent of a random population of couples
attempting pregnancy'> The causative factors of infertility
are many but only a small number of these are amenable
to therapy. Recent advances in reproductive biomedicine
offer infertile couples new ways to conceive. Amongst the
newer technologies, in vitro fertilization and embryo
replacement (IVF-ER) stands out most prominently
because life by this technique is initiated outside the body
by extracorporeal fertilization and the embryo continues
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to grow to term following its replacement into the
mother's womb.

India's first ever scientifically documented baby.! con-
ceived by IVF-ER performed at our institutions, was born
on 6 August 1986. Since then five more IVF-ER babies
have been born as a result of our collaborative endeavour.
These births have aroused wide public and scientific
interest and there has been a great demand for information
on the methods followed at our- institutions. This paper
briefly reviews some of the essential features of the
techniques used in IVF-ER and describes some of the
methods used in our IVF-ER programme.

CASES OF INFERTILITY SUITABLE
FOR IVF-ER
IVF-ER was originally advocated for women without
fallopian tubes or in cases where the patency of the tubes
is irreparably damaged due to surgery or infection.slt has


