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1 | INTRODUCTION
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Abstract

Objectives: In this study, we assessed the clinical effect of inhaled verapamil on
hospitalized COPD patients in a randomized and double-blind study.

Method: COPD patients randomly received 10 mg of inhaled verapamil or 4 cc
nebulized distilled water (DW) as placebo.

Results: Twenty patients enrolled in each group with no difference in baseline char-
acteristics. Mean age was 64.95 + 8.9 and 66.9 + 10.74 years in verapamil and con-
trol group; respectively, (P > 0.05).

The mean dyspnea score was 6.4 + 1.2 and 6.2 + 1.8 in the verapamil and control
group, respectively and decreased to 4.9 + 1.3 and 5.7 + 1.8 after the intervention.
The mean change in the verapamil group was significantly higher, (22.43% + 10.6%
vs 8.7% = 12.1%), P = 0.00.

Unlike the control group, the FEV1 value in the verapamil group significantly in-
creased and reached to 1.17 + 0.4 L from 1.03 + 0.4. There was a significant de-
crease in airway resistance in both groups after intervention. However, neither total
lung capacity and residual volume nor forced vital capacity changed significantly.
Moreover, oxygen saturation in the verapamil group changed 4.8% =+ 2.5% and this
improvement in the control group was 1.8 + 1 (P = 0.00). Smoker subjects, ones with
PAP more than 35 mm Hg and obese patients benefit from verapamil.

Conclusion: The beneficial impact of inhaled verapamil on the diminishing of dysp-
nea score along with its bronchodilatory effect would make this selective calcium

blocker agent a therapeutic option in COPD.

avoid further deterioration and complications, minimize
symptoms, enhance exercise tolerance, and restrict the exac-

COPD involves more than 10 percent of the population over
40 years old, and by 2020, will be the third leading causes
of death." In contrast to cardiac diseases, malignancy, and
stroke, the mortality rate of COPD is rising significantly.>?
Even though this complex and heterogeneous disease is pro-
gressive and not fully reversible, it is manageable by proper
therapeutic regiments. Effectual treatment of COPD can

erbation rate.

COPD is a systemic inflammation disorder, and in severe
stages, leads to pulmonary vasoconstriction because hypox-
emia-induced modulation of reactive oxygen species and
endothelial cells.*® Subsequently, patients may experience
pulmonary hypertension, ventilation-perfusion mismatch and
cor-pulmonale or other comorbidities.’
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From a physiologic point of view, bronchoconstriction
via cholinergic tone along with loss of elasticity recoil
and airways narrowing, impair lung function in COPD.
Bronchodilators are one of the potential therapeutic op-
tions in COPD which can improve the airflow limitation
via inducing airway smooth-muscle relaxation, clearing
mucus and reducing airway wall edema.® Three major
classes of bronchodilators are 2 agonists, anticholinergic
and theophylline.9 Several studies have been conducted
to investigate various types of bronchodilators from a
long-lasting point of view and concurrent administration.
Anzueto and Miravitlles believe that the co-administra-
tion of bronchodilators could improve the efficacy and
reduce complications associated with higher doses of one
drug.lO

Acute hypoxia causes an influx of intracellular calcium
in smooth muscle cells of the pulmonary arterial wall.'!
Calcium antagonists block calcium ion entry into the cells;
therefore, their vasodilatory effect and airway’s muscle relax-
ant render them as an appropriate option for stable or acute
exacerbation of COPD.

Moreover, considering the therapeutic effects of calcium
channel blockers (CCBs) on secondary pulmonary hyper-
tension and the high prevalence of this complication among
COPD patients (from 5% to 90% in different population)'*'*
it has been suggested that CCBs can act via several pathways
to reduce hypoxemia and cut the chain off.

In this regard, calcium antagonists such as Nifedipine
mostly affect the peripheral vascular bed, yet verapamil acts
in the same manner on both heart and periphery. Concerning
the route of medication use, inhaled medications are more
favorable than oral drugs owing to their fewer side effects
and rapid onset of action. Moreover, controversy continues
on the benefits of employing non-selective vasodilators in
COPD regarding the increased ventilation/perfusion (V/Q)
mismatch, short effectiveness and their cardiac side ef-
fects.' In fact research in this field is very dynamic and
various CCBs with different dosage are under consider-
ation.'® In the case of using verapamil as a bronchodilator,
COPD patients could benefit from the therapeutic effects of
CCBs such as bronchodilation and pulmonary hypertension
reduction. This study investigates the therapeutic effects of
Nebulized Verapamil on Chronic Obstructive Pulmonary
Disease.

2 | MATERIALS AND METHODS
2.1 | Study design

This study was a double-blind randomized placebo-con-
trolled clinical trial (IRCT20170210032478N2).

WiLEY-L

2.2 | Participants

2.2.1 | Inclusion criteria

All COPD patients, with the GOLD stage II, III and IV, in
the exacerbation period who admitted in a tertiary university
hospital in Tehran, Iran between August 2018 and December
2018. COPD Diagnosis was confirmed by one pulmonologist
based on GOLD criteria.'” COPD Exacerbation was defined
as rapid deterioration in patient’s condition from the stable
state, requiring hospitalization.

2.2.2 | Exclusion criteria

Pregnant woman, Patients with advanced hepatic or renal
failure or pulmonary disorders other than COPD, patients
with high-grade Atrioventricular block, arrhythmia or QT in-
terval disorders, Ejection Fraction (EF) less than 40%, previ-
ous verapamil sensitivity, Co-administration of B-adrenergic
blocker drugs, and bradycardia.

2.2.3 | Measurements and data gathering
Demographics including age, sex, Body Mass Index (BMI);
Baseline EF, Pulmonary Artery Pressure (sPAP using
Echocardiography), history of cigarette smoking and dura-
tion of the disease were obtained.

Oxygen saturation was assessed using pulseoximetry before
and 20 minutes after intervention completion. Modified 0-10
Borg scale was used to evaluate dyspnea intensity. Baseline and
post-treatment pulmonary function test and body plethysmogra-
phy were carried out (Ganshorn power cube LF8) to measure
Forced Expiratory Volume in 1 second (FEV1), Forced Vital
Capacity (FVC), FEV1/FVC, Forced Expiratory Flow at 25%-
75% of the pulmonary volume (FEF25-75), Total Lung Capacity
(TLC), Residual Volume (RV), RV/TLC, airway resistance, tho-
racic gas volume (TGV) and Specific Resistance airway (SRAW).

The percent of change in the above-mentioned param-
eters was also calculated as (amount of change/original
amount) X 100. The percent of changes were compared in
obese patients (BMI more than 30 kg/m”), Age more than
60 y/o and sPAP more than 35 mm Hg.

Furthermore, heart rate, as well as blood pressure, were
monitored to assess any side effect of verapamil.

2.3 | Randomization

Participants were randomly divided into two groups of vera-
pamil and placebo based on computer-generated random codes.
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Group Variable Treatment (Verapamil) Placebo (DW) P value :f?:i;i irll thj:j::g;it:jigzzions
Gender Male Male 0.677 group
16 (80%) 17 (85%)

Age 64.95 + 8.994 66.90 + 10.74 0.54
BMI 2430 +4.77 26.2 + 6.49 0.383
Borg scale 64+12 62+ 1.8 0.2
O,_saturation 87.5+2.6 88.3+2.2 0.6
Disease duration 42+3 5+43 0.4
EF 492 +3.72 51.50 +3.28 0.05
PAP 37.25 + 8.80 34.15 £ 12.20 0.3
FEV1

Pred % 38.0+13.74 414 +19.0 0.910

Actual (L) 1.036 = 0.42 1.02 £0.59 0.9
FvC

Pred % 543+ 128 51.7 £ 20.37 0.632

Actual (L) 1.87 +0.62 1.73 £ 0.89 0.5
TLC

Pred % 112.3 + 18.9 101.2 + 21.09 0.09

Actual (L) 6.65 + 1.35 6.35 + 1.80 0.5
RV

Pred % 200.3 + 50.24 177.5 £ 54.1 0.17

Actual (L) 4.32 +1.50 437 +1.108 0.9
Airway resistance

Pred % 368.3 + 183.82 499.75 + 355.45 0.15

Actual (kPa/L/Sec) 1.241 +0.87 0.84 +5.40 0.07
TGV L

Pred % 151.95 + 44.94 169.4 +29.4 0.35

Actual (L) 5+1.6 54+12
sRAW

Pred % 579 + 386 600 + 399 0.93

Actual (kPa/L/Sec) 6.5+43 6.8 +4.6 0.93
History of smoking 16 (80%) 17(85%) 0.6
HR beats/min 87.65 + 14.80 85.25 + 12.56509 0.5
Mean BP mm Hg 88 +11.8 90.8 +11.6 04
GOLD stage

Stage II 3 (15%) 4 (20%) 0.2

Stage III 14 (70%) 8 (40%)

Stage IV 3 (15%) 8 (40%)

Abbreviations: BMI, body mass index; EF, ejection fraction; FEF25-75, forced expiratory flow; FEV1, forced
expiratory volume in 1 second; FVC, forced vital capacity; HR, heart ratePAP, pulmonary artery pressure;
RV, residual volume; sSRAW, specific resistance airway; TGV, thoracic gas volume; TLC, total lung capacity.

2.4 | Intervention 2.5 mg/mL) through Ultrasonic Nebulizer CUN60 (CITIZEN,
Japan) in 10 minutes. The Placebo group were administered
4 cc DW through the same Nebulizer. Both groups received

standard treatment during the study.

On the day of discharge, patients in verapamil group were
administered 10 mg of the medication (4 cc, concentration of
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2.5 | Ethical considerations
The study protocol was approved in the ethics committee of
Imam Khomeini Hospital complex—Tehran University of
Medical Sciences (code: IR.TUMS.IKHC.REC.1397.089)
and written informed consent form was obtained from all
patients.

Patients were monitored during the study to detect any
possible complication. All participating were enrolled in the
study with no extra charge.

2.6 | Statistical analysis

All statistical analysis was performed using SPSS statistics
software version 22.0. Data were expressed as mean + SD or
percent. Normal distribution of quantitative data were tested
by Kolmogorov Smirnov, Mann-Whitney U test or ¢ student
test was used to analyze according to data distribution. To
compare the results before and after intervention, paired test
or Wilcoxon rank test and for categorical data, Pearson's chi-
squared test was used for the analysis. A P value of < 0.05
was considered statistically significant and continence
Interval was 95%.

3 | RESULTS

Forty patients completed the study. Baseline characteristics
and demographic data are summarized in Table 1. The male/
female ratio was 16/4 and 17/3 in the verapamil and DW
group, respectively.

No significant difference was observed in age and sex dis-
tribution, GOLD stage, Borg scale, EF, sPAP, BMI and time
of admission to discharge between the placebo and verapamil
groups, Table 1.

The mean dyspnea score was 6.4 + 1.2 and 6.2 + 1.8 in
the verapamil and control groups, respectively that reached
to 49 + 1.3 and 5.7 + 1.8, respectively. Percent change in
the verapamil group was significantly higher than the control
group (22.43% + 10.6% vs 8.7% + 12.1%; P = 0.00) using
student ¢ test based on normal distribution Figure 1.

The number of patients in GOLD IV was 15% and 40%
in verapamil and control group, respectively with no statis-
tically difference using Xz. However, splitting data indicated
that among patients in GOLD IV, dyspnea score decreased
26.19 + 8.57 in verapamil group and 8.97 + 7.8 in control
group (P = 0.01). This comparison was also significant in
GOLD III. But no statistical difference was observed in
GOLD II.
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FIGURE 1 Mean dyspnea score in verapamil vs control group. A and B, Individual change in verapamil and DW group 20 minutes after

the end of intervention. C, Post-treatment results indicated that dyspnea score significantly dropped in both intervention groups. D, The severity of

decline was higher in the verapamil group compared to the DW group. Distilled Water (DW)
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FEV1 change: A 12% improvement in FEV1-predicted
and >200 cc increase in FEV1 was considered positive bron-
chodilation response.18 In the verapamil group response rate
was 20% and in the control group was 10% (P = 0.37), ac-
cording to student ¢ test based on normal distribution.

Figure 2 shows spirometric parameters before and after
treatment. FEV1 was 1.03 + 0.4 L vs 1.9 + 0.4 L (P = 0.00)
in the verapamil group before and after treatment and it was
1.02 + 0.59 vs 1.09 + 0.6 L (P = 0.42) in the control group
using paired ¢ test based on normal distribution. Also, the
FEF 25-75 before and after verapamil was 18.5 + 10.6 vs
22.3 + 10.7; (P = 0.02). While in the control group FEF
25-75 was 20.6 + 10.2 vs 21.7 + 10.5, (P = 0.27), based on
the results of paired ¢ test Table 2.

There were no statistically significant differences in
the plethysmograhic parameters before and after treatment
(according to paired ¢ test) except to airway resistance and
SRAW (Table 2).

The rate of lung hyperinflation demonstrated by TGV
more than 120% of predicted value!® was 75% (n = 5) in ve-
rapamil group and 100% in control group with no significant
change after both interventions.

As it has been depicted in Figure 3, post-treatment O,
saturation was significantly higher in the verapamil group
compare to the control group; 91.7% + 2.8% vs 89% + 1.9%,
respectively, (P = 0.02), using paired ¢ test.

Percent changes in variables after treatment with either
verapamil or placebo are summarized in Table 3. The per-
centage of changes in FEV1 in the verapamil group was 2.5-
fold higher among smoker patients compare to non-smokers.
While in the control group, the percentage change in FEV1
was 15 times higher among non-smokers in comparison with
smokers, P = 0.01 using student 7 test.

Table 4 shows outcome variables in the verapamil group
in comparison with the control group according to cigarette
smoking status. In smokers, FEV1- change; FEV1/FVC and
FEF 25-75 significantly improved in the verapamil compare
to the control group, but among nonsmokers subjects, there
was no difference between verapamil and control group based
on student ¢ test.

Table 5 shows outcome variables in patients with PAP
more than 35 mm Hg. Dyspnea score decreased 23.6% and
4.8% in verapamil vs control group, respectively (P = 0.000).
Also, FEV1 increased 25.1 + 21.8 vs 1.8% + 1.3%, in

(A) FEVI % (B) FVC %
55 o -= Control
60 -~ Verapamil
50
55
45
50
40
45
35
Before After Before After
(A1) ©
80 FEF25-75 %
— 30
60
25
404
201 — 204
FIGURE 2  Spirometry parameters
0 i i s before and after treatment. A, Al, and A2,
Before After Before After mean and individual change of FEV1 in
Verapamil Group both treatment groups. B, mean change
( A2) (D) of FVC before and after treatment. C,
s FEVI/FVC % mean change of FEF 25-75 before and

70

804

65
604

60

204 _ 50

—

after treatment. D, mean change of FEV1/
FVC before and after treatment. Verapamil
significantly increased FEV1 and FEF
25-75. FVC change in both groups showed
a similar improvement. Also FEV1/FVC
change was not meaningful in both groups.
FEF25-75, forced expiratory flow; FEV1,

Before After Before

Control Group

Afier

forced expiratory volume in 1 second; FVC,
forced vital capacity
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TABLE 2  Spirometric parameters after verapamil vs DW inhalation

Parameter

FEV1

FVC

FEV1/FVC

FEF25_75

TLC

RV

RV/TLC

Airway_resistance

TGV

sSRAW

Intervention

Verapamil (Mean + SD)

DW (Mean + SD)

Verapamil (Mean + SD)

DW (Mean + SD)

Verapamil (Mean + SD)
DW (Mean + SD)

Verapamil (Mean + SD)

DW (Mean + SD)

Verapamil (Mean + SD)

DW (Mean + SD)

Verapamil (Mean + SD)

DW (Mean + SD)

Verapamil (Mean + SD)
DW (Mean + SD)

Verapamil (Mean + SD)

DW (Mean + SD)

Verapamil (Mean + SD)

DW (Mean + SD)

Verapamil (Mean + SD)

Before intervention

Pred %: 38 + 13.7
Actual (L): 1.036 + 0.42
Pred %: 38.6 + 16.5
1.02 +0.59

Pred %: 54.4 + 12.8
Actual (L): 1.87 + 0.62
Pred %: 51.8 +£20.4
Actual (L): 1.73 + 0.89
55+ 117

589 +13.5

Pred %: 18.5 + 10.6
Actual (L): 0.5+ 0.3
Pred %: 20.6 + 10.2
06+0.3

Pred %: 112.3 + 18.9
Actual (L): 6.65 + 1.35
Pred %: 101.2 = 21.1
Actual (L): 6.35 + 1.80

Pred %: 200.4 + 50.2
Actual (L): 45+ 1.3
Pred %: 177.5 £ 54.1
Actual (L): 4.1+ 14
176 + 34.1

173.1 £ 26.1

Pred %: 368.4 + 183.8

Actual kPa/L/Sec:1.
12 +0.59

Pred %: 499.8 + 355.5

Actual kPa/L/Sec:
1.5+ 1.1

Pred %: 151.95 + 44.94
Actual (L): 5+ 1.6
Pred %: 169.4 +29.4
Actual (L): 54+ 1.2

Pred %: 579 + 386

Actual kPa/L/
Sec: 6.5 +4.3

375
WILEY- -
After intervention P value
Pred %:45.4 + 13.4 0.000
Actual (L): 1.9 + 0.4
Pred %: 41.5 + 19.1 0.42
1.09 + 0.6
Pred %: 58.1 + 14 0.65
Actual (L): 1.9 + 0.6
Pred %: 54.5 + 22.4 0.12
Actual (L): 1.8 + 1.00
593 +11.1 0.23
585 +12.3 0.25
Pred %: 22.3 + 10.7 0.02
Actual (L): 0.7 £ 0.4
Pred %: 21.7 + 10.5 0.16
0.6 +0.4
Pred %: 110.1 + 15.2 0.54
Actual (L): 6.6 + 1.3
Pred %: 107.1 + 25.1 0.18
Actual (L): 6.3 + 1.8
Pred %: 191.5 + 41.7 0.35
Actual (L): 4.3 + 1.1
Pred %: 186 + 62 0.6
Actual (L): 43+ 1.5
168.1 +20.5 0.3
168.2 + 28 0.54
Pred %: 265.7 + 130.4 0.002
Actual kPa/L/Sec:
0.8 +04
Pred %: 395.3 + 261.8 0.006
Actual kPa/L/Sec: 0.006
1.2 +0.87
Pred %: 154.8 + 41.3 0.7
Actual (L): 5.11 + 1.56
Pred %: 169.8 + 28.2 0.8
Actual (L): 6.11 = 1.5
Pred %: 452.35 + 332.9 0.00
Actual kPa/L/
Sec: 5.11 +3.7
(Continues)
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TABLE 2 (Continued)
Parameter Intervention Before intervention After intervention P value
DW (Mean + SD) Pred %: 600 + 399 Pred %: 511.7 + 345 0.00
Actual kPa/L/ Actual kPa/L/Sec:
Sec: 6.8 + 4.6 58+38
MBP mm Hg Verapamil (Mean + SD) 88 +11.6 88.4 +10.8 0.65
DW (Mean + SD) 90.8 +11.6 91.6 +12.8 0.3
HR beat/min Verapamil (Mean + SD) 87.6 + 14.8 87.5+13.5 0.86
DW (Mean + SD) 852 +125 839+ 104 0.28
Saturation % Verapamil (Mean + SD) 87.5+2.6 91.7 £ 2.8 0.000
DW (Mean =+ SD) 883 +23 89+ 1.9% 0.000

Note: Bold-Italic values indicate significant difference.

Abbreviations: DW, distilled water; FEF25-75, forced expiratory flow; FEV, forced expiratory volume in 1 second; FVC, forced vital capacity; HR, heart rate; RV,
residual volume; sSRAW, specific resistance airway; TGV, thoracic gas volume; TLC, total lung capacity.

HR beat /min
100- 100

95- 95-

7 [ I S

85 M
85

Saturation %
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-~ Verapamil

Before After
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Diastolic BP ( mmHg)

1

I I

80-
75 T T 80
Before After
Treatment
Systolic _BP mmHg
135 85+
1304
80-
1254
1204 751
1154 r I
70
110+
10 T T 65
Before After
Tratment

Before After
Treatment

FIGURE 3 Changes in HR, oxygen saturation, blood pressure in patients in the verapamil and control group. Between-group analysis

indicated that there was no significant difference in HR and blood pressure after the intervention. But post-treatment O, saturation was significantly

higher in the verapamil group. Heart Rate (HR)

verapamil vs control group, respectively (P = 0.000) employ-
ing student ¢ test (Table 5).

FEV1-change in subjects older than 60 years of age in
the verapamil group was significantly higher than the control
group, 21.2% +9.5% vs 7.1% + 3.4%, (P = 0.04) while it was

not statistically different in subjects younger than 60 years
old although there was almost a similar trend.

Also, in patients with a BMI greater than 30 kg/mz, dys-
pnea score reduced 23.6% and 9.3% in verapamil vs control
group, respectively. Moreover, FEV1 increased by 23.2% and
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TABLE 3 Percentage changes in the outcome variables after
treatment with either verapamil or placebo

Mean + SEM P value

Intervention Pred % Pred %
FEV1-change Verapamil 235 +5.1 0.028
DW 7747
FVC-change Verapamil 10.0 +£5.8 0.458
DW 53+24
TLC-change Verapamil 04 +5.1 0.345
DW 62+33
RV-change Verapamil 3.0+9.38 0.786
DwW 6.0+5.0
Resistance-change Verapamil —234+78 0.26
DW -120 £ 64
FEF 25-75-change Verapamil 294 +93 0.04
DW 8.2 +6.01
EEV1/FVC-change = Verapamil 9.6+43 0.07
DW 0.18 +2.7
RV/TLC-change % Verapamil —-1.5+47 0.811
DW —-27+19
TGV-change % Verapamil -0.6 +12.7 0.9
DW 1.2+ 154
sRAW-change % Verapamil —18.6 +£27.2 0.3
DW =0).3) g JI.T
Saturation-change %  Verapamil 4.8 +0.6 0.000
DW 1.9+03
HR-change % Verapamil 04+19 0.572
DW -1.0+1.7
SBP-change % Verapamil 1.8+2.1 0.66
DW 06+1.7
DBP-change % Verapamil 0.1 +1.1 0.505
DW 1.3+£13

Note: Bold-Italic values indicate significant difference.

Abbreviations: DBP, diastolic blood pressure; DW, distilled water; FEF25-75,
forced expiratory flow; FEV1, forced expiratory volume in 1 second; FVC,
forced vital capacity; HR, heart rate; RV, residual volume; SBP, systolic blood
pressure; SRAW, specific resistance airway; TGV, thoracic gas volume; TLC,
total lung capacity.

5.2% in verapamil vs control group, according to student 7
test, Figure 4.

4 | DISCUSSION

In this study, the therapeutic effects of inhaled verapamil
on hospitalized COPD patients were evaluated. Verapamil
notably reduced the dyspnea score, improved oxygenation,
FEV1, FEF 25-75 and airway resistance. Hypoxia correc-
tion is important in COPD exacerbation. Prevalence of

hypoxia (less than 88% oxygen saturation), dramatically
dropped using inhaled verapamil (65% vs 5%) before and
after verapamil and (45% vs 20%) before and after DW
inhalation.

Regarding rapid effect of CCBs-nebulizer and its minimal
systemic side effects, it is suggested as a preventive broncho-
dilator in such conditions.”” In different conditions including
histamine-induced bronchospasm, methacholine or aller-
gen-induced bronchoconstriction CCBs in nebulized forms
act as a preventive factor.”! In this regard, Sharma and Pande
conducted a clinical trial based on verapamil inhalation ther-
apy in asthmatic patients and reported no significant increase
in spirometry parameters.”> However, our study indicated a
considerable increase in FEV1 in the verapamil group. It is
to be noted that in the placebo group, inhaled DW caused
sputum dilution and may lead to better mucosal clearance and
consequently reduction in the airway resistance. So, DW as
the placebo may be a confounding factor.

Age over 60 years is a risk factor for COPD patients.*
In the present study, in subjects more than 60 years old,
verapamil inhalation improved spirometry parameters and
dyspnea score, although younger patients showed similar
changes with no statistical difference. As it has already been
evaluated in large COPD patient populations, age is not a pre-
dictor of response to bronchodilator.'®?*

Likewise, in patients with BMI more than 30, attenu-
ation in airway resistance was higher in verapamil patients
compared with that of the placebo group. Obesity has been
associated with higher mortality in COPD. Veronika Miiller
showed a significantly higher BMI in COPD patients with re-
versible airway bronchoconstriction compared to non-revers-
ible patients. In our study, FEV1 change was considerable in
verapamil patients compared to control group.

As the PAP correlation diagram (Figure 4A) indicates, in
the control group, with the increase in PAP, no notable im-
provement was observed regarding FEV1; on the contrary,
in the verapamil group, the negative effect of PAP was cor-
rected and by increasing PAP, a considerable change was ob-
served in FEV 1.

Given that systemic inflammation, pulmonary vasocon-
striction, and polycythemia and endothelial dysfunction25 26
expose COPD patients to pulmonary hypertension,27 the
therapeutic option which attenuates PAP can improve dys-
pnea score. In our study 12 (60%) patients in the verapamil
group and 11 in the placebo group (55%) had a PAP higher
than 35 mm Hg. Accordingly, almost half of patients had
PAP > 35 mm Hg. In these cases, inhaled verapamil acts as
a multifunctional agent as a bronchodilator and a pulmonary
vasodilation.?®

In our study, inhaled verapamil had no effect on heart rate
and blood pressure, although some researchers believe in
systemic vasodilation of CCBs. As mentioned by other stud-
ies, 20 mg verapamil can be given safely to COPD patients
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Vel |G o b otcome vaales msmeter o
Smoking Mean % + SD Mean % + SD P value nonsmoker patients
FEV1_change No 10.3+9 364 +42.4 0.27
Yes 26.8 +£24.2 2.7+10.5 0.001
FVC_change No 7.6 +14.8 15.7 £ 16 0.52
Yes 10.6 +28.2 35+92 0.3
FEV1_FVC_change No 34+193 54 +£258 0.9
Yes 11.2+20 -0.7+9.5 0.03
FEF25-75 No 11 +30.2 30.2 + 67 0.62
Yes 34 +435 4+13 0.02
TLC_change No -89+9 -02+129 0.33
Yes 2.7 +24.7 73+15.4 0.51
RV_change No —148 +£9.3 —43+172 0.34
Yes 7.5 +48.2 7.9 +23.3 0.97
Resistance_change No -35+34.8 —-19.9 +19.7 0.47
Yes -20.5+354 —10.6 + 30.1 0.38
RV_TLC_change No —-6.5+53 —48 +4.6 0.67
Yes -0.2+234 —23+88 0.73
O, Saturatin_change No 37+25 0.7+ 0.6 0.28
Yes 51+25 21+1.2 0.319

Note: Bold-Italic values indicate significant difference.
Abbreviations: FEF, Forced expiratory flow; FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; RV, residual volume; TLC, total lung capacity.

TABLE 5 Percentage changes of the outcome variables in patients with PAP more than 35 mm Hg

Intervention N Mean + SD P value

Dyspnea_change % Verapamil 7 -236+179 0.003
DW 8 4.8+ 153

FEV1_change % Verapamil 7 25 +21.8 0.009
DW 8 1.8 +16.1

FVC_change % Verapamil 7 0.6 +25.5 0.72
DW 8 33+£82

FEV1_FVCchange % Verapamil 7 12.7 + 26.7 .063
DW 8 12+9.6

FEF_change % Verapamil 7 352+65.6 0.68
DW 8 4.4 +14.7

TLC_change % Verapamil 7 -04+6 0.01
DW 8 15.8 + 18

RV_change % Verapamil 7 49+337 0.1
DW 8 23.1 +24.8

RV_TLC_change % Verapamil 7 2.5+299 0.9
DW 8 1+52

Resistance_change % Verapamil 7 —182+39.2 0.5
DW 8 -9.9+32.8

HR_change % Verapamil 7 6+3.5 0.002
DW 8 22 35 1.9

O, Saturation_change % Verapamil 7 1.6 +8.6 0.68
DW 8 -1.6 +89

Note: Bold-Italic values indicate significant difference.

Abbreviations: FEF, forced expiratory flow; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; RV, residual volume; TLC, total lung capacity.
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FIGURE 4 Correlation between change percentage of the study parameters and the PAP (A) and BMI (B). FEV1 change in the control group
was affected by a rise in either PAP or BMI, while in the verapamil group, FEV1 change in the vertical axis despite rising in PAP or BMI, was

considerable. BMI, body mass index, FEV 1, forced expiratory volume in 1 second; FVC, forced vital capacity; PAP, pulmonary artery pressure;

RV, residual volume; TLC, total lung capacity

without the risk of cardiac effect or respiratory failure cor-
responding to diaphragm endurance.”’ However, in case of
using an inhaled form of these agents, selective vasodilation
is superior to systemic effect and dilation would occur in the
well-ventilated region of the lung, correcting the ventila-
tion-perfusion mismatch.*

In addition, the reducing effect of verapamil on the
percentage of goblet cells and mucus secretion is another
strong point conducing to its therapeutic effect on COPD
patients.31 Among smoker patients, the remarkable im-
provement in FEV1, FEV1/FVC and FEF 25-75 in ver-
apamil compared with control group pointed out the strong
bronchodilatory effect of CCBs. Indeed, in the control
group, there was no difference among smokers regard-
ing either of the three mentioned parameters. However,
Calverley et al assessed salbutamol and ipratropium on 660
COPD patients and stated that smoking status was not re-
lated to bronchodilator response.32

This study had some limitations: patients received just
one single dose of the drug, while continuous use may have

revealed more positive effects or side effects. Although
Bartolome et al emphasized that the long-term administration
of bronchodilator (tiotropium) significantly improved TGV
R, in our study, there was no change in TGV value and lung
hyperinflation rate.

Also, pulmonary arterial pressure before and after the in-
tervention was not measured, and the COPD-asthma overlap
disorders were not excluded from the study.

From GOLD stage point of view, our study showed that the
therapeutic effect was considerable in GOLD IV. The number
of GOLD 1V in verapamil group was lower than that of placebo.
Therefore final output was not affected by GOLD stage.

5 | CONCLUSION

Despite such various risk factors as high BMI, age >60 years,
high PAP, smoking impaired treatment outcomes,””* it
seems that inhaled verapamil acts as a multi-functional agent,
although proper patient selection is crucial.
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More research is needed to assess the effect of longer
consumption of nebulized verapamil among COPD patients.
Serial PAP measurement and walking tests are further rec-
ommended after excluding the subjects with asthma-COPD
overlap syndrome.
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