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ABSTRACT

Background: Forced expiratory volume in one second (FEV 1) is a good predictor of chronic
obstructive pulmonary disease (COPD). COPD is characterized by a chronic limitation of
airflow. This study was designed to compare the effects and complications of theophylline
alone, N-acetylcysteine (NAC) alone, and a combination of the two drugs on the rates
of FEV1 in patients with COPD who were candidates for off-pump coronary artery
bypass graft (CABG) surgery. Methods: This clinical trial was performed on 100 patients
who had a smoking history of 27 pack years with a range of 20 to 40 pack years but
were not heavy smokers and were candidates for elective off-pump CABG surgery in
Afshar Cardiovascular Hospital, Yazd, Iran. The patients with a history of asthma and
bronchospasm and non-COPD respiratory disorders were excluded. There were three
groups, that is, the theophylline group (n=33) that received theophylline 10 mg/kg TDS
after consumption of food, NAC group (n=33) who received NAC 10-15 mg/kg BD
after consumption of food, and the combined group (n=32) who received theophylline
and NAC together. Data were analyzed by analysis of variance (ANOVA), Chi-square,
and exact test for quantitative and qualitative variables. Results: One hundred patients
with COPD enrolled in this study as possible candidates for CABG surgery. Average
age of the patients was 60.36£10.21 years. Of the participants, 83 (83.3%) were
male and 17 (17%) were female. Rate of postoperative FEV1 to basal FEV1 was
0.76%0.32, 0.66+0.22, and 0.69+0.24 in the treatments with theophylline, NAC, and
the combination, respectively. Theophylline, NAC, and a combination of these drugs can
decrease the rate of postoperative FEV1 compared to basal FEV 1 significantly. (P=0.0001)
Conclusion: Theophylline alone, NAC alone, and a combination of these drugs improve
pulmonary function, and there are no significant differences between these protocols.
Stomach discomfort and cardiac complications in treatment with theophylline alone is
significantly higher than NAC alone and the combination.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) in
patients who are likely candidates for open heart

surgery is characterized by a limitation in airflow and
decline in lung capacity. COPD is associated with a
significant economic burden, including extension of
hospitalization and disability. Cigarette smoking and
indoor air pollution provide backgrounds for inducing
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COPD significantly wotldwide.!"” Treatment guidelines
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for COPD recommend theophylline as the principal
line of treatment when symptoms are still persistent
despite treatment with short - and long-acting inhaled
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bronchodilators; therefore, physicians have been
administering theophylline for the improvement of
outcomes of COPD for several years now.”) Current
evidence indicates that COPD is characterized by
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systemic inflammation, which is partially initiated by
the oxidative stress that is common in COPD patients
compared to healthy subjects. Considering the role of
inflammation and oxidative stress in the exacerbation of
clinical outcomes of pulmonary dysfunction, therefore,
supplementation with N-acetylcysteine (NAC) has been
shown to increase the levels of glutathione and major
antioxidants. Glutathione in NAC is critically important
for the removal of toxins including peroxide compounds,
and free radical-generating molecules.™” This study was
designed to compare the pharmacologic effects and
complications of theophylline alone, NAC alone, and
a combination of these drugs on the rates of forced
expiratory volume in one second (FEV1) in patients with
COPD, who are likely candidates for off-pump coronary
artery bypass graft (CABG) surgery.

METHODS

Our randomized double-blind clinical trial was approved
by the ethical committee in our university. After giving
a written consent, the patients (n=100) participated
voluntarily for an off-pump CABG surgery in Afshar
Cardiovascular Hospital (Yazd, Iran) from January
2010 to June January 2012.. All of the operations were
conducted by a certain surgical team. Patients who had
a smoking history of 27 pack years with a range of 20
to 40 pack years but were not heavy smokers and were
likely candidates for elective off-pump CABG were
enrolled in this study. Grading of COPD was defined
as mild COPD (FEV1 between 40 and 80%), moderate
COPD (FEV1 between 30 and 39%), and severe
COPD (FEV1 lower than 29%). The patients were stable
for at least eight weeks clinically and were not undergoing
oxygen therapy. The patients with a history of asthma
and bronchospasm and non-COPD respiratory disorders
were excluded from this study. One hundred patients
were randomly assigned to three groups, the theophylline
group (n=33) that received theophylline 10 mg/kg TDS
after consumption of food, the NAC group (n=33)
which received NAC 10-15 mg/kg BD after consumption
of food, and the combination group (n=32) which
received theophylline and NAC together. These drugs
were administered 72 hours before surgery. Evaluations
through spirometry were done at the time of admission
and discharge from hospital. Cardiac and gastrointestinal
complications and impact on pulmonary function test of
these drugs were recorded in the form of a questionnaire.
According to definitions about benefits of drugs on
the respiratory system, an improvement in respiratory
parameters means an increase in the rate of FEV1 higher
than 10% from the basal rate of FEV1 and fewer side
effects. Our data were analyzed by SPSS15 software. We
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used ANOVA, Chi-square, and exact test for quantitative
and qualitative variables.

RESULTS

One hundred patients with COPD enrolled in this study
as possible candidates for CABG surgery. Average age of
the patients was 60.36£10.21 years. Of the participants,
83 (83.3%) were male and 17 (17%) were female. The
demographic characteristics of our patients have been
presented in Table 1. In the participants, distribution of
abundance in grading groups from mild to severe showed
that 47 (47%), 43, and 10 cases had mild, moderate, and
severe COPD, respectively [Table 2]. Frequency distribution
of increase in the rate of FEV1 higher than 10% from basal
rate was three cases (9.1%) in the theophylline group, one
case (3.1%) in the NAC group, and two cases (6.3%) in the
combined treatment group. Information about grading of
COPD and increase in the rate of FEV1 higher than 10%
from basal rate has been presented in Table 3. Average
rate of basal FEV1 in the three groups was 73.4%24.9,
78.4£17.8, and 79.6£31.8 L with theophylline, NAC, and

Table 1: Demographic characteristics of three

groups

Variables Theophylline N-acetylcysteine Combination P
(n=33) (n=33) (n=32)  value

Age (years) 6319.62 58.419.9 59.6+10.8  0.15

Sex (M/F)(n) 24/9 30/4 29/4 0.15

Diabetic 11 (33.3%) 13 (38.2%) 11 (33.3%) 0.8

mellitus [n (%)]

HTN [n (%)] 20 (60.6%) 12 (35.3%) 13(39.4%) 0.08

HLP [n (%)] 15 (45.5%)
HTN — Hypertension; HLP — Hyperlipidemia; M — Male; F — Female

14 (41.2%) 12 (36.4%) 0.75

Table 2: Frequency distribution of grading of
COPD

Variables Theophylline  N-acetylcysteine Combination
[n (%)] (n=33) (%) (n=33) (%) (n=32) (%)
Mild COPD 14 (42.4) 18 (52.9) 15 (45.5)
Moderate COPD 14 (42.4) 13 (38.2) 16 (48.5)
Severe COPD 5(15.2) 3(8.8) 2(6.1)

COPD - Chronic obstructive pulmonary disease

Table 3: Frequency distribution of increase in
rate of FEV1 higher than 10% and grading of
COPD

Variables Theophylline N-acetylcysteine Combination P
[n (%)] (n=33) (%) (n=33) (%) (n=32) (%) value
Mild COPD o (o) 0 (0) 0 (0) 0.8
Moderate COPD 1(7.2) 1(8.3) 2 (12.5) 0.9
Severe COPD 2 (40) o (0) o (0) 0.58

FEV1 - Forced expiratory volume in one second; COPD — Chronic obstructive
pulmonary disease
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combination therapy, respectively. Therefore, there are no
significant differences in the rate of basal FEV1 following
treatment with a combination of NAC and theophylline
versus NAC or theophylline alone (P=0.58). Average rate
of FEV1 after off-pump CABG was the same statistically
in the three groups [Table 4]. Ratio of rate of postoperative
FEV1 to basal FEV1 was 0.76x0.32, 0.66x0.22, and
0.69£0.24 in the treatments with theophylline, NAC, and
the combination, respectively (P=0.32). Theophylline,
NAC, and a combination of these drugs can decrease
the rate of postoperative FEV1 compared to basal FEV1
significantly (P=0.0001 for the three protocols) [Table 5].
The incidence of nausea, vomiting, and arrhythmias after
surgery in the theophylline group was significantly higher
than that in the NAC and combination groups [Table 6].
In all patients, average duration of operation, intubation,
and stay in the intensive care unit (ICU) and hospital were
181.95+33.2 minutes, 7.16%5.5 hours, 59.3118.5 hours,
and 5.4 8%1.47 days, respectively. Details of information
about surgery, intubation time, and stay in the ICU and
hospital in the three groups have been presented in Table 7.
There were eight (24.2%), one (3%), and two cases (6.2%)
of postoperative pulmonary dysfunction (pneumonia or
atelectasis or aspiration) in the theophylline, NAC, and
combination groups, respectively. These findings indicate
that theophylline maybe more suitable compared to the
NAC or combination groups for reduction in pulmonary
dysfunction.

DISCUSSION

COPD is a chronic disease of the lungs and airways that
induces a socioeconomic burden. Oxidative stress has
been implicated in the pathogenesis and progression of
COPD.* Anti-inflammatory actions of theophylline at
low serum concentrations have an effect on pulmonary
disorders, but one of the most important complications
of this drug is cardiac arrhythmia.®) NAC, a glutathione
precursor, has been used in patients with COPD who are
possible candidates for CABG to reduce symptoms of
pulmonary dysfunction.”” A study carried out by Tang e al.
indicated that cardiac complications especially arrhythmia
can be a predictor of mortality following COPD."! Ferrari
et al. reported that atrial and ventricular arrhythmias
in COPD patients were common complications in
treatment with theophylline.!'"”! In our study, incidence
of stomach discomfort and cardiac disorders was more
in treatment with theophylline than NAC. A study
performed by Sessler ¢7 al. reported that sinus tachycardia,
supraventricular ectopic beats, and ventricular premature
beats were prevalent among patients with theophylline
toxicity.""! A study conducted by Thomas ez a/. showed that
theophylline increased the rate of FEV1 significantly.'”
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Our study reports that theophylline and NAC increased
postoperative rate of FEV1 compared to the basal FEV1.
Fink ez al. reported that cardiopulmonary procedures may
exacerbate COPD in patients who are candidates for
surgery; therefore, administration of theophylline improves
respiratory functions.” In our study, the sutgical procedure
was CABG without cardiopulmonary bypass. A study
carried out by Wang ¢ a/. indicated that theophylline could
improve arterial blood gas tension and lung function,
whereas the incidence of drug-related side effects was
higher.l'"! Zhou ¢ al. reported that insomnia, stomach

Table 4: Average rate of FEV1 (L) after CABG

Variables Theophylline N-acetylcysteine Combination P value
(n=33) (n=33) (n=32)
53.4122.1 50.7t15.2 56.21435

Rate of
FEV1

FEV1 - Forced expiratory volume in one second; CABG — Coronary artery bypass
graft

0.69

Table 5: Average rates of basal and
postoperative FEV1 in the three groups

Variables Basal FEV1 Postoperative FEV1 P value
Theophylline (n=33) 73-4124.9 53.4%22.18 0.0001
N-acetylcysteine (n=33)  78.6+18.2 50.7115.2 0.0001
Combination (n=32) 80.6131.7 56.2135 0.0001

FEV1 - Forced expiratory volume in one second

Table 6: Evaluation of side effects of drugs in
patients with COPD

Variables  Theophylline N-acetylcysteine Combination P value
[n (%)] (n=33) (%) (n=33) (%) (n=32) (%)

Nausea 4 (12.1) o (o) 1(3) 0.04
Vomiting 5(15.1) 1(8.3) 1(3) 0.04
Arrhythmias 5(15.1) 0 (0) o (0) 0.03

COPD - Chronic obstructive pulmonary disease

Table 7: Operative and postoperative
information

Variables  Theophylline N-acetylcysteine Combination P value
(n=33) (n=33) (n=32)

Duration of =~ 182.4428.1 182.219.5 181.2431.9 0.98

operation

(minutes)

Duration of 6.314.03 7.915.8 7.216.5 0.13

intubation

(hours)

ICU 58.4%16.3 55.3116.6 64.4121.7 0.13

stay (hours)

Hospital 5.3t1.1 5.11+1.04 5.9%1.9 0.12

stay (days)

Need for 31(93.9%) 32 (94.1%) 31(93.9%)  0.99

chest tube

[n (%0)]

ICU - Intensive care unit
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discomfort, and palpitation were common adverse effects
of theophylline; however, slow-release oral theophylline
may be safe and acceptable in the long-term treatment of
COPD."! A study conducted by Ferarti e al. suggested
that NAC had antioxidant, microcirculatory inhibition of
aggregation of platelets and decrease in ischemic events
significantly."” Our findings show that NAC can improve
pulmonary dysfunction, but there were no significant
differences compared to theophylline. A study about
the mechanism of NAC carried out by Sadowska e al.
indicated that NAC may induce expression of mucin by
affecting oxidative stress and inflammation; therefore, NAC
provided enough lung capacity in COPD patients."”! In our
study, the rate of postoperative FEV1 to basal FEV1 was
0.76£0.32, 0.6630.22, and 0.6910.24 in treatments with
theophylline, NAC, and the combination, respectively.
Theophylline, NAC, and a combination of the drugs can
decrease the rate of postoperative FEV1 compared to basal
FEV1 significantly. A study by Dhalla ¢7 a/. indicated that
NAC with anti-inflammatory effects managed pulmonary
parameters effectively.'” This finding is in line with our
results. Our study suggests that the efficacy of NACis more
than theophylline for reduction in pneumonia, atelectasis,
and aspiration. Finally, we conclude that theophylline
alone, NAC alone, and a combination of the two improve
pulmonary function, and there are no significant differences
between these protocols. Stomach discomfort and cardiac
complications in treatment with theophylline alone are
significantly higher than NAC alone and the combination.
We recommended that NAC is a safe and acceptable drug
for patients with COPD who are candidates for off-pump
CABG surgery.
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