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ABSTRACT

Objective: To assess the efficacy of adding Slow-Release Theophylline to the regular treatment of
Chronic Obstructive Pulmonary Disease (COPD) patients. The safety of Theophylline was also
assessed as a secondary endpoint.

Methods: Prospective observational study of one hundred and nine patients, with moderate to
very severe COPD, and treated in the pulmonology clinic at King Hussein Medical Center, between
August 2014 and March 2015. Exclusion criteria included: acute exacerbation of COPD within the
last 3 months; use of oral corticosteroids within the last 4 weeks; upper or lower respiratory tract
infection within the last 4 weeks; recent unstable angina or arrhythmias; epilepsy; concurrent use of
medications that might interact with Theophylline and excessive alcohol consumption. After
enrolment, Forced Expiratory Volume in the first second (FEV1) and Forced Vital Capacity (FVC),
oxygenation at rest using 2 different pulse oximeters and level of disability assessed by the Medical
Research Council dyspnoea scale were evaluated. A fixed dose of oral Theophylline was added to
their regular treatment, as Theophylline (Quibron-T SR) 300 mg slow-release capsules once daily.
The patients were followed up after 4 weeks, when the measurements were repeated. The patients
were also evaluated for any side effects related to Theophylline. The pre and post-Theophylline data
were compared. The safety profile of Theophylline was assessed by recording side effects related to
the drug, any serious side effects, or Theophylline withdrawal.

Results: Out of the 109 patients in our study, 96(88%) were males, and 13(12%) were females.
Their mean(+SD) age was 69.0+7.8 years(range 46-83 years). After 4 weeks of added Theophylline,
there was a statistically significant improvement in FEV1 from 53.3+10.4 to 56.4+10.1 (% predicted
mean+SD) (p= 0.03) and FVC from 70.4+10.0 to 73.1£9.8% (p= 0.05). 61% of the patients showed
improvement in dyspnoea, with a significant improvement in the MRC score from 3.8+0.8 to
3.2+0.8 (p<0.0001). The patients also showed an increase in saturation from 93.6%=+2.3 to
93.8%2.0, though this was not statistically significant (p= 0.490). 5 patients (5%) had side effects
related to Theophylline,though none were serious. The most common side effect was nausea (60%).
None of the patients who developed side effects stopped using Theophylline during the study.

Conclusion:Theophylline produced a significant increase in the lung function of patients with
moderate, severe and very severe COPD and significantly improved their disability caused by
dyspnoea, without any serious side effects. Use of Theophylline in stable COPD patients should be
weighed however against the risk of possible non-serious side effects, mainly nausea.
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Introduction

Chronic Obstructive Pulmonary Disease
(COPD) is a disease caused by a chronic
inflammatory response of the airways to
different noxious particles or gases, leading to
persistent, progressive airflow limitation.Y) Tt
is ranked as the sixth leading cause of death
worldwide, and is expected to become the
fourth leading cause of death in 2030.?

The role of Theophylline in the management
of COPD remains controversial. The British
Thoracic Society (BTS) guidelines regarding
COPD management recommend the use of
Xanthine derivatives as a last resort, because
of modest bronchodilator effects and narrow
therapeutic index.®According to the Global
Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines, Theophylline is
recommended as a third line option.®

However, despite the current guidelines,
interest in the use of Theophylline in patients
with COPD is coming back.”? Many clinical
trials have actually shown that Theophylline
is useful in the management of stable COPD
patients.®®  Other studies showed that
Theophylline withdrawal causes worsening of
the clinical condition in patients with
COPD."" An important effect of Theophylline
in COPD patients, is its ability to restore
Histone Deacetylase (HDAC2) activity,®?
which is usually defective in these patients,
thus reversing steroid resistance in alveolar
macrophages, which  will cause an
enhancement in the anti-inflammatory action
of Inhaled Corticosteroids (ICS) in patients
with COPD.

In our study, the primary endpoint was to
investigate the efficacy of adding Slow-
Release Theophylline to the regular treatment
of patients with moderate, severe and very
severe COPD, treated in King Hussein
Medical Center (KHMC). We assessed the
effect of low dose Theophylline on lung
function and oxygenation after 4 weeks of
adding it to regular treatment, as well as its
effect on disability caused by COPD. Side
effects related to Theophylline were also
monitored to assess its safety, as a secondary
endpoint.
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Methods

In this prospective observational study, 109
patients with stable, moderate, severe and
very severe COPD, classified according to the
GOLD guidelines regarding the degree of
their airflow limitation, Ywho were treated in
KHMC, were enrolled between August 2014
and March 2015. Approval of the ethical
committee was obtained in order to carry out
the study. None of the patients who were
included had ever received Theophylline
previously.Inclusion  criteria  were the
following: age >45 years, current or former
smokers, post bronchodilator FEV; / FVC
<70%, moderate to very severe COPD and a
diagnosis of COPD for >2 years. Exclusion
criteria were as follows: history of acute
exacerbation of COPD within the last 3
months;history of use of oral corticosteroids
due to an unstable respiratory condition
within the last 4 weeks; history of upper or
lower respiratory tract infection within the
last 4 weeks; recent unstable angina or
arrhythmias; epilepsy; concurrent use of
medications that might interact with
Theophylline metabolism and excessive
alcohol consumption.

During their initial visit before being
enrolled in the study, the patients were
informed about the aim of the study, and a
written consent was obtained from all of
them.

After being enrolled in the study, evaluation
of the pulmonary function by spirometry was
done for all the patients in their first visit.
FEV; and FVC, as percentage of predicted,
were measured and recorded. A qualified
respiratory nurse was in charge of performing
spirometry.At  least three “acceptable”
spirograms were done for each patient, after
which “repeatability” criteria were applied.®?
The largest FEV, and FVC were reported
after examining all of the acceptable curves.
Also, oxygenation of the patients at rest was
evaluated by recording oxygen saturation
levels at room air, using 2 different pulse
oximeters.Despite  our knowledge that
oxygenation status is more accurately
assessed by Arterial Blood Gases (ABG’s)
results, because most of the patients refused
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blood gas analysis, as it was perceived as
invasive, made us settle for the oxygen
saturation readings obtained through the pulse
oximeter.

The enrolled patients were asked also to
assess their level of disability using the
Medical Research Council (MRC) dyspnoea
scale,"as shown in Tablel. Patients assessed
their disability on a scale from 1 to 5, with”1”
meaning that the patient is breathless only on
strenuous exercise, and “5” meaning that the
patient is too breathless to leave the house or
breathless when dressing.

After assessing all the above mentioned
parameters, the enrolled patients had a fixed
low dose of Theophylline added to their
regular treatment regimen, in the form of
Slow-Release Theophylline (Quibron-T SR)
300 mg slow-release capsules once daily.

The patients were followed up 4 weeks after
their initial visit in the clinic. During the
follow-up visit, lung function was assessed by
spirometry, and oxygen saturation recorded,
and level of disability was reassessed using
the MRC dyspnoea scale. The patients were
also evaluated for any side effects related to
Theophyllinethrough non-specific
questioning, or spontancous report. Adverse
effects were classified as “non-serious” and
“serious” side effects. Non-serious side
effects included headache, nausea and
vomiting, abdominal discomfort, restlessness,
gastroesophageal reflux, and diuresis. Serious
side effects referred to convulsions, cardiac
arrhythmias, and death.

By the end of the 4 weeks period of the
study, the pre and post-Theophylline data
were compared, including FEV,, FVC,
Oxygen saturation and disability level, and
statistical significance was calculated for
each. The safety profile of Theophylline was
assessed by calculating the number of patients

Table 1:Medical Research Council (MRC) dyspnea scale

who developed any side effects, whether or
not any serious side effects took place or if
any patients withdrew from the drug because
of side effects.

Student’s paired t-test was used for the
statistical analysis. Continuous variables were
expressed as meantstandard deviation;
categorical variables were expressed as
percentages. Level of statistical significance
was defined as p<0.05.

Results

Patients diagnosed with COPD, in whom
Theophylline was added to their regular
treatment, were enrolled in this study. Of the
109 patients enrolled in our study, 96 patients
(88%) were males and 13 patients (12%) were
females. Their ages ranged between 46-82
years, with a mean age (+SD) of 69.0 years
(£7.8).

After 4 weeks of adding oral Theophylline to
their treatment regimens, patients showed a
statistically significant improvement in their
FEV,, FVC and MRC score. There was also a
slight increase in the Oxygen saturation,
which did not reach statistical significance as
shown in Table II.

Overall,67patients  (61%) showed an
improvement in disability, as assessed by the
MRC score.A comparison between the
characteristics of patients who showed an
improvement in MRC score, and those who
did not, is shown in Table III.

5 patients (5%) had side effects related to
Theophylline. However, none of the patients
had serious side effects.The most encountered
side effect was nausea (60%), as shown in
Fig.1. None of the patients who developed
side effects stopped using Theophylline
during the study.

Grade Degree of breathlessness related to activities
1 Not troubled by breathlessness except on strenuous exercise
2 Short of breath when hurrying on the level or walking up a slight hill
3 Walks slower than most people of the same age on the level, or stops for breath while walking at
own pace on the level
4 Stops for breath after walking about 100 Yards or after a few minutes on level ground
5 Too breathless to leave the house or breathless when dressing or undressing
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Table 11: Comparison between different variables before and after Theophylline

Variable Pre-Theophylline Post-Theophylline P-value
FEV1( % predicted), mean+SD 53.3+10.4 56.4+10.1 0.0266
FVC(% predicted), mean+SD 70.4+10.0 73.1£9.8 0.0453
Oxygen saturation(%), 93.6+2.3 93.8+£2.0 0.490
mean+SD
MRC score, mean+SD 3.8+0.8 3.2+0.8 <0.0001
Table 111: Comparison between different characteristics in patients who showed improvement in their disability

and those who did not.

Variable

Patients who showed
improvement in MRC score

Patients who didn’t show
improvement in MRC score

(n=42)

Age (years), mean+SD 67.7+8.0 71.1£7.0
Pre-Theophylline FEV1( % 53.5+8.7 53.0+12.8
predicted), mean+SD

Pre-Theophylline FVC(% 71.3£7.4 69.0+£13.2
predicted), mean+SD

Pre-Theophylline Oxygen 93.5+2.0 93.7+2.8
saturation(%), mean+SD

Post-Theophylline FEV1( % 56.8+£8.5 55.7£12.4
predicted), mean+SD

Post-Theophylline FVC(% 74.1£7.7 71.5+12.9
predicted), mean+SD

Post-Theophylline Oxygen 93.7+1.7 93.9+2.4

saturation(%), mean+SD

Side effects of Theophylline

B Nausea M headache restlessness

Fig. 1. Number and percentage of patients who developed different side effects related to Theophylline.

Discussion

Our study showed that after 4 weeks of oral
Theophylline, in the form of Slow-Release
Theophylline (Quibron-T SR) 300 mg once
daily, added to regular treatment of patients
with moderate to very severe COPD, there
was a significant improvement in the
pulmonary function. Both mean FEV1 and
mean FVC showed a statistically significant
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increase (P values 0.0266 and 0.0453
respectively).

FEV,, which is expressed in some studies in
Litres and in other studies as percent of
predicted, is the most common lung function
variable assessed in clinical trials.*? Many
studies have shown that Theophylline causes
a significant increase in the FEV, of COPD
patients. ™39 Giesselet al,"” have actually
shown in that Theophylline, in combination
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with Salmeterol, causes greater improvement
in FEV1 than either alone. However, some
other studies have shown that Theophylline
does not produce a significant increase in the
FEV, in COPD patients.(ls)

We also assessed the effect of Theophylline
on the oxygenation of the patients with
COPD. Oxygen saturation, as measured by
pulse oximetry, before and after Theophylline
addition, showed an increase after 4
weeks.Although, it did not reach statistical
significance(p value 0.490).However,
measuring the Oxygen saturation by a pulse
oximeter is not the best way to assess changes
in oxygenation, as it is insensitive to minor
changes in arterial Oxygen partial pressure
(Pa02). Better assessment of oxygenation, by
measuring the Arterial Blood Gases (ABG’s),
is needed to interpret the effects of
Theophylline on oxygenation of COPD
patients more accurately.

Another variable that has been assessed in
our study was the change in disability related
to dyspnea after introduction of Theophylline.
In our study, we adopted the MRC dyspnea
scale as a method to evaluate the change in
dyspnea.  There was a  significant
improvement in the mean dyspnea score after
4 weeks of adding Theophylline (p value
<0.0001). 61% of the patients enrolled in our
study showed an improvement of their
dyspnea score, while the remaining 39% did
not notice any change. Patients who showed a
significant change in their MRC score were
younger than those who showed no
significant response (67.7£8.0 Vs
71.14£7.0years+SD in non-responders).

Many other studies have also shown the
significant effects that Theophylline addition
has on improving the symptoms of patients
with COPD.®® ¥ 20 jncluding dyspnea and
cough.

It is essential to emphasize, that even in
some studies that did not show a significant
improvement in the lung function after
addition of  Theophylline,  significant
improvement in the symptoms was
observed.®?)There have been many
proposed mechanisms to explain how
Theophylline can improve the symptoms.
Chrystynet al,*studied the effect of oral
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Theophylline on patients with COPD. In their
study, therapeutic levels of Theophylline led
to a small increase in FEV; (13%), but a
significant decrease in the trapped gas volume
(64%).

A fall in trapped gas volume, which will lead
to a similar fall in the functional residual
capacity, is likely to have a beneficial effect
on the mechanics of the diaphragm and chest
wall muscles. An increase in diaphragmatic
strength, ®® and an increase in the respiratory
drive independent of the effect on Ilung
function,*®have been also shown to be
important  mechanisms  through  which
Theophylline improves dyspnea in COPD
patients.

In our study, we evaluated the safety of
Theophylline use in COPD patients. We
assessed the occurrence of any side effects
caused by Theophyllineafter the 4 weeks, and
whether or not any serious side effects took
place. In our study, 5 patients out of the 109
patients enrolled in the study, (5%) developed
side effects related to Theophylline
administration. The most common side effect
was nausea (60%), followed by headache
(20%) and restlessness (20%). None of the
patients developed any serious side effects.
The low dose of theophylline used is a likely
reason why there were no serious side effects.
We used 300 mg compared to the standard
dose of 400 mg/day, or more, for use as a
controller.?” None of the patients who
developed the side effects, related to
Theophyllineuse,stopped taking Theophylline
during our study.

As the primary endpoint of this study was to
assess the efficacy of Theophylline in COPD
patients, safety of Theophylline was not
surveyed thoroughly. We rather concentrated
on the occurrence of serious side effects
related to Theophylline, and whether or not
the serious and non-serious side effects were
severe enough to cause drug withdrawal by
the patients.

Limitations of the study

Larger controlled studies need to be done in
the future, in which two groups of patients,
one receiving a placebo and the other
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receiving Theophylline, are compared. These
studies will improve our interpretation of the
results, and provide more accurate data
regarding the effects of Theophylline in
COPD patients.

In assessing oxygenation of the patients
enrolled in our study, we depended on the
oxygen saturation measured by 2 different
pulse  oximeters.Better  assessment  of
oxygenation, by measuring the PaO, in
arterial blood sample, is needed to accurately
interpret the effects of Theophylline on
oxygenation of COPD patients.

Another limitation in our study is not
measuring the Theophylline blood
concentration levels. Future studies need to do
so, in order to correlate the obtained results
regarding the efficacy and safety of
Theophylline, with its blood levels.

Conclusion

In our study, Theophylline was shown to
cause a significant increase in the lung
function of COPD patients, and to
significantly improve their disability caused
by dyspnea, without causing any serious side
effects. Use of Theophylline in stable COPD
patients should be weighed however against
the risk of possible non-serious side effects,
mainly nausea.

References

1. Darkwater Studios L. GOLD - the Global
initiative for chronic Obstructive Lung
Disease. Goldcopd.com. 2015. Available
from: http://www.goldcopd.com/.

2. Mathers C, Loncar D. Projections of
Global Mortality and Burden of Disease
from 2002 to 2030. Plos Med.
2006;3(11):e442.

3. 3.British Thoracic Society. British
Thoracic  Society guidelines for the
management of chronic  obstructive
pulmonary disease. Thorax 1997;52(Suppl
5):S1-S28.

4. Barnes P. Theophylline for COPD. Thorax
2006;61(9):742-743.

5. Ram F, Jardin J, Atallah A, Castro A,
Mazzini R, Goldstein R et al. Efficacy of

JOURNAL OF THE ROYAL MEDICAL SERVICES
Vol.23  No.1 March 2016

10.

11.

12.

13.

theophylline in people with stable chronic
obstructive pulmonary disease: a systematic
review and meta-analysis. Respiratory
Medicine 2005;99(2):135-144.

Zhou Y,Wang X ,ZengX,Qiu R, XieJ,Liu
S et al. Positive benefits of Theophylline in
a randomized, double-blind, parallel-group,
placebo-controlled study of low-dose, slow-
release theophylline in the treatment of
COPD for 1 year. Respirology
2006;11(5):603-610.

Kirsten D,WegnerR,J0rresR,Magnussen
H. Effects of theophylline withdrawal in
severe chronic obstructive pulmonary
disease . Chest 1993;104(4):1101-1107.

Ito K, Lim S, Caramori G, Cosio B,
Chung K, Adcock 1 et al. A molecular
mechanism of action of theophylline:
Induction of histone deacetylase activity to
decrease inflammatory gene expression.
Proceedings of the National Academy of
Sciences 2002;99(13):8921-8926.

CosioB, TsaprouniL,ltoK,JazrawiE,Adco
ckl,Barnes P. Theophylline Restores
Histone Deacetylase Activity and Steroid
Responses in COPD Macrophages. Journal
of Experimental Medicine.
2004;200(5):689-695.

Miller M, Hankinson J,Brusasco V,
Burgos F, Casaburi R, Coates A et al.
Standardisation of spirometry. European
Respiratory Journal. 2005; 26(2):319-338.

Bestall J, Paul E, Garrod R, Garnham R,
Jones P, Wedzicha J. Usefulness of the
Medical  Research  Council (MRC)
dyspnoeascale as a measure of disability in
patients with chronic obstructive pulmonary
disease. Thorax. 1999;54(7):581-586.

Zacariask,Castro A, Cendon S. Effect of
theophylline associated with short-acting or
long-acting inhaled P2-agonists in patients
with stable chronic obstructive pulmonary
disecase: a systematic review.J Bras
Pneumol 2007;33(2):152-160.

Taylor D, Buick B, Kinney C, Lowry R,
McDevitt D. The efficacy of oral
administered theophylline, inhaled
salbutamol, and a combination of the two as
chronic therapy in the management of
chronic bronchitis with reversible airflow

39


http://www.goldcopd.com/

40

14.

15.

16.

17.

18.

19.

20.

21.

22.

obstruction. Am  Rev
1985;131(5):747-751.

Respir  Dis.

Jaeschke R, Guyatt G, Singer J, Keller J,
Newhouse M. Mechanism of
bronchodilator effects in chronic airflow
limitation. CMAJ. 1991;144(1):35-39.

Thomas P, Pugsley J, Stewart J.
Theophylline and salbutamol improve
pulmonary function in patients with
irreversible chronic obstructive pulmonary
disease. Chest.1992;101(1):160-165.

ZuWallackR,Mahler D, Reilly D,Church
N, Emmett A, Rickard K et al.Salmeterol
plus theophylline combination therapy in
the  treatment of COPD.  Chest
2001;119(6):1661-1670.

Giessel G, ZuWallack R, Cook C,
Anderson A, Reilly D, Emmett A. A
comparison of Serevent and theophylline on
pulmonary function in COPD patients. Am J
RespirCrit Care Med 1999; 159:A523.

CazzolaM,Di Lorenzo G, Di Perna F,
CalderaroF, Testi R, Centanni S. Additive
Effects of Salmeterol and Fluticasone or
Theophylline in COPD.CHEST 2000;
118:1576-1581.

Subramanian S, Ragulan R, Jindal A,
Viswambhar V, Babu A. The Study of
Efficacy, Tolerability and Safety of
Theophylline Given Along with
FormoterolPlus Budesonide in COPD.
Journal of Clinical and Diagnostic
Research. 2015;9(2): OC10-OC13.

Murciano D, Auclair M, Pariente R,
Aubier M. A Randomized, Controlled Trial
of Theophylline in Patients with Severe
Chronic Obstructive Pulmonary Disease.
New England Journal of Medicine.
1989;320(23):1521-1525.

Hay J, Stone P, Carter J, Church S,
Eyre-Brook A, Pearson M et
al.Bronchodilator reversibility,exercise
performance and breathlessness in stable
chronic obstructive pulmonary disease.
EurRespir J 1992;5:659-664.

Wolkove N, Dajczman E, Colacone A,
Kreisman H. The relationship between
pulmonary function and dyspnea in

23.

24.

25.

26.

27.

obstructive lung disease. Chest
1989;96:1247-1251.

Mahler D, Matthay R, Snyder P, Wells
C, Loke J. Sustained-release theophylline
reduces  dyspnea in  nonreversible
obstructive airway disease.Am Rev Respir

Dis1985;131:22-25.

Chrystyn H, Mulley B, Peake M. Dose
response relation to oral theophylline in
severe chronic obstructive airways disease.
BMJ 1988;297:1506-1510.

Kongragunta V, Druz W, Sharp J.
Dyspnea and Diaphragmatic Fatigue in

Patients ~ with ~ Chronic  Obstructive
Pulmonary  Disease:  Responses  to
Theophylline.  American  Review  of

Respiratory Disease. 1988;137(3):662-667.

Ashutosh K, Mohammad S, Fragale-
Jackson J. Effects of theophylline on
respiratory drive in patients with chronic
obstructive pulmonary discase. J
ClinPharmacol 1997;37:1100-1107.

27.Makino S, Adachi M, Ohta K, Kihara
N, Nakajima S, Nishima S et al. A
Prospective Survey on Safety of Sustained-
Release Theophylline in Treatment of
Asthma and COPD. Allergology
International. 2006;55(4):395-402

JOURNAL OF THE ROYAL MEDICAL SERVICES
Vol. 23 No.1 March 2016



JOURNAL OF THE ROYAL MEDICAL SERVICES
Vol. 23 No.1 March 2016

41



