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ABSTRACT

Acute theophylline toxicity is still an important cause of intoxication with major
consequences; significant morbidity and mortality. Conflicting reports about both age and serum
theophylline concentrations as predictors for development of major toxic effects were suggested by
many authors. However, little is known about electrocardiography (ECG) as predictor of mortality
and major outcome events in acute theophylline poisoned patients. The current observational cross
sectional study was conducted to evaluate electrocardiographic findings as predictor of mortality
and major outcome events [intensive care unit (ICU) admission, need for mechanical ventilation
and need for hemodialysis] in acute theophylline toxicity. Twenty eight adult patients acutely
exposed to theophylline have participated in the study. The severity of symptoms and signs of acute
theophylline poisoning was graded into mild, moderate and severe grade theophylline poisoning.
Electrocardiography was recorded and analyzed for rate, rhythm, axis, voltage, ST and T wave
abnormalities, conduction defects, PR interval. The ECG changes induced by acute theophylline
poisoning were graded into minor, moderate and severe. Corrected QT interval (QTc) was
estimated according to Bazett's formula; QTce= QT/ VRR. Both normal and severe ECG changes
were recorded in seven (25%) patients each. Meanwhile, moderate ECG changes were verified in
14 (50%) of patients. Fourteen patients (50 %) showed a prolonged QTc interval. Grading of ECG
changes revealed significant statistical association with theophylline poisoning severity,
theophylline level and major outcome events (ICU admission and need for hemodialysis).
Meanwhile, no significant statistical association was perceived between QTc interval and any of
sociodemographic, toxicological & clinical data, mortality and major outcome events.

Introduction -

developing countries because they are
effective, inexpensive and widely available

Theophylline is a dimethylxanthine that
has been used since 1950 as a bronchodilator
in treatment of acute and chronic asthma.
Furthermore, it is a smooth muscle relaxant,
myocardial stimulant and diuretic agent (Amin,
et al.,, 2003). Theophylline and its derivatives
remain widely prescribed drugs in many
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(Wu et al., 2013).

Theophylline is an important cause of
intoxication with significant morbidity and
mortality. Its therapeutic use may be associated
with toxicity due to its narrow therapeutic
index, variable individual pharmacokinetics
and development of sustained release
formulations. Both intentional and accidental
toxicity are common due to low cost and
theophylline availability in variety of over-the-
counter formulations (Lim et al, 2005;
Raymond, 2010).
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Theophylline intoxication may be acute,
acute on therapeutic or chronic. Acute
intoxication may result from single ingestion of
more than 10 mg/kg of theophylline. Acute on
therapeutic intoxication  results from
theophylline-treated patients when they ingest a
toxic dose (Henry and Minton, 2011). Chronic
intoxication occurs in patients receiving
repeated excessive theophylline doses for 72
hours. It may also result from impaired
theophylline metabolism due to wuse of
cytochrome P-450 inhibitor drugs or associated
illness (Shannon and Perry, 2005).

Theophylline exerts its toxicity through
adenosine receptors antagonism, inhibition of
phosphodiesterase enzyme and increasing of C-
AMP (Paul et al, 2010). Morbidity and
mortality of theophylline toxicity are secondary
to cardiovascular and CNS effects ie. life
threatening arrhythmias and hypotension as
well as refractory seizures (Reilly, 2008). The
exact mechanism of cardiac toxicity is still
unclear. However, it might be attributed to
increased circulating catecholamines and/or to

cardiac adenosine receptors antagonism
(Shannon, 2007).
Electrocardiographic changes in

theophylline intoxication might show all types
of  tachy-arrhythmias including sinus
tachycardia,  supraventricular  tachycardia
(SVT), multifocal atrial tachycardia, atrial
fibrillation, premature ventricular beats and
ventricular tachycardia (Shannon, 2007). On
the other hand, studies on electrophysiological
effects of theophylline have revealed a
decrease in both sinoarterial conduction time
and His-Purkinje conduction interval. Inversion
of T wave and prolongation of QT interval
were also reported with severe theophylline
toxicity (Kolander et al., 1989).

Predicting outcome in critically 1ill
patients is a key component and a major
concern of any health care system (Kelly et al.,
2002). At the same time, acute theophylline
toxicity is still a big problem with major

consequences (Shannon, 2007); together with,
a striking lack of recent studies regarding
predictors of acute theophylline toxicity
outcomes.

Hereafter, the current study aimed to use
ECG changes in acute theophylline
intoxication as a simple tool for prediction of
mortality and major outcome events like, ICU
admission, need for mechanical ventilation and
need for hemodialysis.

Patients and Methods

This prospective observation cross
sectional study was carried out at Poison
Control Unit, Emergency Hospital, Tanta
University. It was approved by the Research
Ethical Committee, Faculty of Medicine, Tanta
University. All participants received detailed
information concerning aim of research work,
and informed consent was obtained from each
participant or his relatives prior to
commencement of the study.

Eligibility criteria:

Over a period of eighteen months all
adult  patients  with  history  and/or
manifestations of acute theophylline toxicity
were included.

Exclusion criteria:

1- Patients with history of cardiac diseases
(rheumatic heart disease, atrioventricular
arrhythmias, congestive cardiac failure,
2nd or 3rd degree heart block,
abnormalities in echocardiogram and
ischemic heart disease).

2- Patients who received any unreported
medical treatment before admission
together with patients of mixed ingestion.

3- Patients with any pre-existing chronic
diseases including; hypertension, diabetes
mellitus, hepatic & renal diseases and
cancer.
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Outcome measures:

Primary outcome included mortality.
Meanwhile, major outcome events included,
ICU admission, need for mechanical
ventilation and need for hemodialysis.

Diagnosis of acute theophylline toxicity
was based on history of theophylline intake
and/or manifestations of acute theophylline
toxicity together with estimation of serum
theophylline level. A standard sheet was
conducted to record complete clinical
assessment of each patient. The following data
were recorded for each patient:

1. Personal history: it includes name, age,
gender, occupation, education, residence
and marital state.

2. Past history: it includes history of chronic
systemic illness (cardiac diseases, diabetes,
hypertension, renal, liver, blood disease or
others).

3. Pre-hospital care: if any intervention
occurred before reaching the hospital.

4. Toxicological data: it includes route &
circumstances of poisoning and pre-
hospitalization period.

5. Clinical Examination: it includes vital
signs, neurological, respiratory system,
cardiovascular system and gastrointestinal
(GIT) examination.

The severity of symptoms and signs of
acute theophylline toxicity was graded
according to Lim et al. (2005) into:

- Mild grade theophylline toxicity; anorexia,

nausea, vomiting, palpitations,
nervousness, insomnia and tachycardia.
- Moderate grade theophylline toxicity;

symptoms of mild poisoning plus wide
pulse pressure, initial hypertension then

hypotension,  tremors, agitation and
hyperthermia.
- Severe grade theophylline toxicity;

symptoms of moderate poisoning plus
seizures, ventricular arrhythmias, extreme
hyperthermia with dehydration, sever
hypotension and coma.

Blood samples were collected
immediately after admission before giving any
medication. Under complete aseptic conditions,
S5ml of venous blood were taken from any
easily accessible vein. Each blood sample was
collected on ethylene-diamine-tetra-acetic acid
(EDTA) anticoagulant and plasma was
separated by centrifugation. Serum
theophylline level was measured according to
Sheehan and Haythorn (1976).

The disposal of blood collection syringes,
tubes and body fluids (blood samples) was
safely done to avoid any risk of environmental
pollution. Privacy and confidentiality of
patients' records and data was ascertained
through coding system.

Electrocardiography was recorded on
admission, every 6 hours and when an
abnormality was observed on cardiac monitor.
ECGs were interpreted by a cardiologist,
blinded to study hypothesis and case data. The
ECG was analyzed for rate, rhythm, axis,
voltage, ST and T wave abnormalities,
conduction defects, PR interval. Corrected QT
interval (QTc) was estimated according to
Bazett's formula; QTc= QTVRR (normally up
to 0.44 second). Echocardiography was done as
soon as possible after admission.

Electrocardiographic changes induced by
acute theophylline toxicity were graded
according to Poisoning Severity Score into:

- Minor; isolated extrasystoles.

- Moderate; sinus tachycardia [heart rate
(HR) ~140-180 in adults], frequent
extrasystoles, atrial  fibrillation/flutter,
atrioventricular (AV)-block I-II, prolonged
QRS and QTc-time, repolarization
abnormalities, myocardial ischemia.

- Severe; severe sinus bradycardia (HR ~<40
in adults), severe sinus tachycardia (HR
~>180 in  adults), life-threatening
ventricular dysrhythmias, AV block III,
asystole, myocardial infarction (Persson et
al, 1998).
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Data were collected and entered to the
computer using SPSS (Statistical Package for
Social Science) program for statistical analysis
(version 20). Data were entered as numerical or
categorical, as appropriate. Kolmogorov-
Smirnov (D) test was used to test normality of
the distribution of variables, non-parametric
statistics (minimum and maximum, median and
Inter-quartile range) were adopted even when
KS test was significant, and comparison using
Kruskal-Wallis test was used to test several
independent samples, Jonckheere-Terpstra test
to test for median against ordered alternatives,
and Mann-Whitney U test was used to test two
independent samples. Chi-Squared test (Monte-
Carlo corrected) for NxM table (Terpstra,
1952; Jonckheere, 1954a; Jonckheere, 1954b;
Field, 2006).

Results

During the study period, twenty eight
patients have fulfilled the eligibility criteria and
have accepted study participation. Their ages
ranged between 18 and 32 years (20.96+4.29);
of them females represented 27 patients
(96.43%) and males represented one patient
(3.57%). Nineteen patients (67.86%) were
single, 16 patients (57.14%) were from urban
areas. Sociodemographic characteristics of the
participant patients were illustrated in table (1).

Toxicological and clinical data of the
participant patients are demonstrated in table
(2). It revealed that, all patients were in suicidal
attempts, no accidental exposure was recorded.
Similarly, oral route was registered in all cases.
Pre hospital period ranged between 1-12 hours
with a mean value of 6.07+£3.231hours. Mild,
moderate and severe theophylline toxicity were
observed in 6 (21.43%), 14 (50.00%) and 8
(28.57%) of patients respectively. Serum
theophylline level ranged between 13.10-
10730 mg/L with a mean value of
33.18+27.591 mg/L.

At discharge time 27 (96.43%) patients
were improved, one (3.57%) patient had died.
During their hospital stay, eight (28.57%)
patients were admitted to ICU; out of them five
(17.86%) were subjected to hemodialysis, one
(3.57%) patient required intubation and

mechanical ventilation assistance. Among
those hemodialysed patients, one (3.57%)
patient died (Table 2).

Electrocardiographic examination

revealed sinus tachycardia in 21 patients and
prolonged QTc in 14 patients. In the same time,
upsloping ST segment was found in four
patients and biphasic T wave in three patients.
Severe sinus tachycardia was recorded in 6
patients and premature ventricular contractions
were noticed in 3 patients.

Both normal ECG and severe ECG
changes were recorded in seven (25%) patients
each. Meanwhile, moderate ECG changes were
verified in 14 (50%) of patients (Table 2).
Table (3) revealed no significant statistical
association was noticed between grading of
ECG changes and either sociodemographic
data or pre-hospitalization period. While, both
theophylline poisoning severity, theophylline
level and major outcome (ICU admission and
need for hemodialysis) registered significant
statistical association with grading of ECG
changes.

It should be noted that, seven patients out
of the ICU admitted patients (8 patients)
registered severe grade of ECG changes. All of
the hemodialysed patients (5 patients) recorded
severe grade of ECG changes. On the other
hand, the patient who required intubation and
mechanical ventilation assistance showed
moderate grade of ECG changes. However, the
dead patient who was admitted to ICU and
underwent hemodialysis documented severe
grade of ECG changes.

The studied group revealed a mean QTc
interval of 0.46 £+ 0.097 seconds (range 0.34—
0.65 seconds) as described in table (2).
Fourteen patients (50 %) showed a prolonged
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QTc interval (0.544 =+ 0.064 seconds).
Mortality, ICU admission, need for ventilation
and hemodialysis were noticed in patients with
prolonged QTc interval rather than in patients
with a normal QTc interval. However, no
significant statistical association was perceived

between QTc interval and any of
sociodemographic, toxicologic, clinical data,
mortality and major outcome events (ICU
admission, need for mechanical ventilation and
need for hemodialysis) as shown in table (4).

Table (1): Sociodemographic data of acute theophylline-poisoned patients (n=28)

Characteristic variable n %

Sex Males 1 3.57
Females 27 96.43

. Single 19 67.86
Marital status Mariied ) 3514
Residence Urban 16 57.14
Rural 12 42.86

Illiterate 1 3.57

Education Read & write 7 25.00
Secondary school 11 39.29

High education 9 32.14

Unemployed 2 7.14

Work Student 11 39.29
Housewife 8 28.57

Worker 7 25.00

n: number

Table (2): Toxicological and clinical data of acute theophylline-poisoned patients (n=28).

Characteristic variable n %
Manner of poisoning AC.C 1dental 0 0.00
Suicidal 28 100.00
Route of poisoning Oral 28 100.00
Mild 6 21.43
Theophylline poisoning severity Moderate 14 50.00
Severe 8 28.57
Normal 7 25.00
. . Mild 0 0.00
ECG severity grading Moderate 12 20,00
Severe 7 25.00
ICU admission 8 28.57
Outcome® Haemodialysis 5 17.86
Mechanical ventilation 1 3.57
Mortality 1 3.57
Minimum Maximum Mean SD
Pre-hospitalization period (hr) 1.00 12.00 6.07 3.231
Theophylline level (mg/L) 13.10 107.30 33.18 27.591
QTc (sec.) 0.34 0.65 0.46 0.097

?: Outcome is not mutually exclusive, ECG:Electrocardiographic, n: number, SD: standard deviation
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Table (3): Monte Carlo, Kruskal-Wallis and Jonckheere-Terpstra analysis of ECG grading against
sociodemographic, toxicological and clinical data (n=28).

ECG severity grading

Characteristic variable

Test statistics p value
Age X ks)r-2=4.928 E(J?):Og 51 ;SN 3
Sex X wr=3.111 pvic=0.499 NS
Marital status X dr-2)=5.404 pmcy=0.092 NS
Residence X (4-2=0.875 povic=0.881 NS
Education X (a-6=6.961 povicy=0.336 NS
Work Xz(dﬁ6)26.597 p(MC):0-399 NS

p=0.386 NS
p(JT):0.280 NS
p=0.000*
p(JT):0.000*
p(MC):O-OOO*

Pre-hospitalization period (hr) Xz(Ks)der)Zl 904

Xz(](s)dﬁz): 1 75 1 5
Xz(dﬁ4):49.000

Theophylline level

Theophylline poisoning severity

ICU admission X (ae-2=23.450 Pevcy=0.000*
. a Hemodialysis Xz(dﬁz)zl 8.261 p(MC):O-OOO*
M t
ajor outeome Mechanical ventilation X ara=1.037 poic=1.000 NS
Mortality X ae2=3.111 Poc=497 NS

%:Outcome is not mutually exclusive, ECG:Electrocardiographic, n: number, SD: standard deviation, df: degree of
freedom, MC: Monte Carlo significance, NS: non significant difference, *: significant, KS: Kruskal-Wallis test, JT:
Jonckheere-Terpstra test

Table (4): Mann-Whitney and Monte Carlo analysis of QTc against sociodemographic,
toxicological and clinical data (n=28).

Characteristic variable — QTc
Test statistics p value
Age Z(MW):0-771 p:0482 NS
Sex Xae1=1.037 Paic=1.000 NS
Marital status X 4e-=0.164 Poic=1.000 NS
Residence X 4e=0.583 p=0.445 NS
Education Xz(d%):l 345 Poic=1.000 NS
Work X (df‘:3):2.234 p(MC):0.638 NS
Pre-hospitalization period (hr) Zw)=1.007 p=0.329 NS
Theophylline level Zoawy=1.271 p=0.227 NS
Theophylline poisoning severity Xz(dgz)=8.5 71 Pamcy=0.013 NS
ICU agmission Xz(d&])=0.700 Py =0.678 NS
. a Hemodialysis X @e=n=2.191 pavcy=0.326 NS
Major outcome Mechanical ventilation X ar1=1.037 Povo=1.000 NS
Mortality X ae=1.037 Poic=1.000 NS

:Outcome is not mutually exclusive, n: number, df: degree of freedom, MW: Mann-Whitney U test, MC: Monte Carlo
significance, NS: non significant difference, *: significant.
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Discussion cardiac adenosine receptors antagonism
(Kolander et al, 1989; Kumar, 2004;

Theophylline is an important cause of
intoxication with significant morbidity and
mortality due to its narrow therapeutic index
(Raymond, 2010). Theophylline intoxication
may be acute, acute on therapeutic or chronic
(Henry and Minton, 2011). Both intentional
and accidental toxicity are common due to its
wide availability (Lim et al., 2005).

This prospective cross sectional study of
acute theophylline intoxication was designed
to clarify the effectiveness of ECG
examination to  predict outcomes of
theophylline  poisoning (mortality, ICU
admission, need for mechanical ventilation and
hemodialysis). In order to achieve this target,
sociodemographic, toxicologic, clinical data
and major outcomes were analyzed against
ECG findings in theophylline poisoned
patients.

The main findings of this research
confirmed that the mean age, gender,
residence, route & mode of poisoning and
clinical data were more or less in agreement
with many previous observations in majority
of centers in Egypt and across the world
(Shannon, 1999; Shannon, 2000; Borkan,
2002; Kumar and Moses, 2004; Shannon,
2007; Shannon, 2008; Tesfaye et al., 2008;
National = Toxicology = Program, 2010;
Mohammed, 2011; Yip et al, 2011; El-
Hawary, 2014).

In the present study, electrocardiographic
examination revealed sinus tachycardia,
prolonged QTc, upsloping ST segment,
biphasic T wave and premature ventricular
contractions. Worldwide and over time,
limited comparable researches have described
parallel ECG changes in theophylline toxicity.
The particular mechanism of such ECG
changes is not well known. However, these
changes may be caused by increased
circulating catecholamines and/or to direct

Hoffman, 2006; Shannon, 2007; Lionte et al.,
2012).

Grading of electrocardiographic changes
was not significantly associated with any of
the sociodemographic  data, or pre-

hospitalization period. While, both
theophylline  poisoning severity  and
theophylline level registered significant

statistical association with grading of ECG
changes. A result supported by Hoffman
(2006) who supposed that sinus tachycardia is
nearly seen in all cases with acute theophylline
toxicity. At higher serum theophylline levels,
more  severe atrial and  ventricular

dysrhythmias including multifocal atrial
tachycardia, atrial fibrillation, premature
ventricular contractions, and ventricular

tachycardia, can occur. He believed that
occurrence of such dysrhythmias can
determine poisoning severity and mostly
appeared at serum level greater than 80 mg/L
in acute overdoses.

In the current study, secondary to
association between grading of ECG changes
and theophylline poisoning severity it was
anticipated to find significant statistical
association between grading of ECG changes
and major outcome particularly ICU admission
and need for hemodialysis. Where, seven
patients out of the eight ICU admitted patients
registered severe grade of ECG changes. All of
the hemodialysed patients recorded severe
grade of ECG changes. Moreover, the dead
patient who was admitted to ICU and
underwent hemodialysis documented severe
grade of ECG changes.

However, it was striking to find that, the
patient who required intubation and
mechanical ventilation assistance showed
moderate grade of ECG changes. A finding
that point to and support absence of
association between grading of ECG changes
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and need for intubation and mechanical
ventilation assistance.

Nevertheless, Kolander et al. (1989)
described a decrease in both sinoarterial
conduction time and His-Purkinje conduction
mterval. In addition, T wave inversion and
prolongation of QT interval were described in
severe theophylline toxicity patients. These
changes might be attributed to either direct
action of theophylline on the heart (adenosine
receptors) or associated increase in the
sympathetic tone. However, the usual
tachycardia associated with theophylline
toxicity might mask these possible ECG
changes.

Consequently, the results obtained in the
current study pointed to absent significant
statistical association between QTc interval
and any of sociodemographic, toxicologic and
clinical data. Subsequently, mortality and
major outcome events (ICU admission, need
for mechanical ventilation and hemodialysis)
were not statistically associated to QTc
interval.

Theophylline as a member of
methylxanthines has positive chronotropic and
inotropic effects. Either as a result of excessive
circulating catecholamines, or myocardial
sensitization secondary to  theophylline
mediated increased second-messenger activity,
the extreme inotropic and chronotropic effects
cause dysrhythmias (Lionte et al., 2012). High
theophylline concentrations (more than 10
mg/L) associated with inhibition of
phosphodiesterase and increases in cAMP may
result in increased influx of calcium. At higher
concentrations (more than 100 mg/L),
sequestration of calcium by the sarcoplasmic
reticulum is impaired (Boushey, 2011). At
much higher concentrations, theophylline
blocks fast Na+ channels in the myocardium,
with a depression of depolarization, and
slowing of conduction velocity, manifested on
ECG with prolonged PR, QRS, and QTc
intervals (Murphy et al., 2007).

The previous data could explain absence
of significant statistical association between
QTc interval and any of sociodemographic,
toxicologic, clinical data including
theophylline poisoning severity, theophylline
level and major outcome events. As QT
prolongation pharmacologically occurs via
slowed recovery from inactivation of Na+
channels, delayed inactivation of Na+
channels, and K+ channel blockade (Manini et
al., 2010). Henceforth, very high theophylline
concentrations are required to block fast Na+
channels in the myocardium with subsequent
significant QTc prolongation. Meanwhile, in
the current study only two patients recorded
serum theophylline level more than 100 mg/L.

Mortality, ICU admission, need for
ventilation and hemodialysis were noticed in
patients with prolonged QTc interval rather
than in patients with a normal QTc interval.
However, no significant statistical association
was perceived between QTc interval and any
of them. Thereafter, a larger sample size with
more severe cases might be much more likely
to signify association between QTc interval
with clinical data and major outcome events.

Remarkably, little is known about ECG
as predictor of theophylline intoxication
outcome. This is the first study to authors’
knowledge evaluating ECG to predict
mortality and major outcome events in acute
theophylline poisoned patients. Contradictory
results about both age and peak serum
theophylline concentrations as predictors for
development of major toxic effects were
suggested by many authors.

Shannon (1999) found no significant
association between age and development of
major toxic effects in acute theophylline
toxicity. Hence, age can be considered as a
poor prognostic factor in acute theophylline
toxicity (Shannon, 2007). Contradictory to this
opinion, Sessler (1990) and Shannon &
Lovejoy (1990) proved patient age as a more
sensitive predictor of major toxicity than peak
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serum theophylline concentration in cases of
chronic overmedication.

On the other hand, Shannon and Perry
(2005) supposed that, high-risk patients could
be identified using peak serum theophylline
concentration n acute theophylline
intoxication. While, there is a striking lack of
correlation of peak serum theophylline
concentrations with the clinical course for
those with chronic theophylline toxicity. Such
conflicting results make this study rational to
find a theophylline toxicity predictor that
reflect the clinical condition of the patient
whether this patient is acutely or chronically
exposed to theophylline toxicity.

From this study, it could be concluded
that, in theophylline intoxicated patients, QTc
interval alone is not a predictor for either
mortality or major outcome. In the same time,
grades of ECG changes could be considered as
good predictor for ICU admission and need for
hemodialysis.

It is recommended to consider
cardiologic consultation for grading of ECG
changes to help young toxicologists to identify
critical cases of theophylline toxicity during
initial assessment in emergency departments
(EDs). Theophylline intoxicated patients who
are presented by severe ECG changes should
be admitted in ICU as high risk patients
considered  for  hemodialysis.  Further
researches to investigate QTc interval as a
predictor of both mortality and major outcome
in theophylline toxicity are required.

The principal limitation of the current
study is its small sample size precipitated by
small number of theophylline intoxicated
patients presented to Poison Control Unit,
Emergency Hospital, Tanta University.
Moreover, absence of chronic exposed
theophylline intoxicated patients who require
further investigation.
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