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Abstract

Objective: Theophylline is widely used as an anti-asthmatic drug. It is well known that the serum theophylline concentration should be controlled
within the range of 8—20 xg/mL, or various side effects occur when the serum theophylline concentration exceeds 20 yg/mL. Recently, however, a
number of theophylline-induced seizures have been reported, although the serum theophylline concentration was below 20 gg/mL. This paper
investigates these cases to evaluate the relationship between theophylline-induced seizures and the serum theophylline concentration based on both
domestic and overseas studies.

Methods: We investigated cases which were reported in papers found through MEDLINE and Igakuchuou-zassi, and cases reported to pharmaceutical
companies. These cases were sorted by sex, age, and the serum theophylline concentration at the time of seizure.

Results: Overall, 356 cases of theophylline-induced seizures (233 domestic and 123 foreign) were reported from 1978 to 2008. The sex ratio was male:
female=65:35 (66:34 domestic and 63:37 foreign), after excluding 22 cases (6 domestic, and 16 foreign) of excessive dose. Their ages ranged from 0 to
95, and infants under five years old comprised 81.8% of all domestic cases whereas only 19.0% of foreign cases. Serum theophylline concentrations were
measured in 268 cases (166 domestic, and 102 foreign), and 50.0% (70.5% domestic and 16.7% foreign) produced seizures with a serum theophylline
concentration below 20 zg/mL. In addition, a correlation between theophylline dosage and the serum theophylline concentration was seen strongly in
adults but weakly in children.

Conclusions: These results indicate that theophylline-induced seizures are more likely to occur among younger patients with lower serum theophylline
concentrations in Japan than in foreign countries. It is also shown that many patients suffered seizures even when their serum theophylline concentra-
tions were within the therapeutic range, especially among children under five years old. Since the correlation between theophylline dosage and the serum

theophylline concentration is low among children, more attention should be paid in the use of theophyline for children.

Key words: Theophylline, seizures, convulsion, concentration

INTRODUCTION

Theophylline, a derivative of xanthines, is widely used as
an anti-asthmatic drug. In Japan, as the use of theophyl-
line has been increasing significantly since the 1980s with
the development of slow-released products, theophylline
products play a main role in the treatment of asthma. On
the other hand, in foreign countries such as the U.S., £,
stimulaters are used prior to theophylline for asthmatic
patients, however, theophylline is still one of the most
common asthma treatments because of recent findings of its
anti-inflammatory characteristics?, its long clinical record,
and its low price.

A problem with theophylline treatment is the narrow
therapeutic range and the high frequency of adverse reac-
tions such as seizures and even deaths in some cases?.
According to the guidelines of the Japan Society of Aller-
gology®, the serum theophylline concentration should be
controlled within the range of 8-20 xg/mL for acute attacks,

and 8-15 pg/mL for long-term management. In addition,

according to the guidelines of GINA® and the Japanese
Society of Pediatric Allergy and Clinical Immunology®, it
is also recommended that the serum theophylline concentra-
tion should be controlled within the range of 5-10 xg/mL
in children. In general, it is known that nausea or in-
creased heart rate occur when the serum theophylline con-
centration exceeds 20 yg/mL and arrhythmias or seizures
occur when the amount exceeds 40 yg/mL. Seizures are
considered particularly important because of few signs and
the high death rate. Unfortunately, it is known that the
association between adverse reactions and serum theophyl-
line concentrations varies among individuals or even in the
same patient.

To prove this point, a number of theophylline-induced
seizures have been recently reported, although the patients
had a serum theophylline concentration below 20 xg/mL®),
therefore it is crucially important to identify the characteris-
tics of theophylline-induced seizures for the appropriate use
of theophylline under the current circumstances in which

theophylline is frequently used.

AURIGERIE) W68 7T 105-8512 HURHREXGE AR 1-5-30  BEME SRR P32
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The purpose of this paper was to evaluate the relationship
between theophylline-induced seizures and sex, age and the
serum theophylline concentration based on domestic and

overseas studies.

METHODS

The purpose of the literature searches was to identify as
many cases as possible in which any seizures related to
theophylline had occurred. A MEDLINE search was
performed through PubMed for the period from 1950 to
May 2008, using the search terms ‘theophylline [MeSH
Terms] or theophylline [All Fields]” and ‘seizures [MeSH
Terms] or seizures [ All Fields] or convulsion [ All Fields]’.
In addition, another search was performed through
Igakuchuou-zassi for the period from 1983 to May 2008,
using the above search terms. The formulas for the
research are shown in Figs. 1 and 2. We contacted two
domestic pharmaceutical companies (Mitsubishi Tanabe
Pharma and Eisai Co., Ltd.), which supply theophylline
products, and obtained data related to theophylline-induced
seizures. The cases extracted from papers and case reports
were sorted by sex, age, and serum theophylline concentra-
tions at the time of seizures to evaluate their relation to

theophylline-induced seizures.

RESULTS

Overall, 356 cases of theophylline-induced seizures (233

domestic/Japanese and 123 foreign) were reported from

Theophylline[MeSH Terms] seizures[MeSH Terms]
OR OR
Theophylline[All Fields] seizures[All Fields]
29593 items OR
convulsion[All Fields]
67468 items

and

l

402 items
Formula for the MEDLINE search.

Fig.1

Theophylline/TH or
Theophylline/AL or
FTA T4 )AL
5599 items

(FL R ATESEEITH or
[FL L AUAL or seizurestAl,
20249 items

and

287 items

Fig.2 Formula for the Igakuchuou-zassi search.

1978 to 2008.

foreign), which were obviously caused by an overdose, were

Among them, 22 cases (6 domestic and 16

analyzed separately.

1) Overdose group

There were 9 male, 12 female cases and 1 unknown in the
22 cases. The mean age was 18.8 (range from 0 to 75) and
the mean serum theophylline concentration was 124.8 yg/
mL (range from 17 to 456 yg/mL). An administrative
mistake by medical staff was the most common cause of

overdose (Table 1).

2 ) Non-overdose group
@ Sex Ratio

The sex ratio was male . female=65 © 35 (191 male and
103 female), after excluding 22 cases of overdose. Similar-
ly, the ratio was 66 . 34 for domestic cases (136 male and
71 female) and 63 : 37 for foreign cases (55 male and 32
female). These results suggest that theophylline-induced
seizures are more likely to occur in males than in females.
It is already known that there is sexual disparity in the
likelihood of becoming asthmatic, especially among chil-
dren. According to a report published by the Ministry of
Health, Labour and Welfare of Japan, the number of male
asthmatic patients under 15 years old is 1.5 times more than
that of females!” '®. 1In this study, the number of cases of
patients under age 15 was 133 cases for males (123 domestic
and 10 foreign) and 58 cases for females (55 domestic and 3
foreign). If theophylline products were administered to
both males and females at the same rate, male asthmatic
patients (=15 years) would seem to have a higher risk of
seizures than female asthmatic patients at home and abroad.
On the other hand, it is reported that the number of adult
asthmatic patients is nearly the same between males and
females!” ®.  Since there were 58 male cases (13 domestic
and 45 foreign) and 45 female cases (16 domestic and 29
foreign) over 15 years old in this study, the sex ratio of
theophylline-induced seizures appeared to be related to that

of adult asthmatic patients in both Japan and abroad.

@ Distribution of Age

The ages ranged from 0 to 95 and infants under five years
old comprised 81.8% of all domestic cases whereas only
19.0% of foreign cases (Fig. 3).
infants and the elderly.

The majority of cases were
In addition, most pediatric cases
were domestic and most elderly cases were foreign.

Although theophylline is widely used as an anti-asthmatic
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Fig. 3 Distribution of ages in Japan and foreign countries.

drug for children in Japan, it is used as a second-line
therapy for asthmatic infants in the U.S. (first-line therapy
is inhaled steroids)'®. It can be speculated that these
differences in standard therapy for infants between Japan
and the U.S. resulted in the different distribution of age at

the time of the seizures.

@ Correlation between Theophylline-induced Sei-
zures and Serum Theophylline Concentrations
Serum theophylline concentrations at the time of the

seizures were measured in 268 cases (166 domestic and 102

foreign), and 50.0% (70.5% for domestic and 16.7% for

foreign) of all these cases produced seizures with a serum

theophylline concentration of below 20 pg/mL (Fig. 4).

Although seizures with a low serum theophylline concentra-

tion are more likely to be reported to the public, this result

shows that many seizures occurred practically when the

serum theophylline concentration was within the normal

This

theophylline-induced seizures tend to occur with a lower

therapeutic range. result also shows that
serum theophylline concentration in Japan than in foreign
countries. The background reason is that 88% of patients
who had seizures with a serum theophylline concentration
below 20 ywg/mL were children under 15 years old. This
result may have been caused by the less frequent use of
theophylline in foreign countries.

In addition, regarding the correlation between theophyl-
line dosage and the serum thophylline concentration, a
strong correlation was seen in adults over 15 years old (R=
0.739) (Fig. 5).
4-15 years old (15 cases, R=0.578) and 1-4 years old (15
cases, R=0.564).

and 12 months.

The correlation was weak in children of

Only two patients were aged between 6
Surprisingly, patients less then 6 months
old showed a negative correlation (8 cases, R=-0.723)
(Fig. ©).

to predict the serum theophylline concentration from the

These results indicate that it is extremely difficult

60
50
% M Foreign
1]
40
§ 1 Domestic
S 30 ~
3
£ 20
2
10

5 20 35 50 65 80 95 110 125 140 155 170 185 200
Serum theophylline concentration( £ g/mL)

Fig.4 Distribution of serum theophylline concentration in Japan and foreign countries.
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years old.

B <6 months
dosage of theophylline. These results confirm the risk
mentioned in the package insert of theophylline which
states that theophylline clearance in infants is not stable and
serum theophylline concentration sometimes rises.

It is said that there are several possible mechanisms of the
easy outbreak of seizures induced by theophylline among
infants: the inhibition of adenosine A; receptor, the decline
of blood flow in the brain due to increased resistance,
decline of the border line of seizures due to the low produc-
tion of GABA following the decreased blood vitamin By
level, the immature function of several regulators and so
forth. It is also considered that fever, vomiting and acute
virus infections also cause seizures. In addition, it can be
predicted that immature function of CYP1A2 affects the
low correlation among children. It is known that the level

of CYPIA2, the enzyme which plays the main role in

0O 6-12 months

<@ 1-4 years X 4-15 years
theophylline metabolism in the liver, differs significantly
depending on growth stages and individuals; therefore,
theophylline clearance is lowest in newborns, develops
sharply to the same level as adults by the age of 6 months
and finally reaches the highest level at around two years
old. Although theophylline clearance decreases gradually
thereafter, it is reported that the ability to metabolize theo-
phylline increases up to twice as active as adults around the
age of 1-4 years because the liver has a higher weight ratio
in children than in adults?®®. These factors are considered
to have a complex effect on the low correlation between
serum theophylline concentration and theophylline dos-
age.

As described above, there is a low correlation between the
serum theophylline concentration and theophylline dosage

and the high possibility of seizures even if the serum theo-

—19(193)—



IS Vol 10, No3(2009)

phylline concentration is within the normal therapeutic
range, especially among infants. Therefore, for the use of
theophylline in infants, it is considered important to start
with a low dosage, which should be increased gradually
while closely monitoring serum theophylline concentra-

tions.

CONCLUSION

These results indicate that theophylline-induced seizures
are more likely to occur among younger patients with a
lower serum theophylline concentration in Japan than in
other countries. Especially in children under five years
old, it has been shown that there is a low correlation
between serum theophylline concentration and theophylline
dosage, and also a high frequency of seizures with a serum
theophylline concentration below 20 gg/mL. Overall,
when using theophylline especially for infants, it is consid-
ered important to start with a low dosage, which should be
increased gradually while paying close attention to the
patient’s condition and the serum theophylline concentra-

tion.
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Abstract

[Objective] The purpose of this study was to investigate compliance with the use of nitrate patch preparations and the factors contributing poor
compliance.

[Design and Methods] Compliance with medication was investigated by questionnaire in 133 patients with ischemic heart disease. Five items (ease of
application, feeling on use, skin irritation, adhesiveness and pain upon removal) related to nitrate patch preparations were scored from 1 to 5. We
performed multiple logistic regression analysis to investigate the factors related non-compliance, using the poor-compliance as the criterion variable and
the nitrate patch preparation as the other variables because these factors showed significance (P <0.1) on univariate analysis.

[Results] According to the results of the questionnaire survey, the poor compliance group accounted for 47% of all patients. Factors that affected
compliance according to logistic regression analysis were a history of heart surgery (odds ratio (OR)=0.45; 95% confidence interval (CI)=0.22 to 0.94;
p=0.032) and skin irritation (OR=0.69; 95% CI=0.50 to 0.95; p=0.024). The patients with no surgical history or intense itching of the skin were prone
to poor compliance.

[Conclusion] This study clarified the factors (history of heart surgery, skin irritation) that affect compliance with the use of nitrate patch preparations
and the findings may contribute to enhancing the continuation of treatment with such preparations.

Key words: compliance; nitrate patch preparations; logistic regression analysis; cross-sectional study; questionnaire survey
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Mt 247 > 72,
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HFZ2RH L7, B, PAEAT0.1 KD RT3, 2R

Baseline characteristics of the subjects

Characteristic

Mean=+SD or number of patients

Total number of patients
Male " female

Age (years)
=65
<65

Nitrate patch preparation
Frandol® Tape-S
Nitroderm® TTS

Type of heart disease
myocardial infarction
angina pectoris
vasospastic angina pectoris

Previous revascularization
PTCA
CABG

Number of drugs

134
64 /70
73.4 £ 8.5

111
23

78
56

23
48
14

70
60
10

7.2 £ 2.9

PTCA: percutaneous transluminal coronary angioplasty, CABG : coronary artery bypass grafting
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Table 2. Factors that influence compliance with nitrate patch preparations
good compliance poor compliance
n=70 n=63
p value
Mean+SD or number Mean®SD or number of
of patients patients

Gender ( Female) 36 34 0.71
Age (years) 731 + 8.4 73.7 + 8.8 0.66
Nitrate patch preparation

(Frandol® Tape-S) 43 3 0.49
Previous revascularization 43 27 0.04
Medication teaching by pharmacist 45 37 0.67
Number of drugs 7.1 = 3.1 7.4 + 2.7 0.56
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Table 3. Relation between compliance and functionality of nitrate patch preparations
good compliance poor compliance
n=70 n=63
p Value
Score Score
1 2 3 4 5 1 2 3 4 5

Ease of application 2 0 4 59 0 1 2 1 58 0.405
Feeling on use 0 0 1 1 68 0 0 1 1 61 0.904
Skin irritation 2 5 8 11 44 7 1 17 8 30 0.020
Adhesiveness 0 0 2 15 53 0 0 4 3 56 0.082
Pain upon removal 0 0 1 5 64 0 1 0 4 58 0.922

Table 4. Logistic regression analysis of the factors influencing compliance with nitrate patch preparations
Eii;?ii?;?: Adjusted OR 95% ClI p value
Nitrate patch preparations (versus Frandol® Tape-S) -0.04 0.96 0.44 - 2.07 0.913
Previous revascularization -0.79 0.45 0.22 - 0.94 0.032
Adhesiveness 0.38 1.47 0.72 - 3.01 0.295
Skin irritation -0.37 0.69 0.50 - 0.95 0.024

OR: odds ratio, Cl: confidence interval
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Abstract

Objective: A Six-year curriculum for pharmaceutical education was initiated in 2006 and many universities of pharmacy have been providing early
exposure training for freshman. Therefore, in this study, we had seven sophomores at Josai International University of Pharmacy assist us in conducting
a questionnaire survey in order to acquire patient information. Then, we conducted consciousness research using those same students in order to clarify
the significance of seminar study among sophomores.

Methods: The questionnaire survey was conducted among patients who consulted the Higashiguchi Kishimoto Pharmacy to have their prescriptions filled.
The questionnaire survey was conducted using the interview method. In addition, seven sophomores of the Faculty of Pharmaceutical Science at Josai
International University conducted the questionnaire survey. Moreover, after the end of seminar study, we conducted consciousness research among
students who participated in this seminar study.

Results: We collected 214 questionnaire from 214 patients. It was observed that a patient’s medication compliance decreases with the questionnaire
survey, because patients were familiar with the information on side effects. Moreover, it became clear that there was discrepancy between the use of
generic drugs and the patient’s request. However, as a result of consciousness research to students, many students indicated that they had recognized their
shortage of knowledge and communications skills. Moreover, there were students who motivated up for the learning.

Conclusions: It was thought that this seminar study was early exposure training. Furthermore, it was thought that this seminar study stimulated a
motivation improvement to the student’s learning, and it was thought that it led to the student’s result improvement. That is, the phased early exposure
training was suggested to provide an educational benefit by effectively motivating improvement in the student’s learning efforts.

Key Words: phased early exposure training, motivation improvement, questionnaire survey, consciousness research, drug information
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Abstract

Objective: We created a database of records of inquiries from physicians, nurses, and pharmacists received and responded to by the Drug Information
Room (DI Room) of the Kitasato Institute Hospital. We report on the database.

Methods: We used commercially available database software (Microsoft Access® ) to create the database of our records of responses to inquiries. The
database was connected to the in-hospital local area network (LAN) to allow access from anywhere in the hospital.

Results and Conclusion: The following information is included in the database: date of inquiry, the person in charge of the response, person who
submitted the inquiry and affiliation, type of inquiry, details of the inquiry, details of the response, response status, whether the response was checked
by another person, whether relevant reference materials were stored or not, patient information (ID number and name), comments by the checker, and
a reference list. The functional property of the database includes (1) the ability to retrieve past records of responses to inquiries; (2) one-click creation
of a response form; and (3) easy tabulation of records of inquiries. In addition, the database is accessible from computers in the Pharmaceutical
Department and the ward and is therefore useful to staff outside the DI room; the database software can immediately provide responses to inquiries from
physicians, nurses, and patients when the DI room is closed on holidays or at night or when pharmacists are working in the ward by referring to responses,
if any, to past inquiries similar to the current request. In this way, the database has greatly contributed to enhancing the efficiency and quality of the
inquiry response process in our hospital. Creation of a database of inquiry response records may help other institutions in a similar way.

Key words: inquiry response record, databasea
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