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Abstract

Background: Ritodrine is a drug used for threatened premature labor. The severe adverse drug reactions
associated with ritodrine are known to be pneumonedema, leukopenia, and rhabdomyolysis, but there have been
few investigations on the risk factors. We performed a case-control study and selected case reports as a case group
and healthy pregnant women in clinical practice as a control group.

Methods: We extracted the onsets of pneumonedema, leukopenia, and rhabdomyolysis associated with ritodrine
from case reports in Japan as a case group. We selected healthy pregnant women with ritodrine administration in
clinical practice as a control group. We investigated their age, medical history; Pregnancy Induced Hypertension
(PIH), multiple pregnancies, concomitant drugs administered, and maximum rate of ritodrine infusion, and examined
the association with those factors with the onset of adverse drug reactions by logistic regression analysis.

Results: The results of the case group showed: pneumonedema (28 cases); leukopenia (25 cases);
rhabdomyolysis (21 cases). The risk factors significantly associated with pneumonedema are a medical history of the
cardiovascular system, PIH, multiple pregnancy, and concomitant treatment with steroids, which all match with the
precautions in ritodrine’s package insert. The factors associated with leukopenia are its administration longer than 7
days and the concomitant treatment with Mg. The factors associated with rhabdomyolysis are multiple pregnancies
and a concomitant treatment with Mg.

Conclusion: Risk factors for the onset of pneumonedema match the descriptions in the ritodrine package
insert, and can be explained by pharmacological actions. Thus, this study could elucidate the risk factors for rare
adverse drug reactions limited to pregnant women. The onsets of leukopenia and rhabdomyolysis were caused by
physiological changes by pregnancy and its progression of disease state and ritodrine’s pharmacological action, and

were suggested the possibility of risk factors.
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Introduction

It is difficult to conduct a prospective study for safety research on
drug use by pregnant women due to ethical concerns. Additionally,
many clinical trials exclude pregnant women and nursing women;
thus, information on drug use by pregnant women is limited and
difficult to obtain. Despite that, we have to contribute to appropriate
drug treatment based on limited information since many patients take
drugs during their pregnancy.

We conducted a case series study based on case reports in Japan
and reported the characteristics of the onset of adverse drug reactions
that occurred in pregnant women [1]. As a result, the most reported
causative drug which leads the onset of adverse drug reaction occurred
in pregnant women was ritodrine hydrochloride (ritodrine), and
the most reported adverse drug reactions were pneumonedema,
leukopenia, and rhabdomyolysis. Those adverse drug reactions were
severe and affected fetuses in many cases. Ritodrine exhibits activity of
uterine relaxation resulting from the stimulating effect of ,-receptors
that are highly selective for the uterus [2,3], and has been frequently
used for threatened premature labor in Japan.

However, the European Medicines Agency urged limited
usage of the parenteral products applicable to obstetrics, such as

6-component short-acting [32 stimulators, including ritodrine, to 48
h in maximum (between the 22™ and 37" weeks of pregnancy). The
results of foreign comparative studies [4,5] indicate that short-acting
beta stimulators including ritodrine prevent delivery within 48 h after
their administration, but were not effective for the improvement of
premature birth and infant prognosis after the perinatal period. On the
other hand, one multicenter study in japan showed its effectiveness in
extending delivery [6], and it has been widely used since there are a
limited number of alternatives to ritodrine for threatened premature
birth.

Pneumonedema is a severe adverse drug reaction that has been
deemed an “Important identified risk” as classified by the Risk
Management Plan (RMP). The risk factors for its onset have been
examined based on the results accumulated from spontaneous reports
thus far. Due to this, is currently mandatory in Japan to include
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precautions for its use in its drug package insert. Leukopenia and
rhabdomyolysis are also potential risks, but their frequency of onset
is unknown, and has not been elucidated much. In a situation such as
this, an epidemiological study such as a cohort study or case-control
study is supposed to be adopted as a method of monitoring “important
identified risks” and “potential risks”; however, it is difficult to design
a prospective cohort study in order to do risk management because the
patients are pregnant women and the onset frequency of adverse drug
reactions is rare. It is also difficult to collect a large enough number of
cases into groups at a single facility to perform a case-control study.

We have developed a database entitled Case Reports of Adverse
Drug Reaction Poisoning Information System (CARPIS) that has been
accumulating case reports of adverse drug reactions and toxication
in Japan since 1987. In our study, we regarded CARPIS as a cohort
of adverse drug reaction cases and performed a case-control study in
order to elucidate risk factors for the target adverse drug reactions
and subjective symptoms [7,8]. We selected rare and severe adverse
drug reactions for a case group and other case reports that excluded
adverse drug reactions for a control group. In this type of study about
pregnant women it is necessary that only pregnant women take part
in the control group. Thus, we externally performed a case-control
study by collecting data on healthy pregnant woman based on actual of
obstetrics and gynecology as an external control group.

The purpose of this study is: 1) To evaluate the validity of a case-
control study using the data of healthy pregnant women from actual
clinical trials as an external control in order to elucidate the risk factors
for rare adverse drug reactions in a vulnerable group such as pregnant
women who cannot become a study subject of clinical research; and 2)
To reveal the status of using ritodrine and patient (pregnant women)
backgrounds which lead to severe adverse drug reactions by performing
a case- control study.

Methods
Control group

We extracted groups with the onset of pneumonedema, leukopenia,
and rhabdomyolysis from CARPIS and formed a ‘pneumonedema case
group’, ‘leukopenia case group’, and ‘rhabdomyolysis case group’.
CARPIS is a database that has been exhaustively cumulated case
reports of adverse drug reactions and toxication in Japan. We extracted
case reports from 1987 to October 2014.

We selected healthy pregnant women who did not develop an
adverse drug reaction after ritodrine administration as a control
group. The subject facility is Medical Cooperation Kishokai Angel Bell
Hospital (Angel Bell Hospital), and the criteria for patient inclusion
were: 1) Patients who were hospitalized sometime between April 2013
and March 2015; 2) Those who were administered ritodrine during
their hospitalization; 3) Those who did not develop pneumonedema,
leukopenia, and rhabdomyolysis after ritodrine administration.
All study patients were defined as the external control population.
Three cases were extracted from the external control population per
a case from each case group of pneumonedema, leukopenia, and
rhabdomyolysis, and those cases were selected as a control group.

Angel Bell Hospital is a primary medical institution and does not
accept high-risk patients. High-risk patients with following conditions
are transferred to a higher order medical institution: threatened
premature labor (those with a previous history of premature labor
before the 34™ week of pregnancy, premature rupture of membranes,
and a marked increase of inflammatory reaction), intrauterine growth

restriction, Pregnancy Induced Hypertension (PIH) before the 36%
week of pregnancy, those needing a Cesarean section, partial placenta
previa, multiple pregnancies, pregnancy complications (such as uterine
fibroids), placental abruption, or a baby weighing less than 2,100 g.
Therefore, the target patients are mainly low-risk healthy pregnant
women and appropriate as an external control group.

Subjects

We investigated the following factors for the 3 case groups and
each control group. Patient background of initial administration
includes the age of the pregnant women (older/younger than 35 years
old), the pregnancy week (before/after the 22" week), previous medical
history (such as cardiovascular system and infertility), PIH, and the
existence/non-existence of multiple pregnancies. We investigated
the state of ritodrine use with the following factors: The duration of
ritodrine administration (more/less than 7days), the existence/non-
existence of concomitant drugs (magnesium formulation: Mg; adrenal
corticosteroid: steroid), and maximum infusion rate of ritodrine
(more/less than 200 pg). Mg has indication of threatened premature
labor as well as ritodrine, and is used when the effects of ritodrine are
not strong enough or ritodrine cannot be used [9]. We investigated
ritodrine which needs to be carefully administered when it is used in
combination with Mg since it has been reported that Mg enhances
the adverse drug reactions of ritodrine [10]. Steroids are used to
enhance lung maturation of premature infants because of maternal
administration, and pneumonedema has been reported when they
are used in combination with ritodrine. Thus, careful administration
is mandatory when they are used in combination with ritodrine [11].

Statistical analysis

We performed univariate logistic regression analysis on the
association between the investigation factors of 3 case groups and the
control group and the onset of adverse drug reaction and calculated
the odds ratio (or) and a 95% Confidence Interval (95% CI). The
significance level is 5%, and we used SPSS Statistics 22 (IBM) for the
statistical analysis. We applied a dummy case to the analysis when there
was no relevant case in investigation item.

We performed multivariate logistic regression analysis using the
substitution method on the p-value of the items <0.2 in the univariate
logistic regression analysis in order to adjust for confounding factors.
We performed correlation analysis on each factor in order to avoid
multi-collinearity for performing multivariate logistic regression
analysis, and we selected one factor from the correlated factors (r >0.4).

Ethical considerations

This study has been approved by the Angel Bell Hospital
Institutional Review Board (IRB_A_2016_003).

Evaluation of the validity of a case-control study that uses a
control group that includes healthy pregnant women from
clinical practice as an external control

We set pneumonedema as an index in order to evaluate the validity
of a case-control study by using a control group which includes healthy
pregnant women in clinical practice as an external control group.
Pneumonedema associated with the use of ritodrine can be deemed
an identified risk as classified by the RMP. Accordingly, precautions
about its use in general and in regard to specific populations are
written on the package insert based on cumulative information about
adverse drug events. We compared patient backgrounds analyzed in
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this study or the results of the studies about the use of ritodrine to the
description of ritodrine in its package insert. We confirmed that there
is no major change in the dosage and administration of ritodrine from
the initial year of our control group to the present in order to ensure
the comparability of a case group and a control group. The indications
and dosage of ritodrine are as follows:

The indication for ritodrine (effect-efficacy) [2]: Threatened
miscarriage or premature labor that requires emergency treatment.
Dosage amount of ritodrine (dosage and administration) [2]: Dilute
1 ample (5 mL) of ritodrine with 5% of glucose injection or with 10%
of maltose (500 mL); Administer ritodrine hydrochloride at 50 ug
per minute intravenously; Adjust increasing or decreasing the dosage
accordingly by observing tocolytic activity and maternal heart rate.
Gradually decrease the dosage amount while observing indication
after uterine contractions are controlled; Discontinue administration
while keeping the dosage amount less than 50 pg per a minute and
when recurrent contractions are not observed. The efficacious dose
of ritodrine is 0-150 pg per minute. Meanwhile, the dosage amount
should not exceed 200 pg per minute.

Results

The results from each group are as follows: pneumonedema: 28 cases
for the case group and 84 cases for the control group; leukopenia: 25 cases
for the case group and 75 cases for the control group; rhabdomyolysis: 21
cases for the case group and 63 cases for the control group.

A consideration of the validity of a case control study using
control group of healthy pregnant women based on actual
trials as an external control and the association between
pneumonedema which is an identified risk and patient
backgrounds/state of ritodrine usage

The risk factors for pneumonedema written in the precautions
section of the ritodrine package insert are heart disease, a complication
of PIH, multiple pregnancies, and adrenal corticosteroid if administered
in combination. The case reports from the case group from 1989 to 2014
showed no change in the amount of ritodrine used or the indication of
threatened premature labor.

Figure 1 shows the results of univariate logistic regression analysis
on the onset of pneumonedema and investigation items. Significant
factors of patient backgrounds that could be associated with adverse
drug reaction were a previous medical history of cardiovascular system,
a history of infertility, PIH, and multiple pregnancies. The significant
factors of state of ritodrine usage were a concomitant treatment with
Mg or steroids. Figure 2 shows the results of multivariate logistic
regression analysis on 6 factors where the p-value is less than 0.2 by
univariate analysis. The results did not reveal any correlation between
factors. Significant associations found in patient backgrounds were
a previous history of cardiovascular system (OR: 22.62, 95% CI: 1.2-
413.7), PIH (OR: 28.24, 95% CI: 3.9-205.5), and multiple pregnancy
(OR: 170.59, 95% CI: 13.0-2238.5). A significant association found
in state of ritodrine usage was when it was used in combination with
steroids (OR: 29.79, 95% CI: 1.9-467.0). Those results are exactly the
same in content as the risk factors written in package insert of ritodrine.

The association between potential risks such as leukopenia/
rhabdomyolysis, and patient backgrounds/state of ritodrine
usage

Figure 3 shows the results of a univariate logistic regression analysis
of leukopenia and investigation factors. Significant associations found

in patient background were a history of infertility and multiple
pregnancies. Those found in state of ritodrine usage were cases in which
it was administered longer than a week, where there was a concomitant
treatment with Mg, and cases where the maximum infusion rate
exceeded 200 pg.

Figure 4 shows the results of multivariate logistic regression analysis
on 6 factors which p- value is less than 0.2 by univariate analysis. The
results did not reveal any correlation between factors. Significant
associations found in patient background were cases where ritodrine
was administered for longer than a week (OR: 15.29, 95% CI: 1.3-183.9)
and a concomitant treatment with Mg (OR: 28.64, 95% CI: 2.4-341.5).

Figure 5 shows the results of univariate logistic regression analysis
on rhabdomyolysis and investigation factors. Significant association
found in patient background was multiple pregnancies, and when
ritodrine was used concomitantly with Mg.

Figure 6 shows the results of multivariate logistic regression analysis
on 2 factors where the p-value is less than 0.2 by univariate analysis.
The results did not reveal any correlation between factors. A significant
association found in patient background was multiple pregnancy (OR:
17.63, 95% CI: 1.7-179.4), and that found in state of ritodrine usage
was a concomitant treatment with Mg (OR: 23.43, 95% CI: 2.5-224.2).

Discussion

We performed a case-control study with a control group of healthy
pregnant women who could not ethically participate in clinical research
in order to elucidate the risk factors of rare adverse drug reaction.

The factors that lead to the onset of pneumonedema associated with
ritodrine and showed significant associations were a medical history of
cardiovascular system, PIH, multiple pregnancies, and a concomitant
treatment with steroids.

The strain on the heart of mothers during pregnancy is increased
more than usual as circulatory blood volume, cardiac output, and
blood flow are increased [12]. The medical history of the cardiovascular
system includes some cases with cardiovascular-related diseases in the
past that can affect the strain on the heart. It has been reported that
ritodrine affects myocardial performance [13], and it increases the
strain on the heart. It is considered that the beta stimulant activity of
ritodrine causes renin angiotensin system activation, which increases
in the secretion of circulating antidiuretic hormones inside the body of
pregnant women. As a result, it is likely to cause water retention and
lower diuretic action [14,15].

PIH is the symptom of which the strain on systemic vascular is
increased by high-blood pressure, and increased vascular permeability
by increase of inflammatory cytokine is likely to lead to water
emigration outside of the blood vessels [16]. The beta stimulant activity
of ritodrine leads to renin angiotensin system activation, enhances Na
and water reabsorption, and promotes accumulation of extracellular
water, which could cause the onset of pneumonedema.

Multiple pregnancies expand the uterine wall to accommodate the
increasing number of fetuses, and are likely to develop into threatened
premature labor. Twin fetuses increase plasma volume [17], and Lamont
noted that twin fetuses are theoretically sensitive to the influence of
blood transfusion by tocolysis [15]. The increase in circulatory blood
volume associated with the increasing number of fetuses increases the
strain on renal functioning; additionally, the action of ritodrine is a
factor that worsens the physiological changes that come with multiple
pregnancies. Those factors could be considered to affect the onset of
pneumonedema.
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Cases Controls

N=28 N=84 95% CI
Factors Yes No Yes No OR lower upper p value

Patient backgrounds of initial administration

Average age £ SD 29.1£5.6 30.6+4.7 1.01 0.9 1.1 0.83

Age 2 35 years old 4 22 17 67 '_i_' 0.72 0.2 24 058

Pregnancy week before 22 weeks 2 26 11 73 —aH— 0.51 0.1 2.5 0.40

Medical history of cardiovascularsystem 4 24 1 83 —a— 13.83 1.5 1297 0.02*

Medical history of infertility 2 26 24 59 —— 0.19 0.0 09 0.03*

PIH 13 15 3 81 —— 2340 59 922 0.00*

Multiple pregnancy 17 11 1 83 ——l—— 12827 155 1060.7 0.00*
State of ritodrine usage

Duration of administration >7 days 13 15 30 54 HilH 1.56 0.7 3.7 031

Concomitant treatment with Mg 6 22 1 83 —— 22.64 26 198.0 0.00*

Concomitant treatment with Steroid 8 20 1 83 —a— 3320 39 2809 0.00°

Max infusion rate >200 pg/min 2 17 3 78 11— 3.06 05 19.7 0.24

1:dummy case *p<0.05

0.01 0.1 1 10 100 1000 10000
Odds Ratio

Figure 1: The association between pneumonedema and patient backgrounds/Ritodrine usage by univariate logistic regression analysis.

Cases Controls

N=28 N=84 95% CI1
Factors Yes No Yes No OR lower upper p value

Patient backgrounds of initial administration

Medical history of cardiovascular system 4 24 1 83 —— 22.62 1.2 413.7 0.04*

Medical history of infertility 2 26 24 59—W—1— 0.18 0.0 3.0 0.24

PIH 13 15 3 81 —— 2824 39 2055 0.00°

Multiple pregnancy 17 11 1 83 —l—— 17059 13.0 22385 0.00*
State of ritodrine usage

Concomitant treatment with Mg 6 22 1 83 N 431 0.1 202.5 046
Concomitant treatment with Steroid 8 20 1 83 —a— 29.79 1.9 467.0 0.02*

1:dummy case *p<0.05

001 04 1 10 100 1000 10000
Odds Ratio

Figure 2: The association between pneumonedema and patient backgrounds/Ritodrine usage by multivariate logistic regression analysis.

Cases Controls

N=25 N=75 95% CI
Factors Yes No Yes No OR  lower upper p value

Patient backgrounds of initial administration

Average age + SD 29.41+4.130.4+4.7 0.95 0.9 1.1 037

Age > 35 years old 3 19 15 60 —H— 0.63 0.2 2.4 0.50

Pregnancy week before 22 weeks 1 24 9 66 ——— 0.31 0.0 2.5 027

Medical history of cardiovascular system 1 24 1 74 —— 3.08 0.2 51.2 043

Medical history of infertility 1 24 23 51 —@—— 0.09 0.0 0.7 0.02*

PIH 1 24 2 73 —— 1.52 01 175 074

Multiple pregnancy 6 19 1 74 —a— 23.37 2.7 2059 0.00*
State of ritodrine usage

Duration of administration >7 days 24 1 24 51 —a— 51.00 6.5 399.5 0.00*

Concomitant treatment with Mg 12 13 1 74 —l— 6831 82 571.0 0.00*

Concomitant treatment with Steroid 2 23 1 74 H—— 6.43 0.6 742 0.14

Max infusion rate >200 pyg/min 6 14 2 73 —— 15.43 2.8 84.4 0.00*

1:dummy case *p<0.05

0.01 041 1 10 100 1000
Odds Ratio

Figure 3: The association between leukopenia and patient backgrounds/Ritodrine usage by univariate logistic regression analysis.
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Cases Controls

N=25 N=75 95% CI
Factors Yes No Yes No OR lower upper p value

Patient backgrounds of initial administration

Medical history of infertility 1 24 23 51 — 0.03 0.0 2.0 0.10

Multiple pregnancy 6 19 1 74 [ B 12932 0.2 73861.3 0.13
State of ritodrine usage

Duration of administration >7 days 24 1 24 51 —— 1529 13 183.9 0.03~

Concomitant treatment with Mg 12 13 1 74 —— 28.64 2.4 3415 0.01*

Concomitant treatment with Steroid 2 23 1 74 i 16.69 0.0 118449510.2 0.73

Max infusion rate >200 yg/min 6 14 2 73 i 2430 0.9 686.7 0.06

1:dummy case 00t 01 1 0 100 1000 10000 "p<0.05
Odds Ratio

Figure 4: The association between leukopenia and patient backgrounds/Ritodrine usage by multivariate logistic regression analysis.

Cases Controls
N=21 N=63
Factors Yes No Yes No

95% CI

OR lower upper p value

Patient backgrounds of initial administration

Average age = SD 30.6+4.730.3+4.5 1.01 0.9 1.1 0.83
Age > 35 years old 4 15 11 52 1.26 0.4 45 0.72
Pregnancy week before 22 weeks 4 17 9 54 141 04 52 0.60
Medical history of cardiovascular system 1 20 1 62 3.10 0.2 519 043
Medical history of infertility 7 14 19 43 1.13 0.4 33 0.82
PIH 1 20 2 61 152 01 177 0.74
Multiple pregnancy 6 15 1 62 —a— 24.80 2.8 221.8 0.00*
State of ritodrine usage
Duration of administration >7 days 6 15 19 44 —— 093 03 28 0.89
Concomitant treatment with Mg 7 14 l 62 —— 31.00 3.5 272.6 0.00*
Concomitant treatment with Steroid 1 20 1 62 i ! 3.10 02 519 043
Max infusion rate >200 ug/min 1 5 3 58 i 3.87 03 444 028
L:dummy case 001 01 1 10 100 1000 "p<0.05
Odds Ratio

Figure 5: The association between rhabdomyolysis and patient backgrounds/Ritodrine usage by univariate logistic regression analysis.

Cases Controls
N=21 N=63 95% CI
Factors Yes No Yes No OR lower upper p value
Patient backgrounds of initial administration
Multiple pregnancy 6 15 1 62 —— 17.63 1.7 1794 0.02*
State of ritodrine usage
Concomitant treatment with Mg 7 14 1 62 —— 23.43 2.5 2242 0.01*
1:dummy case ’ ; y . b *p <0.05
- Y 0.01 01 1 10 100 1000 p
Odds Ratio

Figure 6: The association between rhabdomyolysis and patient backgrounds/Ritodrine usage by multivariate logistic regression analysis.

The concomitant treatment with steroids could enhance water
retention inside of the body, which could lead to the onset of
pneumonedema [11]. The mineralocorticoid activity of steroids
increases the water volume in the body because the activity promotes Na
and water reabsorption. The beta stimulant activity of ritodrine is likely
to cause water retention and lower diuretic action because the renin
angiotensin system is activated [14,15], and a concomitant treatment
with steroids is likely to cause the development of pneumonedema.

The factors found in this study: medical history of cardiovascular
issues, PIH, multiple pregnancies, and a concomitant treatment

with steroids match the descriptions of the items listed in the
Precautions section of the package insert which are cardiac diseases,
PIH, multiple pregnancies, and a concomitant treatment with
adrenal corticosteroids. These factors are risk factors for the onset of
pneumonedema, an identified risk of ritodrine as a pharmacological
function. This study that extracted these factors appropriately could
have high validity as a method of identifying risk factors for adverse
drug reactions whose expression frequency is low and in pregnant
women where a clinical study in a real world setting is unlikely to
be designed.
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On the other hand, we could obtain information about potential
risks, such as leukopenia and rhabdomyolysis, which had previously
been insufficient. The factors that showed significant association with
the onset of leukopenia associated with ritodrine administration
were when it was administered longer than 7 days and a concomitant
treatment with Mg. The number of leucocytes would be increased
according to the increasing number of polymorphonuclear neutrophil
leukocytes and myelocytes at the time of pregnancy [12]. However, the
development of chorioamnionitis, which is considered one of the factors
that causes premature labor, consumes a high volume of leukocytes in
order to cure the inflammation it causes. It is suggested that ritodrine
could cause leukopenia because of dosage dependence in the periphery,
cytotoxicity which inhibits the growth of colony-forming unit-
granulocyte macrophage (CFU-GM), and immunological mechanisms
which cause the destruction of granulocytes by antineutrophil
antibody production [18]. Bone-marrow cells form colonies [19] and
become differentiated into granulocytes and macrophages after 7-14
days, but if ritodrine administration is extended for a longer period
than 7-14 days, leukocyte production drastically decreases. Toxic
activity of ritodrine continues against granulocytes and macrophages
during its administration and at the same time, develops in parallel
with their destruction. Therefore, it is inferred that leukopenia could
develop drastically when ritodrine administration is extended longer;
leukopoiesis would decrease; the pace of consuming and destroying
would increase.

There are no reports that Mg affects leukocyte production. A
concomitant treatment with ritodrine and Mg caused rapid symptoms
of neutropenia, but there is a report that the neutrophil count recovered
when ritodrine was discontinued and Mg was continued as a single-
agent treatment [20]. A concomitant treatment with Mg is particularly
used in the case that the amount of ritodrine administration was
increased because of serious threatened abortion. Therefore, there is
a significant association with a risk of severe adverse events and the
concomitant treatment with Mg and an extended period of ritodrine
administration.

The factors of the onset of rhabdomyolysis significantly associated
with ritodrine administration were multiple pregnancies and a
concomitant treatment with Mg. Ritodrine promotes Ca?* in the cell
to take inside of the body after attaching oneself to the receivers and to
relax uterine smooth muscle by inactivating myosin light chain kinase
[1]. Drastic changes in potassium concentration inside the cell cause
instability in muscle-cell membrane and increase the probability of
muscle cell damage [21].

Multiple pregnancies are one risk factor for threatened premature
labor, but there have been no reports that show a clear association with
multiple pregnancies and the onset of rhabdomyolysis. This is because
the dosage amount of ritodrine is increased as threatened premature
labor worsens.

Mg increases uterotonic activity associated with ritodrine [9],
promotes changes in Ca** concentration in the cells and destabilizes
the cell membrane because of electrolyte abnormality; thus, it is
possible that Mg could cause muscle cell damage [21]. A concomitant
treatment with Mg enhances ritodrine’s effect on muscle cells; thus,
rhabdomyolysis might be likely to occur.

Our study suggested that a variety of the pharmacological actions
of ritodrine and physiological changes in pregnant women were
particular risk factors for the onset of severe adverse drug reactions
associated with ritodrine.

Limitations of this Study

We considered that this study was supposed to investigate the
dosage amount of ritodrine, its duration of use, and drug absorption
rate; however, we could not investigate sufficient data because most
case reports did not include descriptions of the dosage amount and
the infusion rate. The odds ratio of the identified factors in this study
showed a wide range with a 95% CI. We need to investigate a larger
number of cases for further study.

The patient background in the factors we investigated includes
pregnant women with high risk factors, and those patients need to be
taken care of by higher order medical institutions. The control group
in this study was extracted from a primary medical institution, and the
patients with high risk factors are transferred to higher order medical
institutions in accordance with the criteria of patient transportation
before their symptoms worsen. Therefore, the frequency of the onset
of severe adverse drug reactions is likely to be less than general
occurrence frequency and it is thus possible to over evaluate the risk.
On the other hand, it is extremely difficult to detect the onset of severe
adverse drug reactions associated with ritodrine early and act promptly
and appropriately because they are rare even in clinical practice. The
recognition of risk factors found in this study which affect the onset of
adverse drugs reactions could lead early detection in clinical practice
although it might be possible to over- evaluate the risk factors due to
their rarity at general medical institutions.
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