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ANTIHYPERTENSIVE DRUGS DURING PREGNANCY: OBSERVATIONAL STUDY

SUMMARY


Prescribing drugs during pregnancy poses a challenge to the physician to balance optimal treatment of the maternal symptoms and disease against the possible harm to the fetus. For many drugs including antihypertensives, data are still inadequate to confirm their safety during pregnancy. The aim of the study was to assess the prevalence of antihypertensive drug use and the rate of congenital malformations in neonates at in utero exposure to these drugs. Hypertensive disorders are the most common medical complications of pregnancy and an important cause of maternal and perinatal morbidity and mortality worldwide.The study was performed at departments of gynecology and obstetrics in four medical institutions in Zagreb and was conducted by use of a simply structured standardized questionnaire that consisted of two parts: mother's interview and hospital records. The epidemiological study involved 893 pregnant women. At least one drug was used during pregnancy and early postpartum period by 96,2% of 893 study women, with a mean of 2,7 drugs per woman. Permanently is present the dilemma about treatment medium and benign hypertension, because one of the outcome can be intrauterine growth restriction. During the first trimester of gestation, which is most important for fetal development, drugs were taken by 859 (96.2%) women. Women during pregnancy used a total of 86 all drugs. In our study relatively large number of women used atenolol during pregnancy (a total of 82 or 9.2%); before pregnancy it took seven women, in the first trimester 17 pregnant women, in the second 32 and in third 62 pregnant women, which indicates that the number of pregnant women taking this medicine increased in parallel with the duration of pregnancy. According to FDA classification atenolol belongs to category D. In our study of the women who have birth children with heart and blood vessels malformations, one have taken atenolol during the entire pregnancy. It is a  negligible percentage of impressions malformations and can not relate taking atenolol with the emergence of congenital malformations of the heart and blood vessels. Five pregnant women have been used antihypertensive urapidil, and only after admission to maternity hospital for delivery. It belongs to class D drugs according to FDA classification. In spite of this, there were no offspring teratogenic effects. Calcium channel blockers verapamil have been taken one woman in the first, 11 in the second and 17 in the third trimester. Nifedipine have used negligible number of women (three in the first, two in the second and four in the third trimester). In our study, eight women have been used ACE inhibitors (lisinopril four, cilazapril and enalapril two). Cardiovascular disorders can be present in women before pregnancy or can develop during gestation. In caring for pregnant women with hypertension, it is important to differentiate among chronic hypertension, gestational hypertension, and preeclampsia. Profound hemodynamic alterations occur during pregnancy, labor and delivery, and in the post-partum period. Accordingly, the use of ATC group C agents increases with pregnancy advancement, as also indicated by our results. The usage of the most common used antihypertesive drugs, assume to be safe during lactation.
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Table 1. Use of antihypertensive drugs during pregnancy

	Main therapeutic group
	Zagreb

	
	n
	%

	C02

Antihypertensives
	5


	0,6


	C03

Diuretics
	1
	0,1


	C07

(-blockers
	82
	9,2


	C08

Calcium channel blockers
	32
	3,6


	C09

Agents acting on the renin-angiotensin system
	8
	0,9



Table 2. Drugs for hypertension used during pregnancy and congenital malformations 

	Therapeutic subgroup (ATC)
	Name of drug
	FDA class
	Number of pregnant women
	Trimester
	Number of malformed fetuses

	
	
	
	
	I
	II
	III
	

	C07A
	Atenolol
	D
	32
	17
	32
	32
	1

	C08C
	Nifedipine
	C
	4
	3
	2
	4
	-

	C08D
	Verapamil
	C
	17
	1
	11
	17
	-

	C09A
	Lisinopril
	D (C in 1st/3)
	1
	-
	1
	1
	-

	C09A
	Cilazapril
	C
	1
	1
	-
	-
	-

	C09A
	Enalapril
	C (X in 2nd/3 and 3rd/3)
	2
	2
	-
	-
	-
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Summary

The course of pregnancy is associated with a number of changes in the woman's body. Literature data indicate that 1%-3% of pregnant women develop some cardiac disorder. The aim of the study was to assess the prevalence of using cardiovascular agents in pregnancy, the rate of congenital malformations in neonates at in utero exposure to these agents, and the possible association of congenital malformations with the use of these drugs during pregnancy. One arm of the study (one-month study) was performed at four maternity hospitals in Zagreb, Croatia. The other arm of the study (one-year study) was performed at University Department of Gynecology and Obstetrics, Genetic Counseling Unit, and Department of Pathology and Histology in Novi Sad, Serbia. Only pregnant women using drugs for cardiovascular disorders during pregnancy were included in the study. Final analysis included data on 134 (32+102) pregnant women. Following delivery or abortion, the newborns and fetuses were thoroughly examined and followed-up for the occurrence of minor or major malformations. Malformations were found in 8 (6.0%) fetuses and newborns. For most cardiac disorders, the risk posed by the disease itself for both the mother and the fetus generally exceeds the postulated risk of medications used to treat the disease. If a pregnant woman requires such therapy, a respective agent with the best safety profile should definitely be prescribed.
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Introduction

Prescribing drugs during pregnancy poses a challenge to the physician to balance optimal treatment of the maternal symptoms and disease against the possible harm to the fetus. For many drugs including those recently marketed, data are still inadequate to confirm their safety during pregnancy1-3.

Controlled studies of drug use during pregnancy cannot be performed for ethical reasons, therefore data can only be obtained from animal experiments, general databases, professional literature, and individual reports on sporadic use of drugs in pregnancy4,5. It is well known that there are numerous pharmacoepidemiological studies dealing with prescription of drugs in pregnancy6-8. Results have shown that only exceptionally drugs used in pregnancy proved to be teratogenic. However, little is known about subtle effects of drugs on fetal development, particularly when dealing with old drugs9-14.
One of the most important studies was the international multicenter study entitled Collaborative Study on Drug Use in Pregnancy (DUP), initiated in 1987 by the Mario Negri Institute (Milan) and co-sponsored by the WHO Regional Office for Europe (Copenhagen), conducted in 22 countries from 4 continents, among them two centers from former Yugoslavia, i.e. Zagreb and Novi Sad. Therefore, the present study of drug use in pregnancy was repeated in Zagreb and Novi Sad2,15.
During pregnancy, a number of changes occur in the woman's body. Cardiovascular system is burdened with an increased cardiac output, which may have substantial impact on myocardial function. The heart may have sustained some lesion before pregnancy, or a cardiac disorder may develop in the course of pregnancy and proceed in parallel. The additional myocardial burden caused by pregnancy may aggravate the underlying cardiac disease, thus leading to a number of undesired sequels both in the mother and the child. According to literature data, 1%-3% of pregnant women develop some cardiac disorder16,17. The agents used in the management of cardiac diseases mostly belong to class C according to US Food and Drug Administration (FDA) classification, and to group C according to the Anatomical-Therapeutic-Chemical (ATC) classification system.

The aim of the study was to assess the prevalence of cardiovascular drug use and the rate of congenital malformations in neonates at in utero exposure to these drugs.

Methods

One arm of the study (one-month study) was performed at four maternity hospitals in Zagreb, Croatia: University Department of Gynecology and Obstetrics, Zagreb University Hospital Center; University Department of Gynecology and Obstetrics, Sestre milosrdnice University Hospital; University Department of Gynecology and Obstetrics, Merkur University Hospital; and University Department of Gynecology and Obstetrics, Sveti Duh General Hospital (part 1).

The other arm of the study (one-year study) was performed at the Genetic Counseling Unit, Institute for Children and Adolescents, University Department of Gynecology and Obstetrics, and Department of Pathology and Histology, Clinical Center in Novi Sad, Serbia, and included pregnant women presenting to the Genetic Counseling Unit for risky pregnancy and pregnant women hospitalized at University Department of Gynecology and Obstetrics for delivery or abortion (part 2).

The study included 893 pregnant women from Zagreb and 6099 pregnant women from Novi Sad. An informed consent on their participation in the study was obtained from all study subjects. 

Data were collected from the following sources:

1. questionnaire for pregnant women, filled in by a physician, containing two types of data: hospital records and information obtained by interview;

2. thorough physical examination of the neonate, performed by a neonatologist according to standard protocol; and

3. thorough pathologic examination of the fetus, performed by a pathologist according to standard protocols.

Vital data on the newborns and maternal data on previous deliveries and on medication taken between hospital admission and delivery were collected from hospital records. The other part of the questionnaire contained data obtained by interview on the mother's age, level of education, use of contraception, ultrasound (US) studies during pregnancy, x-rays during pregnancy, and use of drugs, alcohol, nicotine and opioid substances during pregnancy. Only pregnant women using drugs for cardiovascular disorders during pregnancy were included in the analysis, i.e. 134 (32+102) women. Following delivery or abortion, the newborns and fetuses were thoroughly examined and monitored for the occurrence of minor or major malformations.

The use of drugs for cardiovascular disorders, and the existence of congenital malformations in newborns and fetuses at in vitro exposure to these drugs were monitored according to gestational trimesters.

Results

Data analysis showed the use of drugs for cardiovascular disorders during pregnancy in 134 (1.9%) of 6992 (6099+893) women (Table 1). According to data collected in the Zagreb arm, the prevalence of cardiac disorders in pregnancy was 3.6% (n=32), whereas data from the Novi Sad arm indicated a prevalence of 1.7% (n=102), yielding a predominant use of (-blockers in Zagreb (n=32; 3.6%) and of antihypertensive agents in Novi Sad (n=64; 1.0%). In Zagreb, malformations were detected in 26 (2.9%) fetuses and newborns in the general population and in 3 (9.4%) fetuses and newborns in utero exposed to cardiovascular agents. The agents taken during pregnancy were almost exclusively from FDA C and D classes. The agents demonstrated to be safe for the fetus were only taken in rare cases. Class D agents were taken throughout gestation, however, with an increase in the use of these drugs recorded in second and third trimesters. The prevalence of congenital malformations in fetuses at in utero exposure to FDA class D drugs was 3.1% (n=1). The cardiovascular agents used during pregnancy and malformations detected in these fetuses or newborns in Zagreb are presented in Table 2.

In Novi Sad, malformations were detected in 326 (5.35%) fetuses and newborns in the general population and in 5 (4.9%) fetuses and newborns in utero exposed to drugs for cardiovascular disorders. Pregnant women most frequently used FDA class C drugs. Class C and D drugs were most commonly taken in first trimester, when the fetus is most sensitive to the action of teratogenic factors. A severalfold increase in the use of methyldopa and slight increase in the sporadic use of furosemide was recorded by the end of pregnancy, whereas the use of other drugs was reduced or completely discontinued. One case of a major malformation, palatoschisis, was found in a woman having taken a C class drug (furosemide) throughout pregnancy. All drugs for cardiovascular disorders used during pregnancy and malformations detected in their fetuses or newborns in Novi Sad are presented in Table 3.

Discussion

Whenever possible, women with preexisting cardiac lesions should receive preconception counseling, including discussion on contraception, maternal and fetal risks during pregnancy, and potential long-term maternal morbidity and mortality. Cardiovascular disorders can be present in women before pregnancy or can develop during gestation18,19. Hypertensive disorders are the most common medical complications of pregnancy and an important cause of maternal and perinatal morbidity and mortality worldwide. In caring for pregnant women with hypertension, it is important to differentiate among chronic hypertension, gestational hypertension, and preeclampsia20. Profound hemodynamic alterations occur during pregnancy, labor and delivery, and in the post-partum period. These changes begin during the first five to eight weeks of pregnancy and reach their peak late in second trimester. Blood volume increases by 40 to 50 percent during normal pregnancy, in part due to estrogen-mediated activation of the renin-aldosterone axis. Cardiac output rises by 30 to 50 percent above baseline. It peaks by the end of second trimester, then reaching a plateau until delivery. Stroke volume increases during the first and second trimesters, but declines in the third trimester due to caval compression by the gravid uterus. Blood pressure typically falls, usually reaching a nadir of 10 mm Hg below baseline by the end of second trimester. These complex physiologic changes occurring during pregnancy may significantly affect the pharmacokinetics of many drugs and, consequently, their toxicity and therapeutic response16,21. Accordingly, the use of ATC group C agents increases with pregnancy advancement, as also indicated by our results. 
In our study, the prevalence of cardiovascular disorders in pregnant women was 3.6% in the Zagreb arm and 1.7% in the Novi Sad arm. The prevalence of congenital malformations in the fetuses and newborns at in utero exposure to these agents was 9.4% and 4.9% in the Zagreb arm and Novi Sad arm, respectively. Study results showed a higher prevalence of these malformations in the Zagreb arm, however, it should be taken in consideration that the length of this arm (one month) did not exclude the potential seasonal effects on the study results. These women mostly used antihypertensive agents and (-blockers. According to literature data, the prevalence of congenital malformations in the general population ranges between 5% and 19%, and the prevalence of cardiac disorders in pregnancy between 1% and 3%5,16. In general, hypertensive disorders can complicate 12% to 22% of pregnancies and are a major cause of maternal morbidity and mortality.
The Zagreb arm showed a high rate of using atenolol, which is considered to be harmful for the fetus. This agent was taken in third trimester by as many as 3.6% of study women. Malformations, i.e. cardiovascular system anomalies, were recorded in only one fetus at in utero exposure to this agent. 
In a surveillance study of Michigan Medicaid recipients involving 229,101 completed pregnancies, conducted between 1985 and 1992, 105 newborns were exposed to atenolol during first trimester. A total of 12 (11.4%) major birth defects were observed (4 expected). Specific data were available for six defect categories including (observed/expected) 3/1 cardiovascular defects, 1/0 oral clefts, 0/0 spina bifida, 0/0 polydactyly, 1/0 limb reduction defects and 4/0 hypospadias. In utero exposure to atenolol may result in intrauterine growth retardation. Retarded fetal growth appears to be related to increased vascular resistance in both the mother and the fetus, and is a function of the length of drug exposure. Treatment initiated in early pregnancy, e.g., in second trimester, is associated with the greatest decrease in fetal and placental weights. When therapy is initiated in third trimester, only placental weight appears to be significantly affected22,23. Its use in pregnancy has been reportedly associated with bradycardia (low heart rate) in newborns, hypoglycemia (low blood glucose), fetal growth restriction, and neonatal respiratory depression. However, it should be noted that most of these effects can also be attributed to maternal disease24-27.

Besides atenolol, verapamil, a calcium channel inhibitor, was the second most commonly used agent, taken by only one pregnant woman in first trimester and by 17 (1.9%) women in third trimester. There were no congenital malformations in fetuses and newborns at in utero exposure to this agent.
In a surveillance study of Michigan Medicaid recipients involving 229,101 completed pregnancies, conducted between 1985 and 1992, 76 newborns were exposed to verapamil during first trimester. One major birth defect, i.e. cardiovascular defect, was observed (three expected). In a prospective, multicenter cohort study of 78 women with first trimester exposure to calcium channel blockers, 41% of these to verapamil, reported in 1996, there was no increase in the risk of major congenital malformations as compared with controls22.
Adverse effects and fetal toxicity have been demonstrated in animal studies, as appropriately designed and controlled studies cannot be done in pregnant women. Drugs should only be prescribed if the potential benefit outweighs the potential risk to the fetus.

It should be noted that both women taking a combination of heparin, allantoin and dexpanthenol gave birth to children with urogenital system malformations. The women were taking the drug in second and third trimesters, so these congenital malformations could hardly be associated with their medication.
In Novi Sad arm, the women most frequently used FDA class C agents, methyldopa ranking first. In these cases, there were no major malformations, whereas minor malformations were observed in two neonates. The use of methyldopa increased from 12 (0.2%) women in first trimester to 64 (1.0%) women in third trimester. 
In a surveillance study of Michigan Medicaid recipients involving 229,101 completed pregnancies, conducted between 1985 and 1992, 242 newborns were exposed to methyldopa during first trimester. A total of 11 (4.5%) major birth defects were observed (10 expected). Specific data were available for six defect categories including (observed/expected) 1/2 cardiovascular defects, 1/0 oral clefts, 0/0 spina bifida, 1/1 polydactyly, 0/0 limb reduction defects and 0/1 hypospadias. These data do not support an association between the drug and congenital defects22.
Alpha-methyldopa is an antihypertensive medication used commonly in pregnancy. Reactive hepatitis is a severe, rarely reported side effect of this medication28. One case of major malformation (palatoschisis) was recorded following in utero exposure to furosemide. 
In a surveillance study of Michigan Medicaid recipients involving 229,101 completed pregnancies, conducted between 1985 and 1992, 350 newborns were exposed to furosemide during first trimester. A total of 18 (5.1%) major birth defects were observed (15 expected). Specific data were available for six defect categories including (observed/expected) 2/4 cardiovascular defects, 1/1 oral clefts, 0/0 spina bifida, 1/1 polydactyly, 1/1 limb reduction defects, and 3/1 hypospadias. Only the latter defect was suggestive of an association, however, other factors including maternal disease, concurrent drug use, and chance may have also been involved22.
An increase in the incidence and severity of hydronephrosis (distention of the renal pelvis and in some cases of the ureter) has also been observed in the offspring of mice and rabbits29. Wavy ribs and some skeletal defects have been observed in the offspring of rats given furosemide during organogenesis30.

The action of teratogenic factors in the first 21 days of gestation produces the "all or none" effect. Congenital malformations develop later in first trimester when the fetus is most sensitive to the action of teratogenic factors. When the action of injurious noxae occurs in later gestational age, it results in functional disorders, immunosuppression, or growth and developmental retardation that may manifest years after birth22,23. Successful management of pregnant women with cardiac disease relies on team care provided by a cardiologist, obstetrician, clinical pharmacologist, cardiothoracic surgeon, anesthetist, neonatologist and pediatric cardiologist17.
Individual observations on the adverse effects of drugs on the course and outcome of pregnancy are important for drawing attention to the existence of a potential risk18. Upon drug release to the market, initial information on its harmful fetal effects upon in utero exposure is generally published in the form of individual case reports. Considered as a pool, these reports can prove highly useful. When a small number of pregnant women have used a drug, or the use of a drug has caused some very rare anomaly, then even a small number of cases reported may yield statistical significance. Some agents have thus been identified as certain teratogens for humans (e.g., thalidomide, diethylstilbestrol, warfarin, isotretinoin)4,5.
CONCLUSION

The exact cause of these malformations cannot be positively identified because the fetus is generally not exposed to a single teratogenic factor but to a combination of such effects. There is little information available on the fetal risk of the majority of cardiac agents. Fortunately, however, clinical experience with many of these drugs taken as a necessity indicates that most are probably safe for use during pregnancy. Since most of these agents are clearly indicated, they should not be withheld simply because the patient is pregnant. For most cardiac conditions, the disease process itself generally carries higher risk for both the mother and the fetus than the risk that may be postulated from the drugs used to treat the condition. If a pregnant woman requires certain therapy, she should be prescribed the respective drug group agent of highest safety profile.
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Table 1. Use of ATC group C drugs during pregnancy

	Main therapeutic group
	Pregnant women

	
	Zagreb
	Novi Sad

	
	n
	%
	N
	%

	C01

Cardiac therapy
	0
	0
	0
	0

	C02

Antihypertensives
	0
	0
	64
	1.0

	C03

Diuretics
	0
	0
	9
	0.1

	C04

Peripheral vasodilators
	0
	0
	0
	0

	C05

Vasoprotectives
	2
	0.2
	0
	0

	C07

(-blockers
	32
	3.6
	12
	0.2

	C08

Calcium channel blockers
	21
	2.4
	17
	0.3

	C09

Agents acting on the renin-angiotensin system
	4
	0.4
	0
	0

	C10

Lipid modifying agents
	4
	0.4
	0
	0


Table 2. Drugs for cardiovascular disorders used during pregnancy and congenital malformations – Zagreb arm
	Therapeutic subgroup (ATC)
	Name of drug
	FDA class
	Number of pregnant women  
	Trimester
	Number of malformed fetuses

	
	
	
	
	I
	II
	III
	

	C05B
	Heparin + allantoin + dexpanthenol
	C
	2
	-
	2
	2
	2

	C07A
	Atenolol
	D
	32
	17
	32
	32
	1

	C08C
	Nifedipine
	C
	4
	3
	2
	4
	-

	C08D
	Verapamil
	C
	17
	1
	11
	17
	-

	C09A
	Lisinopril
	D (C in 1st/3)
	1
	-
	1
	1
	-

	C09A
	Cilazapril
	C
	1
	1
	-
	-
	-

	C09A
	Enalapril
	C (X in 2nd/3 and 3rd/3)
	2
	2
	-
	-
	-

	C10A
	Omega-3 fatty acids
	
	4
	2
	-
	4
	-


Table 3. Drugs for cardiovascular disorders used during pregnancy and congenital malformations – Novi Sad arm
	Chemical substance subgroup (ATC)
	Name of drug
	FDA class
	Number of pregnant women  
	Trimester
	Number of malformed fetuses
	Malformations

	
	
	
	
	I
	II
	III
	
	

	C02AB01
	Methyldopa
	C
	64
	12
	26
	64
	2
	Frenulum linguae breve (2x)



	C03CA01
	Furosemide
	C
	9
	3
	2
	6
	2
	Palatoschisis, frenulum linguae breve

	C07AA05
	Propranolol
	C (D in 2nd and 3rd/3)
	3
	2
	1
	1
	0
	-

	C07AB02
	Metoprolol
	D (C in 1st/3)
	9
	8
	-
	1
	0
	-

	C08CA05
	Nifedipine
	C
	6
	6
	1
	-
	0
	-

	C08DA01
	Verapamil
	C
	11
	11
	-
	-
	1
	Bilateral pes valgus


