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Question 1:  Hypertension Management Before Pregnancy
tc \l1 "Question 1:  Hypertension Management Before Pregnancy
What is the appropriate management of women with chronic hypertension before pregnancy? 

Precise estimates of the clinical benefits of antihypertensive therapy in women younger than age 30 with mild to moderate hypertension are not available.  Three randomized trials involving 8,565 nongravid women with mild to moderate hypertension, ages 30 to 54, show that approximately 259 (confidence interval [CI] 158 to 1,606) such women would need to be treated for 5 years to prevent a fatal or nonfatal cardiovascular event.  No clinical outcome data from trials in nongravid younger women treated for similar or shorter intervals were found.  Whether particular blood pressure management strategies that are used prior to conception have beneficial or adverse effects on conception or pregnancy outcomes has not been studied in trials.

Background

Over 20 large trials involving more than 50,000 participants have established that antihypertensive treatment in adults with mild to moderate hypertension decreases mortality, stroke, and major cardiac events. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0532,33\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00&\00\00\00 \07\00\00\5CéÆ\00çÆ\00\00\00\00\00=\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1DCollins & MacMahon 1994 #4417\00\1D\00 32,33 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00/\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Gueyffier, Boutitie, et al. 1997 #4403\00&\00   Absolute benefits over 5 years are smaller in those with lower baseline risk, so that younger persons with fewer or no concomitant cardiovascular risk factors realize smaller benefits from treatment than older persons and persons with other risk factors such as hyperlipidemia or diabetes.  For example, on average, every 1,000 patient years of treatment in adults older than age 60 prevents five strokes (95 percent CI 2 to 8), three coronary events (95 percent CI 1 to 4), and four cardiovascular deaths (95 percent CI 1 to 8).  In contrast, drug treatment in middle-aged adults prevents one stroke (95 percent CI 0 to 2) for every 1,000 patient years of treatment and does not significantly prevent coronary events or mortality.  Relative benefits of treatment do not differ significantly between women and men. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0233\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00/\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Gueyffier, Boutitie, et al. 1997 #4403\00&\00 33
Description of Trial Data Relevant to Preconception Management 
A recent systematic review summarized available trial data regarding cardiovascular morbidity and mortality outcomes in women. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0234\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00*\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Quan, Kerlikowske, et al. 1998 #4398\00$\00 34  A pooled population of 23,000 women was described.  Most were not of childbearing age; 8,565 were ages 30 to 54.  These younger women were studied in three trials that are summarized in Table 3. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\053537\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00+\00\00\00\10\08\00\00\5CéÆ\00çÆ\00\00\00\00\00.\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1979 #4402\00\14\00 35-37 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1980 #4401\00\14\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00,\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1985 #4400\00\14\00   In general, trial participants had mild to moderate hypertension and those assigned to active therapy received either thiazide diuretics or a beta-blocker as initial therapy.  One trial used a usual-care control group, and only one was designed as a double-blind placebo comparison.

Table 3.  Morbidity and mortality results of antihypertensive trials for 8,565 women ages 30-54

Study
Trial Design
Women (N)
Intervention
Pooled Data

Hypertension, Detection, and Followup Program


Not blinded

DBP >90
Control: 1,568

Treated: 1,540
Thiazide diuretic

vs. usual care

Followup: 5 years
Fatal and nonfatal CVA:

RR 0.58 
(CI 0.36 to 0.67) 

NNT: 264 
(CI 174 to 1,369)

Fatal and nonfatal coronary events:

RR 0.80 
(CI 0.56 to 2.86)

Fatal and nonfatal cardiovascular events:

RR 0.73 
(CI 0.54 to 0.97) 

NNT: 259 
(CI 158 to 1,606)

All deaths:

RR 0.92 
(CI 0.68 to 2.79)



The Australian Therapeutic Trial in Mild Hypertension


Double blinded

DBP >95-110

SBP >200
Control: 416

Treated: 445
Thiazide diuretic 

vs. placebo

Followup: 4 years


Medical Research Council Trial
Single blinded 

SBP <200

DBP 90-109
Control: 2,277

Treated: 2,319
Thiazide diuretic or beta-blocker vs. placebo

Followup: 4.9 years


RR = relative risk; CI = confidence interval; NNT = number needed to treat; CVA = cerebrovascular accident; DBP = diastolic blood pressure; SBP = systolic blood pressure

Trial Findings 
Women ages 30 to 54 assigned to active treatment had a 42 percent reduction in fatal and nonfatal cerebrovascular events (relative risk [RR] 0.58, 95 percent CI 0.36 to 0.67) and a 27 percent reduction in combined cardiovascular events (RR 0.73, 95 percent CI 0.54 to 0.97) compared with those assigned to placebo or usual care.  No statistically significant differences in all-cause mortality or fatal cardiovascular or fatal cerebrovascular events were found.  Fewer than 2 percent of women assigned to placebo or usual care experienced a fatal or nonfatal 

cardiovascular event during 4 to 5 years of followup.  The number of women ages 30 to 54 who needed to be treated for 5 years to prevent a cardiovascular event was 259 (95 percent CI 158 to 1,606).  Assuming an annual risk of any adverse cardiovascular event of less than 0.5 percent 
(a safe assumption for most women of childbearing age with mild to moderate chronic hypertension) and that relative risk reductions established in trials are relatively stable, approximately 8,000 women need to be treated annually to prevent one cardiovascular event
(95 percent CI 2,500 to 50,000).

Gaps in Available Evidence
tc \l2 "Gaps in Available Evidence
Available evidence on clinical benefits of antihypertensive therapy for women is limited to diuretic and beta-blocker therapy; it is not particularly helpful in choosing among antihypertensive agents for preconception management of hypertension.  Nor does available evidence provide precise estimates of the clinical benefits of treating younger women with mild to moderate hypertension.  It does, however, provide ranges of short to intermediate term clinical benefits that might be expected in women of childbearing age.  Ongoing trials evaluating newer antihypertensive agents are not likely to improve precision of current estimates because few are enrolling women younger than age 50.

Question 2:  Outcomes With Antihypertensive Agents

tc \l1 "Question 2:  Outcomes With Antihypertensive Agents
Do antihypertensive agents for the treatment of mild to moderate chronic hypertension (<170/110 mmHg) during pregnancy improve maternal and perinatal outcomes?  Are there subsets of women, such as those with diabetes or renal disease, for whom treatment of mild to moderate chronic hypertension during pregnancy is warranted?
Data from randomized controlled trials are too scant to either prove or disprove clinically significant benefits from treating mild to moderate chronic hypertension during pregnancy.  There are no randomized controlled trial data addressing effects of antihypertensive treatment in pregnant women with chronic hypertension and other risk factors such as diabetes and preexisting renal disease.

Background 

Benefits of treating mild to moderate chronic hypertension in pregnancy are not clear.  When maternal hypertension is severe (>170/110 mmHg), treatment of blood pressure is likely to realize important short-term gains in maternal health, such as a reduction in the risk of stroke.  When hypertension is mild, short-term benefits in maternal health are not as clear and whether antihypertensive treatment results in improved fetal outcomes becomes paramount.  Because fetal morbidity and mortality from chronic hypertension may result from superimposed preeclampsia, the effect of antihypertensive treatment on the risk of developing preeclampsia is of particular interest.

Description of Relevant Evidence
Details of the search results are depicted graphically in Figure 2.  Seven randomized trials, involving 595 patients, included only women with mild to moderate chronic hypertension (hypertension diagnosed prepregnancy or before the 20th week of pregnancy, with blood pressure lower than 170/110 mmHg), and compared antihypertensive treatment with no antihypertensive treatment.  An additional six trials included subgroups of 460 women with mild to moderate chronic hypertension.  In four of these subgroups, results were reported in publications; in two, the data was obtained by personal correspondence. 

Of the 13 trials, five were conducted in the United States, three in the United Kingdom, two in Sweden, one in Italy, one in Israel, and one in South Africa.  Three were supported by pharmaceutical firms. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\053840\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00.\00\00\00\08\00\00\5CéÆ\00çÆ\00\00\00\00\00#\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Redman 1976 #290\00\10\00 38-40 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00'\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Butters, Kennedy, et al. 1990 #166\00"\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\004\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt+WideSwensson, Ingemarsson, et al. 1995 #51\00+\00   Six were placebo controlled, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\053944\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\004\00\00\00À\09\00\00\5CéÆ\00çÆ\00\00\00\00\00\13\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FWelt, Dorminy, et al. 1981 #274\00\1F\00 39-44 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Õ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Weitz, Khouzami, et al. 1987 #212\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00'\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Butters, Kennedy, et al. 1990 #166\00"\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\14\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\19Steyn & Odendaal 1997 #19\00\19\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\004\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt+WideSwensson, Ingemarsson, et al. 1995 #51\00+\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\005\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1DHirsch, Bar, et al. 1996 #612\00\1D\00  and seven had a no-treatment group.  Table 4 shows medication regimens used in the trials, Table 5 shows methodological characteristics of the trials, and Table 6 shows numbers of patients who were assigned to a particular drug.  Eleven different drug regimens were used in the trials.  The most commonly studied drug, methyldopa, was given to just over 200 subjects.  In all but two trials, antihypertensive agents were given as monotherapy.  One study used methyldopa and bendrofluazide in combination, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0245\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00,\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Leather, Humphreys, et al. 1968 #299\00$\00 45 whereas another trial QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0246\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00õ\04\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\19Arias & Zamora 1979 #1175\00\19\00 46 used three different two- and three-drug combinations of methyldopa, hydralazine, and hydrochlorothiazide but analyzed the results of all three regimens together.  Six studies applied secondary treatments if blood pressure response to the primary study drug was suboptimal.  In one study, methyldopa was substituted for the study drug; QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0243\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\14\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\19Steyn & Odendaal 1997 #19\00\19\00 43 in other studies, additional drugs were added, such as methyldopa, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0247\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00ô\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Sibai, Grossman, et al. 1984 #243\00!\00 47 hydralazine, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0244\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\005\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1DHirsch, Bar, et al. 1996 #612\00\1D\00 44 beta-blockers, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0248\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00Ö\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Parazzini, Benedetto, et al. 1998 #642\00&\00 48 or unspecified other drugs. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0545,49\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00<\00\00\00@\0B\00\00\5CéÆ\00çÆ\00\00\00\00\00,\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Leather, Humphreys, et al. 1968 #299\00$\00 45,49 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00è\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Hogstedt, Lindeberg, et al. 1985 #231\00%\00 
Blood pressure criteria for inclusion were relatively consistent across the trials (Table 7).  All the studies used a diastolic blood pressure threshold for inclusion: 80, 85, 90, or 95 mmHg.  Six required a systolic blood pressure threshold of at least 140 mmHg and one a systolic threshold of 130 mmHg.  The mean arterial pressure calculated as (systolic blood pressure [SBP] + 2 diastolic blood pressure [DBP]/3) at entry into the studies varied within a range of 100 to 113 mmHg.  Mean maternal age ranged between 24 and 33 years.  The mean gestational age at entry into the trials varied from 11 to 34 weeks. Most participants were recruited from obstetrical clinics.  No trials focused on women with chronic hypertension and other risk factors such as diabetes or preexisting renal disease.

The trials examined a wide variety of outcomes including perinatal death (11), preeclampsia (4), SGA infants (8), intrauterine growth retardation (2), low 5-minute Apgar score (4), rate of cesarean delivery (3), length of gestation (7), and birthweight (11).  Some outcomes such as preeclampsia and SGA were defined differently across trials. 

Nine trials enrolled fewer than 60 subjects.  Only one had a randomization mechanism of allocation concealment that was clearly adequate. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0243\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\14\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\19Steyn & Odendaal 1997 #19\00\19\00 43  Dropout rates were less than 20 percent in all trials.  There was heterogeneity in the gestational age at which drug treatment was initiated.  Treatment often was started well into the second trimester, which may be too late to prevent early pathophysiological events leading to preeclampsia.  Whether chronic hypertension or superimposed preeclampsia was really the entity being treated was not always clear.

Figure 2.  Selection process for antihypertensive treatment trials






Table 4.  Drug dosages and secondary regimens from antihypertensive trials in chronic hypertension in pregnancy

Study
Year
Drug
Initial Daily Dose (mg)
Max. Daily Dose (mg)
Secondary

Treatment
Criteria for Secondary Rx



45 QUOTE "45" 
1968
Bendrofluazide

+ Methyldopa

(combination)
5

500
10

2000
Yes, but not described
“Ineffective” primary Rx



38 QUOTE "38" 
1976
Methyldopa


Not given

Yes, but not described
BP >170/110



46 QUOTE "46" 

1979
Hydralazine

Methyldopa

HCTZ

(3 combinations)
75

750

50
250

2000

50





41 QUOTE "41" 

1981
Hydralazine

Methyldopa


75

750

Yes, but not described
“Drug failure”



47 QUOTE "47" 

1984
Diuretics
Not given

Methyldopa
BP >160/110



49 QUOTE "49" 

1985
Metoprolol

+Hydralazine

(combination)
100

50
200

150
Yes, but not described
DBP >110



42 QUOTE "42" 

1987
Methyldopa
750
2000





39 QUOTE "39" 

1990
Atenolol
50
200





50 QUOTE "50" 

1990
Methyldopa

Labetalol


750

300
4000

2400
Hydralazine
BP >140/90



40 QUOTE "40" 

1995
Isradipine SR
10






44 QUOTE "44" 
1996
Pindolol


10
20
Hydralazine
DBP >100



43 QUOTE "43" 
1997
Ketanserin*


40
80
Methyldopa
DBP>90



48 QUOTE "48" 
1998
Nifedipine SR
20
80
Beta-blocker
“MD judgment”

a  All subjects in this trial also received aspirin, 75 mg daily.
HCTZ = hydrochlorothiazide; BP = blood pressure; DBP = diastolic blood pressure; SR = sustained release

Table 5.  Methodological characteristics of antihypertensive trials

Reference
Age Mean
Gest Age Wk Mean
Blinded
Allocation Concealment
Dropouts Percent
Exclusion

Arias
197946
32
15.5
N
ND
0
Nulliparous target organ damage—  “Major obstetrical problems”

Welt

198141
ND
21.3
S
ND
0
Multiple gestation insulin req. DM

Sibai

198447
28
< 13 wk
N
ND
0
ND

Weitz

198742
24
<34 wk
D
ND
0
Proteinuria

Multiple gestations

Butters

199039
ND
16
D
ND
12
Contraindication to beta-blocker

Sibai

199050
30
11
N
PA
12
ND

Steyn 199743
32
15
D
CA
0
Proteinuria, multiple gestations

“Major defects” on sonogram ECG abnormal in mother

Leather 196645
ND
<20
N
ND
ND
ND

Parazzini

199848
31
24
N
CA
6.5

9.2
Chronic dz/

fetal malformation

Wide-Swensson

199540
29
34
D
PA
5.9
Multiple gestations

Redman

197638
(<28 wk)
28
21
N
ND
2.4
“Major obstetrical

risks”

Hogstedt

198549
29
30
N
ND
4
Proteinuria

Mult. preg

DM/ asthma/heart

dz/ psych. d/o

Hirsch

199644
33
25
S
PA
10
ND

ND = not described; N = no; S = single; D = double; T = triple; ND = not described; PA = possibly adequate;                           

CA = clearly adequate; NA = not adequate; ECG = electrocardiogram; DM = diabetes mellitus; dz = heart disease;                    

d/o = psychiatric disorder
Table 6.  Total number of participants treated with particular antihypertensive

agents in randomized trials
Methyldopa

207

Methyldopa + diuretic
23

Metoprolol + hydralazine
18

Hydralazine
9

Labetalol
86

Pindolol
15

Atenolol
15

Nifedipine SR

66

Isradipine

7

Ketanserin (+ aspirin)

69

Diuretics
10


SR = sustained release
Table 7.  Baseline blood pressure and response to treatment in antihypertensive trials of chronic hypertension in pregnancya
Study
Year
Initial BP (weeks gest. age)
BP method
Korotkoff phase for DBP
Position BP measured
MAP

Entry
MAP 2nd trimester
MAP 3rd trimester

QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0245\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00,\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Leather, Humphreys, et al. 1968 #299\00$\00 45
1968
<20
NS
NS
NS
93.8b
93.4b

88.4c
83.0c

QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0238\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00#\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Redman 1976 #290\00\10\00 38ad
1976
<28
Mercury
IV
L lateral




QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0246\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00õ\04\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\19Arias & Zamora 1979 #1175\00\19\00 46
1979
<20
Mercury
NS
Sitting
97.11

100.6
98.61

96.64
102.09

99.55

QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0241\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\13\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FWelt, Dorminy, et al. 1981 #274\00\1F\00 41
1981
<26
Mercury
NS
Sitting
100.1
96.4
94.7

QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0247\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00ô\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Sibai, Grossman, et al. 1984 #243\00!\00 47
1984
<14
NS
NS
NS
105

102
95

98
108

106

QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0249\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00è\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Hogstedt, Lindeberg, et al. 1985 #231\00%\00 49ad
1985
<37
Mercury
V
L lateral




QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0242\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00Õ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Weitz, Khouzami, et al. 1987 #212\00!\00 42
1987
<34
Mercury
NS
NS
97.6

106.8
109

95
105

95

QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0239\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00'\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Butters, Kennedy, et al. 1990 #166\00"\00 39
1990
12-24
NS
V
NS
106.7

105.3

98.3e
93.3e

QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0250\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00μ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESibai, Mabie, et al. 1990 #180\00\1E\00 50
1990
6-13
NS
IV
Sitting
108.3

107

106.7
97

90.7

92.3
100

93.7

96
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1995
25-37
Mercury
IV
Supine
113.5

113.6

119.3

114.8

QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0244\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\005\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1DHirsch, Bar, et al. 1996 #612\00\1D\00 44
1996
<35
NS
IV
Supine
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12-20
Auto
IV
Supine
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a For each study, the first line of entries represents the blood pressures in the control group; the second and subsequent lines represent the blood pressures in the treatment groups.

b Diastolic blood pressures

c Mean of all diastolic blood pressures during treatment

d Blood pressures not available separately for chronic hypertension subgroup

e Blood pressures given were measured on drug therapy at unspecified time

NS = not stated; MAP = mean arterial pressure; BP = blood pressure; DBP = diastolic blood pressure

Trial Findings

In six trials, antihypertensive therapy showed no benefit in terms of reduced perinatal mortality.  In three trials, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0838,43,45\01\01\00\08\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00@\00\00\00\00\0C\00\00\5CéÆ\00çÆ\00\00\00\00\00,\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Leather, Humphreys, et al. 1968 #299\00$\00 38,43,45 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00#\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Redman 1976 #290\00\10\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\14\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\19Steyn & Odendaal 1997 #19\00\19\00  a trend towards lower perinatal mortality with treatment was observed (Figure 3).  Only one of the four trials that assessed the incidence of preeclampsia demonstrated a risk reduction from treatment. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0243\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\14\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\19Steyn & Odendaal 1997 #19\00\19\00 43  Steyn and Odendaal43 found that treatment with ketanserin + aspirin lowered the incidence of preeclampsia when compared with aspirin alone (27.5 vs. 4.3 percent).  In the other three trials, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0842,47,50\01\01\00\08\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00D\00\00\00À\0C\00\00\5CéÆ\00çÆ\00\00\00\00\00ô\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Sibai, Grossman, et al. 1984 #243\00!\00 42,47,50 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Õ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Weitz, Khouzami, et al. 1987 #212\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00μ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESibai, Mabie, et al. 1990 #180\00\1E\00  the risk of preeclampsia was not significantly decreased by antihypertensive treatment (Figure 4). 

Butters, Kennedy, and Rubin39 demonstrated a markedly lower average birthweight in their atenolol group than in their placebo group (2620 vs. 3530 g).  The other antihypertensive trials all assessed either birthweight or risk of SGA infant (or both), and none found significant
differences between treated and untreated patients QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ô\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Sibai, Grossman, et al. 1984 #243\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Õ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Weitz, Khouzami, et al. 1987 #212\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00μ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESibai, Mabie, et al. 1990 #180\00\1E\00  (Figures 5, 6).  No significant differences in gestational age at delivery were demonstrated in the 6 trials in which that outcome was assessed.

Gaps in Available Evidence
The evidence base regarding pharmacological management of chronic hypertension during pregnancy is too small to either prove or disprove moderate to large benefits (>20 percent improvements) of antihypertensive therapy.  Fewer than 600 patients participated in trials enrolling only women with chronic hypertension; approximately the same number were enrolled in chronic hypertension subgroups in trials of “hypertension” in pregnancy.  There is no randomized trial evidence in subgroups of women with chronic hypertension who may be at particularly high risk for adverse outcomes, such as those with diabetes and preexisting renal disease. 

Considerable uncertainty remains about the efficacy of antihypertensive treatment for chronic hypertension in pregnancy.  The evidence we reviewed did not demonstrate a treatment effect on perinatal mortality, prevention of preeclampsia, or risk of fetal growth retardation, but the overall sample size was too small to exclude moderate effect sizes (20 percent relative risk reductions).

Figure 3.  Perinatal death results of trials given as risk differences between antihypertensive treatment groups and control groups

Figure 4.  Preeclampsia results of trials given as risk differences between antihypertensive treatment groups vs. control groups



Figure 5. Birthweights of treatment and control groups




Figure 6.  Small-for-gestational age results of trials given as risk differences between antihypertensive treatment groups vs. control groups


Question 3:  Potential Harm From Pharmacological Treatment

tc \l1 "Question 3:  Potential Harm From Pharmacological TreatmentQuestion 3:  Potential Harm From Pharmacological Treatmenttc \l1 "Question 3:  Potential Harm From Pharmacological TreatmentQuestion 3:  Potential Harm from Pharmacological TreatmentQuestion 3:  Potential Harm from Pharmacological Treatmenttc \l1 "Question 3:  Potential Harm from Pharmacological Treatment
Is pharmacological treatment of mild to moderate chronic hypertension during pregnancy harmful to mothers, fetuses, and infants? If harmful, what is the type and magnitude of specific harm for mothers, fetuses, or infants?
Clinical trials enrolling women with either chronic hypertension or other hypertensive disorders of pregnancy have not detected serious antihypertensive-related adverse events in mothers or fetuses.  However, the total number of women in these trials is insufficient to provide confidence that these agents do not cause harm when used in pregnancy.  Methyldopa, the most commonly prescribed drug for hypertension in pregnancy, has been used in just over 500 women in clinical trials, and only two other drugs, labetalol and diuretics, have been used in more than 200 women.  

Because the clinical trial experience with antihypertensives in pregnancy is so limited, most of the evidence found on possible adverse effects came from sources other than clinical trials, such as surveillance studies and case reports.  Their designs severely limit ability to calculate the absolute risk of adverse events or to unravel causal relationships.  

Methyldopa, the antihypertensive often recommended as a first-line agent for treating chronic hypertension in pregnancy, appears to be safe for the fetus.  The most serious risk for the mother is hepatitis.  This occurs in the nongravid population at a rate of 1 to 10/100,000 treated persons; whether the risk is modified by pregnancy is unknown.  

Other antihypertensive classes often recommended for chronic hypertension in pregnancy include beta-blockers, alpha/beta-blockers, diuretics, and calcium channel blockers. Theoretical concerns about diuretics’ effect on plasma volume in pregnancy were not supported by a large epidemiological study.  Both randomized trials and epidemiological studies have raised concerns about an association between beta-blockers (and alpha/beta-blockers) and fetal growth restriction, though the evidence is conflicting.  The risk of intrauterine growth retardation may be increased if treatment with this class of drugs begins early in pregnancy.  Some calcium channel blockers appear safe in pregnancy, but the published experience with this class of agents is the most limited of all the classes discussed above and drugs in this class are very heterogeneous. 

Second and third trimester exposure to ACE inhibitors is associated with fetal renal failure.  Though ARBs have not been used in pregnancy, their mechanisms of action are similar and they may cause similar adverse effects. 

Background

Because existing evidence on the efficacy of antihypertensive drug therapy is sparse and inconclusive, the choice of antihypertensive agent, if any, will rely on its safety profile.  Most medical products are first tested in animals prior to human trials.  Because of species differences in physiology and dosages, human clinical experience does not always reflect what occurs in animal models. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0251\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00ß\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FMagee, Schick, et al. 1996 #596\00\1F\00 51

Drug safety assessment during human pregnancy is further complicated by several factors.  First, the vast majority of premarketing human clinical studies of antihypertensive drugs exclude women of childbearing potential.  Second, few postmarketing controlled trials assess the use of antihypertensive agents during pregnancy. Third, available relevant trials have several design limitations. Their sample sizes prohibit detecting rare serious adverse events, and they do not include long-term followup of children exposed to drugs in utero.  Also, most clinical trials addressing antihypertensive use during pregnancy include women with a mixture of clinical conditions:  chronic hypertension, pregnancy-induced hypertension, and preeclampsia. 

Drug safety data from studies in women with hypertensive disorders other than chronic hypertension must be extrapolated with caution to women with chronic hypertension because the mother=s underlying pathological conditions (pregnancy-induced hypertension or preeclampsia), rather than the medication, may account for an adverse neonatal outcome.  Furthermore, timing, dosage, and length of exposure are likely to vary depending on the type of maternal hypertension being treated.  Pregnancies complicated by mild to moderate chronic hypertension are more likely to be treated with antihypertensive agents throughout pregnancy (including first trimester), with the drugs prescribed at lower doses than in moderate to severe preeclampsia. Moreover, adverse drug reactions experienced during treatment of pregnancy-induced hypertension or preeclampsia may not be indicative of reactions likely to be experienced with treatment of mild to moderate chronic hypertension. 

Controlled trials have contributed only a small portion of the published safety information on antihypertensive agents in pregnancy.  Instead, much evidence on drug safety is compiled from postmarketing surveillance programs and published case reports and case series.  Some of the case series are called “favorable event reports,” when a series of pregnant women treated with a particular drug without complications is described.  

Assessing causality from surveillance programs and case reports is often impossible for several reasons, including lack of previous exposure data (certainly for the fetus), lack of rechallenge testing, and inability to sort out specific effects when multidrug regimens are used.  Another limitation of case reports and most surveillance programs is inability to calculate rates of adverse events.  Incidence usually cannot be estimated because the total number of pregnant women exposed to a particular antihypertensive drug is unknown or no controlled groups are included.  Further, because case reports and surveillance programs depend exclusively on clinical providers to report their clinical experience, there is substantial underreporting of adverse drug reactions.  For example, studies have estimated that clinicians report one serious adverse reaction for every 100 to 4,600 that they encounter. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0552,53\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00e\00\00\00ð\12\00\00\5CéÆ\00çÆ\00\00\00\00\00;\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Scott, Rosenbaum, et al. 1987 #4415\00#\00 52,53 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00:\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Moride, Haramburu, et al. 1997 #4414\00$\00 
To address the difficulties described above and to assess drug safety during pregnancy, Teratogen Information Services (TERIS) was created.  The U.S. organization and the European Network of TERIS prospectively enroll all drug-exposed pregnant women who contact the program.  These prospective, multicenter cohorts enable incidence assessment of harmful effects of drugs during pregnancy.  The services already have proven invaluable in helping assess the safety during pregnancy of ACE inhibitors and calcium channel blockers. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0551,54\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00g\00\00\00P\13\00\00\5CéÆ\00çÆ\00\00\00\00\00h\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ABar, Hod, et al. 1997 #545\00\1A\00 51,54 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ß\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FMagee, Schick, et al. 1996 #596\00\1F\00 
Description of Relevant Evidence

The following section addresses the potential maternal and fetal harmful effects of antihypertensive agents during pregnancy.  It focuses on serious adverse reactions, defined as any event that is fatal, life-threatening, or significantly disabling or that requires hospitalization or results in congenital anomalies.  This section does not attempt to elucidate the association between antihypertensive agents and mortality, as this was discussed in Question 2.  Results are presented for the following antihypertensive agents:  methyldopa, calcium channel blockers, beta-blockers, alpha/beta-blockers, ACE inhibitors, ARBs, diuretics, hydralazine, and clonidine. Of these, methyldopa was recommended as the first-line choice for drug therapy in nine of nine recent reviews of hypertension in pregnancy. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\071,5562\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00p\00\00\00\00\15\00\00\5CéÆ\00çÆ\00\00\00\00\00?\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\19Witlin & Sibai 1998 #4419\00\19\00 1,55-62 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\002\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Sibai, Abdella, et al. 1983 #305\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00â\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Paller 1998 #652\00\10\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00g\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Khedun, Moodley, et al. 1997 #544\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00á\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\13Henriksen 1997 #571\00\13\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00y\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FRey, LeLorier, et al. 1997 #559\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00[\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Neerhof 1997 #534\00\11\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00>\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Hypertension in pregnancy 1996 #4418\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\0C\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1997 #4368\00\14\00 
Details of the search results are depicted graphically in Figure 7.  There were 127 original reports of maternal, fetal, or neonatal serious adverse reactions or reports of successful uneventful use of antihypertensives during pregnancy.  Of these, only 13 randomized controlled trials and 4 uncontrolled trials were conducted in pregnant women with mild to moderate chronic hypertension. One-hundred and ten studies (48 randomized controlled trials, 42 case reports,
6 case controls, 12 case series, and 2 surveillance studies) described experience in treating hypertensive diseases of pregnancy (other than preexisting mild to moderate hypertension) with antihypertensive agents. 

In reviewing the evidence on adverse events, it is important to remember that there is great variation in the frequency with which the listed antihypertensives are used in pregnancy, so that the effective denominator for the adverse events described in case reports varies by several orders of magnitude from commonly prescribed agents to rarely prescribed agents.   Scarce evidence of harm from methyldopa, therefore, deserves much more interpretive weight than does scarce evidence of harm from drugs such as nitrendipine or oxprenolol.

Trial Findings

Tables 8, 9, and 10 contain a summary of the findings on teratogenicity, fetal and neonatal serious adverse reactions, and maternal serious adverse reactions, respectively.  (See Tables 11, 12, and 13 for complete category definitions.)

Central Alpha-Agonists
Methyldopa
Teratogenicity.  The published information related to first trimester methyldopa exposure is limited to 339 pregnant women treated for hypertension.  No significant increased risk of congenital anomalies was reported. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0529,63\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00r\00\00\00`\15\00\00\5CéÆ\00çÆ\00\00\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Briggs 1998 #4276\00\11\00 29,63

 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00<\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Anonymous. #4416\00\10\00 Fetal and neonatal adverse reactions.  More than 130 women with mild to moderate chronic hypertension during pregnancy were treated with methyldopa in four randomized controlled trials. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\1138,41,42,50,6469\01\01\00\11\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00|\00\00\00@\17\00\00\5CéÆ\00çÆ\00\00\00\00\00\13\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FWelt, Dorminy, et al. 1981 #274\00\1F\00 38,41,42,50,64-69 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Õ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Weitz, Khouzami, et al. 1987 #212\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00μ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESibai, Mabie, et al. 1990 #180\00\1E\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00#\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Redman 1976 #290\00\10\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\08\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ARedman & Ounsted 1982 #263\00\1A\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\09\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Cockburn, Moar, et al. 1982 #264\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\16\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FOunsted, Moar, et al. 1980 #277\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00!\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Redman, Beilin, et al. 1977 #288\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1D\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Moar, Jefferies, et al. 1978 #284\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1F\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1DMutch, Moar, et al. 1977 #286\00\1D\00   No fetal and neonatal serious adverse reactions were reported. A prospective study comparing methyldopa with acebutolol for the treatment of mild to moderate chronic hypertension in 20 pregnant women reported no serious adverse outcomes. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0270\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\0E\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00R\08\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FWilliams & Morrissey 1983 #2130\00\1F\00 70  A small case series

of seven women treated early in pregnancy with methyldopa for chronic hypertension reported no detrimental fetal or neonatal effect of the drug. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0271\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\0E\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00'\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#La Selve, Berger, et al. 1968 #2599\00#\00 71
Similarly, no clinically significant adverse reactions were reported in 15 additional randomized controlled trials and two case series in which more than 500 pregnant women with pregnancy-induced hypertension (mild to severe) were treated with methyldopa. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0B7179,7991\01\01\00\0B\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Ñ\00\00\00À\1B\00\00\5CéÆ\00çÆ\00\00\00\00\00Ç\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Lardoux, Blazquez, et al. 1988 #198\00#\00 71-91 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00;\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$elQarmalawi, Morsy, et al. 1995 #58\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\18\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Lamming, Pipkin, et al. 1980 #279\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1B\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Symonds, Lamming, et al. 1982 #2587\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ã\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Plouin, Breart, et al. 1988 #194\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1C\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Redman 1982 #2588\00\11\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ä\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Oumachigui, Verghese, et al. 1992 #131\00&\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1A\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Gallery, Saunders, et al. 1979 #281\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00"\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Mathews 1977 #289\00\11\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00æ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FGallery, Ross, et al. 1985 #229\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\04\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1AWalker, Greer, et al. #259\00\1A\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\06\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt'Livingstone, Craswell, et al. 1983 #261\00'\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Û\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt*Ellenbogen, Jaschevatzky, et al. 1986 #218\00*\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ø\05\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt*MontanS, AnandakumarC, et al. 1996 #1429\00*\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00î\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt*HendersonSmart, Horvath, et al. 1984 #237\00*\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00P\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt'WideSwensson, Montan, et al. 1993 #523\00'\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\16Voto, Zin, et al. #214\00\16\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\008\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FAnthony, Rees, et al. 1990 #168\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00W\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1EJayawardana & Lekamge 1994 #86\00\1E\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1A\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Gallery, Saunders, et al. 1979 #281\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Z\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#KincaidSmith, Bullen, et al. #2650\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00'\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#La Selve, Berger, et al. 1968 #2599\00#\00   In one randomized controlled trial, including approximately 50 hypertensive women treated with methyldopa before 20 weeks of gestation, a small but statistically significant decrease in head circumference was observed.68
Figure 7.  Selection process for studies assessing adverse effects








a  62 articles were identified from the treatment search as possibly reporting serious adverse reactions or successful uneventful exposure to antihypertensive during pregnancy.

b 127 original trials were identified. One trial may have multiple publications.

CHTN = chronic hypertension.

Table 8.  Teratogenicity risk
FDA*
Briggs
Australia
N ( 1st trimester exposure)
Evidence of birth defect in animal model
Description of Defect

Angiotensin-converting 
enzyme inhibitors

C2
D
D
80
Yes
Oligohydramnios, neonatal anuria, persistent patent ductus arteriosis, fetal death, skull bone anomalies



C
NR
D
NR
Yes
Increase mortality and renal anomalies noted in animals


Acebutolol




C
C
C
125
No


Atenolol




D
D
D
144
No
Possibly associated with hypospadias



Labetalol




C
C
D
115
No


Metoprolol




C
C
C
53
No


Oxprenolol




C
C
C
NR
NR
Not applicable



Pindolol




C
B
C
NR
No


Diltiazem




C
C
C
37
Yes
Cardiovascular defects

Nifedipine




C
C
C
71
Yes


Verapamil




C
C
C
108
Yes


Clonidine




C
C
C
60
No


Diuretics (hydrochlorothiazide)




B
D
C
567
No


Hydralazine




C
C
C
40
Yes


Methyldopa




C
C
C
339
No


1 Denotes categories of risk as defined by different groups or agencies; see Tables 11-13 for complete definitions.

2 FDA category D for the 2nd and 3rd trimester






NR = not reported; FDA = Food and Drug Administration

Table 9.  Serious fetal and neonatal adverse reactions

Type
Consistency
Estimate of magnitude

Angiotensin-converting 

enzyme inhibitors



Fetal growth retardation
<10 case reports
Unknown



Pulmonary hypoplasia
<10 case reports
Unknown



Patent ductus arteriosus
<10 case reports
Unknown


Respiratory distress syndrome
>10 case reports
Unknown



Angiotensin receptor blockers



Data lacking
Not applicable
Not applicable



Acebutolol





No serious adverse reactions
RCTs and controlled trials but overall sample size <100
Not applicable

Atenolol





Intrauterine growth restriction
RCTs, appears related to time of administration, dose and length of therapy
Unknown

Retroperitoneal fibromatosis
1 case report
Unknown

Labetalol





Intrauterine growth retardation
Conflicting RCTs (N>300)
Unknown

Severe hypoglycemia, hypotension, pericardial effusion and myocardial hypertrophy
<10 case reports
Unknown

Metoprolol





None reported
Controlled trials (N=150)
Not applicable

Oxprenolol





None reported
RCT (N=224)
Not applicable

Pindolol





None reported
RCTs (n=200)
Not applicable

Calcium channel blockers







None reported
Mostly RCTs (n=200)
Not applicable

Clonidine





None reported
RCT (n=72)
Not applicable

Behavioral changes
Case series
Unknown

Diuretics





Thrombocytopenia
>10 case reports
Unknown

Neuroblastoma
Case controls (2)
Odds ratio 4.1 to 5.75


Deafness
Case control
Not given

No serious adverse reactions
9 RCTs (n>5,000)
Not applicable

Hydralazine





Premature atrial contractions
<10 case reports
Unknown

Transient thrombocytopenia
<10 case reports
Unknown

Lupus-like syndrome
<10 case reports
Unknown

Methyldopa




Decreased head circumference
1 RCT not replicated in 18 RCTs
Not given

Excessive tremors
<10 case reports
Unknown


RCT = randomized controlled trial

Table 10.  Maternal serious adverse reactions during pregnancy
Type
Consistency
Estimate of magnitude

ACE inhibitors







Data lacking
Not applicable
Not applicable

ARBs





Data lacking
Not applicable
Not applicable

Acebutolol





Data lacking
Not applicable
Not applicable

Atenolol





Data lacking
Not applicable
Not applicable

Labetalol





Data lacking
Not applicable
Not applicable

Metoprolol





Data lacking
Not applicable
Not applicable

Oxprenolol





Data lacking
Not applicable
Not applicable

Pindolol





Data lacking
Not applicable
Not applicable

Calcium channel blockers







Myocardial infarction
<10 case reports
Unknown



Severe hypotension
<10 case reports
Unknown


Neuromuscular blockade
<10 case reports (drug interaction between nifedipine and magnesium)
Unknown

Pseudo-obstruction of the colon
<10 case reports (drug interaction between nifedipine and magnesium)
Unknown

Clonidine





Data lacking
Not applicable
Not applicable

Diuretics





Pancreatitis
<10 case reports
Unknown

Ototoxicity
<10 case reports
Unknown

None
9 RCTs (n=5,000)
Not applicable

Hydralazine





Lupus-like syndrome
<10 case reports
Unknown

Hepatitis
<10 case reports
Unknown

Methyldopa





Hepatitis
<10 case reports
Unknown

ACE = angiotension-converting enzyme; ARB = angiotension receptor blocker; RCT = randomized controlled trial

No difference in head size or cognitive development was apparent several years later in the children exposed to methyldopa in utero.64,69,92  These findings were not replicated in other trials.

Anecdotal reports of excessive tremors unresponsive to calcium, magnesium, or pyridoxine have been observed in newborns after maternal exposure to methyldopa. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0593,94\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Ö\00\00\00à\1C\00\00\5CéÆ\00çÆ\00\00\00\00\00z\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1CDekker & Van Geijn 1992 #365\00\1C\00 93,94 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1A\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Bodis, Sulyok, et al. 1982 #4382\00 \00 
Maternal serious adverse reactions.  In nongravid populations, 20 percent to 40 percent of patients develop a positive Coomb’s Test, of which 0.1 percent to 0.2 percent will experience hemolytic anemia. A positive Coomb’s Test is rare with treatment before 6 months.  One case report of a positive Coomb’s test during pregnancy has been published; signs of hemolytic anemia were not found in the mother or newborn. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0595,96\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Ü\00\00\00@\1D\00\00\5CéÆ\00çÆ\00\00\00\00\00\01\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\18Kyle & Redman 1992 #4098\00\18\00 95,96 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\17\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1CRedman, Beilin, et al. #4379\00\1C\00  Methyldopa-induced hepatitis can occur at anytime during therapy but is rare.  It is estimated that 1 to 10 persons will develop hepatitis for every 100,000 persons exposed to methyldopa. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0530,31\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00ù\00\00\00\1D\00\00\5CéÆ\00çÆ\00\00\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 30,31 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00@\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Meyler 1996 #4275\00\11\00   Three instances of hepatitis, one fatal, have been reported in women treated with methyldopa during pregnancy. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\059799\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00(\00\00\000\1E\00\00\5CéÆ\00çÆ\00\00\00\00\00E\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\17Smith & Piercy 1995 #68\00\17\00 97-99 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Æ\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Picaud, Walter, et al. 1990 #4228\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\15\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Minakami, Ohkusa, et al. 1986 #4377\00#\00 
Methyldopa, in nongravid population, has been associated with drug-induced parkinsonism, lichenoid eruptions, agranulocytosis, cardiac dysrhythmias, autoimmune thrombocytopenia, and pancreatitis in published case reports. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31
Clonidine
Teratogenicity.  There is one case report of a newborn with multiple birth defects exposed throughout gestation to clonidine. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03100\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\08\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1EStoll, Levy, et al. 1979 #4364\00\1E\00 100  Three major birth defects (5.1 percent) were reported from 59 pregnancies when clonidine was administered during the first trimester in the Michigan Medicaid Surveillance study. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03101\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\14\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Lodeiro, Feinstein, et al. 1989 #4376\00%\00 101 The incidence is not significantly greater than the expected incidence for major birth defects in the general population.

Fetal and neonatal adverse events.  No controlled trials of mild to moderate chronic hypertension during pregnancy treated with clonidine were found. No fetal or neonatal serious adverse drug reactions were reported in 72 women with other hypertensive diseases enrolled late in pregnancy in two randomized controlled trials. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07102,103\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00|\00\00\00 \1F\00\00\5CéÆ\00çÆ\00\00\00\00\00Z\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Parazzini, Benedetto, et al. 1993 #340\00&\00 102,103 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00à\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Horvath, Phippard, et al. 1985 #223\00#\00   An excess of hyperactivity and sleep disturbances was reported in 22 children with a mean age of 6 years, prenatally exposed to clonidine. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03104\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\007\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt)Huisjes, HaddersAlgra, et al. 1986 #4411\00)\00 104  This adverse effect also has been reported in animal models. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0263\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00<\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Anonymous. #4416\00\10\00 63
Maternal serious adverse reactions.  No reports of maternal serious adverse reactions were found.  Clonidine, in nongravid population, has been associated with drug-induced lupus erythematosus, hepatitis, and potentially fatal drug withdrawal rebound hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31
Beta-Blockers

The Sixth Joint National Committee for Prevention, Detection, Evaluation, and Treatment of High Blood Pressure has recommended beta-blockers as first-line treatment for uncomplicated essential hypertension.  For that reason, beta-blockers are likely to be used in women of childbearing potential and may be continued during pregnancy.  This section describes teratogenicity risk and neonatal and maternal serious adverse reactions reported during administration of beta-blockers in pregnancy.

Teratogenicity.  Atenolol is the beta-blocker with the most evidence addressing teratogenicity.   Twelve (11.4 percent) of 105 pregnant women registered in the Michigan Medicaid Surveillance Program QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0229\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29 gave birth to infants with major birth defects.  A detailed

evaluation from Briggs, Freeman, and Yaffee29 indicates that an association may exist between first trimester exposure to atenolol and hypospadias.  However, the authors caution about the interpretation of the association, as concomitant drug use and mother’s underlying pathological conditions may have an impact on the outcomes observed. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0229\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29  Other case series did not find this association.  A small prospective followup study of five pregnant women treated with atenolol during the first trimester for essential hypertension did not find evidence of teratogenicity. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07105,106\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00n\00\00\00p \00\00\5CéÆ\00çÆ\00\00\00\00\00B\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Rubin, Butters, et al. 1983 #4277\00!\00 105,106 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ã\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Rubin, Butters, et al. 1982 #2687\00!\00   Similarly, a case series of 60 women treated with beta-blockers (atenolol, pindolol, labetalol, or propanolol) of whom 8 women were on a beta-blocker agent during the first trimester, did not find evidence of teratogenicity. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03107\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\15\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Dubois, Petitcolas, et al. 1980 #276\00$\00 107 Evidence of teratogenicity also was not found in a case series of 125 pregnancies exposed to beta-blockers (acebutolol, n=56; pindolol, n=38; atenolol, n=21), in which four (3.2 percent) malformations were reported; none was in women exposed to atenolol. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07107,108\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\00\00\00\00!\00\00\5CéÆ\00çÆ\00\00\00\00\00\11\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Dubois, Petitcolas, et al. 1983 #4373\00%\00 107,108 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\15\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Dubois, Petitcolas, et al. 1980 #276\00$\00 
No congenital anomalies from first trimester exposure to metoprolol have been reported. The relative safety of metoprolol during organogenesis is further supported by data on 52 newborns in the Michigan Medicaid Surveillance Study and one case report of exposure throughout gestation. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0529,63\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\005\00\00\00`!\00\00\5CéÆ\00çÆ\00\00\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29,63 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00<\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Anonymous. #4416\00\10\00 
No studies reporting experience in using acebutolol, oxprenolol, or pindolol during the first trimester were found. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0229\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29  There are case reports of arthrogryposis in a newborn exposed to acebutolol after the 24th week of gestation QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07107,108\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00μ\00\00\00ð!\00\00\5CéÆ\00çÆ\00\00\00\00\00\11\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Dubois, Petitcolas, et al. 1983 #4373\00%\00 107,108 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\15\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Dubois, Petitcolas, et al. 1980 #276\00$\00  and meconium ileus, cleft palate, and vesico ureteral reflux in neonates exposed in utero to pindolol after the 32nd, 29th, and 1st week of gestation, respectively. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07107,108\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\00\00\00P"\00\00\5CéÆ\00çÆ\00\00\00\00\00\11\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Dubois, Petitcolas, et al. 1983 #4373\00%\00 107,108 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\15\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Dubois, Petitcolas, et al. 1980 #276\00$\00 
Fetal and neonatal adverse events.  Several studies suggest that beginning atenolol therapy early in pregnancy is associated with lower birthweight.  In a pharmacosurveillance study of 76 women who started atenolol during the first 20 weeks of pregnancy, lower birthweight was reported with atenolol compared with no drugs or other antihypertensives (2190 g compared with 2780 g in the drug-free group). QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03109\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\03\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\5C\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ELip, Beevers, et al. 1997 #535\00\1E\00 109  Likewise, in a case series of 125 pregnancies exposed to beta-blockers (acebutolol, n=56; pindolol, n=38; atenolol, n=31), the birthweight of neonates exposed to atenolol was significantly lower than newborns exposed to pindolol or acebutolol. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07107,108\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\001\00\00\00à"\00\00\5CéÆ\00çÆ\00\00\00\00\00\11\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Dubois, Petitcolas, et al. 1983 #4373\00%\00 107,108 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\15\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Dubois, Petitcolas, et al. 1980 #276\00$\00 
Clinical trial experience with long-term use of atenolol to manage mild to moderate chronic hypertension during pregnancy is limited to 15 women QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0639,110\01\01\00\06\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\003\00\00\00@#\00\00\5CéÆ\00çÆ\00\00\00\00\00'\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Butters, Kennedy, et al. 1990 #166\00"\00 39,110 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00¨\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Butters 1990 #167\00\11\00  in whom atenolol treatment (50 to 200 mg/day) began early in the second trimester and continued until delivery.  Newborns from the atenolol-treated group had a significantly lower birthweight than the control group, suggestive of intrauterine growth retardation (2670 g compared with 3470 g, respectively).  By 12 months of age, however, there was no significant difference in weight between the two groups. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03111\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00ê\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Reynolds, Butters, et al. 1984 #233\00#\00 111
Other studies have not demonstrated growth restriction from atenolol. Four randomized controlled trials were published in which 147 pregnant women were treated late in pregnancy with atenolol for mild to moderate pregnancy-induced hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07111116\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Ã\00\00\00è$\00\00\5CéÆ\00çÆ\00\00\00\00\00Ç\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Montan, Ingemarsson, et al. 1992 #139\00%\00 111-116 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00X\08\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Tuimala & HartikainenSorri 1988 #2136\00&\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00é\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Rubin, Butters, et al. 1984 #232\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\01\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Rubin, Butters, et al. 1983 #256\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ê\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Reynolds, Butters, et al. 1984 #233\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\04\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Marlettini, Crippa, et al. 1990 #1239\00%\00   Two trials (n=37) compared atenolol with pindolol, and one trial compared atenolol with verapamil.  None of these trials found a clinically significant difference in birthweight or other serious adverse metabolic effects, nor did a case series of 12 pregnant women in which treatment with atenolol (50-100 mg) for mild to moderate chronic hypertension was started in the third trimester. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03117\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\00\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00à\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Fabregues, Alvarez, et al. 1992 #134\00$\00 117  The discrepancies in these studies may be explained by differences in length of therapy, gestational age at which therapy was initiated, and dose administered.

Other adverse events reported with atenolol include an anecdotal report of a retroperitoneal fibromatosis tumor in a newborn exposed to atenolol 100 mg from the second month of gestation to delivery QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03118\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\00\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00u\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FSatge, Sasco, et al. 1997 #2677\00\1F\00 118 and clinical signs of beta-blockade (bradycardia, hypotension) in a newborn exposed in utero to atenolol. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03119\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\00\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00k\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1AWoods & Morrell 1982 #2667\00\1A\00 119
Fewer data are available on the use of other beta-blockers in pregnancy.   In controlled trials of pregnancy-induced hypertension, including more than 150 women treated with metoprolol late in pregnancy, no serious adverse reactions during labor, or the fetal metabolic, cardiac status, or fetal weight, were reported. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0D49,78,120122\01\01\00\0D\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Ë\00\00\00\10&\00\00\5CéÆ\00çÆ\00\00\00\00\00ä\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Oumachigui, Verghese, et al. 1992 #131\00&\00 49,78,120-122 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00è\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Hogstedt, Lindeberg, et al. 1985 #231\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00P\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Jannet, Carbonne, et al. 1994 #79\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Wichman, Ryden, et al. 1984 #246\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ä\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Wichman, Karlberg, et al. 1985 #4230\00$\00   Similarly, no serious fetal or neonatal adverse reactions were reported in 189 women treated with metoprolol, alone or in combination with hydralazine or diuretics late in pregnancy. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07123,124\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Í\00\00\00p&\00\00\5CéÆ\00çÆ\00\00\00\00\00õ\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Sandstrom 1978 #2711\00\14\00 123,124 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ø\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Sandstrom 1982 #2710\00\14\00   No randomized controlled trials reporting treatment of mild to moderate chronic hypertension with metoprolol, acebutolol, or oxprenolol were found.  No serious fetal adverse events occurred in a prospective study comparing acebutolol with methyldopa for the treatment of mild to moderate chronic hypertension in 20 pregnant women QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0270\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\03\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00R\08\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FWilliams & Morrissey 1983 #2130\00\1F\00 70 or in a randomized controlled trial comparing acebutolol with methyldopa and labetalol in 21 pregnant women with mild or moderate pregnancy-induced hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0272\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\03\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00Ç\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Lardoux, Blazquez, et al. 1988 #198\00#\00 72 

A randomized controlled trial in 30 pregnant women with mild to moderate chronic hypertension comparing pindolol (n=15) with placebo reported no serious adverse outcomes. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0244\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\03\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\005\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1DHirsch, Bar, et al. 1996 #612\00\1D\00 44  In 170 pregnant women treated with pindolol for mild to moderate pregnancy-induced hypertension enrolled late in pregnancy in six randomized controlled trials and one cohort study, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\1684,112,113,116,125127\01\01\00\16\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\00\00\00P(\00\00\5CéÆ\00çÆ\00\00\00\00\00F\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Paran, Holzberg, et al. 1995 #69\00 \00 84,112,113,116,125-127 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00f\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%BottKanner, Hirsch, et al. 1992 #349\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Û\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt*Ellenbogen, Jaschevatzky, et al. 1986 #218\00*\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\04\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Marlettini, Crippa, et al. 1990 #1239\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00X\08\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Tuimala & HartikainenSorri 1988 #2136\00&\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ç\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Montan, Ingemarsson, et al. 1992 #139\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ø\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESukermanVoldman E. 1982 #4246\00\1E\00  no serious adverse reactions associated with the use of pindolol were reported.

Oxprenolol was compared with placebo and methyldopa in three randomized controlled trials for the treatment of mild to moderately severe pregnancy-induced hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0D7981,128,129\01\01\00\0D\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Ü\00\00\00@)\00\00\5CéÆ\00çÆ\00\00\00\00\005\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Plouin, Breart, et al. 1990 #177\00 \00 79-81,128,129 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1A\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Gallery, Saunders, et al. 1979 #281\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00"\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Mathews 1977 #289\00\11\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00æ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FGallery, Ross, et al. 1985 #229\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00#\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FFidler, Smith, et al. 1983 #254\00\1F\00   No serious adverse reactions were reported after third trimester exposure to oxprenolol in 224 pregnant women with hypertensive diseases.

Maternal serious adverse reactions.  No reports of maternal serious adverse reactions during treatment with beta-blockers were found.

Generally, beta-blockers are well-tolerated in nongravid populations. Cutaneous vasculitis, atenolol-induced lupus erythematosus, tissue necrosis, seizures, sclerosing peritonitis, and retroperitoneal fibrosis have been described in case reports. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0631,130\01\01\00\06\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Þ\00\00\00)\00\00\5CéÆ\00çÆ\00\00\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31,130 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00'\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1999 #4395\00\14\00   Hepatitis with relapse on rechallenge has been reported with acebutolol. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31
Severe bradycardia (5 percent) has been reported with metoprolol, particularly in patients with preexisting atrioventricular (AV) node disease or preexisting AV block caused by drugs or other factors.  Despite its relative β1 blocking selectivity, 1 percent of patients exposed to metoprolol at doses greater than 100 mg may experience bronchoconstriction, dyspnea, and wheezing.  Isolated case reports of hepatic necrosis (following 2 weeks of therapy in one case) and retroperitoneal fibrosis have been reported after metoprolol exposure. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31
Oxprenolol has been associated with retroperitoneal fibrosis, sclerosing peritonitis, and thrombocytopenia in nongravid population. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31  Pindolol, in nongravid population, has been associated with drug-induced lupus erythematosus in nongravid population. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31

Combined Alpha/Beta-Blockers
Labetalol
Teratogenicity.  In the Michigan Medicaid surveillance study, only 29 newborns were exposed in utero to labetalol.  Four (13.8 percent) major birth defects were reported. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0229\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29  A detailed evaluation by Briggs, Freeman, and Yaffee indicates that a possible teratogenicity risk exists, but the authors cautioned that the number of exposures is small and it may be difficult to differentiate drug effect from the mother’s underlying severe medical condition.

In a randomized controlled trial, 86 women with mild to moderate chronic hypertension were enrolled between 6 and 13 weeks of gestation to be treated with labetalol. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0250\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00μ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESibai, Mabie, et al. 1990 #180\00\1E\00 50  None of the newborns exposed in utero to labetalol had major birth defects.

Fetal and neonatal adverse events.  No fetal and neonatal serious adverse reactions were reported after long-term use of labetalol in 86 pregnant women with mild to moderate chronic hypertension enrolled early in pregnancy in a randomized controlled trial. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0250\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00μ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESibai, Mabie, et al. 1990 #180\00\1E\00 50  Nonparenteral labetalol has been studied in 500 pregnant women in clinical trials of the treatment of mild to severe pregnancy-induced hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\137274,7477,131140\01\01\00\13\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00ö\00\00\00 .\00\00\5CéÆ\00çÆ\00\00\00\00\00Æ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt(Cruickshank, Robertson, et al. 1992 #130\00(\00 72-77,131-140 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00á\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt(Cruickshank, Robertson, et al. 1991 #373\00(\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Cruickshank & Campbell 1990 #171\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00q\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt'Cruickshank, Campbell, et al. 1992 #358\00'\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ß\06\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt(SibaiBM, GonzalezAR, et al. 1987 #1759\00(\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ã\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt+Pickles, Broughton Pipkin, et al. 1992 #137\00+\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00:\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Pickles, Symonds, et al. 1989 #189\00"\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00;\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$elQarmalawi, Morsy, et al. 1995 #58\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\18\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Lamming, Pipkin, et al. 1980 #279\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1B\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Symonds, Lamming, et al. 1982 #2587\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ã\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Plouin, Breart, et al. 1988 #194\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1C\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Redman 1982 #2588\00\11\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00c\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Hjertberg, Faxelius, et al. 1993 #98\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ç\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Lardoux, Blazquez, et al. 1988 #198\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00*\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Munshi, Deorari, et al. 1992 #2602\00"\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00o\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1CLamming & Symonds 1979 #2671\00\1C\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\18\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Lamming, Pipkin, et al. 1980 #279\00!\00   No serious fetal or neonatal serious adverse reactions were found to occur more frequently in those administered labetalol than in the control groups (no treatment, methyldopa, or hydralazine).  However, three randomized controlled trials  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Æ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt(Cruickshank, Robertson, et al. 1992 #130\00(\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00á\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt(Cruickshank, Robertson, et al. 1991 #373\00(\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Cruickshank & Campbell 1990 #171\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00q\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt'Cruickshank, Campbell, et al. 1992 #358\00'\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00:\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Pickles, Symonds, et al. 1989 #189\00"\00 have described intrauterine growth retardation in newborns of 195 pregnant women treated with labetalol during the second and third trimesters. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0B131135,137\01\01\00\0B\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00ü\00\00\00@/\00\00\5CéÆ\00çÆ\00\00\00\00\00ß\06\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt(SibaiBM, GonzalezAR, et al. 1987 #1759\00(\00 131-135,137
Serious hypoglycemia and severe hypotension episodes resulting in fetal deaths also have been reported. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07141147\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\03\01\00\00è0\00\00\5CéÆ\00çÆ\00\00\00\00\00\11\03\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Sala, Monsalve, et al. 1993 #785\00 \00 141-147  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00&\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1CStevens & Guillet 1995 #2598\00\1C\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00%\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Edwards, Coulter, et al. 1986 #2597\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\001\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Klarr, BhattMehta, et al. 1994 #2609\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\003\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1DHaraldsson & Geven 1989 #2611\00\1D\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\005\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Olsen & BeierHolgersen 1992 #2613\00"\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00#\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Gerard, Blazquez, et al. 1984 #2595\00#\00 Most cases cited were after parenteral administration of labetalol late in pregnancy to control severe hypertension and may not be relevant to the treatment of mild to moderate chronic hypertension.  Isolated findings of pericardial effusion and myocardial hypertrophy were reported in infants exposed to labetalol in utero. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03148\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\10\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Crooks, Deshpande, et al. 1998 #4372\00$\00 148
Maternal serious adverse reactions.  No reports of serious adverse reaction during pregnancy were found.

Labetalol like other beta-blockers is well tolerated in nonpregnant populations.  Fatal hepatic necrosis (after 2 months of therapy) has been reported. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31  Also, the agent has been associated with drug-induced systemic lupus erythematosus. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31
Calcium Channel Blockers
Among the newer antihypertensive drugs, calcium channel blockers have become popular in the treatment of uncomplicated hypertension and are likely to be used in women of childbearing potential.

Teratogenicity.  Premarketing animal studies consistently have shown digital and limb defects.  Many of the processes of embryogenesis appear to be calcium dependent in animals and may explain animal findings. The teratogenicity risk knowledge in humans is limited to 211 first trimester exposures. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0D29,51,149151\01\01\00\0D\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\0B\01\00\00\102\00\00\5CéÆ\00çÆ\00\00\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29,51,149-151 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ß\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FMagee, Schick, et al. 1996 #596\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1C\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\13Goodnick 1993 #4384\00\13\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\19\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FShen, Entebi, et al. 1995 #4381\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00 \11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Lubbe 1987 #4388\00\10\00  

The Michigan Medicaid Surveillance Study reports 140 first trimester exposures to nifedipine (n=37), diltiazem (n=27) and verapamil (n=76), resulting in an estimated major birth 

defect incidence of 5 percent, 14.8 percent, and 1.3 percent, respectively.  None of the major birth defects observed in diltiazem-exposed newborns was a limb defect.  Cardiovascular defects were observed in 2 of 27 drug-exposed infants.

In a prospective, multicenter cohort study of 78 women exposed to calcium channel blockers (mostly nifedipine and verapamil), there were 2 children with limb defects (estimated incidence 3 percent).  In both cases, the pregnancies were exposed to other agents as well; one pregnancy was in a woman with poorly controlled diabetes.

An anecdotal report found that verapamil exposure during pregnancy to treat supraventricular tachycardia was associated with congenital hypertrophic cardiomyopathy. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07149,150\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\0D\01\00\00p2\00\00\5CéÆ\00çÆ\00\00\00\00\00\19\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FShen, Entebi, et al. 1995 #4381\00\1F\00 149,150 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1C\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\13Goodnick 1993 #4384\00\13\00 
Fetal and neonatal adverse events.  Only two randomized controlled trials  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\004\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt+WideSwensson, Ingemarsson, et al. 1995 #51\00+\00 comparing a calcium channel blocker (nifedipine or isradipine) with no treatment or placebo included a subgroup of pregnant women with mild to moderate chronic hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0540,48\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\0F\01\00\00Ð2\00\00\5CéÆ\00çÆ\00\00\00\00\00Ö\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Parazzini, Benedetto, et al. 1998 #642\00&\00 40,48  However, no results for the subgroup were given.  In the overall sample, congenital malformations were observed in both treated and control groups at a similar frequency.  In controlled trials of pregnancy-induced hypertension, more than 300 women were treated with a calcium channel blocker:  nifedipine (n=180); nitrendipine, a drug not available in the United States, (n=12); isradipine (n=21); verapamil (n=22); nicardipine (n=50); and amlodipine (n=50). QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\1E40,48,85,87,90,116,120,152155\01\01\00\1E\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\1A\01\00\00à4\00\00\5CéÆ\00çÆ\00\00\00\00\00y\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FSibai, Barton, et al. 1992 #120\00\1F\00 40,48,85,87,90,116,120,152-155 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ö\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Parazzini, Benedetto, et al. 1998 #642\00&\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Y\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Ismail, Medhat, et al. 1993 #339\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ò\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Lawrence & Broughton Pipkin 1987 #209\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\004\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt+WideSwensson, Ingemarsson, et al. 1995 #51\00+\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\04\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Marlettini, Crippa, et al. 1990 #1239\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00P\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Jannet, Carbonne, et al. 1994 #79\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ø\05\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt*MontanS, AnandakumarC, et al. 1996 #1429\00*\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00P\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt'WideSwensson, Montan, et al. 1993 #523\00'\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ò\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FVoto, Lapidus, et al. 1998 #665\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00W\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1EJayawardana & Lekamge 1994 #86\00\1E\00   None of the trials reported fetal anomalies or serious adverse outcomes.  No controlled trials or case reports were found that addressed diltiazem therapy during pregnancy. Studies using felodipine and isradipine were not found but were not specifically targeted in the search.

Maternal serious adverse reactions.  Sublingual nifedipine was associated with adverse maternal outcomes such as myocardial infarction and severe hypotension resulting in fetal distress. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0A29,156,157\01\01\00\0A\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\1D\01\00\00p5\00\00\5CéÆ\00çÆ\00\00\00\00\00\1E\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Impey 1993 #4386\00\10\00 29,156,157 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00!\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1BOei, Oei, et al. 1999 #4389\00\1B\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00   Isolated reports documented serious adverse reactions (neuromuscular blockade and acute pseudo-obstruction of the colon) following the concomitant use of nifedipine and magnesium. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07158160\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00 \01\00\00\006\00\00\5CéÆ\00çÆ\00\00\00\00\00\16\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1DPecha & Danilewitz 1996 #4378\00\1D\00 158-160 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00#\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1CSnyder & Cardwell 1989 #4391\00\1C\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\0F\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"BenAmi, Giladi, et al. 1994 #4371\00"\00 
Other significant adverse reactions were observed with the calcium channel blockers in nongravid populations:  agranulocytosis QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03130\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00'\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1999 #4395\00\14\00 130 and thrombocytopenia (nifedipine and diltiazem); dysrhythmia  such as asystole, ventricular fibrillation, and electromechanical dissociation (verapamil, diltiazem, and nifedipine); myocardial ischemia or infarction (short-acting nifedipine); myoclonus with an incidence lower than 0.1 percent (verapamil, diltiazem, and nifedipine); hepatotoxicity such as cholestasis and hepatitis (verapamil, diltiazem, and nifedipine); acute renal failure with an incidence lower than 0.1 percent (diltiazem, nifedipine); Stevens-Johnson syndrome (verapamil, diltiazem, and nifedipine in 18 case reports); and systemic lupus erythematosus (diltiazem).  Calcium channel blockers were associated with an increased risk of cancer in several observational studies, though the results were not replicated by the World Health Organization. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03130\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00'\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1999 #4395\00\14\00 130
Diuretics

Teratogenicity.  The majority of data relating to diuretics during pregnancy is limited to thiazides such as chlorthalidone, hydrochlorothiazide (HCTZ), and chlorothiazide. Birth defects (mostly congenital dislocation of the hip) were observed in newborns of 20 of 233 pregnant women (8.6 percent) who were exposed to chlorthalidone during the first trimester in the 

Collaborative Perinatal Project. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0263\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00<\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Anonymous. #4416\00\10\00 63  There was no increased risk of birth defects in the 107 newborns of women treated with HCTZ in this cohort.  Nor was there an increased risk in the 50 of 99 women exposed to HCTZ in the Boston Collaborative Drug Surveillance Program. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03161\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00)\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FJick, Holmes, et al. 1981 #2601\00\1F\00 161  The Michigan Medicaid Surveillance Study reported 635 first-trimester exposures to chlorothiazide (n=20), chlorthalidone (n=48), and HCTZ (n=67). QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0229\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29  Estimated major birth defect incidences were 10 percent, 4.2 percent, and 4.2 percent, respectively.  From these reports, it appears that HCTZ may be the least teratogenic of the thiazide diuretics. Teratogenicity data on another diuretic, furosemide, is limited to 350 pregnant women exposed during their first trimester in the Michigan Medicaid Surveillance Study. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0229\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29  Eighteen major birth defects (5.1 percent) were observed.  Hypospadias accounted for the slight increase above the expected number of birth defects.
One randomized controlled trial assessed safety of diuretics (not specified) used throughout pregnancy for the management of mild to moderate chronic hypertension. Twenty pregnant women were randomized before 13 weeks of gestation to either continuing or discontinuing drug therapy during pregnancy.  The authors reported no major birth defects. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0247\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00ô\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Sibai, Grossman, et al. 1984 #243\00!\00 47
Fetal and neonatal adverse effects.  Only one randomized controlled trial assessed the safety in continuing diuretics as therapy for chronic hypertension during pregnancy.  No serious maternal, fetal, or neonatal adverse drug reactions were reported, but there were only 10 women in the treatment arm. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0247\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00ô\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Sibai, Grossman, et al. 1984 #243\00!\00 47 

Reports of thrombocytopenia in 11 newborns (2 neonatal deaths) exposed to thiazides in utero were found. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07162169\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\000\01\00\00\009\00\00\5CéÆ\00çÆ\00\00\00\00\00\0B\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Combe 1978 #4367\00\10\00 162-169 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ç\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\17Jones & Reed 1965 #2700\00\17\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ß\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Harley, Robin, et al. 1964 #4256\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00É\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Rodriguez, Leikin, et al. 1964 #4240\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\12Menzies 1964 #4257\00\12\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00è\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\13Finnerty 1964 #4241\00\13\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ê\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Leikin 1964 #4242\00\11\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00(\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\13Prescott 1964 #4258\00\13\00   In contrast, a case control study found no increased risk of thrombocytopenia after 3 weeks of diuretics therapy late in pregnancy. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03170\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00Ã\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Jerkner, Kutti, et al. 1973 #2698\00!\00 170 A meta-analysis of nine RCTs reviewing diuretic exposure of more than 5,000 pregnant women with or without hypertension described only one fatal thrombocytopenia in a newborn; no cases of neuroblastoma were reported. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03166\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\12Menzies 1964 #4257\00\12\00 166, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07171180\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00<\01\00\00@;\00\00\5CéÆ\00çÆ\00\00\00\00\004\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FTervila & Vartiainen 1971 #2612\00\1F\00 171-180
 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00z\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1BFinnerty & Bepko 1966 #2682\00\1B\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ö\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Fallis, Plauche, et al. 1964 #2719\00"\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Kraus, Marchese, et al. 1966 #300\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ñ\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Landesman, Aguero, et al. 1965 #4244\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\004\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1BWeseley & Gordan 1962 #4408\00\1B\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\003\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FZuspan, Bell, et al. 1960 #4407\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05_\19\02\00\00\00\00\01\00\00"\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1BTatum & Waterman 1961 #4250\00\1B\00  QUOTE{ ADDIN PROCITE #\11\05_\19\02\00\00\00\00\01\00\001\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Flowers, Grizzle, et al. 1962 #4405\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00m\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Renier, Loquet, et al. 1988 #4206\00!\00 
Two case control studies found a significant association between risk of neuroblastoma and in utero exposure to diuretics for the treatment of high blood pressure (OR 4.1 95 percent CI 1.0 to 16.9 and OR 5.75 [p<.0.001]). QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07181,182\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00>\01\00\00;\00\00\5CéÆ\00çÆ\00\00\00\00\00ú\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\17Schwartzbaum 1992 #2811\00\17\00 181,182 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\09\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FKramer, Ward, et al. 1987 #4365\00\1F\00   The association between thrombocytopenia, neuroblastoma, and in utero exposure to diuretics cannot be ruled out with certainty, but the potential incidence for these serious adverse reactions appears very low (<0.02 percent).

Other isolated adverse events reported with diuretics include a case report of fetal bradycardia associated with a combination of thiazide and reserpine QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03183\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00à\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1CAnderson & Hanson 1974 #2695\00\1C\00 183 and a case control study that found a significant association between newborn deafness and in utero exposure to furosemide (no OR given). QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03184\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\0A\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Morrison, Fort, et al. 1971 #4366\00!\00 184 

Diuretics prevent normal volume expansion later in pregnancy.  The resulting depletion in plasma volume may decrease uterine perfusion and lead to adverse fetal outcomes.  However, these theoretical concerns were not supported in randomized controlled trials for the treatment of mild to moderate chronic hypertension or in one large review of nine randomized controlled trials (RCT)s.

Maternal serious adverse reactions.  Seven cases of pancreatitis (two with fatal hemorrhagic pancreatitis) in pregnant women exposed to diuretics have been published, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0B166,185187\01\01\00\0B\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00D\01\00\00À<\00\00\5CéÆ\00çÆ\00\00\00\00\005\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Minkowitz, Soloway, et al. 1964 #4409\00%\00 166,185-187 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\009\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Zurlinden, Colette, et al. 1970 #4413\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\12Menzies 1964 #4257\00\12\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\008\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Wilkinson 1973 #4412\00\14\00  although no cases of maternal pancreatitis were reported in a meta-analysis of more than 5,000 pregnant women exposed to diuretics during pregnancy. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0F166,171179,188\01\01\00\0F\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00O\01\00\00Ð>\00\00\5CéÆ\00çÆ\00\00\00\00\004\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FTervila & Vartiainen 1971 #2612\00\1F\00 166,171-179,188 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00z\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1BFinnerty & Bepko 1966 #2682\00\1B\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ö\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Fallis, Plauche, et al. 1964 #2719\00"\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Kraus, Marchese, et al. 1966 #300\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ñ\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Landesman, Aguero, et al. 1965 #4244\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\004\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1BWeseley & Gordan 1962 #4408\00\1B\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\003\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FZuspan, Bell, et al. 1960 #4407\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\12Menzies 1964 #4257\00\12\00  QUOTE{ ADDIN PROCITE #\11\05_\19\02\00\00\00\00\01\00\00"\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1BTatum & Waterman 1961 #4250\00\1B\00  QUOTE{ ADDIN PROCITE #\11\05_\19\02\00\00\00\00\01\00\001\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Flowers, Grizzle, et al. 1962 #4405\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\002\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ACuadros & Tatum 1964 #4406\00\1A\00   A case report of diuretic-induced ototoxicity in a young pregnant woman treated with furosemide 80 to 180 mg and 

ethacrynic acid 100 to 300 mg during delivery and postpartum for 5 days was published. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03184\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\0B\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\0A\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Morrison, Fort, et al. 1971 #4366\00!\00 184  Thiazide diuretics have been associated with agranulocytosis and thrombocytopenia in nonpregnant individuals. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\0B\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31

Vasodilators

Hydralazine

Teratogenicity.  Hydralazine is most commonly used during the second and third trimesters to control elevated blood pressure seen in preeclampsia and eclampsia.  For these reasons, first trimester experience is limited.  The Collaborative Perinatal Project found no birth defects in neonates of eight women exposed to hydralazine during their first trimester.  The frequency of major birth defects was not significantly increased in 40 newborns exposed to hydralazine during the first trimester in the Michigan Medicaid Surveillance Study. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03101\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\0B\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\14\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Lodeiro, Feinstein, et al. 1989 #4376\00%\00 101
In a case series, no birth defects were observed in pregnant women with moderately severe chronic hypertension treated with hydralazine and propanolol early in pregnancy. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03189\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\0B\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00J\08\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt*BottKanner, Schweitzer, et al. 1980 #2122\00*\00 189
Fetal and neonatal adverse events.  No serious adverse reactions were reported in approximately 20 pregnant women randomized to oral hydralazine for treatment of mild to moderate chronic hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0541,46\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00U\01\00\00ð?\00\00\5CéÆ\00çÆ\00\00\00\00\00õ\04\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\19Arias & Zamora 1979 #1175\00\19\00 41,46 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\13\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FWelt, Dorminy, et al. 1981 #274\00\1F\00   Two additional trials failed to detect serious adverse reactions.  In controlled trials, oral hydralazine for management of mild to severe pregnancy-induced hypertension did not result in serious adverse reactions. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0E49,125,138,190\01\01\00\0E\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Y\01\00\00@\00\00\5CéÆ\00çÆ\00\00\00\00\00Ý\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt(Rosenfeld, BottKanner, et al. 1986 #220\00(\00 49,125,138,190 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00è\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Hogstedt, Lindeberg, et al. 1985 #231\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00F\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Paran, Holzberg, et al. 1995 #69\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00c\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Hjertberg, Faxelius, et al. 1993 #98\00$\00   There are case reports of  premature labor, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03101\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\14\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Lodeiro, Feinstein, et al. 1989 #4376\00%\00 101 neonatal transient thrombocytopenia, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03191\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00%\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Widerlov, Karlman, et al. 1980 #4393\00$\00 191 and a lupus-like syndrome associated with hydralazine use. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03192\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00&\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Yemini, Shoham, et al. 1989 #4394\00!\00 192
Maternal serious adverse reactions.  One case of a lupus-like syndrome associated with parenteral hydralazine therapy late in pregnancy was located; the symptoms resolved after discontinuation of the drug. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03192\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00&\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Yemini, Shoham, et al. 1989 #4394\00!\00 192  Six cases of hydralazine-induced hepatitis during pregnancy were found. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07193,194\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00_\01\00\00ÐA\00\00\5CéÆ\00çÆ\00\00\00\00\00"\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1EOvadia, Hod, et al. 1983 #4390\00\1E\00 193,194 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\12\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Hod, Friedman, et al. 1986 #4374\00 \00 
Thrombocytopenia, pancytopenia, cholecystitis, and glomerulonephritis have been described in nongravid populations during hydralazine therapy.  Long-term therapy with hydralazine has been associated with a syndrome resembling systemic lupus erythematosus in up to 74 percent of subjects exposed to the drug.  More than 20 cases of hydralazine-induced hepatitis have been reported. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31
tc \l5 "Thrombocytopenia, pancytopenia, cholecystitis, and glomerulonephritis have been described in nongravid populations during hydralazine therapy.  Long-term therapy with hydralazine has been associated with a syndrome resembling systemic lupus erythematosus in up to 74 percent of subjects exposed to the drug.  More than 20 cases of hydralazine-induced hepatitis have been reported. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31Thrombocytopenia, pancytopenia, cholecystitis, and glomerulonephritis have been described in nongravid populations during hydralazine therapy.  Long‑term therapy with hydralazine has been associated with a syndrome resembling systemic lupus erythematosus in up to 74 percent of subjects exposed to the drug.  More than 20 cases of hydralazine‑induced hepatitis have been reported. QUOTE{ ADDIN PROCITE #1105ê1902000000023101010002000001000000000000p Øtc \l5 "Thrombocytopenia, pancytopenia, cholecystitis, and glomerulonephritis have been described in nongravid populations during hydralazine therapy.  Long‑term therapy with hydralazine has been associated with a syndrome resembling systemic lupus erythematosus in up to 74 percent of subjects exposed to the drug.  More than 20 cases of hydralazine‑induced hepatitis have been reported. QUOTE{ ADDIN PROCITE #1105ê1902000000023101010002000001000000000000p ØThrombocytopenia, pancytopenia, cholecystitis, and glomerulonephritis have been described in nongravid populations during hydralazine therapy.  Long‑term therapy with hydralazine has been associated with a syndrome resembling systemic lupus erythematosus in up to 74 percent of subjects exposed to the drug.  More than 20 cases of hydralazine‑induced hepatitis have been reported. QUOTE{ ADDIN PROCITE #1105ê1902000000023101010002000001000000000000pØ00?00000000000000(0000_!Thrombocytopenia, pancytopenia, cholecystitis, and glomerulonephritis have been described in nongravid populations during hydralazine therapy.  Longterm therapy with hydralazine has been associated with a syndrome resembling systemic lupus erythematosus in up to 74 percent of subjects exposed to the drug.  More than 20 cases of hydralazineinduced hepatitis have been reported. QUOTE{ ADDIN PROCITE #1105ê1902000000023101010002000001000000000000pØ00?00000000000000(0000e_!tc \l5 "Thrombocytopenia, pancytopenia, cholecystitis, and glomerulonephritis have been described in nongravid populations during hydralazine therapy.  Longterm therapy with hydralazine has been associated with a syndrome resembling systemic lupus erythematosus in up to 74 percent of subjects exposed to the drug.  More than 20 cases of hydralazineinduced hepatitis have been reported. QUOTE{ ADDIN PROCITE #1105ê1902000000023101010002000001000000000000pØ00?00000000000000(0000e_!
Angiotensin-Converting Enzyme Inhibitors

Teratogenicity. The majority of data relevant to use of ACE inhibitors during pregnancy are limited to captopril, enalapril, and lisinopril; but reports suggest that teratogenicity risk is similar throughout the drug class.  It appears dependent on timing of initial administration, dose, and duration of exposure. The Michigan Medicaid Surveillance Study  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0229\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29 included 141 newborns who had been exposed to ACE inhibitors (86 exposed to captopril, 40 to enalapril, and 15 to lisinopril) during the first trimester.  The estimated incidence of major birth defects was 7.0 percent. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0229\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29  A review has summarized 85 case reports published before 1989 of pregnancies exposed to captopril and enalapril. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03195\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00=\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Hanssens, Keirse, et al. 1991 #2621\00#\00 195 Neonatal anuria was reported in 15 percent of the pregnancies exposed to ACE inhibitors after 16 weeks of gestation.  Oligohydramnios was 

reported in 14 percent of the pregnancies and appeared more common with higher doses of ACE inhibitors.  Since the 1989 review, 8 additional case reports appeared, describing 29 adverse outcomes related to fetal kidney development after second and third trimester exposure to ACE inhibitors. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07196203\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00k\01\00\00\10D\00\00\5CéÆ\00çÆ\00\00\00\00\00D\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Pryde, Sedman, et al. 1993 #2628\00 \00 196-203 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00>\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1DPiper, Ray, et al. 1992 #2622\00\1D\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00M\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Cunniff, Jones, et al. 1990 #2637\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00:\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FBhattMehta & Deluga 1993 #2618\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1F\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Lavoratti, Seracini, et al. 1997 #4387\00&\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00$\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt(ThorpeBeeston, Armar, et al. 1993 #4392\00(\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1B\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Chisholm, Chescheir, et al. 1997 #4383\00&\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Sadeck, Fernandes, et al. 1997 #703\00#\00   Three cases of severe skull hypoplasia were attributed to use of ACE inhibitors during pregnancy. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07204,205\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00m\01\00\00pD\00\00\5CéÆ\00çÆ\00\00\00\00\007\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ADuminy & Burger 1981 #2615\00\1A\00 204,205 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00y\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\17Barr & Cohen 1991 #4218\00\17\00   This complication has been attributed to the agents’ deleterious effect on amniotic fluid, peripheral perfusion, and fetal blood pressure. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03206\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ABrent & Beckman 1991 #2614\00\1A\00 206
Fetal hypotension and persistent inhibition of the renin-angiotensin system have been proposed as the underlying mechanisms for the observed fetopathy.  Because fetal tubular function begins at the 10th embryonic week, exposure during the first trimester could be safe.  In fact, limited published reports confirm the relative safety of ACE inhibitors during first trimester use only.  Administration of an ACE inhibitors during the first trimester only did not result in teratogenic effects in 80 cases. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0A54,207209\01\01\00\0A\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00r\01\00\00`E\00\00\5CéÆ\00çÆ\00\00\00\00\00h\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ABar, Hod, et al. 1997 #545\00\1A\00 54,207-209 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00(\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1997 #4396\00\14\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00)\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1997 #4397\00\14\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Õ\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Hanssens, Keirse, et al. 1991 #386\00"\00 
Fetal and neonatal adverse events.  Several case reports associated ACE inhibitors used during second and third trimester to fetal growth retardation, hypotension, pulmonary hypoplasia, respiratory distress syndrome, and patent ductus arteriosus. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0529,63\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00t\01\00\00ÀE\00\00\5CéÆ\00çÆ\00\00\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29,63 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00<\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\10Anonymous. #4416\00\10\00   A detailed review of 85 case reports of ACE inhibitors-exposed pregnancy published before 1989 supported the assumption of increased risk for neonatal pulmonary hypoplasia (3 cases found) but did not confirm the suggested increased risk of respiratory distress syndrome or persistent patent ductus arteriosus after considering weeks of gestation at birth. 

No published reports were found describing fetal or neonatal outcomes with the use of quinapril, ramipril, trandolapril, fosinopril, cilazapril, and perindopril.

Maternal serious adverse reactions during pregnancy.  No published reports of maternal serious adverse reaction were found.

ACE inhibitors are widely used to treat chronic hypertension in the nongravid population and are the preferred agent for hypertensive individuals with renal insufficiency and diabetes. In general, this antihypertensive class is well tolerated.  ACE inhibitors have been shown to cause acute renal failure (0.1 to 0.2 percent). Particularly at risk are subjects with altered renal function, hypovolemia, and bilateral renal artery stenosis. ACE inhibitors also have been associated with drug-induced agranulocytosis, Guillain-Barré neuropathy, and hyponatremia-induced delirium. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31  Cholestatic jaundice due to captopril was reported, and the risk is estimated to be 0.09 per 1,000 patients. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0231\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\006\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\11Davies 1991 #4410\00\11\00 31  Acute hepatitis also has been described with enalapril. 

Angiotensin receptor blockers
Because these agents act on the same physiologic pathway as ACE inhibitors (the renin-angiotensin system) and they appeared on the market after the fetal adverse events associated with ACE inhibitors were well known, they have not been used to treat pregnant women.

Teratogenicity.  No published reports on the teratogenicity of this class of agents were found.
Fetal and neonatal adverse events.  No published reports of first trimester or gestational exposure were found.

Maternal serious adverse reactions.  No published reports of maternal serious adverse reactions during pregnancy were found.

Safety and tolerability data from controlled trials in the general population suggest that the side effect profile of ARBs is similar to placebo.  Limited long-term experience exists with these

agents. Case reports of purpura, acute psychosis with paranoid delusion, pancreatis, hepatotoxicity, and angioedema have been published.

Limitations
Most of the evidence on harm associated with antihypertensives in pregnancy is limited to case reports. The interpretation of these reports is difficult for several reasons.  As mentioned previously, the actual incidence of the serious adverse reactions reported are unknown. Two factors complicate the estimation of the incidence:  (1) it is likely that the number of published case reports is an underestimate of the actual existing number of subjects experiencing the reported adverse reaction, and (2) it is impossible to ascertain the exact number of women exposed to antihypertensives during pregnancy. Also, case reports do not establish causality.  This limitation is amplified in drug exposure occurring during pregnancy, as rechallenge and information related to previous exposure is nonexistent. The condition for which pregnant women are treated with antihypertensives is usually serious and can be partially responsible for the adverse fetal and neonatal outcomes.  In most cases, antihypertensives were administered as part of a multidrug regimen.

Gaps in Available Evidence

It is not possible to estimate the incidence for serious adverse effects of antihypertensive agents with the exception of ACE inhibitors during pregnancy because of the lack of control groups in prospective followup studies.  Additionally, it is not possible to reliably estimate the risk associated with treatment because of insufficient sample size and number of trials (randomized controlled trials, prospective cohort, surveillance programs) assessing safety of drugs in pregnant women with mild to moderate chronic hypertension.

Table 11.  U.S. Food and Drug Administration pregnancy categories definitions QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03130\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00'\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1999 #4395\00\14\00 130
Pregnancy risk categories





A.
Controlled studies in women fail to demonstrate a risk to the fetus in the first trimester, and the possibility of fetal harm appears remote.





B.
Animal studies do not indicate a risk to the fetus and there are no controlled human studies, or animal studies do show an adverse effect on the fetus but well-controlled studies in pregnant women have failed to demonstrate a risk to the fetus.





C.
Studies have shown that the drug exerts animal teratogenic or embryocidal effects, but there are no controlled studies in women, or no studies are available in either animals or women.




D.
Positive evidence of human fetal risk exists, but benefits in certain situations (e.g., life-threatening situations or serious diseases for which safer drugs cannot be used or are ineffective) may make use of the drug acceptable despite its risks.





X.
Studies in animals or humans have demonstrated fetal abnormalities or there is evidence of fetal risk based on human experience, or both, and the risk clearly outweighs any possible benefit.





Table 12.  Australian pregnancy categories definitions QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03130\01\01\00\03\00\00\01\00\00\00\00\00\00p±Ø\00\02\00\00\00\00\00\00\00(\00\00\00Ãß÷¿mtÅ(\00\00\00'\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1999 #4395\00\14\00 130
A. Drugs that have been taken by a large number of pregnant women and women of childbearing age without any proven increase in the frequency of malfunctions or other direct or indirect harmful effects on the fetus having been observed.

B1.
Drugs that have been taken by only a limited number of pregnant women and women of childbearing age without an increase in the frequency of malformation or other direct or indirect harmful effects on the human fetus having been observed.

B2.
Drugs that have been taken by only a limited number of pregnant women and women of childbearing age, without an increase in the frequency of malformation or other direct or indirect harmful effects on the human fetus having been observed.   Studies in animals1 are inadequate or may be lacking, but available data show no evidence of an increased occurrence of fetal damage.

B3.
Drugs that have been taken by only a limited number of pregnant women and women of childbearing age without an increase in the frequency of malformation or other direct or indirect harmful effects on the human fetus having been observed. Studies in animals have shown evidence of an increased occurrence of fetal damage.

C. Drugs that, owing to their pharmacological effects, have caused or may be suspected of causing harmful effects on the human fetus or neonate without causing malformations. These effects may be reversible.  Accompanying texts should be consulted for further details.

D. Drugs that have caused, are suspected to have caused, or may be expected to cause an increased incidence of human fetal malformations or irreversible damage.  These drugs may also have adverse pharmacological effects. Accompanying texts should be consulted for further details.

J. Drugs that have such a high risk of causing permanent damage to the fetus that they should not be used in pregnancy or when there is a possibility of pregnancy.



1 Animal studies submitted in support of new drug applications must conform to the Australian Guidelines on The Registration of Drugs B Volume 1, Prescription and Other Specified Drug Products, 2nd ed.

Note:  For drugs in the B1, B2, and B3 categories, human data are lacking or inadequate and subcategorization is therefore based on available animal data. The allocation of a B category does not imply greater safety than the C category. Drugs in category D are not absolutely contraindicated in pregnancy (e.g., anticonvulsants). Moreover, in some cases the D category has been assigned on the basis of “suspicion.”

Table 13.  Briggs, Freeman, and Yaffee pregnancy categories definitions QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0229\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00A\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Briggs, Freeman, et al. 1998 #4276\00"\00 29
Category A:
Controlled studies in women fail to demonstrate a risk to the fetus in the first trimester (and there is no evidence of a risk in later trimesters), and the possibility of fetal harm appears remote.





Category B: 
Either animal reproduction studies have not demonstrated a fetal risk but there are no controlled studies in pregnant women or animal reproduction studies have shown an adverse effect (other than a decrease in fertility) that was not confirmed in controlled studies in women in the first trimester (and there is no evidence of a risk in later trimesters).





Category C:  
Either studies in animals have revealed adverse effects on the fetus (teratogenic or embryocidal or other) and there are no controlled studies in women or studies in women and animals are not available. Drugs should be given only if the potential benefit justifies the potential risk to the fetus.





Category D:  
There is positive evidence of human fetal risk, but the benefits from use in pregnant women may be acceptable despite the risk (e.g., if the drug is needed in a life-threatening situation or for a serious disease for which safer drugs cannot be used or are ineffective).




Category X:   Studies in animals or human beings have demonstrated fetal abnormalities or there is evidence of fetal risk based on human experience or both, and the risk of the use of the drug in pregnant women clearly outweighs any possible benefit. The drug is contraindicated in women who are or may become pregnant.







Question 4:  Effects of Specific Antihypertensive Agents
Are particular antihypertensive agents more effective or harmful than others in treating mild to moderate chronic hypertension during pregnancy?
As previously noted, trial data are inadequate to prove or disprove benefits of treating mild to moderate chronic hypertension during pregnancy.  Evidence on direct comparisons of antihypertensive drugs in trials is even more limited.  Until further data become available, selection of a specific antihypertensive, if one is used at all, must be based on a weighing of the relative risks and benefits of antihypertensives derived from various evidence sources.  This section presents a balance sheet summarizing the benefits and harms of antihypertensive agents either recommended or proscribed in recent guidelines and reviews of chronic hypertension in pregnancy.  In the absence of demonstrated benefit from any of the drugs, their safety record becomes paramount.  Methyldopa and thiazide diuretics appear to be safe in pregnancy, given their long clinical use and few reported adverse events.  There is evidence that the beta-blocker,

atenolol, given early in pregnancy may be associated with intrauterine growth restriction.  There is no evidence of major adverse events associated with calcium channel blockers, but the clinical experience with this drug class is much more limited.  Angiotensin-converting enzyme inhibitors given in the second or third trimester cause fetal renal failure.  As the same complication may also occur with angiotensin II receptor blockers, this class of agents has been avoided in pregnancy.

Background

Deciding whether and how to treat chronic hypertension during pregnancy involves weighing the potential benefits and harms of specific agents. For example, a particular antihypertensive agent might be recommended over others if head-to-head trials demonstrated its superior efficacy, or lacking comparative trials, if efficacy had been demonstrated in RCTs for that drug but not for others. In the absence of such trial data, one drug might be recommended over others if it had a superior safety record.  Conversely, particular drugs might be avoided because of known possible severe adverse effects even if the absolute risk for those effects was unclear.

Description of Relevant Evidence

Evidence identified in the searches for efficacy and harm was considered in addressing this question (see sections for Questions 2 and 3). 

Trial Findings
Data on head-to-head comparisons of antihypertensive agents were very limited.  Two trials compared different antihypertensive agents in pregnant women with chronic hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0541,50\01\01\00\05\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00}\01\00\00pG\00\00\5CéÆ\00çÆ\00\00\00\00\00μ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESibai, Mabie, et al. 1990 #180\00\1E\00 41,50 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\13\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FWelt, Dorminy, et al. 1981 #274\00\1F\00   The first trial involved 300 women and compared methyldopa with labetalol and placebo. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0250\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00μ\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESibai, Mabie, et al. 1990 #180\00\1E\00 50  No significant differences between the treatment arms in neonatal mortality, birthweight, or Apgar scores were reported.  The second trial involved 21 women and compared methyldopa with hydralazine and placebo.  No statistically significant differences in pregnancy outcomes were noted.  Neither of the trials had sufficient power to detect even moderate to large differences. 

Until data to directly address the relative efficacy of antihypertensives in pregnancy are available, the choice of drug will depend on an assessment of the relative benefits and harms of the  different agents.  Table 14 provides a summary of the efficacy and harm data summarized  in Questions 2 and 3.  The antihypertensives in the table are those that are specifically recommended or proscribed in recent reviews and guidelines.

Gaps in Available Evidence

Existing trial data are totally inadequate to provide estimates of tradeoffs between benefits and harms of specific antihypertensive agents for pregnant women with chronic hypertension. 

Until such data are available, addressing the evidence gaps described in Questions 2 and 3 will be necessary to guide the selection of a specific antihypertensive.

Table 14.  Balance sheet of benefits and harms of antihypertensive agents
Agent or Class
tc \l3 "Agent or Class
Agent or Classtc \l3 "Agent or Class
Agent or ClassAgent or Classtc \l3 "Agent or ClassBenefits
Harms
Clinical experience

in pregnancy






Methyldopa


Fetal:  Insufficient evidence to rule out large effect on perinatal morbidity or mortality.

Maternal:  Insufficient evidence to rule out large effect on maternal morbidity.


Fetal:  Evidence of no major adverse events.

Maternal:  Hepatitis (est. 1-10 per 100,000 in nongravid population)


Large





Beta-blockers

Alpha/beta- blockers


Fetal:  Insufficient evidence to rule out large effect on perinatal morbidity or mortality.

Maternal:  Insufficient evidence to rule out large effect on maternal morbidity.


Fetal:  Limited evidence of possible IUGR with atenolol used early in pregnancy.  

Maternal:  Evidence of no major adverse events.


Large (beta-blockers)

Small (alpha/beta blockers)





Diuretics


Fetal:  Insufficient evidence to rule out large effect on perinatal morbidity or mortality.

Maternal:  Insufficient evidence to rule out large effect on maternal morbidity.


Fetal:  Evidence of no major adverse events.

Maternal:  Evidence of no major adverse events.


Large





Calcium channel blockers


Fetal:  Insufficient evidence to rule out large effect on perinatal morbidity or mortality.

Maternal:  Insufficient evidence to rule out large effect on maternal morbidity.


Fetal:  Very limited evidence of no major adverse events.

Maternal:  Very limited evidence of no major adverse events. 


Small





Hydralazine


Fetal:  Insufficient evidence to rule out large effect on perinatal morbidity or mortality.

Maternal:  Insufficient evidence to rule out large effect on maternal morbidity.


Fetal:  Evidence of no major adverse events.

Maternal:  Evidence of no major adverse events.


Moderate (for chronic hypertension)





ACE inhibitors

ARB

Fetal:  No evidence.

Maternal:  No evidence.

Fetal:  Risk of fetal renal failure if used in 2nd or 3rd trimester.

Maternal:  No evidence.

Small

None




IUGR = intrauterine growth retardation; ACE = angiotensin-converting enzyme; 

ARB = angiotensin receptor blocker
Question 5:  Nonpharmacological Treatment and Outcomes
Does nonpharmacological treatment of mild to moderate chronic hypertension during pregnancy improve maternal and perinatal outcomes?

No pertinent randomized controlled trials were found that addressed this question.
Background and Lack of Evidence

Nonpharmacological interventions such as bed rest or dietary supplementation are common practices.  In spite of their widespread use, little is known about the value of nonpharmacological interventions preventing complications in pregnant women with mild to moderate chronic hypertension.  A comprehensive search strategy identified 67 possibly relevant studies of 14 nonpharmacological interventions:  diet, bed rest, dietary supplements (calcium, magnesium, salt, iron, zinc), hydrotherapy, biofeedback, relaxation, smoking cessation, alternative medicine, rhubarb, and fish oil.  Of these, 50 were randomized controlled trials, but none was conducted in women with mild to moderate chronic hypertension.  Rather, the trials involved either normotensive women or women with a history of preeclampsia. 

Question 6:  Nonpharmacological vs. Pharmacological Treatment
Is nonpharmacological treatment as efficacious as pharmacological treatment to improve maternal and perinatal outcomes in women with chronic hypertension?
No pertinent randomized controlled trials were found that addressed this question.

Background and Lack of Evidence

Management of mild to moderate chronic hypertension during pregnancy varies widely.  Current practice commonly includes pharmacological and/or nonpharmacological therapies.  Whether one intervention is superior to the other is unknown.  Only three randomized controlled trials comparing such interventions were found.  Two compared an antihypertensive agent (labetalol or nifedipine) with bed rest and one compared omega-3 fatty acid with aspirin.  None was in pregnant women with mild to moderate chronic hypertension.

Question 7:  Combination Treatment
Does a combination of pharmacological and nonpharmacological treatment improve maternal and perinatal outcomes over either treatment alone?
No pertinent randomized controlled trials were found that addressed this question.

Background and Lack of Evidence

Management of mild to moderate chronic hypertension during pregnancy varies widely.  Current practice commonly includes both pharmacological and nonpharmacological therapies.  Whether combining such interventions is beneficial is unclear; no randomized controlled trials were found.

Question 8:  Blood Pressure Levels and Treatment
What is an appropriate blood pressure level at which to treat chronic hypertension during pregnancy and when should therapy be initiated?  What is an appropriate blood pressure level at which to maintain treatment?
Multiple large cohort and case-control studies from multiple countries consistently show increased risk of the following in pregnant women with mild to moderate diastolic hypertension:  perinatal mortality, abruption, low birthweight, intrauterine growth retardation, and preeclampsia.  Risks of the adverse outcomes appear increased in pregnant women with chronic hypertension, regardless of whether or not preeclampsia is superimposed.  Risks are apparent with DBP levels greater than 85 to 90 mmHg, and increase with higher levels of diastolic blood pressure.  None of the studies evaluates risks controlled for treatment cointerventions.  The studies do not directly address questions of whether antihypertensive drug treatment is more beneficial than harmful or evaluates appropriate blood pressure levels at which to initiate or maintain treatment.

Background

Multiple trials establish increased survival and decreased morbidity with antihypertensive drug treatment in adults with blood pressure exceeding 140-160/90-95 mmHg who are at high risk of cardiovascular events. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0233\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00/\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Gueyffier, Boutitie, et al. 1997 #4403\00&\00 33  Persons at high risk include those who have concomitant risk factors such as age over 60, family history of early cardiovascular disease, tobacco abuse, dyslipidemia, and/or diabetes.  Two large trials in older adults, the Hypertension Optimal Treatment Trial and a United Kingdom Prospective Diabetes Trial, have established target treatment blood pressures in persons who do not have diabetes as approximately 140/90 mmHg and in those with diabetes as approximately 130-140/80 mmHg. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07211,212\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Å\01\00\000H\00\00\5CéÆ\00çÆ\00\00\00\00\000\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Hansson, Zanchetti, et al. 1998 #4404\00%\00 211,212 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00+\11\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\14Anonymous 1998 #4399\00\14\00   The Hypertension Optimal Treatment Trial showed that little added benefit in persons without diabetes is achieved with blood pressure targets lower than 140/90 mmHg.  Trials involving younger nongravid women with few or no concomitant risk factors are limited but suggest little short-term benefit with antihypertensive treatment for many women with chronic hypertension who are trying to conceive (see Question 1).  Trials in pregnant women are not large enough to either establish benefits or rule out harms of antihypertensive treatment (see Questions 2 to 4).  

Moreover, antihypertensive therapy clearly is warranted in older persons or persons with multiple risk factors when blood pressures are greater than 140/90 mmHg, particularly in persons with diabetes.  The Joint National Committee for Prevention, Detection, Evaluation, and Treatment of High Blood Pressure currently recommends nonpharmacological treatment for young women with stage 1 blood pressures (SBP of 140-159 mmHg or DBP of 90-99 mmHg) and no concomitant risk factors.  The important question for pregnant women is whether chronic hypertension presents unique maternal or fetal risks and whether antihypertensive therapy significantly reduces these risks without undue adverse effects.  As already noted, trial data in pregnant women are inadequate to determine whether treatment benefits outweigh risks.  To help make informed decisions, it may be worthwhile to review available maternal, fetal, and infant risks associated with chronic hypertension in the mother. 

Description of Relevant Evidence

Details of the search for evidence are presented graphically in Figure 8.  From 1,774 records identified in the search, 46 met selection criteria specified in Table 1. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\197,20,2527,56,123,213248\01\01\00\19\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\01\00\00@P\00\00\5CéÆ\00çÆ\00\00\00\00\00\10\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\0CRey 1997 #15\00\0C\00 7,20,25-27,56,123,213-255 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00q\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\05#4210\00\05\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00â\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt~Invitational Symposium on Hypertension in Pregnancy (1975 : University of Chicago. Center for Continuing Education) 1976 #4233\00~\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ö\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Haelterman, Breart, et al. 1997 #2807\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00μ\0E\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Frusca, Soregaroli, et al. 1995 #3766\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\06\0F\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Prysak, Lorenz, et al. 1995 #3847\00!\00   Each of the studies provided information about either maternal or fetal risks associated with chronic hypertension during pregnancy.  Although definitions of chronic hypertension varied among studies, most defined chronic hypertension as known hypertension prior to pregnancy and/or blood pressures of >140/90 mmHg occurring before 20 weeks’ gestation.  The Korotkoff stage used to determine DBP usually was not stated; therefore, biases in overestimating blood pressure with use of phase IV instead of phase V could not be ascertained.

Most studies used retrospective cohort or case-control designs.  Only four were prospective cohorts. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0D7,243,249,252\01\01\00\0D\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00&\01\00\00 R\00\00\5CéÆ\00çÆ\00\00\00\00\00=\0B\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ARey & Couturier 1994 #2878\00\1A\00 7,243,249,252 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ö\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Haelterman, Breart, et al. 1997 #2807\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00{\0F\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\0EFriedman #3964\00\0E\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00Ö\04\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\05#1178\00\05\00   Two-thirds of the studies evaluated effects of single variables (e.g., presence or absence of chronic hypertension) on outcomes, without taking into account other important confounders such as age of mother, parity status, sociodemographic factors, smoking, prior history of preeclampsia, or potential cointerventions such as pharmacological or nonpharmacological treatment.  Eleven studies used multivariate techniques to try to adjust for some of these factors. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00&27,217,218,237239,241,243,252,254,255\01\01\00&\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Á\01\00\000T\00\00\5CéÆ\00çÆ\00\00\00\00\001\09\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1CAnanth, Savitz, et al. #2353\00\1C\00 27,217,218,237-239,241,243,252,254,255 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ð\0E\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1CSamadi & Mayberry 1998 #3825\00\1C\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00æ\0B\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Fields, Vainder, et al. 1996 #3047\00"\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00=\0B\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ARey & Couturier 1994 #2878\00\1A\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00O\08\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Sibai, Lindheimer, et al. 1998 #2127\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00X\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Ananth, Savitz, et al. 1997 #531\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00}\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FKramer, Usher, et al. 1997 #563\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ö\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Haelterman, Breart, et al. 1997 #2807\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ø\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Williams, Mittendorf, et al. 1991 #148\00&\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00$\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1EPrada, Tsang, et al. 1994 #484\00\1E\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\06\0F\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Prysak, Lorenz, et al. 1995 #3847\00!\00 
There were 24 studies from North America, 12 from Europe or Scandinavia, and 4 from developing countries (Africa, China, Brazil).  Sample sizes varied as follows:  <1,000 participants, 18 studies; >1000 but <10,000 participants, 9 studies; >10,000 but <100,000 participants, 13 studies; >100,000 but less than 1,000,000 participants, 3 studies; and >1 million participants, 3 studies.  The large studies often used birth registry or hospital record data to assess outcomes in general obstetric populations.  The smaller studies were typically case series of high-risk patients or small case-control studies.  Thirty-two of the studies were published in the 1990’s whereas 8 were published before 1980 and included patients who had been studied in the 1950’s.

Figure 8. Selection process for studies addressing blood pressure level to initiate and maintain treatment
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Figure 9.  Perinatal death outcome results given as the relative risk (log scale) associated with chronic hypertension compared with either normotensive or general obstetrical populations



Trial Findings
Findings of the individual studies are detailed in evidence tables that follow the glossary.  Results of studies that reported perinatal mortality outcomes in chronic hypertensive mothers compared with outcomes in normotensive mothers or general obstetrics populations are presented in Figure 9.  Every study consistently shows increased risk of perinatal death associated with chronic hypertension.  The random effects summary odds ratio for these studies is 3.4 (95 percent CI 3.0 to 3.7).  

(Of note:  In 1997, the overall incidence of infant deaths in the United States was 7.2 per 1,000 live births.)  Summary odds ratios for North American studies, studies from other countries, prospective cohort studies, all cohort studies, and case-control studies are shown in Table 15.  In every instance, chronic hypertension was associated with increased perinatal mortality.  Three studies confirmed that more severe maternal hypertension is associated with greater perinatal mortality than in mild to moderate hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0B221,227,247\01\01\00\0B\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Ä\01\00\00ÀT\00\00\5CéÆ\00çÆ\00\00\00\00\00ñ\0F\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESass, Moron, et al. 1990 #3988\00\1E\00 221,227,247 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00#\0F\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\18Curet & Olson 1979 #4096\00\18\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00?\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Tubman, Rollins, et al. 1991 #4160\00"\00 
Table 15.  Summary random effects odds ratios of perinatal mortality risks derived from studies comparing outcomes in women with chronic hypertension with women who were either normotensive or from a general obstetrical population
Study Type
Summary OR
95 Percent CI
Heterogeneity test

North American
3.2
2.6 to 3.9
P=0.10 ( 4 studies)

Other countries
3.5
2.5 to 4.9
P=0.98 ( 6 studies)

Prospective cohort
2.9
0.4 to 22.0
P=0.72 ( 2 studies)

Retrospective cohort
2.9
2.4 to 3.5
P=0.39 (4 studies)

Case-control
tc \l3 "Case-control
Case‑controltc \l3 "Case‑control
Case‑controlCasecontroltc \l3 "Casecontrol3.6
3.2 to 4.1
P=0.92 (4 studies)

All studies
tc \l3 "All studies
All studiestc \l3 "All studies
All studiesAll studiestc \l3 "All studies3.4
3.0 to 3.7
P=0.64 (10 studies)

OR = odds ratio; CI = confidence interval
Results of studies that reported abruption occurring in chronic hypertensive mothers compared with normotensive mothers or the general obstetrics populations are shown in Figure 10.  Studies generally show increased risk of abruption associated with chronic hypertension, although one study suggests hypertension is associated with decreased risk. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03243\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00=\0B\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ARey & Couturier 1994 #2878\00\1A\00 243  The summary OR for risk of abruption is 2.0 (95% CI 1.1 to 3.7).  Of note, four studies provide risks of abruption associated with chronic hypertension adjusted for sociodemographic factors, smoking status, and sometimes parity.  These adjusted risk estimates were 2.3 (95 percent CI 1.5 to 3.6), QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03217\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00ø\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Williams, Mittendorf, et al. 1991 #148\00&\00 217 1.4 (95 percent CI 0.5 to 3.6), QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03240\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\1A\0B\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Ananth, Bowes, et al. 1997 #2843\00 \00 240 1.81 (95 percent CI 1.07 to 3.05), QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03241\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00}\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FKramer, Usher, et al. 1997 #563\00\1F\00 241 and 0.5 (95 percent CI unavailable, published article gives incorrect value). QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03243\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00 \00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00=\0B\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ARey & Couturier 1994 #2878\00\1A\00 243  One large retrospective cohort study and a retrospective analysis of a multicenter trial show that chronic hypertension with superimposed preeclampsia is associated with higher risks of abruption than chronic hypertension alone.27, 239 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1A\0B\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Ananth, Bowes, et al. 1997 #2843\00 \00 
All  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\1220,221,223,242,243\01\01\00\12\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Ð\01\00\00\00W\00\00\5CéÆ\00çÆ\00\00\00\00\00ñ\0F\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESass, Moron, et al. 1990 #3988\00\1E\00 20,221,223,242,243 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00i\03\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Mabie, Pernoll, et al. 1986 #873\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00J\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Samadi, Mayberry, et al. 1996 #4171\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00R\0B\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Rosenn, Miodovnik, et al. 1992 #2899\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00=\0B\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ARey & Couturier 1994 #2878\00\1A\00  but one  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0256\01\01\00\02\00\00\01\00\00\00\00\00\00pØ\00\02\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\002\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Sibai, Abdella, et al. 1983 #305\00 \00 56 of the studies that reported associated risks of preeclampsia with chronic hypertension compared with no hypertension found positive associations, though risk estimates varied, probably because of varying definitions of preeclampsia.  Several studies evaluated risks of prematurity, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07216,237\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Ó\01\00\00èW\00\00\5CéÆ\00çÆ\00\00\00\00\001\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\0EJain 1997 #303\00\0E\00 216,237 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ð\0E\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1CSamadi & Mayberry 1998 #3825\00\1C\00  SGA, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\1656,224,227,232,243,252\01\01\00\16\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00Ù\01\00\00X\00\00\5CéÆ\00çÆ\00\00\00\00\00ö\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Haelterman, Breart, et al. 1997 #2807\00%\00 56,224,227,232,243,252 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\002\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Sibai, Abdella, et al. 1983 #305\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ü\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Knuist, Bonsel, et al. 1998 #695\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00=\0B\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ARey & Couturier 1994 #2878\00\1A\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00#\0F\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\18Curet & Olson 1979 #4096\00\18\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00P\0E\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FBiran, Mazor, et al. 1994 #3665\00\1F\00  low birthweight, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\1626,223,225,234,248,256\01\01\00\16\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00ß\01\00\00ÐY\00\00\5CéÆ\00çÆ\00\00\00\00\00i\03\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Mabie, Pernoll, et al. 1986 #873\00 \00 26,223,225,234,248,255 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00n\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Hjertberg, Belfrage, et al. 1992 #355\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\19\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Ferrazzani, Caruso, et al. 1990 #4122\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00.\0C\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Abdulrazzaq, Bener, et al. 1995 #3119\00%\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00/\0D\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt&Velentgas, BengaDe, et al. 1994 #3376\00&\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\009\0D\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt"Ansari, Mueller, et al. 1995 #3386\00"\00  or intrauterine growth restriction  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\1120,25,216,221,249\01\01\00\11\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00ä\01\00\00ÀZ\00\00\5CéÆ\00çÆ\00\00\00\00\001\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\0EJain 1997 #303\00\0E\00 20,25,216,221,249 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ñ\0F\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ESass, Moron, et al. 1990 #3988\00\1E\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00^\0C\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!McCowan, Buist, et al. 1996 #3167\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00J\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Samadi, Mayberry, et al. 1996 #4171\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00{\0F\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\0EFriedman #3964\00\0E\00  associated with chronic hypertension compared with either the general obstetrics population or normotensive pregnant women.  In all but two instances, chronic hypertension was associated with increased risks of these outcomes.224,234

Figure 10.  Abruption outcome results given as relative risk (log scale) associated with chronic hypertension compared with normotensive or general obstetrical populations
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One large retrospective analysis of a prospectively maintained perinatal database in the United States examined maternal mortality associated with chronic hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03216\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\03\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\001\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\0EJain 1997 #303\00\0E\00 216  In this study, chronic hypertension was defined as blood pressure >140/90 mmHg occurring earlier than the 20th week of gestation or prepregnancy.  The reported maternal mortality in chronic hypertensive pregnant women was 230/100,000 live births.  Mortality in normotensive pregnant 

women was 10.6/100,000 live births.  Mortality in women with pregnancy-induced hypertension was 160/100,000.  Mortality by severity of hypertension and superimposed eclampsia was not given.

Gaps in Available Evidence
It is difficult to estimate precisely the magnitude of increased risk associated with hypertension from these studies, as most were retrospective.  Risk estimates of women with mild to moderate hypertension were usually not given separate from risks of women with severe hypertension.  As the large majority of women with chronic hypertension has milder forms of hypertension, combining all severities of hypertension probably led to only minor overestimations of risk associated with hypertension.  More importantly, none of the studies controlled for treatment cointerventions and cannot clearly answer the question of whether 

antihypertensive drug treatment is more beneficial than harmful.  Large randomized trials are sorely needed to remedy this situation.

Question 9.  Benefits of Aspirin
Is aspirin beneficial in preventing maternal and fetal complications in pregnant women with mild to moderate chronic hypertension?

One double-blind placebo controlled randomized trial involving 774 women with chronic hypertension found that low-dose aspirin, 60 mg daily, begun before 26 weeks gestational age did not significantly reduce risk of preeclampsia (risk difference 0.01, 95 percent CI B0.05 to 0.08), intrauterine growth retardation (risk difference 0.01, 95 percent B0.03 to 0.06) or perinatal mortality (risk difference B0.02, 95 percent CI B0.05 to 0.01).  Low-dose aspirin was not associated with significant increases in abruption, postpartum hemorrhage, or neonatal intraventricular hemorrhage.  The trial could have missed small reductions in the incidence of preeclampsia (10 to 20 percent), moderate reductions (30 percent) in intrauterine growth restriction, and large reductions in perinatal mortality (50 percent), as well as small increases in risks of maternal bleeding.  Six other trials of low-dose aspirin that provided subgroup data regarding women with chronic hypertension are generally consistent with the large trial’s findings, but there are 11 trials from which such subgroup data were not obtained.  

Background

Chronic hypertension in pregnancy is associated with increased risks of preeclampsia, perinatal mortality, and intrauterine growth restriction.  Preeclampsia itself, whether superimposed on chronic hypertension or not, is associated with increased maternal and fetal risks.  Maternal risks of preeclampsia include renal or hepatic failure, cerebrovascular hemorrhage, and disseminated intravascular coagulation.  Fetal risks of preeclampsia include intrauterine growth restriction, prematurity, and death.  

The exact etiology of preeclampsia is not clearly established.  Nor is the question of whether that etiology varies depending on different underlying conditions, such as chronic hypertension or diabetes.  Regardless, preeclampsia is associated with release of factors into the circulation that alter endothelial cell function.  Intravascular production of prostacyclin (PGI2, a vasodilator) is decreased while there is excessive production of thromboxane A2 (TXA2, a vasoconstrictor and platelet agonist).  Low ratios of PGI2/TXA2 are seen in both maternal and fetal circulations.256
Aspirin taken in doses between 0.3 to 1.5 mg/kg per day inhibits maternal cyclooxygenase activity in platelets but not in the endothelial tissue.  The result is a decrease in platelet activation combined with a decrease in small vessel spasm.  Aspirin also interferes with prostapglandin synthesis and affects the balance between the prostaglandins.257  Of note, only a small amount of unmetabolized aspirin reaches the fetus because small doses of aspirin are almost completely deacetylated in their first passage through the mother’s liver and they become salicylate, which

has little effect on thromboxane production.  The fetus=s less effective elimination of salicylates can cause plasma concentrations up to four times greater than the mother=s concentrations.258
Low-dose aspirin has been widely used to prevent preeclampsia.  Several randomized trials evaluating clinical outcomes associated with aspirin prophylaxis have shown variable results, but generally no evidence of large effects. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03260\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\03\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00â\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1CBar, Padoa, et al. 1997 #573\00\1C\00 259,260  Previous reviews of benefits of low-dose aspirin in pregnancy have not distinguished women with chronic hypertension from women who have other high-risk conditions.  Pregnancy outcomes in chronic hypertension are different from pregnancy outcomes in other risk conditions and may be mediated by different factors.  Combining such heterogeneous groups of women into a single “high risk” category may not be appropriate.

Description of Relevant Evidence

The literature search identified 46 randomized controlled trials evaluating benefits of aspirin in pregnant women.  The process of selection that identified 18 trials meeting the prespecified selection criteria is depicted in Figure 11.  These 18 trials involved pregnant participants with “mild to moderate” chronic hypertension and compared aspirin with either placebo or usual care.  All had maternal and/or fetal morbidity or mortality outcomes.  Trials that did not meet prespecified selection criteria were generally trials conducted in populations that did not include chronic hypertensives or did not have morbidity or mortality outcomes.

The 18 trials were conducted in countries around the globe including Australia, Brazil, Finland, France, Israel, Italy, the United Kingdom, the United States, West Indies, and Zimbabwe.  Only one of the trials stratified randomization on the basis of maternal chronic hypertension; it included 774 such women. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03261\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\03\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\00\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ECaritis, Sibai, et al. 1998 #1\00\1E\00 261  The remaining trials included women with chronic hypertension as a subgroup of eligible “high risk” women.  “High risk” women were defined in various ways and included women with diabetes, renal disease, previous complicated pregnancy, history of preeclampsia, or multifetal gestation.  Subgroup data for 699 women with chronic hypertension were obtained from six of the trials QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0B229,262266\01\01\00\0B\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00ñ\01\00\000]\00\00\5CéÆ\00çÆ\00\00\00\00\00\02\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\0FGolding 1998 #3\00\0F\00 229,262-266 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\0C\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Byaruhanga, Chipato, et al. 1998 #12\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00+\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\12Anonymous 1996 #42\00\12\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00À\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Benigni, Gregorini, et al. 1989 #191\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\16\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\17Gilani & Khan 1994 #471\00\17\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ã\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Hernandez, Martinez, et al. 1996 #574\00%\00  but were unobtainable for more than 2,500 women with chronic hypertension from reports or requests to authors of 11 trials.256,267-276 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\1B\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Tewari, Kaushish, et al. 1947 #26\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00J\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt Leslie, Gallery, et al. 1995 #73\00 \00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00`\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt,Viinikka, HartikainenSorri, et al. 1993 #95\00,\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00l\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\13Anonymous 1993 #107\00\13\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00m\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1FGallery, Ross, et al. 1997 #550\00\1F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00}\01\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\13Anonymous 1994 #690\00\13\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ê\04\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Beaufils, Uzan, et al. 1985 #1169\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00|\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Zimmermann, Eirio, et al. 1997 #562\00#\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\19\0A\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt!Uzan, Beaufils, et al. 1991 #2585\00!\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00J\10\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt#Samadi, Mayberry, et al. 1996 #4171\00#\00 
Characteristics of the trials are shown in Table 16.  In the trial that stratified randomization based on hypertension, chronic hypertension was defined as: documentation of antihypertensive drug therapy by medical records or a blood pressure while sitting of 140/90 mmHg or higher taken on two occasions at least 4 hours apart, either before pregnancy or before the 26th week of pregnancy. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03261\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\0A\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\00\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ECaritis, Sibai, et al. 1998 #1\00\1E\00 261  Trials with subgroup data either did not report their definition of chronic hypertension or defined it as blood pressure over 140/90 mmHg, with few further details given.  Aspirin was used as the single therapy in doses of 50 to 150 mg daily except for one study that combined aspirin therapy with antihypertensive therapy. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03264\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\0A\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00À\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Benigni, Gregorini, et al. 1989 #191\00$\00 264  In the trial that stratified randomization based on chronic hypertension, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03261\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00\0A\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\00\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ECaritis, Sibai, et al. 1998 #1\00\1E\00 261 treatment was begun within 24 weeks of gestation.  Trials with subgroup data began aspirin before 12 weeks gestation, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07264,266\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\01\02\00\000`\00\00\5CéÆ\00çÆ\00\00\00\00\00ã\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Hernandez, Martinez, et al. 1996 #574\00%\00 264,266 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00À\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Benigni, Gregorini, et al. 1989 #191\00$\00  less than 20 weeks gestation, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03262\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\02\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\0FGolding 1998 #3\00\0F\00 262 or over 20 weeks QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07229,263\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\04\02\00\00À`\00\00\5CéÆ\00çÆ\00\00\00\00\00\0C\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Byaruhanga, Chipato, et al. 1998 #12\00$\00 229,263 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00+\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\12Anonymous 1996 #42\00\12\00 or did not report timing of initiation of therapy. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03265\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\16\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\17Gilani & Khan 1994 #471\00\17\00 265  Aspirin treatment was stopped shortly before or at time of delivery.

Important quality parameters of the trials are shown in Table 17.  The trial that stratified randomization based on hypertension was well designed and conducted, whereas several of the other trials were single blind or did not report randomization concealment.  The trial with 
Figure 11.  Selection process for aspirin prophylaxis studies
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Table 16

Table 17.  Design characteristics of aspirin trialstc \l3 "Table 17.  Design characteristics of aspirin trials
Study
Randomization concealment
Blinding
Drop Outs
A priori hypothesis for chronic hypertension

 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03261\01\01\00\03\00\00\01\00\00\00\00\00\00p"Ø\00?\00\00\00\00\00\00\00(\00\00\00Ãß))mtÅ(\00\00\00\00\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ECaritis, Sibai, et al. 1998 #1\00\1E\00 261
Clearly adequate
Double
Yes, not specified
Yes

 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03262\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\02\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\0FGolding 1998 #3\00\0F\00 262
Clearly adequate
Double
Yes, not specified
Not clear

 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03229\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\0C\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Byaruhanga, Chipato, et al. 1998 #12\00$\00 229
Clearly adequate
Double
Yes, not specified
Not clear

 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03263\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00+\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\12Anonymous 1996 #42\00\12\00 263
Possibly adequate
Double
18/473
Not clear

 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03264\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00À\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Benigni, Gregorini, et al. 1989 #191\00$\00 264
Inadequate
Single
0
Not clear

 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03265\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00\16\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\17Gilani & Khan 1994 #471\00\17\00 265
Not described
Single
0
Not clear

 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03266\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00ã\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Hernandez, Martinez, et al. 1996 #574\00%\00 266
Not described
Double
Not specified
Not clear

stratified randomization had a stated a priori hypothesis and sample size calculation specifically for women with chronic hypertension.  Trials with subgroup data usually did not have clearly stated a priori hypotheses regarding chronic hypertension and either did not give sample size calculations or did not clearly base them on numbers of women with chronic hypertension.
Trial Findings
tc \l4 "Trial Findings
Figure 12 shows the rates of preeclampsia in women with chronic hypertension who were not treated with aspirin and in other “high risk” women who were also not treated with aspirin.  These rates were calculated from the control groups of the relevant trials.  In general, rates of preeclampsia were higher in women with chronic hypertension than for “high risk” women.  These findings show that different populations have been studied in the various trials and participants with chronic hypertension typically had higher risk than the mixed “high-risk groups.”

The figure also displays markedly varying rates of preeclampsia in chronic hypertensive participants in the trials.  The three trials QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0B229,261,262\01\01\00\0B\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\09\02\00\00a\00\00\5CéÆ\005çÆ\00\00\00\00\00\00\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ECaritis, Sibai, et al. 1998 #1\00\1E\00 229,261,262  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\02\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\0FGolding 1998 #3\00\0F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\0C\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Byaruhanga, Chipato, et al. 1998 #12\00$\00 that defined chronic hypertension as occurring early in pregnancy or known prior to pregnancy showed rates of preeclampsia of approximately 20 percent to 25 percent.  One of the studies that had a much higher rate of preeclampsia was extremely small (n=11) and single blind. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03264\01\01\00\03\00\00\01\00\00\00\00\00\00p"Ø\00?\00\00\00\00\00\00\00(\00\00\00Ãß))mtÅ(\00\00\00À\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Benigni, Gregorini, et al. 1989 #191\00$\00 264  The other study with a high rate of preeclampsia included women with both chronic hypertension and prior pregnancies complicated by hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03265\01\01\00\03\00\00\01\00\00\00\00\00\00p"Ø\00?\00\00\00\00\00\00\00(\00\00\00Ãß))mtÅ(\00\00\00\16\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\17Gilani & Khan 1994 #471\00\17\00 265  The large study with the particularly low rate of preeclampsia (7 percent) recruited patients up to 32 weeks of gestation and included patients with probable pregnancy-induced hypertension within the definition of chronic hypertension. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03263\01\01\00\03\00\00\01\00\00\00\00\00\00p"Ø\00?\00\00\00\00\00\00\00(\00\00\00Ãß))mtÅ(\00\00\00+\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\12Anonymous 1996 #42\00\12\00 263  

Outliers regarding preeclampsia results are further examined in Figure 13. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\0B229,261266\01\01\00\0B\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\13\02\00\00èc\00\00\5CéÆ\005çÆ\00\00\00\00\00\00\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ECaritis, Sibai, et al. 1998 #1\00\1E\00 229,261-266 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00+\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\12Anonymous 1996 #42\00\12\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\16\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\17Gilani & Khan 1994 #471\00\17\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\02\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\0FGolding 1998 #3\00\0F\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00\0C\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Byaruhanga, Chipato, et al. 1998 #12\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00À\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt$Benigni, Gregorini, et al. 1989 #191\00$\00  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00ã\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt%Hernandez, Martinez, et al. 1996 #574\00%\00   In this analysis, the larger of the two trials with very high rates of preeclampsia  QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03265\01\01\00\03\00\00\01\00\00\00\00\00\00p"Ø\00\07\00\00\00\00\00\00\00(\00\00\00Ãß))mtÅ(\00\00\00\16\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\17Gilani & Khan 1994 #471\00\17\00 265 was confirmed as having significantly different results from the remaining trials.

Trial findings relevant to women with chronic hypertension are presented in forest plots for several maternal/fetal/newborn outcomes (Figures 14, 15).  Except for the one study already confirmed as an outlier, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03265\01\01\00\03\00\00\01\00\00\00\00\00\00p"Ø\00\07\00\00\00\00\00\00\00(\00\00\00Ãß))mtÅ(\00\00\00\16\02\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\17Gilani & Khan 1994 #471\00\17\00 265 data show neither statistically significant positive nor negative effects on outcomes.  Two trials had borderline significant reductions in preterm delivery with aspirin compared with placebo (Figure 16). QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\07261,263\01\01\00\07\00\00\01\00\00\00\00\00\00ÑèE\00(\02\00\00\17\02\00\00Pd\00\00\5CéÆ\005çÆ\00\00\00\00\00\00\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1ECaritis, Sibai, et al. 1998 #1\00\1E\00 261,263 QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\00\01\00\00+\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\12Anonymous 1996 #42\00\12\00   In one, aspirin was associated with a slightly longer (average 2 days, 38.1 vs. 37.8 weeks) gestation period than placebo. QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03263\01\01\00\03\00\00\01\00\00\00\00\00\00p"Ø\00?\00\00\00\00\00\00\00(\00\00\00Ãß))mtÅ(\00\00\00+\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\12Anonymous 1996 #42\00\12\00 263  Posthoc power analyses of the trial that stratified randomization showed 80 percent power (alpha=0.05) to detect about a 
Figure 13.  Preeclampsia results of trials:  Risk difference between aspirin prophylaxis 

groups vs. control groups
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Figure 15. Perinatal deaths results of trials:  Risk differences between aspirin prophylaxis 

groups vs. control groups
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Figure 16. Preterm delivery results of trials:  Risk differences between aspirin prophylaxis groups vs. control groups
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50 percent RR reduction in perinatal mortality, about a 10 percent to 20 percent RR reduction in preeclampsia, and about a 30 percent RR reduction in intrauterine growth retardation.

Gaps in Available Evidence

The bulk of relevant evidence regarding aspirin use in pregnant women with chronic hypertension is derived from one study that was of sufficient size to rule out moderate-sized effects on preeclampsia but not on intrauterine growth retardation or perinatal mortality.  Available subgroup data from other trials are generally consistent with results from the stratified trial.  However, such data did not add significantly to the body of evidence because it is scant and not based on a priori hypotheses related to chronic hypertension.  All trials were of low dose acetylsalic acid (defined as doses between 0.3 to 1.5 mg/kg per day, QUOTE{ ADDIN PROCITE #\11\05ê\19\02\00\00\00\03259\01\01\00\03\00\00\01\00\00\00\00\00\00pØ\00?\00\00\00\00\00\00\00(\00\00\00Ãß)mtÅ(\00\00\00w\00\00\00"C:\5CProCite4\5CDatabase\5CPregnancy.pdt\1BSchiff & Mashiach 1992 #118\00\1B\00 259 with the range of daily dose from 50 to 150 mg.  Study populations were geographically, culturally, and clinically, heterogeneous.  In general, women with chronic hypertension who were not given aspirin had higher rates of preeclampsia than the mixed group of “high-risk” women.  Most, though not all, technical experts for this evidence report were unwilling to assume that effects of aspirin would be similar for high-risk conditions as varied as renal problems, preexisting chronic hypertension, diabetes, and multifetal gestation.  They suspected that the underlying mechanisms of various conditions that lead to adverse outcomes are disparate, making a common treatment unlikely.  Moreover, current available data are insufficient to confidently rule out small-to-moderate-sized benefits or harms of aspirin for women with chronic hypertension.

Question 10.  Use of Special Monitoring Techniques
Is the use of special fetal monitoring techniques (biophysical profiles, Doppler velocimetry, nonstress tests, contraction stress tests, fundal measurements, amniotic fluid index, ultrasound fetal biometry, fetal movement counting) and strategies (priority ordering of testing, number of tests, or timing of tests) beneficial or harmful to mothers and fetuses?  Are there particular subsets of women for whom special monitoring techniques are warranted?
There are no data from methodologically acceptable studies to address either the benefits or the harms of various monitoring strategies for pregnant women with chronic hyptertension.

Background and Lack of Evidence

Women with chronic hypertension in pregnancy are often monitored intensively for the appearance of maternal and fetal complications, though the benefits, harms, and marginal gains of such monitoring are not clear.  Monitoring techniques include serial ultrasonography for fetal growth, Doppler velocimetry of the umbilical or uterine arteries, nonstress tests, biophysical profiles, and biochemical tests such as plasma urate.  Important issues are:  (1) the diagnostic accuracy of the tests for detecting particular maternal and fetal complications, (2) the efficacy of the monitoring techniques for preventing perinatal morbidity and mortality, and (3) the most effective timing, repeat intervals, and sequencing of tests.  For this report, technical experts were

specifically interested in whether there was evidence of clinical benefits or harms of monitoring techniques in women with chronic hypertension.  Thus, literature related solely to diagnostic accuracy of a monitoring technique compared with a reference standard was not reviewed.

Searches identified 939 records addressing a monitoring technique.  Of these, none met prespecified selection criteria of having pregnant participants with chronic hypertension and clinical perinatal morbidity or mortality outcomes (Figure 17).  Rather, most of the studies were small case series in other groups of pregnant women and examined accuracy of a monitoring technique compared with another standard.
Figure 17. Selection process for studies addressing fetal/maternal monitoring techniques
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Figure 14b.  Small-for-gestational-age results of trials:  Risk differences between  aspirin prophylaxis groups vs. control groups
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Figure 14a. Intrauterine growth retardation results of trials:  Risk differences between aspirin prophylaxis groups vs. control groups





Figure 14C. Birthweight results of trials:  Mean difference between aspirin prophylaxis groups vs. control groups
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Figure 11. Selection process for aspirin prophylaxis studies 
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