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Abstract                                                                                                                                                 

Background: Hypertension is the most common medical problem encountered during 
pregnancy, complicating 2-3% of pregnancies. Hypertensive disorders in pregnancy may cause 
maternal and fetal morbidity, and they remain a leading source of maternal mortality.                                                                                                                                                                                               
Objective: To assess the strategies applied for diagnosis, control, and management of 
gestational hypertension.                                                                                                                                                
Materials and Methods:  The literature was searched to identify the hypertensive disorders 
in pregnancy. A critical appraisal of the relevant literature was reviewed. This was a safety, 
efficacy study with a randomized allocation and a parallel assignment intervention model. Its 
primary purpose was related to control and treatment. It was a descriptive, interventional, cross-
sectional, case series review study; and it has a qualitative approach aiming to review relevant 
case-control studies. The control of hypertension in pregnancy study (CHIPS) clinical trial was 
reviewed.  The target population are pregnant women with diastolic blood pressure 90–109 
mmHg, pre-existing/gestational hypertension, live fetus, and 20–33+6 weeks.                                                                                                                                                   
Results: CHIPS clinical trial investigated randomized pregnant women with three main 
outcome measures: primary (mean dBP at 28, 32 and 36 weeks), secondary (clinician 
compliance and women’s satisfaction), and other (serious perinatal and maternal complications). 
Mean dBP was significantly lower (95%) with tight control. Clinician compliance was 79% in 
both groups. With less tight control, the rates of other treatments and outcomes were the 
following: post-randomization antenatal antihypertensive medication use (69.7%), severe 
hypertension (57.6%), proteinuria (24.2%), serious maternal complications (4.6%), preterm birth 
(36.4%), birth-weight 2675 +/- 858 g, neonatal intensive care unit admission (22.7%), and 
serious perinatal complications (13.6%).                                                                                                  
Conclusion: The control of hypertension in pregnancy study (CHIPS) trial confirms the 
feasibility and importance of determining the effects of less tight control on serious perinatal and 
maternal complications. 
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Introduction                                                                                                                                                 

Hypertensive disorders during pregnancy are classified into four categories, as recommended by 
the National High Blood Pressure Education Program Working Group on High Blood Pressure in 
Pregnancy (2000)1. These are chronic hypertension, preeclampsia-eclampsia, preeclampsia 
superimposed on chronic hypertension, and gestational hypertension (transient hypertension of 
pregnancy or chronic hypertension identified in the latter half of pregnancy). This terminology is 
preferred over the older one; however, the widely used term "pregnancy-induced hypertension" 
(PIH) is more precise. Hypertension in pregnancy is diagnosed either from an absolute rise in 
blood pressure or from a relative rise above measurements obtained at booking. The convention 
for the absolute value is a systolic >140 mm Hg or a diastolic >90 mm Hg. However, it should be 
recognized that blood pressure is gestation-related. A diastolic blood pressure of 90 mm Hg is 3 
standard deviations (SD) above the mean for mid pregnancy, 2 SD at 34 weeks, and 1.5 SD at 
term2. The definition for a relative rise in blood pressure incorporates either a rise in systolic 
pressure of >30 mm Hg or rise in diastolic pressure of >15 mm Hg above blood pressure at 
booking. Blood pressure must be elevated on at least two occasions. Later, from second trimester 
blood pressure should be taken with the woman lying on her side3.  Korotkoff phase I and V 
(disappearance) should be used. If phase V is not present, phase IV should be recorded. 
Automated systems are unreliable in severe cases of preeclampsia. Hypertensive disorders of 
pregnancy are a leading cause of maternal and perinatal mortality and morbidity worldwide. 
Gestational hypertension can lead to the serious condition of preeclampsia. Hypertension during 
pregnancy affects about 6-8% of all pregnant women. This condition can result among women 
with chronic hypertension who have high blood pressure before pregnancy, early in pregnancy, 
or carry it on after delivery. Usually gestational hypertension develops after week 20 in 
pregnancy and goes away after delivery. Both chronic hypertension and gestational hypertension 
can lead to preeclampsia after week 20 of pregnancy. This can result in serious complications for 
both mother and baby if not treated quickly. There is no specific treatment of gestational 
hypertension, but it may be closely monitored to identify these life-threatening complications. 
Antihypertensive therapy is considered when women present remote from term, and when 
pregnancy prolongation is desirable from a fetal perspective. There are numerous 
antihypertensive treatment guidelines, based more on opinion than evidence. No consensus exists 
on whether antihypertensive therapy is of more benefit than risk when used for non-severe 
hypertension which represents the majority of hypertension in pregnancy4.                                                   
This study is to determine how to control maternal hypertension to decrease the risks of adverse 
perinatal outcome without increasing maternal complications; and to improve utero-placental 
perfusion, fetal growth. Through these measures the study may help in providing beneficial 
effects on neonatal wellbeing. Also the aim of this review study is to improve the quality of 
service provided by family physicians in the management of hypertension during pregnancy. 
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Materials and methods  

This is a review study with critical appraisal of relevant literature. It is a safety/efficacy study 
with a randomized allocation and a parallel assignment intervention model. Its primary purpose 
is control/treatment. It is a descriptive, interventional, cross-sectional, case series review study. 
The study has a qualitative approach aiming to review case-control studies. Target population 
was pregnant women with diastolic blood pressure (dBP) of 90-109 mmHg, pre-
existing/gestational hypertension, live fetus (es), and 20–33+6 weeks. Cases excluded are 
pregnant women with systolic blood pressure above 170 mmHg, proteinuria, contraindication, 
or major fetal anomaly. Inclusion criteria were full-text articles of meta-analysis and systematic 
reviews, clinical trials, and observational study designs (ecological, cross-sectional, case-
control, and prospective study designs). Ethical considerations aimed to maintain 
confidentiality of information reviewed, and to state all facts without racial or personal 
discrimination. The literature was critically searched to identify the hypertensive disorders 
during pregnancy. Searches were conducted through several databases. A highly specific 
search strategy was developed to provide a focused set of results, which are thoroughly tested 
to ensure no compromise in comprehension of results. Generic and specially developed search 
filters were used to identify particular study designs such as randomized controlled trials. There 
was no attempt to search grey literature (conferences, abstracts, theses and unpublished trials), 
and there was no hand searching of journals not indexed in approved databases. This study was 
a clinical trial that enrolled women with non-severe, non-proteinuric pre-existing or gestational 
hypertension, with onset at 20–33+6 weeks. The trial was designed to determine whether less 
tight control (aiming for a dBP of 100 mmHg) versus tight control of dBP (aiming for a dBP of 
85 mmHg) would result in a difference in dBP between groups and whether clinicians would 
comply with the interventions. Randomization to target dBP (100 mmHg) or to target dBP        
(85 mmHg) control.  

 

Main outcome measures were: primary (mean dBP at 28, 32 and 36 weeks), secondary (clinician 
compliance and women’s satisfaction), and other (serious perinatal and maternal complications). 
The sample size used was 60 per group and this was based on having an 80% power to achieve 
statistical significance at the 0.05 level (two sided) if the dBP differed between groups by 6.4 
mmHg. The calculation was based on data from a meta-analysis of clinical trials in which a mean 
decrease of 6.4 mmHg in BP with a SD of 11.4 mmHg was associated with a trend towards an 
increase in infants small for gestational age (SGA). Estimating a rate of loss to follow up of 10% 
(to account for women who were randomized but who delivered before a timed dBP could be 
taken), and calculated a sample size of 66 women/group (132 women in total) for the CHIPS 
trial. The trial was conducted according to International Conference on Harmonization of 
Technical Requirements for Registration of Pharmaceuticals for Human Use Guidelines for 
Good Clinical Practice. Pregnant women were informed about the study at antenatal visits. For 
multiple pregnancies, all fetuses had to meet eligibility criteria. Women receiving or who had 
received antihypertensive medication were included if they met eligibility criteria. 
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After treatment of severe hypertension, women could be reassessed for eligibility. Proteinuria 
was defined as 0.3 g/24 hours or 2+ by urinary dip-stick if 24-hour collection was unavailable; 
this was required if pre-eclampsia was suspected. Consenting women were randomized to less 
tight or tight control of BP using random permuted blocks of variable size and a toll-free 24-
hour centrally controlled computerized randomization service. The treatment goal was applied 
from the time of randomization until delivery.                                                                                                                      
For less tight control, the target dBP was 100 mmHg. If dBP was 95–99 mmHg, consideration 
should have been given to decreasing the dose or stopping antihypertensive medication among 
women on treatment (‘treated women’), and therapy should not have been started among 
untreated women. However, if dBP was <95 mmHg, antihypertensive medication should 
definitely have been decreased in dose or stopped among treated women and should not have 
been started among untreated women. If dBP was 101–105 mmHg, consideration should have 
been given to starting antihypertensive medication or increasing the dose of existing 
medication. However, if dBP was >105 mmHg, antihypertensive medication should definitely 
have been started or existing medication increased in dose.                                                                                                     
For tight control, the target dBP was 85 mmHg. If dBP was 80–84 mmHg, consideration 
should have been given to stopping or decreasing the dose of antihypertensive medication 
among treated women, and therapy should not have been started among untreated women. 
However, if dBP was <80 mmHg, antihypertensive medication should definitely have been 
decreased in dose or stopped among treated women and should not have been started among 
untreated women. If dBP was 86–90 mmHg, consideration should have been given to starting 
or increasing the dose of existing antihypertensive medication. However, if dBP was >90 
mmHg, antihypertensive medication should definitely have been started or existing 
medication increased in dose.                                                                                                                                            
For consistency, clinicians were asked to use labetalol (100-200 mg two times daily, 
maximum 1200 mg/day). However, if the situation dictated otherwise (e.g. severe asthma), 
other antihypertensive medication could be used, with the exception of an angiotensin-
converting enzyme inhibitor, angiotensin receptor antagonist or atenolol.                                                                        
Women and their infants were followed until hospital discharge. All aspects of care other than 
BP control were dictated by local practice. At each visit, dBP and any change in 
antihypertensive therapy were recorded in a patient-held diary that contained information that 
reminded women and caregivers about the dBP goal and standardized BP measurement. There 
were three study visits at 28, 32, and 36 weeks. At these visits, the site coordinator reviewed 
each woman’s diary and arranged for dBP measurement three times, 5 minutes apart, in the 
standardized fashion (i.e. after 15 minutes of rest, woman seated, back supported, arm 
supported [level of the heart], cuff bladder encircling >80% of arm circumference, and phase 
V Korotkoff for dBP).                                                                                                                                                  
A mercury sphygmomanometer was used if available; otherwise, aneroid devices were used. 
BP was measured by either (in order of preference): a research team member masked to the 
dBP goal, or the coordinator using a validated automated device, or the coordinator 
performing standardized unmasked dBP measurement. 
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These three dBP measurements formed the basis of the primary outcome for the CHIPS pilot 
trial. The secondary outcomes were clinician compliance with the interventions and women’s 
views about their care. Clinician compliance was determined by a centralized adjudication 
committee of three experts (not involved in the care of the women) who reviewed masked copies 
of a woman’s diary pages, independently, and determined if the BP control received was less 
tight, tight, or could not be determined (‘unsure’). Consensus was reached through discussion. 
Women completed a self-administered structured questionnaire, modified from to explore 
women’s likes and dislikes and whether they would choose to have the same management in a 
subsequent pregnancy or recommend it to a friend.                                                                                              
Serious perinatal complications were defined as stillbirth, neonatal death, or one or more of the 
following: birth-weight < 3rd centile for gestational age and sex, respiratory distress, 
bronchopulmonary dysplasia, intraventricular haemorrhage grade 3 or 4, cystic periventricular 
haemorrhage, retinopathy of prematurity stage 3–5 in one or both eyes, or necrotizing 
enterocolitis (NEC).                                                                                                                                                 
Serious maternal complications, the secondary outcome for the planned CHIPS trial, were 
defined as death or one or more life-threatening maternal complications defined as the following: 
stroke, eclampsia, severe haemolysis, elevated liver enzymes and low platelet count (HELLP) 
syndrome, or end-organ failure. Other feto-maternal outcomes included placental abruption, 
maternal syndrome of pre-eclampsia, and adverse maternal symptoms believed to reflect pre-
eclampsia. The worst outcome for any fetus/neonate of a multiple pregnancy was the outcome 
for that pregnancy.                                                                                                                                             
Data analysis was governed by the intention to treat. Descriptive statistics were used to assess 
comparability of study groups with respect to baseline information. For the primary outcome of 
mean dBP (at 28, 32, and 36 weeks), a general linear model with a random effect for patient, and 
fixed effects for treatment group and time point, was fitted using Markov chain Monte Carlo 
methods facilitated by the software Win BUGS using vague prior distributions. This accounted 
for the imbalance in the repeated measurements of BP because of the fact that some women were 
enrolled after 28 weeks or delivered before 36 weeks. The 95% credible intervals were 
calculated. Other outcomes were analyzed descriptively by allocation group. 

Results 

The control of hypertension in pregnancy study (CHIPS) approached 259 pregnant women. 194 
(75%) of these were eligible and 132 (68%) consented to participate and were randomized to less 
tight (n = 66) or tight control (n = 66) of dBP. The most common reasons for ineligibility were 
proteinuria (n = 16) and a contraindication to less tight BP control (e.g. renal disease) (n = 11). 
The most common reasons for declining participation were disinclination to be randomized                    
(n = 23), time constraints (n = 22), and/or desire to avoid drugs in pregnancy (n = 21). Baseline 
maternal and pregnancy characteristics were similar. The BP treatment to which women were 
randomized was received by 52/66 (78.8%) women in both the less tight and tight control 
groups.  
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There was no assessment of clinician compliance for one woman in each group, for whom diary 
pages were not received. For seven women in each group, the type of control received was 
clearly that of the other group. For six women in each group, the type of control received was 
uncertain; of these, four in each group received BP control that would have been appropriate for 
either group (i.e. one woman with a dBP persistently >105 mmHg in whom antihypertensive 
medication was increased, one woman with dBP of 90 mmHg persistently, and six women had 
post-randomization dBP values 90 mmHg without antihypertensive medication). Overall, dBP 
was on average 3.5 mmHg lower (95% credible interval of –6.4 to –0.6 mmHg) in the tight 
(versus less tight) control group (P = 0.02). Similar numbers of women in both groups had dBP 
taken in a masked fashion: 35 (59.3%) (less tight control) versus 32 (54.2%) (tight control). 
Women in the less tight control group more frequently had their dBP measured by an automated 
device (25 [42.5%] [less tight] versus 14 [24.1%] [tight]). Women in the tight control group 
more frequently had their dBP measured using a mercury manometer (35 [59.3%] [less tight] 
versus 43 [74.1%] [tight]). Oral antenatal antihypertensive medication was used after 
randomization for 46 (69.7%) women in the less tight control group versus 58 (89.2%) in the 
tight control group.                                                                                                                                                
Serious perinatal complications were observed for 9 (13.6%) infants of mothers in the less tight 
control group and for 14 (21.5%) infants of mothers in the tight control group. One infant in the 
less tight group died of NEC 2 days after birth. Serious maternal complications were observed 
for three (4.6%) women in the less tight control group and for two (3.1%) women in the tight 
control group. The majority of women indicated that they would be willing to have the same 
treatment again in another pregnancy (60 [92.3%] versus 53 [89.8%] in the less tight and tight 
control groups, respectively) or indicated that they would recommend the same treatment to a 
friend (61 [93.9%] versus 58 [95.1%]). 

Discussion 

The control of hypertension in pregnancy study (CHIPS)5 observations were important to 
determine before undertaking a large costly trial to determine the effect of less tight versus tight 
control on important perinatal and maternal clinical outcomes. By masked independent 
assessment, 79% of women in each group received the BP control to which they were allocated 
and fewer women in the less tight control group received antenatal oral antihypertensive 
treatment after enrolment. Thus, clinicians are generally able to comply with the interventions of 
less tight and tight control as defined in the CHIPS clinical trial. The interventions, as defined in 
the CHIPS clinical trial, resulted in a statistically significant difference in dBP between groups: 
on average, 3.5 mmHg lower for women in the tight control group than for women in the less 
tight control group. Whether a difference of 3.5 mmHg in dBP between groups could translate 
into significant reductions in perinatal risk, without increasing serious maternal complications, is 
a question that can only be answered by an appropriately sized (i.e. large) multicenter trial. 
Investigators believe that the results of this pilot study are promising in this regard.                                                    
First, the direction of effect on perinatal outcome was consistently in favor of fewer adverse 
outcomes in the less tight control group.                                          
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Although we did not stratify by multiple pregnancies, the three sets of twins were all in the less 
tight group, which would bias the results towards worse outcomes in that group. This trend 
towards improved perinatal outcome occurred without an increase in proteinuria or maternal end-
organ complications of pre-eclampsia. However, consistent with the interventions, women in the 
less tight control group appeared to more frequently develop severe hypertension; no woman had 
a stroke or eclampsia. Previous meta-analyses of clinical trials are consistent with these findings. 
Of interest, among women who developed either severe hypertension and/or pre-eclampsia 
symptoms, onset was 2 weeks earlier on average in the tight control group (in which delivery 
was a mean of 4.2 days earlier). This may support our hypothesis that tight control reduces 
placental perfusion, and in the setting of an imbalance between utero-placental supply and fetal 
demands, tight control may be associated with an earlier release of placental factors that lead to 
maternal endothelial dysfunction and complications.                                                                                          
Second, it is possible that dBP may have been underestimated in the less tight group. It appeared 
that more women in this group had dBP measured by an automated device which may 
underestimate BP in pre-eclampsia, which complicated more than 50% of pregnancies (in both 
groups).24, 25 However, there was no difference between groups in the number of women who 
had their dBP taken in a masked fashion.                                                                                                              
Finally, it is likely that changes in dBP do not reflect all mechanisms in which antihypertensive 
medication can affect perinatal outcome. Investigators did not record systolic blood pressure 
(sBP). There is other haemodynamic considerations (such as effects on maternal cardiac output) 
and theoretical effects on placental transportation of nutrients.                                                                                                                    
In this trial, all of the following conditions or interventions were common: preterm birth (38%), 
pre-eclampsia (57%), and administration of antenatal corticosteroids (24%) and MgSO4 (17%). 
Four percent of women developed serious complications. Thirty percent of infants were SGA 
(<10th centile), 28% were admitted to NICU, and 18% suffered death (one infant) or serious 
neonatal morbidity. These results support the assertion that women with non-severe pre-existing 
or gestational hypertension before 34 weeks constitute a high-risk subpopulation of hypertensive 
pregnant women. Enrolment from 20 weeks of gestation was a major barrier to recruitment, as 
plans for antihypertensive therapy had been made; in CHIPS, investigators plan to recruit from 
14 weeks. Most importantly, we learned to make the phrasing of our interventions more directive 
and not give clinicians a range of 5 mmHg above and below the target dBP for each group, to 
avoid clinicians choosing the lower end of the less tight control range and the higher end of the 
tight control range. In CHIPS, investigators plan to ask clinicians to aim precisely for the target 
dBP.                                                                                                                                                                         
Finally, we can now estimate the number of women who have two consecutive dBP ‡90 mmHg 
but who actually go on to be normotensive on further follow up. In this pilot trial, six such 
women were enrolled. In the main CHIPS trial, two of these women would receive 
antihypertensive therapy if randomized to tight control, given that their dBP was still >85 
mmHg. Investigators will therefore need to inflate the sample size for CHIPS by at least 3% 
(4/132) to account for women who may be enrolled but who will not help to answer the research 
question. 
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In summary, in this clinical trial of less tight versus tight control of non-severe non-proteinuric 
pregnancy hypertension, investigators found clinicians to be compliant with the interventions and 
women allocated to tight control of dBP had significantly lower dBP than women allocated to 
less tight control. Also, women in both groups were satisfied with their care. What is now needed 
is a large definitive randomized trial to determine the effects of less tight versus tight control of 
non-proteinuric pregnancy hypertension on serious perinatal and maternal complications. 
Conclusion: The CHIPS clinical trial confirms the feasibility and importance of a large definitive 
trial to determine the effects of less tight control on serious perinatal and maternal complications. 
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