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    Chapter 13   
 Ambulatory Blood Pressure Monitoring 
in Special Populations: During Pregnancy       

       Ramón     C.     Hermida       and     Diana     E.     Ayala    

            Introduction 

  Hypertensive complications   in pregnancy are associated with increased risk of both 
adverse fetal/neonatal outcomes, including preterm birth, intrauterine growth retar-
dation (IUGR), and perinatal death, as well as maternal outcomes, including acute 
renal or hepatic failure, antepartum and postpartum hemorrhage, and even death 
[ 1 – 3 ]. Hypertensive complications in pregnancy range from hypertension alone 
(gestational hypertension [GH]) through proteinuria and multiorgan dysfunction 
(preeclampsia [PE]) to seizures (eclampsia) [ 4 ]. Reported rates of GH and PE vary 
substantially, ranging from 4 to 15 % and 2 to 5 %, respectively [ 5 – 7 ]. However, 
these rates might well underestimate actual ones [ 8 ], since the rather large variation 
in reported prevalence is likely due to under-ascertainment and/or misclassifi cation 
of GH and PE [ 8 – 10 ]. Furthermore, since the majority of cases of GH and PE are 
typically diagnosed at term, the increasing trend of early elective delivery contrib-
utes to additional underestimation of their prevalence [ 11 ]. 

 Many of the  physiologic changes   of PE are essentially a reversal of those that 
accompany a healthy pregnancy, i.e., absence of normal increase in plasma volume, 
elevation of blood pressure (BP), increase of peripheral vascular resistance, and 
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decrease (insuffi ciency) of aldosterone concentration [ 12 ]. Even though the exact 
cause of PE is unknown, several  mechanisms   have been suggested, including 
enhanced sensitivity to vasopressors, abnormal maternal immunologic reaction, 
and imbalance of vasoactive prostaglandin (thromboxane A 2  and prostacyclin) con-
centrations, resulting in small arteries vasoconstriction, platelet activation, and 
uteroplacental insuffi ciency [ 12 – 15 ].  Maternal risk factors   for GH and PE include 
nulliparity, advanced age, multiple births, diabetes, chronic hypertension, obesity, 
previous or family history of PE, different father and/or ≥10 years since last preg-
nancy, renal disease, and circulating antiphospholipid antibodies [ 3 ,  5 ,  6 ,  16 – 18 ]. 
Decreased risk of GH and PE has been associated with placenta previa, summer 
births, daily low-dose aspirin (particularly when ingested daily at bedtime and com-
mencing early in pregnancy) and calcium supplementation, and BP-lowering and 
glucose-lowering medications to control, respectively, hypertension and diabetes 
[ 3 ,  16 ,  19 – 24 ]. 

 Several clinical, biochemical, and biophysical tests have been applied to pre-
dict development of GH or PE later in  pregnancy  , but with inconsistent and usu-
ally rather low specifi city and sensitivity [ 25 ]. Because an elevated BP after 
20-week gestation is common to the defi nition of both GH and PE [ 4 ,  26 ], sev-
eral studies [ 27 – 30 ] have assessed if these  complications   may be predicted on 
the basis of offi ce cuff BP measured during conventional antenatal visits. Clinic 
BP values, however, have several shortcomings: they are representative of only 
a very small fraction of the 24-h BP profi le, usually under circumstances that 
may have pressor effect, and the technique is fraught with potential errors, 
including instrument defects and poor examiner technique [ 31 ]. Not surprisingly, 
several investigators have found offi ce BP measurements to be neither diagnostic 
nor suffi ciently predictive of the development of hypertension in pregnancy 
[ 8 ,  9 ,  32 – 35 ], showing both disappointing sensitivity, as low as 9 % [ 36 ], and 
positive predictive value, as low as 8 % [ 29 ]. Nonetheless, the diagnosis of GH 
continues to rely on conventional clinic BP measurements that are interpreted 
relative to fi x threshold values, i.e., 140/90 mmHg for systolic (SBP)/diastolic 
BP (DBP) after 20-week gestation [ 4 ,  26 ]. These reference thresholds for clinic 
BP measurements, the same one used to diagnose essential hypertension in non-
gravid women [ 37 ], are applied independently of gestational age at the time of 
BP measurement. 

 Ambulatory BP monitoring ( ABPM  ) has been suggested as a  logical approach   to 
overcoming many of the shortcomings and uncertainties associated with clinical BP 
measurement in pregnancy [ 8 ,  9 ,  33 ,  34 ,  38 – 40 ]. Indeed, multiple studies have eval-
uated the potential prognostic value of ABPM for the early detection of GH and PE 
[ 40 – 53 ]. However, many ABPM-based studies evidence the same kind of method-
ological defi ciency as clinic BP-based ones: most investigators reporting on the 
potential prognostic value of ABPM failed to take into account gestational age at the 
time of measurement on their fi ndings [ 41 ,  42 ,  45 ,  49 ,  50 ], thus disregarding the 
predictable changes in BP level that occur throughout gestation.  
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    Predictable BP Trends during Gestation in Healthy 
and Complicated Pregnancies 

 Noninvasive around-the-clock ABPM  investigations   have documented predictable 
differences in ambulatory BP between clinically healthy and hypertensive pregnant 
women during the course of gestation [ 38 ,  54 ,  55 ]. Hermida et al. [ 55 ] conducted a 
prospective ABPM study on 403 (207 nullipara) untreated Spanish pregnant women. 
Among them, 235 remained normotensive, 128 developed GH, and 40 developed 
PE. The SBP and DBP of each pregnant woman were automatically assessed every 
20 min between 07:00 and 23:00 h and every 30 min during the night for 48 con-
secutive hours at the time of recruitment (usually within the fi rst trimester of preg-
nancy), and thereafter every 4 weeks until delivery. A 48-h, instead of the most 
common 24-h, monitoring was chosen to improve reproducibility of results, as pre-
viously demonstrated both in nonpregnant [ 56 ] and pregnant women [ 57 ]. 

 In normotensive pregnancies, ambulatory BP steadily decreases until the middle 
of gestation and then increases only slightly until  delivery   (Fig.  13.1 , top). In con-
trast, women who develop GH or PE exhibit a stable SBP and DBP during the fi rst 
half of pregnancy and thereafter a continuous linear and signifi cantly greater 
increase until delivery (Fig.  13.1 , bottom) [ 55 ]. According to these fi ndings, the 
ABPM-derived 48-h SBP/DBP means during the fi rst trimester of pregnancy 
already differ signifi cantly between women who will remain normotensive through-
out pregnancy and those who will later develop hypertensive complications. At the 
14th week of gestation, the 48-h SBP/DBP means of women who developed GH or 
PE were signifi cantly greater—115/67 mmHg—than of those who had a healthy 
normotensive pregnancy—103/60 mmHg. Differences in the 48-h SBP/DBP means 
between healthy and complicated pregnancies can be observed, therefore, quite 
before the actual clinical diagnosis of GH or PE is made, typically in the third tri-
mester of pregnancy. The results of this study on women systematically sampled by 
48-h ABPM throughout gestation not only confi rm the predictable gestation-stage- 
dependent BP variation, but provide proper information to establish both around- 
the- clock and gestational-age-dependent reference limits for SBP and DBP [ 58 ], 
essential for the  early   identifi cation of women at risk for developing hypertensive 
complications later in pregnancy [ 8 ,  9 ,  33 ,  34 ,  38 ,  59 ].

       Circadian BP Patterns in Normotensive and Hypertensive 
Pregnant Women 

 An  important   advantage   of around-the-clock ABPM is thorough description and 
quantifi cation of the mostly predictable 24-h BP variation that results from the inter-
relationship of various internal and external time-of-day infl uences: (1) rest/activity- 
associated changes in behavior (including activity routine and level, meal timings 
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and content, mental stress, and posture); (2) day–night divergence in ambient tem-
perature, humidity, and noise; and (3) circadian (~24 h) rhythms in neuroendocrine, 
endothelial, BP-modulating peptide, and hemodynamic parameters, e.g., plasma 
noradrenaline and adrenaline (autonomic nervous system), atrial natriuretic and 
calcitonin gene-related peptides, and renin, angiotensin, and aldosterone 

  Fig. 13.1     Variation   of the 48-h SBP mean throughout gestation in normotensive pregnancies ( top ; 
1408 ABPM profi les of 48-h duration obtained from 235 women) and women who developed 
either GH ( bottom ; 800 ABPM profi les from 128 women) or PE ( bottom ; 222 ABPM profi les from 
40 women). Updated from [ 55 ]       
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(renin- angiotensin- aldosterone system) [ 60 – 62 ]. Such 24-h BP variability also 
characterizes clinically healthy pregnant women and those who develop GH or PE 
[ 9 ,  36 ,  38 ,  63 – 66 ]. Many reports indicate alteration in the 24-h BP pattern during 
gestation can be used either to predict PE or to assess its severity [ 8 ,  9 ,  33 ,  34 ,  66 ]. 
However, few studies have reported on the normal 24-h BP pattern in uncompli-
cated pregnancies [ 47 ,  50 ,  67 ], most of them without comparison to complicated 
pregnancies, an issue only occasionally addressed [ 9 ,  36 ,  38 ,  49 ,  63 – 65 ]. By the use 
of ABPM, several authors have found reduced BP decline during sleep in women 
with PE [ 9 ,  38 ,  63 – 65 ], whereas others even reported a reversed circadian BP pat-
tern towards higher sleep-time than awake-time mean BP associated with PE [ 66 , 
 68 ,  69 ]. A major  limitation   of most of the latter studies is that they have usually been 
conducted during the last stages of pregnancy. Moreover, they were not specifi cally 
designed to assess if ABPM might, indeed, be used to predict GH and PE. 

 Normal 24-h BP values in  pregnancy   have been established by several ABPM 
trials, including one involving a primigravid population of 98 women sampled at 
fi ve different gestational ages [ 47 ], and a second one involving 235 normotensive 
pregnant women systematically sampled every 4 weeks from early in the fi rst tri-
mester of pregnancy until delivery, as described in the previous section, and that 
also provided comparison with the 24-h BP pattern of complicated pregnancies [ 38 , 
 58 ,  65 ]. Figure  13.2  presents   the 24-h pattern of SBP (left) and DBP (right) assessed 
by 48-h ABPM per trimester of pregnancy for clinically healthy normotensive 
women and those who developed GH or PE. BP data were pooled over an idealized 
single 24-h span to simplify graphic presentations.

   A statistically signifi cant increased 48-h SBP/DBP mean was documented in 
pregnancies complicated with GH or PE compared to uncomplicated pregnancies in 
all three trimesters ( p  always <0.001). Differences in the hourly BP means between 
normotensive and hypertensive women were also statistically signifi cant at all cir-
cadian times and in each trimester of gestation, even after correcting for  multiple 
testing   (Fig.  13.2 ). No differences ( p  > 0.108) were detected during the fi rst trimes-
ter of pregnancy in the 48-h SBP/DBP means between women who later developed 
GH versus PE. The 48-h SBP/DBP means of normotensive pregnant women were 
statistically  lower  in the second as compared to the fi rst trimester ( p  < 0.001) in 
keeping with the documented trends of BP variation with increasing gestational age 
(Fig.  13.1 ). In the second trimester, there was statistically signifi cant difference in 
the 48-h SBP/DBP means ( p  = 0.002/0.038) between the two groups  of   women who 
subsequently developed GH and PE [ 65 ]. Panel C of Fig.  13.2 , for women sampled 
by 48-h ABPM during their third trimester of pregnancy, shows larger between- 
groups differences than those documented for the fi rst and second trimesters of 
pregnancy (panels A and B of Fig.  13.2 , respectively). BP slightly increased from 
the second to the third trimester in normotensive pregnancies, up to values equiva-
lent to those obtained in the fi rst trimester for the same women. In women who 
developed GH or PE, BP increased greatly from the second to the third trimester, the 
increase in BP being greater for women who developed PE versus GH (Fig.  13.1 ). 
Accordingly, during the third trimester, the difference in 48-h SBP/DBP means 
between the GH and PE groups was statistically signifi cant ( p  < 0.001). 
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  Fig. 13.2    24-h pattern of  SBP   ( left ) and DBP ( right ) of normotensive pregnancies ( continuous 
line ) and women who developed GH or PE ( dashed line ) sampled by 48-h ABPM. Each graph 
shows hourly means and standard errors of data for each group of pregnant women.  Dark shading  
along  lower horizontal axis  of graphs denotes the average hours of nighttime sleep across the 
sample.  Panel A : Women evaluated during the fi rst trimester of pregnancy (<14 weeks gestation). 
 Panel B : Women evaluated during the second trimester of pregnancy (14–27 weeks gestation). 
 Panel C : Women evaluated during the third trimester of pregnancy (≥27 weeks gestation). Updated 
from [ 65 ]         
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 The results depicted in Fig.  13.2  indicate statistically signifi cant differences in 
ambulatory BP between healthy and complicated  pregnancies   that are detectable as 
early as the fi rst trimester of pregnancy; nonetheless, at this stage of gestation, both 
SBP and DBP for women with a later diagnosis of GH and PE were still well within 
the currently accepted, but as discussed below, outdated, normal physiologic BP 
range [ 65 ]. Despite this available information, the diagnosis of hypertension in 
pregnancy based on ABPM [ 51 ] has  frequently   relied on the very same reference 
thresholds established for the diagnosis of essential hypertension, i.e., 130/80 
mmHg for the 24-h SBP/DBP means [ 37 ]. These reference thresholds have several 
shortcomings for use in pregnancy, as documented in the following section.  

    24-h BP Patterns in Men, Nonpregnant Women , 
and Pregnant Women  

 Apart  from      the predictable changes in BP with gestational age (Fig.  13.1 ), epide-
miologic studies report signifi cant sex differences in BP and heart rate [ 59 ,  70 – 73 ]. 
Typically, men exhibit lower heart rate and higher BP than women, the differences 
being larger for SBP than DBP [ 39 ,  71 ]. These differences become apparent during 
adolescence and remain signifi cant until 55–60 years of age [ 74 ]. Results from a 
recent large long-term prospective study on cardiovascular and cerebrovascular 
morbidity and mortality of subjects evaluated by periodic, at least annually, 48-h 
ABPM reveal the outcome-based 48 h SBP/DBP reference thresholds for the diag-
nosis of hypertension to be 10/5 mmHg lower for women than men [ 72 ]. 

Fig. 13.2 (continued)
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 The sex differences in BP  regulation   are illustrated in Fig.  13.3 , which presents, 
fi rst, the 24-h SBP pattern of 643 clinically healthy young-adult men and 504 non-
pregnant normotensive women, 18–40 years of age [ 71 ]. Data of these 1147 normo-
tensive subjects, matched by age, ethnicity, and, to the extent possible, body weight 
and height to the population of pregnant women that provided data for Figs.  13.1  
and  13.2 , were obtained using the same sampling scheme, i.e., ABPM performed 
every 20 min from 07:00 to 23:00 h and every 30 min during the night for 48 con-
secutive hours. Figure  13.3  also illustrates the 24-h BP pattern of normotensive 
pregnant women and those who developed GH or PE evaluated by 48-h ABPM 
during the second trimester of gestation. Figure  13.3  documents: (1) ambulatory 
SBP is signifi cantly higher in young-adult normotensive men than similarly aged 
nonpregnant normotensive women ( p  < 0.001); (2) as previously demonstrated [ 65 ], 

  Fig. 13.3    24-h  SBP   pattern of clinically healthy normotensive men (Group 1: 643 individuals) 
and normotensive nonpregnant women (Group 2: 504 individuals), normotensive pregnant women 
(Group 3: 546 ABPM profi les from 235 women), and women who developed GH or PE (Group 4: 
412 ABPM profi les from 168 women) sampled by 48-h ABPM during the second trimester of 
pregnancy (14–27 weeks gestation). Each graph shows hourly means and standard errors of data 
for each group of subjects.  Dark shading  along  lower horizontal  axis of graphs denotes the average 
hours of nighttime sleep across the subject sample. Updated from [ 38 ]       
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ambulatory SBP during the second trimester of gestation is signifi cantly diminished 
in women having normotensive pregnancies compared to ones later complicated 
with GH or PE ( p  < 0.001), although these differences between healthy and compli-
cated pregnancies can already be observed during the fi rst trimester of pregnancy 
(Fig.  13.2 , panel A); (3) ambulatory SBP is signifi cantly lower in normotensive 
pregnant women than in normotensive nonpregnant women ( p  < 0.001), as a conse-
quence of the diminished BP during the second trimester of gestation in healthy 
pregnancies (Figs.  13.1  and  13.2 ); (4) ambulatory SBP is signifi cantly higher in 
women  who      developed GH or PE evaluated during the second trimester of gestation 
than in normotensive women, either pregnant or nonpregnant ( p  < 0.001); and (5) 
ambulatory SBP is fully equivalent in clinically healthy normotensive men and in 
pregnant women who developed GH or PE when sampled during the second trimes-
ter of pregnancy ( p  = 0.187).

   Although Fig.  13.3 , as an example, presents data from pregnant women sampled 
during their second trimester of gestation, the conclusions are similar for the same 
women sampled by 48-h ABPM before 14 weeks gestation, i.e., during the fi rst 
trimester [ 36 ,  38 ,  64 ,  65 ]. These signifi cant differences in ambulatory BP that are 
expressed several months before the diagnosis of GH or PE cannot be established 
by clinic BP measurements until very late in pregnancy, well within the third trimes-
ter. Of additional signifi cant clinical relevance is the fi nding that the detected 48-h 
SBP/DBP means, which differ between healthy and complicated pregnancies by 
~12/7 mmHg, still fall below the threshold limits currently accepted for the diagno-
sis of hypertension in pregnancy [ 4 ,  26 ]. Until recently [ 39 ], knowledge of the 
diminished BP of nongravid women as compared to men plus the decrease in BP 
during the second half of gestation in normotensive pregnant women was not taken 
into account when establishing reference BP thresholds for the diagnosis of hyper-
tension in pregnancy, whether based either on unreliable clinic BP measurements 
[ 4 ,  26 ] or the more reproducible ambulatory ones [ 37 ]. The unfortunate conse-
quence of reliance upon the currently accepted thresholds established for clinic BP 
and ABPM measurements is high risk of misdiagnosis, i.e.,  gestational      normoten-
sion when, in actuality, it should be GH.  

    24-h BP Mean for Diagnosis of Hypertension in Pregnancy 

 In chronic essential  hypertension  , the correlation between BP level and target organ 
damage, cardiovascular disease risk, and long-term prognosis is greater for ABPM 
than clinic BP measurement [ 75 – 77 ].  Accordingl  y, several investigators have 
attempted to extrapolate these  advantages   of ABPM to the diagnosis of hyperten-
sion in pregnancy and prediction of pregnancy outcome. As in essential hyperten-
sion, the most common approach for diagnosing hypertension in pregnancy has 
been reliance on the ABPM-derived 24-h BP mean. However, previous studies have 
reported inconsistent 24-h BP mean threshold reference values for the diagnosis of 
GH that only occasionally have been tested prospectively [ 42 ,  78 ]. Moreover, there 
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is considerable controversy regarding the comparative prognostic value of the 
awake versus asleep BP means for the prediction of complications in pregnancy [ 43 , 
 44 ,  47 ,  49 ]. 

 A large number of studies have addressed the utility of the 24-h BP mean to pre-
dict GH and/or PE, often with signifi cant defi ciencies and limitations [ 38 ]. For 
example, Kyle et al. [ 49 ] investigated the usefulness of the second trimester 24-h 
BP mean as a screening test for predicting the  development   of hypertension later in 
pregnancy. They reported the awake SBP mean was elevated at 18 and 28 weeks 
gestation in women who subsequently developed “preeclampsia,” defi ned by them 
as women with an increase in clinic DBP of ≥25 mmHg during gestation or clinic 
DBP ≥90 mmHg, independent of SBP or proteinuria, which differs greatly from 
how it is currently defi ned [ 4 ,  26 ]. The fi rst criterion—a fi xed increase in clinic 
SBP/DBP throughout gestation—has been eliminated from the current defi nition of 
GH [ 26 ], and the second criterion, totally disregarding SBP and proteinuria for the 
proper defi nition of PE, is inaccurate and thus of very low prognostic value [ 8 ,  9 ,  33 , 
 40 ,  51 ]. Despite the signifi cant difference in BP detected between the compared 
groups, the best predictive BP parameter of the study by Kyle et al. [ 49 ] was mean 
arterial BP ≥85 mmHg at 28 weeks gestation, providing sensitivity of 65 %, speci-
fi city of 81 %, and positive predictive value of 31 % for the improperly defi ned 
“preeclampsia.” Daytime and nighttime BP means were of similar predictive value. 

 Penny et al. [ 51 ] used a  threshold value   of 135/85 mmHg for the 24-h SBP/DBP 
means to assess the ability of ABPM to predict development of severe hypertension 
(clinic SBP/DBP measurements ≥160/110 mmHg), proteinuria, birth weight < third 
percentile for gestational age, preterm delivery, and admission of the newborn to the 
neonatal intensive care unit. The authors justifi ed their conceptual approach on the 
invalid claim that the 135/85 mmHg thresholds for the 24-h SBP/DBP means, 
greater than the ones of 130/80 mmHg currently used for non-pregnant women [ 37 ], 
are comparable to the 140/90 mmHg thresholds commonly used for clinic SBP/
DBP. Moreover, as described above, such threshold values established independent 
of gestational age ignore the reported predictable BP changes that occur throughout 
pregnancy (Fig.  13.1 ). Despite all these major limitations, the authors concluded 
that a 24-h BP mean >135/85 mmHg in the second half of pregnancy is a signifi -
cantly better predictor than conventional offi ce BP values ≥140/90 mmHg for the 
development of cuff-substantiated severe hypertension. 

 Bellomo et al. [ 42 ] also evaluated the  prognostic value   of ABPM in pregnancy 
using reference thresholds of 125/74 mmHg, 128/78 mmHg, and 121/70 mmHg for 
the 24 h, awake, and asleep SBP/DBP means, respectively, in women sampled on 
just one occasion during their third trimester of pregnancy. These investigators 
reported that the 24-h BP mean is superior to clinic BP measurements obtained at 
the same time during the third trimester of gestation for prediction of pregnancy 
outcome. 

 Brown et al. [ 43 ] reported 70 % sensitivity to predict later detection of either GH 
or PE by clinic BP defi ned by the thresholds of ≥140/90 mmHg, when using a fi xed 
non-varying by gestational age cutoff value of 62 mmHg for the asleep DBP mean 
obtained from ABPM done between 18- and 30-week gestation. They also sug-
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gested fi xed threshold values of 115 mmHg for the 24-h SBP mean and 106 mmHg 
for the asleep SBP mean were predictive of later GH or PE, but again with relatively 
low sensitivities, 77 % and 54 %, respectively. In actuality, this research study 
describes the potential ability of the highly reproducible ABPM to predict the poorly 
reproducible clinic BP ≥140/90 mmHg threshold later in pregnancy. 

 Higgins et al. [ 48 ] applied the same questionable approach of investigating 
ABPM as a potential predictor of future clinic BP measurements in pregnancy. They 
studied 1048 women evaluated by 24-h ABPM at 18–24 weeks gestation. The best 
overall predictor for PE was the 24-h DBP mean, which when using a fi xed cutoff 
threshold value of 71 mmHg provided a test with sensitivity of only 22 % and posi-
tive predictive value of only 15%. 

 The illustrative examples presented above highlight the limitation of relying 
solely on the ABPM-derived 24-h or even awake or asleep SBP/DBP means deter-
mined early in pregnancy to predict later development of GH or PE defi ned exclu-
sively in terms of clinic BP and the thresholds of ≥140/90 mmHg. ABPM is 
unquestionably of higher prognostic value than conventional clinic BP measure-
ments. However, due to poor results from the diagnostic test based only on the basis 
of the 24-h BP mean—namely the identifi cation by ABPM of women who might or 
might not show elevated clinic BP later in pregnancy—the most extended, in our 
opinion wrong and unjustifi ed, conclusion in the obstetric fi eld so far is that ABPM 
is not a suitable tool for the early identifi cation of GH or PE, and therefore should 
not be used in pregnancy [ 48 ]. 

 The fi ndings of studies entailing a different approach of utilizing ABPM-derived 
data by Hermida & Ayala [ 32 ], in contrast, clearly substantiate the ability of ABPM 
to predict early in pregnancy the risk of GH and PE. They performed a study on 113 
pregnant women sampled for 48 h every 4 weeks from the fi rst obstetric examina-
tion until delivery, thus providing 759 ABPM profi les in total, to assess the  sensitiv-
ity and specifi city   of the 48-h BP mean per trimester of pregnancy in identifying 
hypertensive complications. This was accomplished by comparing distributions of 
the 48-h BP mean values of both healthy and complicated pregnancies, without 
assuming an a priori threshold for the diagnosis of GH based on mean BP [ 32 ]. 
Sensitivity ranged from 32 % for DBP in the second trimester to 84 % for SBP in 
the third trimester. Specifi city, however, was as low as 7 % for the fi rst trimester 
DBP. Results from this study revealed the threshold values for the 48-h SBP/DBP 
means that would eventually provide the highest combined sensitivity and specifi c-
ity in the  diagnosis   of hypertension in pregnancy are: 111/66 mmHg in the fi rst tri-
mester of pregnancy, 110/65 mmHg in the second trimester, and 114/69 mmHg in 
the third trimester (Table  13.1 ). The corresponding threshold values in each of the 
three trimesters of pregnancy for the awake SBP/DBP means were 115/70, 115/69, 
and 118/72 mmHg; and 99/58, 98/56, and 104/60 mmHg for the asleep SBP/DBP 
means, respectively (Table  13.1  [ 32 ]). These apparently low values, refl ecting the 
predictable changes in BP during gestation in normotensive pregnant women plus 
the expected diminished BP in pregnant as compared to nonpregnant women (Fig. 
 13.3 ), are fully equivalent to those proposed by other independent investigators to 
defi ne normal ABPM values in pregnancy [ 47 ,  79 ].
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   In the attempt to validate prospectively these results, Hermida & Ayala calculated 
the sensitivity and specifi city of the 48-h, awake, and asleep BP means for the early 
identifi cation of hypertension in pregnancy using the reference threshold values 
provided above (and also in Table  13.1 ) when analyzing data described in Figs.  13.1  
and  13.2  [ 78 ]. As an illustrative example,    Fig.  13.4  represents the  frequency histo-

  Fig. 13.4     Frequency distribution   of 48-h ( left  ), awake ( center  ), and asleep SBP mean ( right  ) 
from normotensive ( top ; 546 ABPM profi les from 235 women) and hypertensive pregnant women 
( bottom ; 412 ABPM profi les from 168 women) sampled by 48-h ABPM during the second trimes-
ter of pregnancy (14–27 weeks gestation). The tested reference thresholds of 110, 115, and 98 
mmHg for the 48-h, awake, and asleep SBP mean, respectively, are represented as  thick vertical 
lines  in each graph. Updated from [ 78 ]       

       Table 13.1     Diagnostic   SBP/DBP thresholds (mmHg) for diagnosis of GH and PE based on 
ABPM for pregnant women as a function of gestational age a    

 ABPM 
characteristic 

 First trimester (<14 
weeks gestation) 

 Second trimester (14–27 
weeks gestation) 

 Third trimester (≥27 
weeks gestation) 

 48 h mean 
  SBP    111  110  114 
 DBP  66  65  69 
 Awake mean 
 SBP  115  115  118 
 DBP  70  69  72 
 Asleep mean 
 SBP  99  98  104 
  DBP    58  56  60 

   a Data from [ 77 ,  78 ]. Alternatively, hypertension in pregnancy might be defi ned as a hyperbaric 
index (HBI) ≥15 mmHg × h independent of pregnancy stage (see text). The HBI is defi ned as total 
area during the entire 24-h period of any given subject’s BP above a time-varying threshold defi ned 
by a tolerance interval calculated as a function of gestational age [ 33 ,  34 ]  
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grams   with the distributions of the 48-h (left), awake (center), and asleep SBP 
means (right) calculated from the 958 ABPM profi les of 48 h duration obtained 
from the participating pregnant women in their second trimester of pregnancy. 
Comparison of the histograms of the normotensive (top) and hypertensive pregnan-
cies (bottom) does not reveal clear separation between the two populations for any 
of the three mean BP values investigated. However, testing prospectively the previ-
ously established second trimester thresholds (110, 115, and 98 mmHg for the 48-h, 
awake, and asleep SBP mean, respectively [ 32 ]) reveals relatively small overlap 
between healthy and complicated pregnant women. Only 40 out of the 546 (7.3 %) 
BP profi les representative of normotensive pregnant women in the second trimester 
of gestation have a 48-h SBP mean >110 mmHg, while 362 out of the 412 (87.9 %) 
profi les representative of those who later developed GH or PE show a 48-h SBP 
mean above this threshold. Results are similar for the awake SBP mean (Fig.  13.4 , 
center), although the overlap between the distributions of values of normotensive 
and hypertensive women is slightly higher for the asleep SBP mean (Fig.  13.4 , 
right). Results further indicate a slightly larger overlap of BP mean values between 
normotensive and hypertensive women during the fi rst trimester, and a slightly 
smaller overlap of the data sampled during the third trimester. Thus, the sensitivity 
and specifi city of the diagnosis of hypertension in pregnancy based on mean SBP 
values increase with gestational age. The sensitivity and specifi city of the DBP 
means according to the threshold values listed in Table  13.1  are consistently lower 
than they are for the SBP means at all stages of pregnancy [ 78 ].

   These fi ndings on the prospective evaluation per trimester of the prognostic 
value in pregnancy of the mean BP values derived from ABPM were additionally 
compared to those obtained from clinic BP measurements on the same women. For 
data obtained during the second trimester, the total overlap between  normotensive   
and hypertensive pregnancies was 97.7 and 98.2 % for clinic SBP and DBP, respec-
tively. Women who later developed GH or PE had during the second trimester of 
pregnancy clinic SBP values as low as 100 mmHg, with only 33 out of a total of 412 
SBP values (8 %) actually ≥140 mmHg. These fi ndings thus indicate very poor 
sensitivity at all stages of gestation, mainly for clinic DBP. Specifi city, on the con-
trary, was very high, as just a very small proportion of women in this study, includ-
ing those with PE, showed conventional clinic BP values ≥140/90 mmHg, even 
during most of their third trimester of pregnancy. 

 The results of this  prospective trial   [ 78 ] corroborate, fi rst, the advantages of 
ABPM over clinic BP values for the early identifi cation of hypertension in preg-
nancy. Relative to the 130/80 mmHg reference thresholds for 24-h SBP/DBP means 
proposed for the general population [ 37 ], the thresholds listed in Table  13.1  as a 
function of gestational age refl ect the previously documented [ 71 ] expected lower 
BP in women as compared to men, the expected further decrease in BP in gravid as 
compared to nongravid women [ 36 ,  38 ,  64 ,  65 ], and the predictable changes in BP 
as a function of gestational age [ 38 ,  54 ,  55 ]. Results presented in Fig.  13.4  corrobo-
rate prospectively that the diagnosis of hypertension in pregnancy based on mean 
BP values derived from ABPM should be established from thresholds much lower 
than those currently used in clinical practice [ 39 ]. Although the sensitivity and 
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specifi city in the diagnosis of hypertension can still be improved by the use of other 
indexes derived from ABPM (for example, by the tolerance-hyperbaric test subse-
quently discussed) [ 8 ,  9 ,  33 ,  34 ,  38 ], the results of rigorously conducted studies 
indicate the 48-h, awake, and asleep BP means (Fig.  13.4 ) provide a diagnostic test 
markedly superior to clinic BP measurements, rendering ABPM a more useful tool 
for the clinical evaluation and early identifi cation of complications in pregnancy.  

    Early Identifi cation of Hypertension in Pregnancy 
with the Tolerance-Hyperbaric Test 

 The differing 24-h BP  pattern      between healthy and complicated pregnancies at all 
gestational ages, as shown in Fig.  13.2  [ 36 ,  38 ,  63 – 65 ], suggests the diagnosis of 
hypertension in pregnancy might be improved without reliance only on 24-h SBP/
DBP mean values that disregard information on 24-h BP variability [ 32 ], and the 
use for diagnosis of a time-specifi ed reference limit [ 38 ,  58 ]. Once the time-varying 
threshold, given for instance by the upper limit of a time-qualifi ed tolerance interval 
derived per each hour of the activity and sleep spans [ 58 ], is available, the hyper-
baric index (HBI), as a determinant of entire 24-h BP excess, can be calculated as 
the total area of any given subject’s BP above the threshold [ 8 ,  9 ,  33 ,  34 ,  59 ,  80 ]. 
The HBI as well as the duration of BP excess (percentage time of excess, defi ned as 
the percentage time during the 24 h when the BP of the test subject exceeds the 
upper limit of the tolerance interval) can then be used as nonparametric endpoints 
for assessing hypertension in pregnancy. This so-called tolerance- hyperbaric test, 
by which the diagnosis of hypertension is based on the HBI calculated with refer-
ence to a time-specifi ed tolerance limit, has been shown to provide high sensitivity 
and specifi city for the early identifi cation of subsequent hypertension in pregnancy 
[ 33 ], thereby constituting a valuable approach for the prediction of pregnancy out-
come [ 8 ,  9 ]. Because the conventional assessment of GH relies on offi ce values 
≥140/90 mmHg for SBP/DBP [ 4 ,  26 ], results based on the determination of BP 
excess have been usually expressed as a function of the maximum HBI, defi ned as 
the maximum of the three values of HBI determined for SBP, mean arterial BP, and 
DBP, respectively, for any given individual [ 9 ,  33 ,  34 ,  59 ,  80 ]. The prospective 
evaluation of the reproducibility of this ABPM-based test for early identifi cation of 
complications in  pregnancy   was found to show a sensitivity of 93 % for women 
evaluated by ABPM during their fi rst trimester of gestation [ 34 ]. Sensitivity 
improved with gestational age, as BP also increases steadily during the second half 
of gestation in women who develop hypertension in pregnancy (Fig.  13.1 ). 

 Beyond the studies summarized above, several other authors have reported con-
sistent positive results when testing the ability of the HBI derived from ABPM to 
predict pregnancy outcome [ 81 – 84 ]. Benedetto et al. [ 81 ] performed 24-h ABPM at 
8–16 and 20–25 weeks gestation in 104 women at risk of GH or PE. Best sensitivity 
and specifi city were obtained between 20 and 25 weeks gestation with the 24-h 

R.C. Hermida and D.E. Ayala



267

mean and the HBI of SBP using as cut-off values 103 mmHg (sensitivity: 88 %; 
specifi city: 75 %) and 10 mmHg × h (sensitivity: 70 %; specifi city: 92 %), respec-
tively. The authors concluded ABPM in pregnancy allows defi nition of objective 
cut-off values that can be particularly useful in routine clinical practice when the 
risk of developing GH or PE must  be      calculated for each individual woman. 
Shaginian [ 84 ] evaluated 34 apparently healthy pregnant women by 72-h ABPM 
fi nding elevated HBI for SBP in the fi rst trimester of pregnancy for the 17 women 
who developed GH or PE during the second half of gestation compared to the 17 
women who remained normotensive until delivery. On the contrary, Vollebregt et al. 
[ 85 ] reported limited accuracy of the HBI in predicting hypertension in pregnancy 
from a study of 101 women evaluated by 48-h ABPM only once in the fi rst trimester 
of gestation. Their approach, which we feel is invalid for many reasons [ 38 ], utilized 
a (highly reproducible [ 34 ]) fi rst trimester ABPM profi le to predict elevated (highly 
variable and poorly reproducible) clinic BP later in pregnancy. This approach, far 
from novel, has been used in the past by many other obstetricians [ 43 ,  48 ], as briefl y 
discussed above. When both clinic and ambulatory BP are available, ABPM, but not 
clinic BP, prevails for diagnosis. This is so because, by comparing clinic and ambu-
latory BP, one is able to distinguish groups of subjects with normotension, sustained 
hypertension, isolated clinic (white coat) hypertension, and masked hypertension, 
characterized by different cardiovascular risk [ 37 ,  39 ,  86 ]. The inappropriate 
approach of Vollebregt et al. [ 85 ] undoubtedly included women with masked hyper-
tension in their reference population as well as in the comparative group they mis-
takenly called “normotensive women,” making invalid all conclusions drawn from 
their study. Most important in terms of clinical relevance, the Vollebregt et al. study 
found perinatal outcome to be more favorable for women with GH than for the ones 
with normotension, which is just the opposite of what the literature in the fi eld leads 
anyone to expect. 

 Previous prospective studies have also documented the ability of the ABPM- 
derived HBI, but not clinic BP measurements, to differentiate as early as at 20-week 
gestation women who will develop PE from those who will just develop GH without 
proteinuria [ 8 ,  9 ]. Accordingly, GH was predicted on the basis of a maximum HBI 
value exceeding the relatively low specifi ed threshold of 15 mmHg × h, while PE 
was predicted by the higher HBI threshold  of      65 mmHg × h [ 8 ].  

    Clinic versus Ambulatory BP for Diagnosis of Complications 
in Pregnancy 

 Another prospective study [ 8 ,  9 ] compared the ABPM profi les and  pregnancy   out-
come between three groups of pregnant women evaluated by 48-h ABPM at the 
time of recruitment (<16 weeks gestation), and then every 4 weeks thereafter until 
delivery, namely: (1) “detected” GH, defi ned as clinic BP ≥140/90 mmHg after 
20-week gestation plus maximum HBI consistently above the threshold for 
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 diagnosing hypertension   in pregnancy provided above (therefore classifi ed as 
hypertensive by both independent criteria); (2) “undetected” GH (i.e., masked GH), 
defi ned as clinic BP <140/90 mmHg  but  HBI above the threshold for diagnosis in 
each and everyone of the monthly profi les of ABPM obtained after 20-week gesta-
tion (therefore considered “normotensive” according to current obstetric guidelines 
[ 4 ,  26 ], but in actuality considered to be hypertensive by the ABPM-derived HBI 
criterion); and (3) normotension, defi ned as clinic BP and maximum HBI both con-
sistently below their respective diagnostic thresholds at all evaluations after 20-week 
gestation. The  demographic and perinatal characteristics   of the investigated women 
are summarized in Table  13.2 .

   Comparison of the 24-h BP  characteristics   of “detected” and “undetected” 
(masked) GH for women sampled during the fi rst trimester of pregnancy revealed 

     Table 13.2     Demographic and perinatal characteristics of   women investigated   

  p  value for comparison of 

 Variable  NT  DGH  UGH 
 Three 
groups 

 DGH vs. 
UGH 

 Women,  n   234  62  59 
 ABPM profi les,  n   1404  401  370 
 Age, years  30.4 ± 5.5  30.0 ± 4.6  30.8 ± 5.1  0.385  0.726 

 Weight,  kg    63.1 ± 9.7  78.6 ± 17.4  69.6 ± 16.5  <0.001  0.002 
 Height, cm  161.8 ± 5.5  163.7 ± 7.0  162.3 ± 7.1  0.124  0.194 
 SBP at fi rst visit, mmHg a   119 ± 10  127 ± 10  122 ± 9  <0.001  0.012 
 DBP at fi rst visit, mmHg a   65 ± 7  71 ± 8  68 ± 8  <0.001  0.181 
 SBP at last visit, mmHg a   118 ± 9  142 ± 11  133 ± 7  <0.001  <0.001 
 DBP at last visit, mmHg a   66 ± 7  84 ± 7  79 ± 6  <0.001  <0.001 
 Gestational age at 
delivery, weeks 

 39.4 ± 1.1  38.7 ± 3.4  38.8 ± 3.5  0.044  0.814 

 Newborn weight, g  3334 ± 447  3088 ± 634  3062 ± 653  <0.001  0.918 
 Delivery by cesarean 
section, % 

 18.4  35.5  40.7  <0.001  0.715 

 Intrauterine growth 
retardation, %    

 5.1  16.1  17.0  <0.001  0.791 

 Preterm delivery (<37 
weeks), % 

 3.6  9.7  10.2  0.037  0.935 

 Newborn Apgar score b  at: 
 1 min  8.8 ± 1.0  8.8 ± 0.9  8.7 ± 1.0  0.894  0.682 
 5 min  9.9 ± 0.4  9.9 ± 0.4  9.8 ± 0.7  0.297  0.334 
 10 min  10 ± 0.2  10 ± 0.1  9.9 ± 0.2  0.492  0.312 

  Data from [ 8 ,  9 ]. Values are shown as mean ± SD.  NT  normotension,  DGH  “detected” GH,  UGH  
“undetected” GH 
  a Values correspond to the average of 3–6 clinic BP measurements obtained by a midwife nurse for 
each women at the time of their fi rst and last (before delivery) visits to the hospital 
  b The Apgar score is determined by evaluating the newborn with fi ve criteria on a scale from 0 to 2, 
i.e., appearance, pulse, grimace, activity, and respiration  
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only a small and nonsignifi cant ( p  = 0.056) greater 24-h SBP mean by 2.6 mmHg in 
“detected” than “undetected” GH (Fig.  13.5 , left  pane  l). Differences between groups 
in the 24-h DBP mean (not shown) only amounted to 0.2 mmHg ( p  = 0.682). The 
hourly means of SBP and DBP did not differ signifi cantly between “detected” and 
“undetected” GH at any circadian time, as corroborated by  t -tests adjusted for mul-
tiple testing. In the second trimester, comparisons between the groups of women 
with “detected” and “undetected” GH failed to reveal any signifi cant differences in 
the 24-h SBP/DBP means (Fig.  13.5 , central panel;  p  > 0.386). In the third trimester 
of pregnancy, differences in the 24-h SBP/DBP means between “detected” and 
“undetected” GH were even smaller (Fig.  13.5 , right panel). Additionally, at all 
stages of pregnancy, ambulatory BP was highly signifi cantly lower in normotensive 
pregnant women than in women with either “detected” or “undetected” GH 
( p  < .001). Moreover, average newborn weight, gestational age at delivery, plus inci-
dence of preterm delivery, IUGR, and delivery by cesarean section were similar 
between the two groups of women with “detected” and “undetected” GH (Table  13.2 ). 
There were, however, statistically signifi cant differences in all those perinatal out-
come variables between these two GH groups and normotensive pregnant women 
(Table  13.2 ). Results from this prospective study provide strong evidence to support 
ABPM as the proper “gold standard,” instead of unreliable clinic cuff BP 
 measurements, for the early identifi cation of true hypertension  in   pregnancy and 
associated maternal and perinatal complications [ 8 ,  9 ].

  Fig. 13.5    24-h SBP pattern of pregnant women sampled by 48-h ABPM at different  stages   of 
pregnancy. Women were divided for comparative purposes into three groups according to the val-
ues of clinic BP and maximum HBI at all evaluations after 20-week gestation: (1) normotensives 
( N  = 234), with both clinic BP and maximum HBI below diagnostic thresholds; (2) “detected” GH 
( N  = 62), with clinic BP ≥140/90 mmHg plus elevated HBI; “undetected” (masked) GH ( N  = 59), 
with clinic BP <140/90 mmHg  but  elevated HBI. Each graph shows hourly means and standard 
errors of data for each group of women.  Dark shading  along  lower horizontal  axis of graphs 
denotes the average hours of nighttime sleep across the sample. Updated from [ 9 ]       
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       Discussion 

 Although PE has generally received more attention than just hypertension in the 
absence of any other symptom or complication in pregnancy, the long-term follow-
 up of women with complicated pregnancies has indicated that  GH   is associated with 
highest incidence of subsequent chronic hypertension [ 87 ]. Thus, although PE is a 
more severe obstetric complication, GH may have more important long-term impli-
cations. Accordingly, following the common standard applied in most of the cited 
references in this review, we focused on the identifi cation of BP elevation in preg-
nancy, whether or not it could be later accompanied by proteinuria. As discussed 
earlier, clinical studies already substantiate the ability of the HBI to differentiate to 
some extent, at the end of the fi rst half of pregnancy, women who will develop PE 
from those who will develop GH [ 8 ]. 

 Common to the current defi nition of all hypertensive complications in pregnancy, 
independent of how PE might be defi ned, is the use of the fi xed reference threshold 
of 140/90 mmHg for conventional clinic SBP/DBP measurements obtained at the 
physician’s offi ce [ 4 ,  26 ,  37 ]. Previous results have consistently documented the 
poor prognostic value of clinic BP for the early identifi cation of hypertension in 
pregnancy and prediction of pregnancy outcome [ 8 ,  9 ]. The ideal predictive or 
 diagnostic test should be simple and easy to perform, reproducible, noninvasive, 
and with high sensitivity and positive predictive value. The tolerance-hyperbaric 
test described above is noninvasive since it relies on ABPM. Many results summa-
rized in this review are based on ABPM assessed for 48 consecutive hours as 
opposed to the most common 24 h [ 40 – 53 ]. As a compromise with practicability, 
monitoring over at least 48 h has been shown to present advantages in the analysis 
of BP variability, diagnosis of hypertension, and evaluation of patient response to 
treatment [ 33 ]. Moreover, accuracy in the derivation of ABPM characteristics 
(including mean BP values and HBI) depends markedly on the duration of ABPM 
[ 56 ,  57 ]. Indeed, sampling requirements for the tolerance-hyperbaric test are not 
very demanding. While results summarized in this review were obtained with BP 
series sampled at 20- or 30-min intervals, the HBI can be well-estimated from data 
sampled at ~2-h intervals with just marginal loss in sensitivity or specifi city [ 57 ]. 
Although 15-min sampling for ABPM evaluation in pregnancy has been unjustifi -
ably advocated [ 40 ], a longer sampling interval increases compliance and patient 
acceptability [ 88 ]. Additionally, the number of reference subjects needed for esti-
mating stable time-qualifi ed tolerance SBP and DBP intervals is also quite small, as 
previously documented [ 58 ,  89 ]. Finally, the tolerance-hyperbaric test provides both 
high sensitivity and positive predictive value as early as in the fi rst trimester of preg-
nancy [ 8 ,  9 ,  33 ,  34 ,  81 – 84 ]. 

 Perceived  limitations   of ABPM stem from the fact that most ambulatory devices, 
although advanced, are still expensive and most have not been properly validated 
for specifi c application in pregnancy. Cost, however, should always be evaluated in 
relation to potential benefi t. Results of the prospective ABPM evaluation studies 
summarized here indicate the cost–benefi t relationship for ABPM is more favorable 
than clinic BP measurements in pregnancy, simply because ABPM allows proper 
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identifi cation of women at high risk of complications, while clinic BP does not [ 8 , 
 9 ,  34 ]. Tolerability of ABPM has also been discussed as a possible limitation of its 
use in pregnancy. Although compliance is usually very high [ 9 ,  33 ,  34 ], reported 
patient acceptability tends to be lower [ 88 ]. Patient acceptability, a potential limita-
tion also discussed when criticizing the utilization of ABPM in general practice 
[ 37 ], is in part related to the ability of the physician to provide useful and convinc-
ing information to the patient on the potential advantages of ABPM [ 39 ]. 

 Unfortunately, despite the much higher prognostic value of ABPM than clinic 
BP measurements, the most extended conclusion so far, due to poor results from the 
diagnostic test when based on 24-h SBP/DBP means ≥130/80 mmHg irrespective 
of gestational stage, is that ABPM does not provide a proper approach for the early 
identifi cation of GH or PE, and it should not be used in pregnancy [ 48 ]. Thus, from 
this perspective, it is not surprising that the current obstetric guidelines recommend 
reliance only upon clinic BP ≥140/90 mmHg after 20-week gestation to establish 
the diagnosis of GH [ 4 ,  26 ]. However, it must be recognized that these guidelines 
are obsolete because they have not been updated to acknowledge the consensus 
recommendations of the European Societies of Hypertension and Cardiology, which 
specifi cally state 24-h BP has been shown to be superior to conventional measure-
ments in predicting proteinuria, risk of preterm delivery, infant weight at birth, and 
in general, outcome of pregnancy [ 37 ]. Studies summarized above claiming “poor 
results” of ABPM are based on the questionable approach to test the ability of the 
ABPM-derived 24-h mean to predict a diagnosis founded on unreliable clinic BP 
measurements obtained later in pregnancy. Most important, the signifi cantly lower 
ambulatory BP of nongravid women as compared to men, the added decrease in 
ambulatory BP during the second half of gestation in normotensive but not in hyper-
tensive pregnant women, and the 24-h pattern with large amplitude that character-
izes BP of healthy and complicated pregnant women at all gestational ages (Fig. 
 13.3 ) were not taken into account in studies providing negative results on the use of 
ABPM in pregnancy. The establishment of proper reference thresholds for the 24-h 
BP mean derived by taking all those considerations into account has been shown 
prospectively to markedly increase the sensitivity and specifi city of ABPM for the 
early identifi cation of complications in pregnancy (Fig.  13.4  [ 78 ]). Sensitivity and 
specifi city in the early identifi cation of hypertension in pregnancy based on mean 
BP values can be even further improved by the use of other indexes also derived 
from ABPM [ 8 ,  9 ,  33 ,  34 ]. In particular, the tolerance-hyperbaric test represents a 
reproducible, noninvasive, and highly sensitive test for the early identifi cation of 
subsequent hypertension in pregnancy, including PE. 

 ABPM during gestation, commencing preferably at the time of the fi rst obstetric 
check-up following positive confi rmation of pregnancy, thus provides sensitive end-
points for use in early risk assessment and as a guide for establishing prophylactic 
or therapeutic intervention [ 19 – 23 ]. Accordingly, ABPM-derived BP measurements 
have been recently recommended as substitute for the unreliable clinic ones as the 
“gold standard” for the diagnosis of hypertension in pregnancy and the screening of 
women at high risk for additional complications, including IUGR and preterm 
delivery [ 39 ].     
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