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BRIEF SUMMARY

Hypertension in pregnancy is common, affecting apipnately 7% of pregnancies in Canada. In
this first Hypertension Canada Guidelines for hygresion in pregnancy, seven
recommendations are presented. For non-severetagpeEm in pregnancy (systolic BP 140-159
and/or diastolic BP 90-109 mmHg), we provide guaafor the threshold for initiating
antihypertensive therapy, blood pressure targstsjedl as first- and second-line
antihypertensive medications. Severe hypertensigstglic BP>160 and/or diastolic BP110

mmHg) requires urgent antihypertensive therapy.



ABSTRACT

We present Hypertension Canada's inaugural evedbased Canadian recommendations
for the management of hypertension in pregnancyektgnsion in pregnancy is common,
affecting approximately 7% of pregnancies in Canadd requires effective management in
order to reduce maternal, fetal and newborn coraptins. Given this importance, these
guidelines were developed in partnership with thei@y of Obstetricians and Gynaecologists of
Canada with the main common objective of improuimg management of women with
hypertension in pregnancy. Guidelines for the diesis) assessment, prevention and treatment of
hypertension in adults and children are publistegzhsately.

In this first Hypertension Canada Guidelines fopérgension in pregnancy, seven
recommendations for the management of non-seversarere hypertension in pregnancy are
presented. For non-severe hypertension in pregnagstolic blood pressure 140-159 mm Hg
and/or diastolic blood pressure 80-109 mm Hg), veide guidance for the threshold for
initiation of antihypertensive therapy, blood pragstargets, as well as first- and second-line
antihypertensive medications. Severe hypertensigstdlic blood pressuegl60 mm Hg and/or
diastolic blood pressueel 10 mm Hg) requires urgent antihypertensive thetapgduce
maternal, fetal and newborn adverse outcomes. péfic evidence and rationale underlying

each of these guidelines are discussed.



Introduction

Hypertensive disorders of pregnancy (HDP) occuagproximately 7% of all
pregnancies in Canad&iDP represent a broad range of conditions inclyidichronic
hypertension (i.e., pre-existing hypertension)iaggsnal hypertension (i.e., hypertension that
develops after 20 weeks gestation), and/or prequdafeclampsia (gestational hypertension
with proteinuria and/or other target organ invohes)?> HDP have a major impact on maternal,
fetal and newborn outcomes including: fetal grovetriction, preterm delivery and fetal and
neonatal morbidity and mortalit§. After pregnancy, emerging evidence demonstrés t
women with HDP represent a high-risk populationtf@ development of cardiovascular risk
factors (hypertension, type 2 diabetes and obesitybnic kidney disease, premature
cardiovascular disease (cardiac, cerebrovasculdrparipheral arterial) and cardiovascular
mortality*” Notably, HDP are an independent risk factor fndiovascular disease associated
with gradually elevated risk of cardiovascular dse with increasing severity of HDP from 1.7
(adjusted hazard ratio [aHR]; 95% confidence ird€[€l] 1.3 to 2.2) in women with gestational
hypertension to 4.4 (aHR; 95% CI 2.4 to 7.9) in veonwith severe preeclampsia with fetal
death>®

As HDP are prevalent and have important short-lang-term health impacts,
Hypertension Canada’s target audience expresseddfar guidance on the management of
hypertension in pregnancy. In response, a Pregramicgroup was formed in 2014 to develop
evidence-based blood pressure (BP) managementige&léor pregnancy. A formal partnership
was then established between Hypertension CanatitharSociety of Obstetricians and

Gynaecologists of Canada (SOGC) to ensure harnmtamzaf guidelines through shared



guideline development as well as for broader red¢he guidelines through knowledge
translation and dissemination strategies.

These inaugural Hypertension Canada GuidelineByipertension in pregnancy are
intended to provide a framework for evidence-bassé of hypertension in pregnancy but
should not replace clinical judgement. Practitisreae advised to consider patient preferences,
values, and clinical circumstances when determihimg to best apply these guidelines to

individual patients.

Methods

The Hypertension Canada Guidelines are develapadally through a highly structured
and systematic process designed to minimize biggektnsion Canada’s guideline process has
been externally reviewed and is in concordance thigA ppraisal ofGuidelines forResearch
andEvaluation Il (AGREE Il) Instrument for guideline vildopment

(quidelines.hypertension.ca/about/overview-proceésEhe Hypertension Canada Guidelines

Committee (HCGC) is comprised of a multidisciplyaanel of both content and
methodological experts divided into 16 subgroupsimiit areas of hypertension (Supplemental
Appendix S1 and S2 for list of members and cordflaftinterest). The Pregnancy Subgroup
consisted of eight members with a broad range pésise, including internal medicine
subspecialties as well as obstetrics (two memlrers the SOGC Maternal Fetal Medicine
subcommittee).

The comprehensive literature search was perforngeadighly-trained medical librarian
based upon key words and terms provided by thereupg The initial literature search was

performed in June 2015 and updated in June 201&ilglef search strategies and retrieved



articles are available upon request). The liteeatuas reviewed and graded using the
standardized method developed by Hypertension @Gaf&dpplemental Table S1) and
according to the Hypertension Canada Guidelinesbtished process.

The proposed pregnancy guidelines were then redend modified by the Central
Review Committee, unbiased experts in clinical epitblogy, to ensure that the guidelines
reflected the evidence and verify proposed gradiihg. draft guidelines and supporting evidence
were presented to the HCGC in Toronto, on OctoBeP@17. Following the discussions, the
guidelines were further revised and finalized foredectronic vote by all 81 members of the

HCGC, with greater than 70% support required fgrapal of each new/revised guideline.

Challenges in pregnancy research

There are several methodologic challenges in tiséetrical research related to BP that
were taken into consideration during the Hyperaman Pregnancy Guidelines development
procesgTable 1). First, the definition of hypertension in pregnaihas changed over tinté.
Older studies included pregnant women with a BB mm Hg, whereas more recent studies
have included women with a SBE240 mm Hg or a DBB90 mm Hg. Similarly, the definition
of severe hypertension in pregnancy was reduced #1v0/110 mmHg t@160/110 mm Hg
after the association of stroke in pregnancy wilbmeer BP leve? Second, as outlined above,
the HDP represent a broad range of conditions eiffering underlying pathophysiologies.
Thus, the clinical outcomes (e.g., the neonateth bveight) may be a result of the underlying
process (i.e., maternal endothelial dysfunctior) aot solely the maternal BP values. Further,
there is a lack of consensus on the definitionreéplampsia ranging from a restrictive definition

(gestational hypertension plus proteinuria) to@ader definition (gestational hypertension plus



either proteinuria oe1 relevantarget organ complication)! This heterogeneity may influence
clinical outcomes and as such it was taken intsictenation when examining the findings of the
studies. Third, the duration of antihypertensiatment in pregnancy is relatively short (often a
few weeks to months) when compared with studidsypertension in non-pregnant population.
Fourth, the clinical outcomes in studies of hypasten in pregnancy are generally not hard
cardiovascular outcomes (i.e., cardiovascular eventardiovascular mortality) which are
associated with higher grades in the Hypertensmma@a grading system (Supplemental Table
S1)!° Studies of hypertension in pregnancy use othatceli outcomes (e.g., severe
hypertensior160/110 mm Hg, preterm birth, etc.). While severpdrtension is considered a
validated surrogate outcome due to its relationgliip adverse maternal, fetal and newborn
outcomes, it is associated with a lower grade afence™® Finally, the sample size of studies of
hypertension in pregnancy are generally small dretefore, this limits accurate assessment of

rates of adverse events associated with individoghypertensive medications.

Hypertension Canada’s 2018 Guidelines: Managemewf Hypertension in Pregnancy
Measuremenent and diagnosisAccurate BP measurement is essential to apprepyriat
recognize and treat HDP. Detailed information onmB&asurement as well as the classification
and definitions of the HDP, are presented in SOG0H4 Guideline “Diagnosis, evaluation and
management of the hypertensive disorders of prexytianin brief, women should have their BP
measured using a standardized protocol after agbefirest in a quiet environment, be in sitting
position with their arm at the level of the heasing an appropriately sized cuff (i.e., length 1.5
times the circumference of the arm)The arm with higher BP values should be used for

hypertension diagnosis and BP monitorfndlon-severe elevated BP should be re-measured



again at the same visit, with at least a gap ahirfutes from the first measurement. Over 50%
of women with a first BP reading ¢f140/90 mm Hg have white coat effé¢t° Hypertension

in pregnancy is defined as a systolic BP (SBR)0 mm Hg and/or a diastolic BP (DBE)0

mm Hg (average of at least 2 measurements taleasitl5 minutes apart). Severity of
hypertension in pregnancy is considered based bpthrthe presence aérget organ

involvement (i.e., maternal or the fetus itselfyasl as the actual BP level. BP levels between
140/90 mm Hg and <160/110 mm Hg are consideredassavere hypertension in pregnancy. A
BP level 0f=160/110 mm Hg is associated with increased rigkaternal stroke in pregnancy
and is therefore considered the diagnostic threistiosevere hypertension in pregnafcy.

Classifcation of HDP are summarized in Figure 1.

I. Management of non-severe hypertension (BP 14%%/90-109 mm Hg) in pregnancy
Background. HDP treatment of non-severe hypertension in pregnanimportant to reduce
maternal, fetal and newborn complications includipgegnancy loss, need for high-level
neonatal care, preterm birth, and low birth weight® In a 2014 Cochrane Collaborative
systematic review, antihypertensive medicationfas@on-severe hypertension in pregnancy
(49 randomized trials; n=4,723)was associated with a halving in the risk of pesgion to
severe hypertension (relative risk [RR], 0.49; 969®.40 to 0.60). The number needed to treat
was 10 (95% CI 8 to 13). This finding was consistatoss all HDP range of conditiotis.
There was no consistent statistically significattuction in other clinically important maternal,
fetal or newborn outcomés While this Cochrane systematic review was methmgioally
strong, the primary studies were relatively oldlyahafter 2001), had small sample sizes, and

were of low methodologic quality.



The international multicentre randomized contHlieal, Control of Hypertensionn
PregnancyStudy (CHIPS), examined the effects of maternal &gdts on perinatal and
maternal outcome$.Pregnant women with non-severe gestational hypsida or chronic
hypertension were randomized to either less-tightBntrol (target DBP of 100 mm Hg) or
tight BP control (target DBP of 85 mm HY).The CHIPS trial found an increase in the
incidence of severe hypertension (define@ 0/110 mm Hg) in the less-tight group (RR 1.8;
95% CI 1.34 to 2.28) In post-hoc analyses of the CHIPS trial, the a@mce of severe
hypertension was associated with an increaseafipkegnancy loss, the need for high-level
neonatal care >48 hours, low birth weight, andgrratdelivery*?

In considering specific antihypertensive agentdtie management of non-severe
hypertension in pregnancy, the above Cochranersgsi@review demonstrated a similar benefit
in reduction of severe hypertension amongst tHeviahg oral agents: labetalol, methyldopa,
long-acting nifedipine, or oth@rblockers(Table 2).*° Additionally, a secondary analysis of the
CHIPS trial showed no statistically significantfdience in clinical outcomes between different
anti-hypertensive medications used (i.e., labetohgthyldopa, or othersy. Other oral
antihypertensive medications such as clonidinerdigdine, and thiazide diuretics can be
considered as second-line drugs as they have patdssociated with congenital malformations
or other evidence to suggest harms. Angiotensinaning enzyme (ACE) inhibitors have not
been consistently associated with congenital mal&bions but are associated with fetotoxic
adverse effects to the developing fetal renal sygtee., acute kidney injury and
oligohydraminos) and, as such, should be avoideddégnancy® Similarly, angiotension
receptor blockers (ARBs) have limited publishedsatiata in pregnancy and should be avoided

in pregnancy due to similar fetotoxic mechanisnsoeisitted with ACE inhibitors.
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Overall, decisions regarding specific antihypertemsirug must consider the context of
the patient and fetus, medication side-effect prdfncluding maternal hypotension), availability
of medications, clinician experience and a womanéerence. Other components of the
management of women with non-severe hypertensipnegnancy are beyond the scope of this
guideline. The involvement of an interdisciplinaeam of care providers (i.e., obstetrics,
maternal fetal medicine and medical specialisigpgsopriate) is prudent to ensure the ongoing
well-being of the mother and fetus through frequesgessments, monitoring, and delivery

planning, as indicate@Figure 2).2

Guidelines

1. Antihypertensive therapy is recommended foraye SBP measurements>d40 mm Hg or
DBP measurements @80 mm Hg in pregnant women with chronic hypertemsgestational
hypertension or preeclampsia (Grade C).

2. A. Initial antihypertensive therapy should benotherapy from the following first-line drugs:
oral labetalol, oral methyldopa, long-acting oréédipine, or other orgb-blockers (acebutolol,
metoprolol, pindolol, and propranolol) (Grade C).

2. B. Other antihypertensive drugs can be consitasesecond-line drugs including: clonidine,
hydralazine, and thiazide diuretics (Grade D).

2. C. ACE inhibitors (Grade C) and ARBs (Grade Bgudd not be used in women once
pregnant.

3. A. ADBP of 85 mm Hg should be targeted forgm&nt women on antihypertensive therapy
with chronic hypertension or gestational hypertengiGrade B). A similar target could be

considered for pregnant women with preeclampsiad&D).
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3. B. Additional antihypertensive drugs should beduif target BP levels are not achieved with
standard-dose monotherapy (Grade C). Add-on dstigsld be from a different drug class

chosen from first-line or second-line options (Gz&y).

II. Management of severe hypertension (BB160/110 mm Hg) in pregnancy

Background. In a secondary analysis of the CHIPS trial,2B280/110 mg Hg was associated
with significantly worse maternal and perinatalamumes, independent of the development of
preeclampsia. These included: increased mateasaital length of stay >10 days, pregnancy
loss or need for high-level neonatal care >48 hancseased risk of preterm birth at <34 and
<37 weeks gestation, low birth weight (i.e., weigttte 18" percentile), maternal platelets
<100x 10/L, and elevated maternal liver enzynté§he CHIPS trial did not find significant
difference in the rate of stroke between study atoesto a low event rate (n=1; 0.2% in tight
arm vs n=0 in less tight arm), as stroke in preggamd the immediate postpartum period is a
relatively uncommon adverse outcome (30 per 100pp8@nanciesy 2 Importantly, BP
>160/110 mm Hg and the presence of HDP are bothidered risk factors for ischemic and
hemorrhage stroke in pregnarnéy???*Specifically, a large US population based studyntb
that women with HDP were 5.2 times more likely eohHospitalized for stroke compared with
pregnant women with normal BP.In a case series of 28 women with HDP with stiioke
pregnancy or early postpartum, immediately priothi® stroke, SBP was recordedd$0 mm
Hg in 95.8% (23/24) and DBP110 mm Hg in 12.5% (3/24) of women. While no siaicluded
in a Cochrane systematic review of the managenfesgwere hypertension in pregnancy directly

examined the effect of immediate BP lowering oolstr BP reduction below this threshold of
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>160/110 mm Hg is considered to play an importal# imthe prevention of stroke in pregnancy
and is recommendéd.?* Accordingly, severe hypertension is consideredlasietrical
emergency from maternal and fetal perspectiveschvi@quires immediate in-hospital care and
urgent antihypertensive thera(figure 2).*°

The specific antihypertensive management of sdwgpertension is beyond the scope of
this guideline and requires the involvement ofraerdisciplinary team of care providers (i.e.,
obstetrics, maternal fetal medicine and medicatigfists as appropriate) in a hospital setting to
ensure the ongoing well-being of the mother andsf#tirough frequent assessments, monitoring,

and delivery planning, as indicatéd.

Guidelines
1. Women with severe hypertension SBIB0 or DBP=110 mm Hg in pregnancy require urgent

antihypertensive therapy as it is considered atetriisal emergency (Grade D).

Summary/Future Directions

The present guidelines summarize the best avait@iidkence to guide clinicians in the
management of hypertension in pregnancy and repsegee years of work by the
Hypertension in Pregnancy subgroup with the supgfdiie HCGC and the SOGC. The next
update for Hypertension Canada’s Guideline is pdrfior 2020 to allow for optimal
dissemination of the 2018 Guidelines though litemasearches will be continued on an annual
basis. New evidence identified as being “practizanging” for clinicians (i.e., associated with
strong reduction in cardiovascular events or mitytadr a substantial reduction in resource

utilization) will be brought forward for an interiopdate to ensure timely implementation of
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important evidence. Priorities identified for theveélopment of new guidelines in 2020 for the
Hypertension in Pregnancy subgroup include, amohers, the development of evidence-based
guidelines addressing the management of hypertetsith in preconception and postpartum

women.

Implementation

Implementation and dissemination of the guidelises priority for Hypertension
Canada. Many strategies are employed to reachietyaf providers who care for patients with
hypertension. Efforts include knowledge exchangarfes, targeted educational materials for
primary care providers and patients, “Train theifed teaching sessions, as well as slide kits
and summary documents which are freely available®in French and English

(www.hypertension.ca). Hypertension Canada recde@sback from end-users to continually

improve guideline processes and content. The Rasaad Evaluation Committee conducts
hypertension surveillance studies, and reviewdiegi€anadian health surveys to identify gaps

between current and best practices.
Acknowledgements

Hypertension Canada thanks Ms. Angela Eady fos&sgie with the literature searches.
We sincerely thank Ms. Susan Carter for providexhhical assistance with the manuscript and

administrative support of the process and committee

Funding Sources

14



Activities of the HCGC are supported by HypertensCanada. The members of the

HCGC are unpaid volunteers who contribute theietamd expertise to the annual development

and dissemination of the Hypertension Canada guoel To maintain professional credibility of

the content, the process for the development ofjtidelines is fully independent and free from

external influence. External partners assist withdissemination of the approved guidelines.

Disclosures

Please see Supplemental Appendix S2 for a comidetsf disclosures.

References

1.

Public Health Agency of Canada. Canadian Chrbisease Indicators. 2016;
https://infobase.phac-aspc.gc.ca/ccdi-imcc/indicdtgails-en.aspx?id=8. Accessed
December 29, 2017.

Magee LA, Pels A, Helewa M, Rey E, von DadelsRe®n behalf of the Canadian
Hypertensive Disorders of Pregnancy (HDP) Workingup. Diagnosis, evaluation and
management of the hypertensive disorders of pregn&negnancy Hypertension.
2014;4:104-145.

Ray JG, Vermeulen MJ, MJ S, DA. R. Cardiovaschéalth after maternal placental
syndromes (CHAMPS): population-based retrospecil®rt studyLancet.
2005;366:1797-1803.

McDonald SD, Malinowski A, Zhou Q, Yusuf S, Desaux PJ. Cardiovascular sequelae
of preeclampsia / eclampsia: a systematic reviadvaeta-analysisAm Heart J.
2008;156:918-930.

Mongraw-Chaffin ML, Cirillo PM, Cohn BA. Preecigpsia and cardiovascular disease
death: prospective evidence from the child heatth@development studies cohort.
Hypertension2010;56:166-171.

Nerenberg K, Daskalopoulou SS, Dasgupta K. @estd Diabetes and Hypertensive
Disorders of Pregnancy as Vascular Risk SignalsOfearview and Grading of the
Evidence Canadian Journal of Cardiology014;30(7):765-773.

Ray JG, Vermeulen MJ, Schull MJ, Redelmeier BArdiovascular health after maternal
placental syndromes (CHAMPS): population-base@sgtctive cohort studirhe
Lancet.2005;366(9499):1797-1803.

15



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Brouwers MC, Kho ME, Browman GP, et al. AGREEadlvancing guideline
development, reporting and evaluation in healtle €2MAJ.12/14/2010
2010;182(18):E839-E842.

Leung AA, Daskalopoulou SS, Dasgupta K, et ghéttension Canada's 2017
Guidelines for Diagnosis, Risk Assessment, Pregannd Treatment of Hypertension
in Adults. Canadian Journal of Cardiology017;33(5):557-576.

Tranquilli AL, Dekker G, Magee L, et al. Thassification, diagnosis and management
of the hypertensive disorders of pregnancy: A eistatement from the ISSHP.
Pregnancy Hypertension: An International JournaMédmen's Cardiovascular Health.
2014;4(2):97-104.

Martin JNJ, Thigpen BD, Moore RC, Rose CH, Guah J, May W. Stroke and severe
preeclampsia and eclampsia: a paradigm shift fagusn systolic blood pressure.
Obstetrics and gynecolog®005;105(2):246-254.

Magee LA, von Dadelszen P, Singer J, et al. GH#PS Randomized Controlled Trial
(Control of Hypertension in Pregnancy Study): év&e Hypertension Just an Elevated
Blood PressureRlypertension2016;68(5):1153-1159.

Penny JA, Halligan AWF, Shennan AH, et al. Andbed, ambulatory, or conventional
blood pressure measurement in pregnancy: Whidteibetter predictor of severe
hypertensionAm J Obstet Gynecdl998;178(3):521-526.

Brown MA, Mangos G, Davis G, Homer C. The nalttistory of white coat
hypertension during pregnan®&JOG: An International Journal of Obstetrics &
Gynaecology2005;112(5):601-606.

Denolle T, Weber J-L, Calvez C, et al. DiagaadiWhite Coat Hypertension in
Pregnant Women with Teletransmitted Home Blood $nesHypertension in
Pregnancy2008;27(3):305-313.

Martin JNJ, Thigpen BD, Moore RC, Rose CH, Guah J, May W. Stroke and severe
preeclampsia and eclampsia: a paradigm shift fagusn systolic blood pressuk@bstet
Gynecol.Feb 2005;105(2):246-254.

Magee LA, von Dadelszen P, Rey E, et als{lgght versus Tight Control of
Hypertension in Pregnancdfew England Journal of Medicin2015;372(5):407-417.
Abalos E, Duley L, Steyn DW. Antihypertensiveg therapy for mild to moderate
hypertension during pregnancyochrane Database of Systematic Revi@@$4(2).
Magee LA, the CHIPS Study Group, von Dadel$2eet al. Control of Hypertension In
Pregnancy Study randomised controlled trial—ared¢isalts dependent on the choice of
labetalol or methyldopaBJOG: An International Journal of Obstetrics & Gytlogy.
2016;123(7):1135-1141.

Barr M Jr. Teratogen update: angiotensin-cdmgeenzyme inhibitorsTeratology.
1994;50:399-409.

Swartz RH, Cayley ML, Foley N, et al. The irende of pregnancy-related stroke: A
systematic review and meta-analyséidernational Journal of Strok2017;12(7):687—
697

Leffert LR, Clancy CR, Bateman BT, Bryant ASjikina EV. Hypertensive Disorders

and Pregnancy-Related Stroke: Frequency, Trendg,Rictors, and Outcomé3bstet
Gynecol.2015;125(1):124-131.

16



23.

Duley L, Meher S, Jones L. Drugs for treatnedntery high blood pressure during
pregnancyCochrane Database of Systematic Revi@@&3(7).

17



Table 1. Hypertension in Pregnancy Research — Metkologic Challenges

1.

Definitions of hypertensive disorders of pregna(idipP):
a. Change in definition of hypertension in pregnanegrdime.
b. Variable definition of preeclampsia between studies
Restrictive (GHTN= 140/90 mm Hg plug 300 mg proteinuria in 24 hours).
Broad (GHTN: 140/90 mm Hg plus either300 mg proteinuria in 24 hours
or other end-organ involvement).
Heterogeneity in types of HDP included may diffeialy impact clinical outcomes:
a. Variable severity of disease (ranging from GHTNéwere preeclampsia).
b. Represent different underlying pathophysiology.
Clinical outcomes not cardiovascular events or alibyt
a. Use of surrogate outcomes.
Small sample sizes.

Short duration of follow-up (hours to months).
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Table 2. Antihypertensive medications commonly uskin pregnancy

First Line Oral Drugs Second Line Oral Medications to Avoid
(Grade C) Drugs

(Grade D)
Labetalol Clonidine ACEi* (Grade C)
Methyldopa Hydralazine ARBs* (Grade D)
Long-acting oral Thiazide diuretics *fetotoxicity of renal
nifedipine system

Otherp-blockers
(acebutolol, metoprolol,

pindolol, & propranolol)

ACEi=angiotension converting enzyme inhibitors

ARBs=angiotension receptor blockers

19



Figure 1. Simplified Classification of Hypertensive Disorders of Pregnancy
* Rule out: White coat hypertension and transient hypertension

SBP = systolic blood pressure, DBP = diastolic blood pressure

HELLP = hemolysis elevated liver enzymes and low platelets

Figure 2. Management of Hypertension in Pregnancy
*See SOGC 2014

**See Table 2

BP=blood pressure, DBP=diastolic blood pressure
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