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Central Aortic Pressure Monitoring as an
Essential Component of Hypertension
Manhagement

Background

Hypertension remains a common disorder responsible for substantial vascular morbidity and mortality. In
2018, hypertension as a primary or contributing cause was responsible for approximately 500,000 deaths in
the USA." According to the current definition for hypertension (>130/80 mm Hg), approximately 45% of adults
in the United States have hypertension or have been prescribed medication for hypertension.? The CDC
reports that hypertension is under control in only 24% of patients.?

The Medical Expenditure Panel Survey, a United States nationally representative database, was analyzed

to estimate annual healthcare expenditure for patients with hypertension using data from 2003-2014.3

The database included a total of 224,920 adults, 37% of whom had hypertension.® Average annual medical
expenditure attributable to hypertension was $9,089 per diaghosed patient. Patients with hypertension had
$1,920 higher annual adjusted incremental expenditure, 2.5 times the inpatient cost, 2 times the outpatient
cost, and 3 times the prescription medication expenditure. Specifically, for prescription medications, the
annual expenditure was $2,371 for individuals with hypertension compared with $814 for those without
hypertension. Overall, the estimated adjusted annual incremental cost was $131 billion per year higher for
adults with hypertension relative to adults without hypertension.

Management of hypertension through cuff measurement of peripheral (brachial artery) pressures has
dramatically but incompletely improved the ability of health care providers and their patients to control
hypertension and reduce associated end-organ damage. Multiple issues likely contribute to the ongoing
socioeconomic burden of hypertension despite the availability of multiple effective medications and
widespread educational efforts. Such issues include, but are not limited to, case finding (early diagnosis),
continuity and continued follow-up of care, affordability of care, medication adverse effects, medication
compliance and challenges in modifying lifestyle behavior.

An underappreciated but clinically relevant area to consider is the precision and reliability of current
monitoring which is based on brachial blood pressure measurements, including patient and health care
provider factors. Cheng and colleagues placed the issue in context and noted that cuff brachial blood
pressure measurement “is not so much a surrogate, but a compromised measure that is recorded because
of technical limitations.” The reference is to cuff pressures being a surrogate for central (i.e. aortic) blood
pressures, which represent the actual pressures that are transmitted to organs effected by hypertension (e.g.
heart, brain, kidney) due to the closer proximity of the ascending aorta to vital organs. Non-invasive pulse
wave analysis (PWA) is a technique that transforms the data from peripheral arterial pressure waveforms



obtained into an evaluation of central aortic pressures. The calculations are obtained through a generalized
transfer function that corrects for pressure wave amplification in the upper limb. Variables calculated include
central aortic systolic and diastolic pressures, augmentation index (ratio expressing the relationship of forward
and backward traveling waves in the central aorta), central aortic pulse pressure (systolic minus diastolic
pressure). Peripheral (brachial) blood pressures are highly correlated to central pressures; however, brachial
systolic pressures are generally higher than central (aortic) pressures with diastolic pressures being similar. The
difference between the peripheral and central pulse pressure is referred to as pulse pressure amplification.

The technology for non-invasive assessment of central aortic pressures through PWA is currently available

and approved by the United States Food and Drug Administration (FDA). In recognition of the clinical utility

of PWA, a Current Procedural Terminology (CPT) code has been established. The SphygmoCor® XCEL system

is a dual arterial pressure monitoring medical device consisting of brachial blood pressure and central aortic
pressures (using partial cuff inflation to record the outgoing brachial waveform), which can be obtained in the
clinic in the same patient session. The SphygmoCor® XCEL is the only FDA cleared medical device for non-
invasive central arterial pressure waveform analysis for all adults. The SphygmoCor® System incorporation of
PWA was developed as complementary to brachial pressure measurements to help guide treatment decisions
designed to prevent or reduce long-term target organ damage and cardiovascular events resulting from
increased aortic pressure.

The objective of this document is to summarize data that demonstrate the clinical need to incorporate PWA
into the care of all patients with hypertension, the specific variable from PWA selected that can be readily
incorporated into hypertension management decisions, and the threshold values used for such decisions.

The Need for Evaluation of Central Aortic Pressures

Despite dramatic success in the diagnosis and management of hypertension, the disease continues to be
associated with a high socioeconomic burden globally as noted in the previous section. The focus of this
document and discussion is directed towards the diagnosis and monitoring of blood pressure for the purpose
of guiding treatment decisions. Related issues that provide compelling examples of the need include the
problem of white-coat hypertension (in-office blood pressure measurements elevated relative to home-based
readings), direct and indirect medication adverse effects in the case of over-treatment (i.e., symptoms that
lead to medication discontinuation, morbidity such as hypotension, metabolic effects, and organ adverse
effects). PWA is an additional tool that can be seamlessly adapted to the current cuff brachial blood pressure
monitoring paradigm.

Incorporation of non-invasive measurements of central aortic pressures can improve hypertension
management in the following areas:

- Refine monitoring requirements
- Reduce over-treatment
- Improve under-treatment

- Reduce costs of management (e.g. medication costs, monitoring such as ambulatory blood pressure
monitoring (ABPM))

Incorporation of pulse wave analysis (PWA) into routine clinical care requires an evidence-based guidance
for how to use PWA in patient management. The guidance should fit into existing algorithms for the



management of hypertension and be supported by sufficient evidence to justify the clinical utility of PWA. The
proposal focuses on using central aortic blood pressure. However, the other variables from PWA can certainly
contribute to further understanding of the physiology and potential impacts of elevated pressures.

Central aortic systolic blood pressure (cSBP) fits within the current paradigm for utilizing peripheral (brachial)
systolic blood pressure (pSBP) in that management decisions are currently guided by predefined pSBP
thresholds as well as diastolic BP thresholds in all national and international hypertension guidelines. While
the corresponding cSBP and pSBP values differ (pSBP being higher in absolute mm Hg), the two variables
are highly correlate and provide complimentary physiologic and clinical information. Diastolic pressures
(central and peripheral) are generally similar and do not often diverge so that the additional consideration

of central aortic diastolic pressure will likely contribute only minimally to the current approaches to
treatment. Augmentation Index (Alx, difference between (a) reflected wave added to incident wave, and (b)
incident pressure during systole) is not included in the proposed draft central pressure guideline as there

is less information on a threshold value and a large investment in education would be required. Alx is also
dependent on heart rate, although corrections can be applied. While some studies suggest that the predictive
value of Alx may be higher than cSBP, overall, there does not appear to be significant incremental value.
Pulse pressure (difference between systolic and diastolic values) has been shown to predict adverse outcomes
but has not been included in this document as it is not considered in current blood pressure management
guidelines.

Central Aortic Pressure as A Predictive Measure of Cardiovascular Risk

Peripheral (brachial) blood pressure elevation has been proven to be a prominent risk factor for vascular-
related end-organ damage, morbidity, and mortality.>'® Reductions in blood pressure has been definitively
demonstrated to reduce vascular end-organ damage, morbidity, and mortality.""'* A comprehensive meta-
analysis encompassing 306,273 participants from 74 trials demonstrated that blood pressure lowering
pharmacotherapy reduced mortality and cardiovascular disease based on a threshold (baseline) systolic blood
pressure > 140 mm Hg."" They further noted that pharmacotherapy was not associated with any benefit in
primary prevention at systolic blood pressures below 140 mm Hg although there may be additional protection
in patients with coronary artery disease. A recent study (SPRINT)'® suggests that the thresholds for initiation
of pharmacotherapy should be lower and is referred to in hypertension management guidelines.’>'* With
reference to systolic blood pressure, the 2017 Guidelines for the Prevention, Detection, Evaluation and
Management of High Blood Pressure in Adults recommend follow-up monitoring and lifestyle modifications
at lower pressures (i.e. systolic blood pressures 120 to 139 mm Hg) and recommend pharmacotherapy at
lower thresholds where a patient has known risk factors for cardiovascular disease (i.e. 130 to 139 mm Hg)."

Threshold values have been defined that represent the targets for initiation of treatment (lifestyle treatments
such as diet and exercise, and pharmacotherapy) and values have been defined for the goals of treatment.
However, sparse data has been published on how and what target values should be used for recommending
reductions in pharmacotherapy.

End-organ damage associated with hypertension is related to central pressures and is physiologically intuitive,
as such pressures are directly transmitted to vital organs. Central systolic pressures are highly but incompletely
correlated to peripheral systolic pressures with correlation coefficients of up to 0.97 although a published
review from 2014 indicated a range from 0.6 to 0.9.75'7 In absolute numbers, central systolic pressures are
expected to be lower than peripheral systolic pressures.

Multiple studies, including meta-analyses, have evaluated cBP variables and suggested that cBP has a



higher predictive value for cardiovascular events relative to peripheral blood pressure, with others uniformly
demonstrating that non-invasive cBP is at least as predictive as peripheral blood pressure.’®23 A meta-analysis
conducted by Wang et al indicated that central blood pressure appears to have a higher predictive value

for end-organ damage.?* In a study of 1,169 participants, the group of patients with a normal/high-normal
peripheral BP with cSBP values that were less than the 95% confidence interval (Cl) of healthy participants
with optimal BP values (45% of those with a normal/high normal BP), had no evidence of target organ
changes.? |In patients with a normal/high-normal BP with cSBP values that exceeded optimal threshold
values, left ventricular mass index was increased and estimated glomerular filtration rate was decreased. The
report demonstrated that central pressure may have higher predictive value for end-organ damage related to
hypertension.?®

Wang and colleagues evaluated the relationship of central and peripheral pressures to end-organ damage
in 1,272 subjects.?® Carotid intima-media thickness and glomerular filtration rate were more strongly

related to central pressures than peripheral pressures. A total of 130 participants died with 37 dying from a
cardiovascular cause. Peripheral and central blood pressure predicted all-cause and cardiovascular mortality.
With adjustment for age, sex, heart rate, body mass index, current smoking, glucose, lipids, carotid-femoral
pulse wave velocity, left ventricular mass, intima-media thickness, and glomerular filtration rate, only cSBP
consistently independently predicted cardiovascular mortality (hazard ratio=1.30 per 10 mmHg increase).?®

Vlachopoulos et al reported a meta-analysis of 11 studies that incorporated central hemodynamics and had
followed 5,648 subjects for a mean of 45 months.2® The age- and risk-factor-adjusted pooled relative risk of
total CV events was 1.088 (95% CI 1.040- 1.139) for a 10 mm Hg increase of cSBP, 1.137 (95% CI 1.063 -1.215)
for a 10 mmHg increase of central pulse pressure, and 1.318 (95% Cl 1.093 -1.588) for a 10% absolute increase
of central augmentation index (Alx). When compared with brachial pulse pressure, central pulse pressure was
associated with marginally but not significantly higher relative risk of clinical events (p = 0.057).2¢

A more recent meta-analysis assessed 24 prospective studies with 146,986 individuals.?” The adjusted pooled
hazard ratio of total cardiovascular events was 1.10 (95% confidence interval [CI] 1.04-1.16) for a 10 mmHg
increase of cSBP, 1.12 (95% CI 1.05-1.19) for a 10 mmHg increase of central pulse pressure and 1.18 (95%

Cl 1.09-1.27) for a 10% increase of central augmentation index. The hazard ratio of all-cause mortality was
1.22 (95% CI 1.14-1.31) for a 10 mmHg increase of central pulse pressure and 1.19 (95% Cl 1.05-1.34) for a
10% increase of central augmentation index. The authors concluded central hemodynamic variables are
independent predictors of cardiovascular disease and all-cause mortality.?”

A prospective study published in 2021 evaluated the predictive value of cSBP for cardiovascular events in
13,461 patients using available central blood pressure measurements and follow-up data from administrative
databases.?® A total of 1,327 major adverse cardiovascular events occurred during follow-up (median
approximately 9 years). The hazard ratio for risk of major adverse cardiovascular events was 1.16 (95% CI 1.09-
1.22) for cSBP and 1.15 (95%Cl 1.09-1.22) for brachial sBP for a one standard deviation increase. Modeling data
evaluating area under the curve for risk indicated a slightly higher risk using cSBP vs. brachial sBP that was
statistically but not clinically significant.

McEniery and colleagues have performed a systematic review and individual participant data meta-analysis
from 15 studies for the purpose of evaluating central aortic pressures for the prediction of cardiovascular
events.?® The report is perhaps the most comprehensive and statistically detailed meta-analysis on the subject
to date. At this time, the report is under peer-review and has been provided to CardieX with permission from
the authors. Study-specific associations of central and peripheral systolic (SBP) and pulse pressure (PP), and
augmentation index (Alx) with cardiovascular (CV) events, were determined using Cox proportional hazard



models, and random effect models to estimate pooled effects. Of 22,433 participants, 908 had a myocardial
infarction, 641 a stroke and 1,844 a CV event. The pooled hazard ratio (HR) [95% CI] for combined CV events
per SD increase in SBP, after adjustment for physiological confounders and cardiovascular risk factors, was
1.16 [1.06, 1.26] for peripheral sBP (SD 21.0 mmHg) and 1.20 [1.09, 1.33] for central sBP (SD 21.8 mmHg).
Adjustment of central sBP for peripheral sBP was also associated with an increased HR for CV events (1.17
[1.00, 1.37]). In summary, central sBP was predictive of CV events even after adjustment for physiological
confounders including adjustment for brachial sBP and is therefore an independent predictor of CVD events.

The substantial data in multiple peer-
reviewed publications demonstrate an
increased risk for cardiovascular events with
elevated central pressures, particularly cSBP
and it is therefore reasonable to conclude

Table 1 Systolic BP Diastolic BP

NICE (2019)

that reductions in hypertension based on Normotension <140 <90
cSBP will be associated with reduced CV
events, as has been proven with brachial Stage 1 Hypertension 2140 290
blood pressure. Furthermore, the predictive
value of cSBP is hgiher than peripheral SBP Stage 2 Hypertension 2160 2100
in some studies, and uniformly at least as
high as peripheral SBP in others. Given the Severe hypertension 2180 orz120
knowledge, experience, and correlations of
peripheral and central systolic pressures, it ESH/ESC (2018)
is intuitive that an objective of treatment
. Optimal <120 <80

should be to lower central systolic pressures
to values (or thresholds) that correspond

. . Normal 120-129 80-84
to the targets set for peripheral systolic
pressures'for the purpose of reducing el NSt 130-139 85.89
vascular risk.

Grade 1 Hypertension 140-159 and/or 90-99

Threshold Values for Central
Systolic Blood Pressure Grade 2 Hypertension 160-179 and/or 100-109
Management decisions for the treatment of Grade 3 hypertension >180 and/or 2110
hypertension are based on specific values
for systolic and diastolic brachial pressures ACC/AHA (2017)
regardless of age and gender. The 2017
ACC/AHA Guidelines for the Prevention, Normotension <120 and <80
Detection, Evaluation, and Management
of High Blood Pressure in Adults specify Elevated BP 120-129 and <80
the following: normal BP: < 120/80 mm Hg,
elevated BP >120 - 129/<80 mm Hg, Stage 1 Stage T Hypertension 130-139 or 80-89
hypertension: 130 - 139/80 - 89 mm Hg, and
Stage 2 hypertension >140/90 mm Hg.'# Stage 2 Hypertension 2140 or=>90

Table 1: Current staging of hypertension by
NICE, ESH/ESC and ACC/AHA. Adapted from
NICE, ESH/ESC and ACC/AHA guidelines?°



Expert recommendations based on agreed upon thresholds are provided for brachial BP goals for adults with
confirmed hypertension as follows:'*

- With known cardiovascular disease (CVD) or 10-year atherosclerotic CVD (ASCVD) event risk of 10% or
higher, a BP target of <130/80 mm Hg is recommended.

- Without additional markers of increase CVD risk, a BP target of <130/80 may be reasonable.

The specific recommendations are included as a reference (Appendix A).'* Given the high correlation to
brachial pressures and the predictive value for CV events, thresholds for management decisions based on
central systolic pressures can be determined.

Cheng and colleagues published an analysis demonstrating central aortic BP<110/80 mmHg as optimal,
110-129 / 80-89 mm Hg as prehypertension (corresponding to “elevated” and Stage 1 hypertension in

the 2017 Guidelines) and >130/90 mm Hg as hypertension (corresponding to Stage 2 hypertension in the
2017 Guidelines).* The analysis utilized a derivation cohort and then validated the results against a second
independent cohort (validation cohort). In the derivation cohort (1,272 individuals and a median follow-up

of 15 years), the authors determined diagnostic thresholds for central blood pressure by using guideline-
endorsed cut-offs for brachial blood pressure with a bootstrapping method (resampling by drawing randomly
with replacement) and an approximation method. The thresholds from the derivation cohort were tested

in 2,501 individuals with median follow-up of 10 years (validation cohort) for prediction of cardiovascular
outcomes.*

The analyses (derivation and validation cohort) yielded similar threshold values for central aortic pressures.
Relative to optimal (central BP < 110/80 mmHg), the risk of cardiovascular mortality in subjects with
hypertension (central BP > 130/90 mm Hg) was clinically and statistically elevated (hazard ratio: 3.08, 95%
confidence interval 1.05 to 9.05). Modeling demonstrated that central BP > 130/90 mm Hg was associated
with the largest contribution to the prediction of cardiovascular events.

The authors discussed the clinical relevance of central pressures and noted

“.in current international guidelines, the classification of cuff BP values disregards age, sex, and other cardiovascular risk
factors. In our multivariate model, the results were consistent after accounting for these factors. In line with current clinical
practice and considering the higher clinical events in the aged population, we now propose diagnostic thresholds of CBP
without age and sex specification.™

In reference to spurious systolic hypertension and white coat hypertension, the authors recognized the clinical
utility of measuring central aortic BP in that the diagnosis can be inferred based on a high cuff (brachial) BP
and low/normal central BP.*

Takase and colleagues evaluated the distribution of central blood pressure values in a population study of
Japanese subjects.’® This cross-sectional study involved 10,756 subjects without overt cardiovascular disease.
In the cohort, 7,348 subjects received no antihypertensive, antidiabetic or lipid-lowering drug treatment,
and were used for the analysis. The cSBP values in those without cardiovascular risk factors other than
hypertension was 125.8+37.2 (mean+2 SD, n=3,760) mm Hg. The values obtained from subjects with no
cardiovascular risk factors were 112.6+19.2 (n=1,975) mm Hg for optimal and 129.2+14.9 mm Hg for normal
brachial blood pressure categories (n=697). The reference values of optimal and normal cSBP categories
were reported as 112.6+19.2 mm Hg and 129.2+14.9 mm Hg.'® The study provides further support for cSBP



reference values and threshold values based on risk and is corroborative data for the threshold of >130 mm Hg
as published by Cheng et al.*

North American Artery is a professional society whose purpose is to

‘encourage, support, and understanding of vascular structure and function and its application to clinical medicine, research,
and pharmaceutical and medical device development”.

The organization includes national and international experts in the field of hypertension. The organization
sponsored a symposium on the clinical use of PWA in which a central aortic systolic value of 124 mm Hg was
recommended as a reasonable upper limit of normal based on data that demonstrated a corresponding
brachial systolic pressure of 140 mm Hg.3' While slightly more stringent than the value noted above, it is still
similar to what was proposed by the other investigators.

Based on the totality of the data, a threshold for the diagnosis of hypertension (corresponding to Stage 2
Hypertension in the 2017 guidelines) is proposed to be > 130/90 mm Hg; however, justification is available to
consider a threshold of >125 mm Hg.

Threshold values for management decisions are supported by the aforementioned reports, but target goals
are also desirable for the widespread utility of central pressures as a complementary approach to blood
pressure management. Incorporating cSBP into brachial BP treatment goals should lead to more precise and
reliable patient management. The previous studies have documented what is considered optimal central
pressures, which can be considered the target goal. Several other reports exist that corroborate the values
noted25%7

Booysen et al reported an upper threshold for cSBP of 112 mm Hg in a study of 1,169 participants.?® In
patients with a normal/high-normal BP with cSBP values that were less than 95% confidence interval of
healthy participants with optimal BP values (45% of those with a normal/high normal BP), no target organ
changes were noted. In patients with a normal/high-normal BP with cSBP values that exceeded optimal
threshold values, left ventricular mass index was increased and estimated glomerular filtration rate was
decreased. The report demonstrated that central pressure may have higher predictive value for end-organ
damage related to hypertension.?> Lamarche and colleagues recently reported a prospective study that
examined the predictive value of central systolic blood pressure for cardiovascular events.?® The study included
13,461 participants available central BP and follow-up data from administrative databases but without
cardiovascular disease or antihypertensive medication. A total of 1,327 major adverse cardiovascular events
occurred during follow-up (median approximately 9 years). Central and brachial systolic pressures of 112 mm
Hg (95% CI111.2-114.1)and 121 mm Hg (95% CI 120.2-121.9) were identified as optimal BP thresholds.?®¢ The
data indicate that a target goal for central systolic pressure should be 112 mm Hg, which would be consistent
with the previously described reports.

Yu et al investigated the prevalence of central hypertension and its association with end-organ damage

in 1,983 elderly people3? Brachial hypertension was defined as =140/90 mmHg or using antihypertensive
medications. Central hypertension was defined by central BP 2130/90 mmHg or using antihypertensive
medications. Both normal brachial and central pressures occurred in 28.4% of subjects, concordant brachial
and central hypertension occurred in 67.9%, isolated brachial hypertension (normal central pressures) in
2.3% (consistent with white coat hypertension group), and isolated central hypertension in 1.4% of subjects



(consistent with masked hypertension group). Measures of end-organ damage were significantly associated
with the concordant hypertensive group (left ventricular hypertrophy: adjusted odds ratios [95% confidence
interval] = 2.03 [1.55, 2.68], left ventricular diastolic dysfunction: 2.29 [1.53, 3.43], urinary albumin-creatinine
ratio >30 mg/g: 1.97 [1.58, 2.44]), compared to isolated brachial hypertension or isolated central hypertension.
The study results demonstrated that groups can be distinguished based on concordance and discordance of
hypertension using threshold values of 140/90 mm Hg (brachial pressure) and 130/90 (central aortic pressure)
for risk evaluation and treatment decisions.>? While the discordant groups were a minority of the population,
the data indicate that both measurements of central and peripheral pressures should be reviewed given that
treatment decisions often constitute a life-commitment to pharmacotherapy.

In summary, threshold values that represent a decision point for medication prescription for hypertension
can be determined based on published data from muiltiple studies involving an overall large population.
A central systolic pressure of >130 mm Hg (possibly >125 mg) should be considered clinically equivalent
to the brachial systolic pressure threshold of >140 mm Hg (Stage Il hypertension as per the 2017 AHA
guidelines). Furthermore, a normal central systolic pressure of 112 mm Hg can be considered as clinically
equivalent to a brachial pressure of 120 mm Hg for the purpose of establishing treatment goals.

Central Aortic Pressure for Evaluation of White Coat Hypertension (WCH)

An elevated blood pressure in an office setting with normal values for home assessed blood pressure values
(@mbulatory blood pressure monitoring (ABPM) or home blood pressure monitoring (HBPM)) is referred to

as white-coat hypertension. In recognition of the importance of white coat hypertension, the US Centers

for Medicaid and Medicare Services has provided reimbursement for ABPM for suspected white coat
hypertension since 2001.3% In 2019, CMS expanded ABPM coverage to include masked hypertension.>* The
prevalence of white-coat hypertension is somewhat variable among published research. A meta-analysis of

7 studies with 11,502 participants indicated a prevalence of 13%.35 A national registry study indicated that
35% of untreated patients can be classified as having WCH.3® A report of national and international registries
reported a prevalence between 10% and 50%:.°¢ The incidence is increased in the elderly, men, elevated lipids
and obesity3” The phenomena is likely predominantly due to a vasopressor response to catecholamines

that occurs during a clinic visit. Other factors may contribute although the relative contribution of such
factors remains to be defined; however, poor measurement technique, reliance on the first measurement

in a clinic, and small cuff size should be considered. Data suggests that patients with WCH may be at
increased risk of adverse cardiovascular consequences relative to a truly normotensive population, which

may be intermediate relative to patients meeting current criterion for hypertension.383940 However, the data

is somewhat inconclusive. For example, a meta-analysis of over 11,000 participants found that the incidence
of cardiovascular events was not significantly different between people with WCH and those with normal
blood pressure.?®> Recommendations for patients with white-coat hypertension include non-pharmacologic
treatment and monitoring.’™ The diagnosis currently requires confirmation with repeated office and out-of-
office BP measurements, including ambulatory blood pressure monitoring. Nevertheless, it appears that the
use of ambulatory blood pressure monitoring is exceedingly low given the documented prevalence of white
coat hypertension® If the patient’s total cardiovascular risk is low and there is no hypertension-mediated end-
organ damage, drug treatment may not be necessary. Recommendations include monitoring and lifestyle
modification, as patients with WCH may subsequently develop sustained hypertension and thereupon require
pharmacotherapy.™



The European Society of Hypertension has recommended that an office brachial BP measurement of at least
140/90 mmHg and a mean 24-hour ambulatory blood pressure of less than 130/80 mmHg is diagnostic

of white-coat hypertension.?® The 2017 ACC/AHA Guidelines indicate that white coat hypertension can be
diagnosed if the difference between clinic and home BP exceeds 20/10 mm Hg.'* It is important to recognize
that the phenomena of an elevated clinic-based blood pressure relative to a home-based measurement

also occurs in patients with a diagnosis of hypertension and receiving pharmacotherapy. Therefore, more
specific terminology would be “white coat uncontrolled (or untreated) hypertension” and “treated white coat
hypertension”.

Table 2: Summary of Current Status of White Coat Hypertension30

Definition ESH: clinic BP>140/90 mm Hg + mean 24-hour BP<130/80 mm Hg
ACC/AHA: clinic BP>130/80 + daytime ambulatory or home BP<103/80 mm Hg

NICE: clinic BP>140/90 mm Hg + daytime ambulatory or home BP<103/80 mm Hg

Etiology Psychological factors (stress, anxiety)
Physiology Poorly understood, sympathetic and endocrine factors implicated
Relevance* Increased risk of sustained hypertension

Worse target organ damage

Some studies - higher rates of CVD

WCH Syst-Eur and HYVET trials suggest treating WCH in patients >60 and >80 years old, respectively,
might confer some protection to CV events

*Cardiovascular (CV) clinical relevance compared to people with normal blood pressure

The white coat effect has been specifically examined in older adults taking antihypertensive medication.

As part of the Hypertension Optimal Treatment (HOT) trial, the white coat effect was 22 and 15 mmHg for
systolic and diastolic blood pressures respectively (i.e., difference from clinic to ABPM).*° The elevation in blood
pressure attributed to white coat hypertension was 36 and 12 mmHg for systolic and diastolic blood pressures
relative to ABPM in the HYVET study and, 22 and 2 mm Hg (systolic and diastolic) in the Syst-Eur ABPM
study.4142

The study by Yu et al*2 was discussed in the previous section but is highly applicable with regard to the issue
of white coat hypertension. As noted previously, brachial hypertension was defined as 2140/90 mmHg or
using antihypertensive medications. Central hypertension was defined by central BP 2130/90 mmHg or using
antihypertensive medications. The concordant hypertension group demonstrated higher end-organ damage
compared to the concordant normal pressure group. Measures of end-organ damage were significantly
associated with the concordant hypertensive group compared to isolated brachial hypertension or isolated
central hypertension as follows:33



- left ventricular hypertrophy: 2.03 (1.55, 2.68)*
- left ventricular diastolic dysfunction: 2.29 (1.53, 3.43)*

. urinary albumin-creatinine ratio >30 mg/g: 1.97 (1.58, 2.44)*

*Values expressed as adjusted odds ratios (95% Cl)

The study results demonstrate that both brachial and central blood pressures must be evaluated for risk
evaluation and treatment decisions. Discordant hypertension was not associated with left ventricular
hypertrophy, left ventricular diastolic dysfunction and renal dysfunction. While the discordant groups were
a minority of the population, both measurements must be considered given that treatment decisions often
constitute a life-commitment to pharmacotherapy.

Saladini and colleagues studied a cohort of 354 young to middle age participants (18 to 45 years) who had
isolated systolic hypertension (ISH), had never received treatment for hypertension and fell into the category
of Stage 1 hypertension. The control group consisted of 34 participants with normal blood pressure.*®* The
ISH population was divided into low (ISH-low) and high (ISH-high) central aortic systolic blood pressure)
based on the group median (120.5 mm Hg). The duration of follow-up has 9.5 years. Hypertension requiring
pharmacotherapy occurred in 54.0% of the ISH group and 14.7% of the control group. The odds ratio for
developing sustained hypertension in the ISH-high vs. control was 6.0 (95% CI 1.5 - 24.0, p=0.01). For the
ISH-low vs. control group, the odds ratio was 1.1 (95% CI 0.2 - 5.3, p=0.90). Importantly, the associations were
still statistically significant when a threshold central systolic pressure of 125 mm Hg was used and when the
model included ambulatory blood pressure.** The study reinforces the clinically relevance of including central
pressure measurement in the assessment and management of hypertension.

It is therefore clear that office-based measurements may provide over-estimations of blood pressure (i.e.
white coat hypertension) in patients who are and are not receiving treatment including pharmacotherapy for
hypertension. Use of ABPM requires an additional expense (medical device, transmission and review of data,
time to train patients and transfer of the device (transportation to and from a clinic) and the need to have

a fully cooperative patient for the 24-hour measurements. The use of PWA in the office setting can provide
both confirmation of hypertension (elevated peripheral and central pressures) and the diagnosis of white coat
hypertension (elevated peripheral systolic pressure and normal central systolic pressure). The SphygmoCor®
XCEL system provides both peripheral and central pressures in the same office-based setting and may
represent a highly cost-effective approach to improving hypertension management.

Optimization of Pharmacotherapy for Hypertension

Other than lifestyle modification, pharmacotherapy is the primary treatment modality for hypertension.
Treatment with combined (i.e., fixed dose combination) medications are often the mainstay of treatment.
Nevertheless, despite the availability of multiple medications and multiple classes of medications, suboptimal
treatment and the consequences thereof are readily recognized as ongoing societal problems in terms of
morbidity and socioeconomic costs. Specific issues related to prescription hypertension medications include
undertreatment, overtreatment, compliance, drug cost, adverse events, and interactions with concomitant
medications, all of which impact a patient’s adherence behavior to prescribed treatment and the burden

of hypertension. Optimizing prescription medication and the self-administration of therapy is critical to
controlling hypertension.
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Incorporation of PWA into the treatment paradigm for hypertension has the following advantages:

a. Confirmation of hypertension so that initiation of medication is more likely to be the correct decision
for a patient.
Scenario: Concurrent elevation in brachial and central pressures

b. Avoiding initiation of medication when white coat hypertension is suspected.
Scenario: Elevated brachial pressure and normal central pressures, provided that an elevated heart rate
does not confound the results.

c. Confirmation that increased treatment may not be needed.
Scenario: Borderline high peripheral pressures and normal central pressures

d. Targeting when to consider reduction of medication.
Scenario: Normal peripheral and low central pressures, or extended period of normal peripheral and
normal central pressures (particularly in the setting of medication tolerance issues)

Previous sections in this document highlight the issues of confirmation of hypertension using both peripheral
and central pressures for treatment decisions and when to delay or avoid medication prescriptions when
white coat hypertension is suspected (e.g., emphasize scheduled monitoring, lifestyle counselling along with
delaying or avoiding medications). Regarding medications, national and international guidelines focus on
initiation and up-titration with almost no references or instruction on lowering medications. In the absence

of intolerable adverse effects, hypertensive patients who start on drug treatment are essentially committed

to life-long therapy. Changes thereafter consist of exchanging medication classes, increased dosing of a
medication or the addition of another class of medications. However, given medication costs and potential
adverse events, such lifelong decisions should be carefully considered with assurance of the appropriateness of
the lifetime recommendation. Confirmation of hypertension with central blood pressure measurement should
be a part of care for this reason and for guidance as to the option of decreasing pharmacotherapy.

A thoughtful and practical example of how to incorporate central pressure monitoring in clinical practice

can be found in the BP GUIDE study.** The study was a prospective randomized trial evaluating the

use of central aortic blood pressure (n=142) compared with best-practice care without central pressure
measurements (nN=144) to guide hypertension management. Best-practice usual care included office, home,
and 24-hour ambulatory blood pressure. The group that had the addition of central aortic blood pressure
guided management had a significant reduction in the amount of medication they required. In addition,

16% of patients in the central pressure guided group had all hypertension medications discontinued and
maintained brachial blood pressure control. In the best-practice care only group, only 2% had all hypertension
medications discontinued.** While the study size was relatively small, the data demonstrate that incorporating
central pressure data into office practice can be clinically important to patient care.

While not the focus of this discussion, it is relevant to note that incorporation of central pressure
measurements may assist in the selection of anti-hypertensive medication classes. The CAFE Study was a
sub-study of the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT).“>* The objective was to evaluate two
hypertension lowering-regimens (atenolol/thiazide, amlodipine/perindopril) on central aortic pressures and
hemodynamics. The study included 2,199 patients who had central aortic pressures and hemodynamic
indexes on visits for up to 4 years. Brachial systolic pressures were similar between treatment groups
(difference = 0.7 mm Hg; 95% ClI, 0.4 to 1.7; p=0.2); however, central pressures were reduced in the amlodipine
regimen (difference in systolic pressure = 4.3 mm Hg; 95% Cl, 3.3 to 5.4, p<0.0001; difference in central aortic
pulse pressure =3.0 mm Hg; 95% Cl, 2.1 to 3.9, p<0.0001). Central pulse pressure was associated with a
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composite outcome of total cardiovascular events/procedures and development of renal impairment (post-
hoc analysis, p<0.05). The authors concluded that anti-hypertensive medications appear to have different
effects on central vs. peripheral blood pressure and such effects may explain differences in the clinical
outcomes observed between treatment groups (i.e., superior effects of amlodipine/perindopril vs. atenolol/
thiazide).*®

The publications and data described above indicate that the adjunctive measurement of central pressures
provides clinically important patient care information. The provision of both peripheral and central pressures
can occur during the same office visit, is available within a dual arterial pressure monitoring device
(SphygmoCor® XCEL), is clinically appropriate, and a cost-effective approach to managing hypertension,
particular with regard to medication treatment decisions.

Reduced Morbidity Association with Overtreatment of Hypertension

Overtreatment of hypertension may readily occur if office-based cuff measurements are misleadingly high. All
medications are associated with side effects specific to the medication (e.g., cough in angiotensin converting
enzyme inhibitors, constipation in calcium channel blockers); however, all anti-hypertensive medications
have the potential for hypotension and consequences thereof. Elderly patients are more susceptible to
hypotension and adverse consequences from hypotension. Furthermore, the association of blood pressure
with cardiovascular events appears to be bimodal with higher rates at both low and high blood pressures.“® In
a study of 10,001 patients followed for approximately 5 years, patients with a pre-existing history of coronary
artery disease and a low blood pressure (110-120/60-70 mmHg) had an increased risk of cardiovascular
events other than stroke.*® Several studies have noted an increased mortality in elderly patients related to
lower treated blood pressure.*’#8 Reduced kidney function was associated with lower blood pressures in
older subjects.*® Older hypertensive patient have an increased risk of postural hypotension, balance and gait
impairment, confusion, and dizziness.*° Finally, an increased risk for injuries related to falls may result from
overly aggressive treatment of hypertension.*

In summary, prescription of anti-hypertension medications has the potential of significant benefit but as with
all medications, may be associated with adverse consequences and should always be judicious and carefully
considered, particularly in the elderly. Assessment of central pressures provides relevant information that
informs prescription medication needs.

Clinical and Economic Implications

Brachial blood pressure monitoring and management decisions based on brachial pressures have had an
enormous positive impact on the consequences of hypertension (predominantly cardiac, cerebral, and renal
related diseases). As previously stated, cuff brachial measurements are a surrogate (albeit an extremely useful
surrogate) for the true pressure transmitted to vital organs (i.e. pressures within the aorta). Despite the success
of using cuff brachial pressures to guide management decisions, hypertension related vascular disease
continues to be a prominent socioeconomic burden. As well, over and undertreatment represent additional
costs that are not often considered. Cuff brachial blood pressure may overestimate the true cardiovascular
risk of hypertension in the subset of patients with white coat hypertension, which is a common phenomenon.
Non-invasive central aortic pressure measurement is a confirmation of whether the brachial blood pressure
during a clinic visit represents the true pressures that are transmitted to organs at risk. A discrepancy such as
a low central aortic systolic pressure is indicative of white coat hypertension, while the matching of elevated
pressures serves as a confirmation of hypertension and reassurance that the treatment algorithm is applicable.
The two non-invasive arterial blood pressure measurements (brachial and central aortic pressures) provided
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by the same device (SphygmoCor® XCEL) is a cost-effective approach to confirmation of normotension,
hypertension, and white coat hypertension.

Economic implications include:
a. Reduced additional costs for confirmation of white coat hypertension.

b. Avoidance of medication costs for treatment of hypertension when white coat hypertension is present.
Reduced costs due to avoidance of medication side effects.

c. Potentially earlier aggressive treatment when there is confirmation of hypertension with associated
reduction in socioeconomic costs due to subsequent reduced morbidity.

d. Guidance to attempting trials of medication reduction in treated patients who may have low or low-
normal central pressures and normal brachial pressures.

Summary and Conclusions

The following is a summary of the key discussion points:

Hypertension is common and responsible for continued morbidity, mortality and high socioeconomic
costs despite the widespread availability and use of cuff brachial artery measurements for diagnosis
and monitoring.

Elevated brachial arterial pressures predict CV events and mortality in addition to structural changes
(e.g. left ventricular hypertrophy, carotid intima-media thickness and reduced glomerular filtration
rate).

Lowering elevated brachial arterial pressures through lifestyle modification and pharmacotherapy
reduces the risk of cardiovascular events and improves survival.

Central aortic systolic pressure is highly correlated to brachial systolic pressures; however, central
systolic pressures cannot be reliably inferred from brachial pressures

Elevated central aortic pressure predicts cardiovascular events and mortality in addition to structural
changes (e.g., left ventricular hypertrophy, carotid intima-media thickness and reduced glomerular
filtration rate). The risk of adverse CV outcomes is associated with elevated central pressures and
these risks have been shown in multiple studies to be superior, and in others, at least as high

than that associated with brachial pressures. A recent meta-analysis, which incorporated multiple
baseline factors including brachial systolic pressure, demonstrated that central systolic pressure is
independently predictive of cardiovascular events and therefore provides additional risk information.

Based on the extensive published data on prediction of risk, the correlations of central and brachial
systolic pressures, the improvement of health outcomes resulting from lowering elevated brachial
systolic pressure, it is clinically appropriate to conclude that lowering of elevated central systolic
pressures will reduce the risk of cardiovascular events and morality.

Threshold values for the diagnosis of elevated central arterial pressures have been defined and have
been referenced to the threshold values for the diagnosis of hypertension based on brachial pressures
and for target goals of treatment.
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Measurements of central arterial pressures can be incorporated into the current approaches to
hypertension management as the dual arterial pressure SphygmoCor® XCEL device, the only FDA
cleared medical device for non-invasive central arterial pressure waveform analysis for all adults, can
provide both brachial and central aortic pressures in the same clinic setting.

Incorporation of PWA into the treatment paradigm for hypertension has the following advantages:

a. Confirmation of hypertension so that initiation of medication is more likely to be the correct
decision for a patient.
Scenario: Concurrent elevation in brachial and central pressures

b. Avoiding initiation of medication when white coat hypertension is suspected.
Scenario: Elevated brachial pressure and normal central pressures

c. Confirmation that increased treatment may not be needed.
Scenario: Borderline high peripheral pressures and normal central pressures

d. Targeting when to consider reduction of medication.
Scenario: Normal peripheral and low central pressures, or extended period of normal peripheral and
normal central pressures (particularly in the setting of medication tolerance issues)

In conclusion, based on current technology, the availability of a non-invasive dual arterial pressure
measurement system, the compelling clinical rationale and the extensive clinical published research,
incorporation of central aortic pressure monitoring, monitoring should be a part of the care of all patients with
hypertension.

14



REFERENCES

16.
17.

20.

Centers for Disease Control and Prevention. Underlying Cause of Death, 1999-2018. CDC WONDER Online Database. Atlanta, GA: Centers for
Disease Control and Prevention; 2018. http://wonder.cdc.gov/ucd-icd10.html. Accessed March 12, 2020.

Centers for Disease Control and Prevention (CDC). Hypertension Cascade: Hypertension Prevalence, Treatment and Control Estimates Among
US Adults Aged 18 Years and Older Applying the Criteria from the American College of Cardiology and American Heart Association’s 2017
Hypertension Guideline—NHANES 2013-2016. Atlanta, GA: US Department of Health and Human Services; 2019.

Kirkland EB, Heincelman M, Bishu BK, Schumann SO, Schreiner A, Axon RN, Mauldin PD, Moran WP. Trends in Healthcare Expenditures Among US
Adults With Hypertension: National Estimates, 2003-2014 J Am Heart Assoc. 2018;7:e008731. DOI: 10.1161/JAHA.118.008731.)

Cheng HM, Chuang SY Sung SH, Yu WC, Pearson A, Lakatta EG, Pan WH, Chen CH. Derivation and validation of diagnostic threshold for central
blood pressure measurements based on long-term cardiovascular risks. 3 Am Coll Cardiol. 2013;62:1780-7.

McEniery CM, Yasmin BM, Munnery M, Wallace SM, Rowe CV, Cockcroft JR, Wilkinson IB. Central pressure: variability and impact of cardiovascular
risk factors. The Anglo-Cardiff Collaborative Trial Il. Hypertension. 2008;51:1476-1482.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 1zzo Jr JL, Jones DW, Materson BJ, Oparil S, Wright Jr JT, Roccella EJ. Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. National Heart, Lung, and Blood Institute; National High
Blood Pressure Education Program Coordinating Committee. Seventh report of the Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure. Hypertension 2003; 42: 1206-1252.

Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G, Grassi G, Heagerty AM, Kjeldsen SE, Laurent S, Narkiewicz K, Ruilope L,
Rynkiewicz A, Schmieder RE, Boudier HA, Zanchetti A, Vahanian A, Camm J, De Caterina R, Dean V, Dickstein K, Filippatos G, Funck-Brentano

C, Hellemans |, Kristensen SD, McGregor K, Sechtem U, Silber S, Tendera M, Widimsky P, Zamorano JL, Erdine S, Kiowski W, Agabiti-Rosei E,
Ambrosioni E, Lindholm LH, Viigimaa M, Adamopoulos S, AgabitiRosei E, Ambrosioni E, Bertomeu V, Clement D, Erdine S, Farsang C, Gaita D, Lip G,
Mallion IM, Manolis AJ, Nilsson PM, O Brien E, Ponikowski P, Redon J, Ruschitzka F, Tamargo J, van Zwieten P, Waeber B, Williams B. Management
of Arterial Hypertension of the European Society of Hypertension; European Society of Cardiology. 2007 Guidelines for the Management of Arterial
Hypertension: The Task Force for the Management of Arterial Hypertension of the European Society of Hypertension (ESH) and of the European
Society of Cardiology (ESC). J Hypertens 2007; 25: 1105-1187.

Ogihara T, Kikuchi K, Matsuoka H, Fujita T, Higaki J, Horiuchi M, Imai Y, Imaizumi T, Ito S, Iwao H, Kario K, Kawano Y, Kim-Mitsuyama S, Kimura G,
Matsubara H, Matsuura H, Naruse M, Saito |, Shimada K, Shimamoto K, Suzuki H, Takishita S, Tanahashi N, Tsuchihashi T, Uchiyama M, Ueda S,
Ueshima H, Umemura S, Ishimitsu T, Rakugi H. Japanese Society of Hypertension Committee. The Japanese Society of Hypertension Guidelines for
the Management of Hypertension (JSH 2009). Hypertens Res 2009; 32: 3-107.

Prospective Studies Collaboration. Age-specific relevance of usual BP to vascular mortality: a meta-analysis of individual data for one million adults
in 61 prospective studies. Lancet 2002; 360: 1903-1913.

Blood Pressure Lowering Treatment Trialists’ Collaboration. Effects of different blood pressure-lowering regimens on major cardiovascular events:
results of prospectively designed overviews of randomised trials. Lancet 2003; 362: 1527-1535.

Sairenchi T, Iso H, Irie F, Fukasawa N, Yamagishi K, Kanashiki M, Saito Y, Ota H, Nose T. Age-specific relationship between blood pressure and the risk
of total and cardiovascular mortality in Japanese men and women. Hypertens Res 2005; 28:901-909.

Brunstrom M, Carlberg B. Association of blood pressure lowering with mortality and cardiovascular disease across blood pressure levels. A
systematic review and meta-analysis. JAMA Intern Med 2018;178:28-36.

Bundy J, Li C, Stuchlik P, Bu Z, Kelly TN, Mills KT, He H, Chen J, Whelton P, He J. Systolic blood pressure reduction and risk of cardiovascular disease
and mortality. A systematic review and network meta-analysis. JAMA Cardiology 2017;2:775-81.

Wright JT, Williamson ID, Whelton PK, et al. A randomized trial of intensive versus standard blood-pressure control. SPRINT Research Group. N Engl
J Med. 2015;373:2106-16.

Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, et al. 2017 ACC/AHA/AAPA/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the
prevention, detection, evaluation, and management of high blood pressure in adults. A report of the American College of Cardiology/American
Heart Association task force on clinical practice guidelines. Circulation 2018;138:e484-e594. doi: 10.1.1161/CIR.0000000000000596

I1zzo JL. Brachial vs. central systolic pressure and pulse wave transmission indicators: a critical analysis. Am J Hypertension 2014;27:1433-42.

Takase H, Dohi Y, Kimura GC. Distribution of central blood pressure values estimated by Omron HEM-9000AI in the Japanese general population.
Hypertension Research 2013;36:50-57.

McEneiry CM, Cockcroft JR, Roman M3, Franklin SS, Wilkinson IB. Central blood pressure: current evidence and clinical importance. Eur Heart J.
2014. Doi:10.1093/eurheart/eht565.

Williams B, Lacy PS, Thom SM, Cruickshank K, Stanton A, Collier D, Hughes AD, Thurston H, O'Rourke M. CAFE Investigators; Anglo-Scandinavian
Cardiac Outcomes Trial Investigators; CAFE Steering Committee and Writing Committee. Differential impact of blood pressure-lowering drugs
on central aortic pressure and clinical outcomes: principal results of the Conduit Artery Function Evaluation (CAFE) study. Circulation 2006; 113:
1213-1225.

Agabiti-Rosei E, Mancia G, O’'Rourke MF, Roman M3J, Safar ME, Smulyan H, Wang JG, Wilkinson IB, Williams B, Vlachopoulos C. Central blood
pressure measurements and antihypertensive therapy: a consensus document. Hypertension 2007; 50: 154-160.

15


http://wonder.cdc.gov/ucd-icd10.html
https://millionhearts.hhs.gov/data-reports/hypertension-prevalence.html
https://millionhearts.hhs.gov/data-reports/hypertension-prevalence.html
https://millionhearts.hhs.gov/data-reports/hypertension-prevalence.html

21.

22.

23.
24,

25.

26.

27.

28.

29.

30.

Blo

32.

SES

34,

558

36.

37.

38.

39.

40.

41,

42.

43,

4t

45.

46.

Roman M3J, Devereux RB, Kizer JR, Lee ET, Galloway IM, Ali T, Umans JG, Howard BV. Central pressure more strongly relates to vascular disease and
outcome than does brachial pressure: the Strong Heart Study. Hypertension 2007; 50: 197-203.

Vlachopoulos C, Aznaouridis K, O'Rourke MF, Safar ME, Baou K, Stefanadis C. Prediction of cardiovascular events and all-cause mortality with central
haemodynamics: a systematic review and meta-analysis. Eur Heart 3 2010; 31: 1865-1871.

Williams B, Lacy PS. Central aortic pressure and clinical outcomes. J Hypertens 2009; 27: 1123-1125.

Wang KL, Cheng HM, Sung SH, Chuang SY, Li CH, Spurgeon HA, Ting CT, Najjar SS, Lakatta EG, Yin FC, Chou P, Chen CH. Wave reflection and arterial
stiffness in the prediction of 15-year all-cause and cardiovascular mortalities: a community-based study. Hypertension 2010; 55: 799-805.

Wang KL, Cheng HM, Chuang SY, Spurgeon HA, Ting CT, Lakatta EG, Yin FC, Chou P, Chen CH. Central or peripheral systolic or pulse pressure: which
best relates to target organs and future mortality? J Hypertension 2009; 27: 461-467.

Booysen HL, Norton GR, Maseko MJ, Libhaber CD, Majane OHI, Sareli P, Woodiwiss AJ. Aortic, but not brachial blood pressure category enhances the
ability to identify target organ changes in normotensives. J Hypertension 2013;31:1124-30.

Vlachopoulos C, Axnaouridis K, O’'Rourke MF, Safar ME, Baou K, Stefanadis C. Prediction of cardiovascular events and all-cause mortality with central
haemodynamics: a systemic review and meta-analysis. Eur Heart 3 2010;31:1865-71.

Li WF, Huang Y, Feng Y. Association between central haemodynamics and risk of all-cause mortality and cardiovascular disease: a systematic review
and meta-analysis. J Human Hypertension 2019;33:531-541.

Lamarche F, Agharazii M, Madore F, Goupil R. Prediction of cardiovascular events by type | central systolic blood pressure. A prospective study.
Hypertension 2021;77:319-327.

McEneiry CM, Ben-Shlomo Y, May MT, Spears M, Brumback L, Chen CH, Chirinos JA, et al. Central haemodynamics and cardiovascular risk
prediction: an individual participant meta-analysis of prospective observational data from 22,433 subjects. (unpublished report)

Nuredini G, Saunders A, Rajkumar C, Okorie M. Current status of white coat hypertension: where are we? Ther Adv in Cardiovascular Dis 2020;14:1-
10.

Townsend RR, Black HR, Chirinos JA, Feig PU, Ferdinand KC, Germain M, Rosendorff C, Steigerwalt SP, Stepanek JA. Clinical use of pulse wave
analysis: proceedings from a symposium sponsored by North American Artery. J Clin Hyper 2015;17:503-13.

Yu S, Xiong J, Lu Y, Chi C, Teliewubai J, Bai B, Ji H, Zhou VY, Fan X, Blacher J, Li 3, Zhang Y, Xu Y. The prevalence of central hypertension defined by
a central blood pressure type | device and its association with target organ damage in the commmunity-dwelling elderly Chinese: The Northern
Shanghai Study. J Am Soc Hypertens. 2018 Mar;12(3):211-219. doi: 10.1016/jjash.2017.12.013.

Tunis S, Kendall P, Londner M, Whyte J. Decision Memo for Ambulatory Blood Pressure Monitoring (CAG-00067N). 2001 http://www.cms.gov/
medicare-coverage-database/details/ncadecision-memoaspx?NCAId=5&NcaName=Ambulatory+Blood+Pressure+Monitoring&ver=9&from=%252527I
mrpstate%252527&contractor=22&name=CIGNA+Government+Services+(05535)+-+Carrier&letter_range=4&bc=gCAAAAAAIAAAL.

Jensen TS, Chin J, Ashby L, Hakim R, Hutter J, Li C, Caplan S, McKesson R. Decision Memo for Ambulatory Blood Pressure Monitoring (ABPM) (CAG-
00067R2). https://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?NCAId=294 Accessed 29 March 2021.

Fagard RH and Cornelissen VA. Incidence of cardiovascular events in white-coat, masked and sustained hypertension versus true normotension: a
meta-analysis. J Hypertens 2007;25:2193-8.

de la Sierra A, Vinyoles E, Banegas JR, et al. Prevalence and clinical characteristics of white- coat hypertension based on different definition criteria
in untreated and treated patients. J Hypertens 2017; 35: 2388-2394.

Gorostidi M, Vinyoles E, Banegas JR, et al. Prevalence of white-coat and masked hypertension in national and international registries. Hypertens Res
2015; 38: 1-7.

O'Brien E, Parati G, Stergiou G, et al.; European Society of Hypertension Working Group on Blood Pressure Monitoring. European society of
hypertension position paper on ambulatory blood pressure monitoring. 3 Hypertens 2013; 31:1731-1768.

Reynolds K, Bowling CB, Sim 33, Sridharan L, Harrison TN, Shimbo D. The utility of ambulatory blood pressure monitoring for diagnosing white coat
hypertension in older adults. Curr Hypertens Rep 2015;17:1-11 doi:10.1007/s11906-015-0599-0

Mancia G, Omboni S, Parati G, et al. Twenty-four hour ambulatory blood pressure in the Hypertension Optimal Treatment (HOT) study. J Hypertens.
2001; 19(10):1755-1763.

Bulpitt CJ, Beckett N, Peters R, et al. Does white coat hypertension require treatment over age 807?: Results of the hypertension in the very elderly
trial ambulatory blood pressure side project. Hyperten. 2013; 61(1):89-94.

Staessen JA, Thijs L, Fagard R, et al. Predicting cardiovascular risk using conventional vs ambulatory blood pressure in older patients with systolic
hypertension. Systolic Hypertension in Europe Trial Investigators. JAMA. 1999; 282(6).539-546.

Saladini F, Santonastaso M, Mos L, Benetti E, Zanatta N, Maraglino G, Palatini P, HARVEST Study Group. Isolated systolic hypertension of young-to-
middle-age individuals implies a relatively low risk of developing hypertension needing treatment when central blood pressure is low. J Hypertens
2011;29:1311-1319.

Sharman JE, Marwick RH, Gilroy D, Otahal P, Abhayaratna WP, Stowasser M. Randomized trial of guiding hypertension management using central
aortic blood pressure compared with best-practice care. Principal findings of the BP Guide Study. Hypertension 2013:62:1138-45.

Williams B. Lacy PS, Thom SM, Cruickshank K, Stanton A, Collier D, Hughes AD, Thurston H. Differential impact of blood pressure-lowering drugs on
central aortic pressure and clinical outcomes. Principal results of the conduit artery function evaluation (CAFE) study. Circulation 2005;113:1213-25.

16


https://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?NCAId=294

47.

48.

49.

50.

51.

Bangalore S, Messerli FH, Wun CC, et al. J-curve revisited: An analysis of blood pressure and cardiovascular events in the Treating to New Targets
(TNT) Trial. Eur Heart 3. 2010; 31(23): 2897-2908.

Kovesdy CP, Bleyer AJ, Molnar MZ, et al. Blood pressure and mortality in U.S. veterans with chronic kidney disease. A cohort study. Annals Intern
Med. 2013; 159(4):233-242.

Sim 33, Shi J, Kovesdy CP, Kalantar-Zadeh K, Jacobsen SJ. Impact of achieved blood pressures on mortality risk and end-stage renal disease among
a large, diverse hypertension population. JACC. 2014; 64(6):588-597.

Cushman WC, Evans GW, Byington RP, et al. Effects of intensive blood-pressure control in type 2 diabetes mellitus. N Engl J Med. 2010;
362(17):1575-1585.

Aronow WS, Fleg JL, Pepine CJ, et al. ACCF/AHA 2011 expert consensus document on hypertension in the elderly: a report of the American
College of Cardiology Foundation Task Force on Clinical Expert Consensus documents developed in collaboration with the American Academy
of Neurology, American Geriatrics Society, American Society for Preventive Curr Hypertens Rep. Cardiology, American Society of Hypertension,
American Society of Nephrology, Association of Black Cardiologists, and European Society of Hypertension. JACC. 2011; 57(20):2037-2114.

17



APPENDIX A

Blood Pressure Thresholds and Recommendations for Treatment and Follow-Up

Adapted from: Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, et al. 2017 ACC/AHA/AAPA/ACPM/AGS/APhA/ASH/ASPC/NMA/
PCNA guideline for the prevention, detection, evaluation, and management of high blood pressure in adults. A report of the American
College of Cardiology/American Heart Association task force on clinical practice guidelines. Circulation 2018;138:€484-e594. doi:
10.1.1161/CIR.0000000000000596.
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