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SUMMARY

Few studies have examined predictors of poor blood pressure (BP) control. The aim
of this study was to observe the relationship between the pulsatility of brachial artery
pressure characterized as pulse pressure/diastolic pressure (PP/DP), suggesting aortic
input impedance, and poor BP control.

We obtained office BP measurements for 94 patients aged 40-75 years with either
office systolic BP (SBP) = 140 mmHg or diastolic BP (DBP) = 90 mmHg. Patients were
given a single antihypertensive agent or were untreated at baseline. The angiotensin I
receptor blocker valsartan (80 mg) was administered to all patients. Patients were treated
with 1 to 2 antihypertensive drugs (valsartan only or valsartan + Ca antagonist) for 6
months to achieve an office BP of less than 140/90 mmHg.

At follow-up, 32 patients were taking a single drug (valsartan) with good BP control,
24 were receiving two drugs with good BP control, and 38 were on two drugs with poor
BP control. SBP and DBP at baseline were similar in the 3 groups. PP/DP at baseline dif-
fered in the 3 groups (P < 0.01). In multivariate analysis, only PP/DP at baseline corre-
lated with lack of BP control.

The pulsatility of brachial artery pressure is associated with achieving adequate BP
control. (Int Heart J 2008; 49: 295-302)
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EPIDEMIOLOGIC studies have shown that people with high blood pressure
(BP) are at greater risk for cardiovascular or cerebrovascular events.¥ The goal
in the management of hypertension is to reduce the incidence of morbidity and
mortality from cardiovascular events. Although the importance of reducing BP is
well known, only one quarter of hypertensive patients are adequately controlled
to a BP of 140/90 mmHg or less.” Fewer than 30% in the USA, and only 6% in
the UK had attained BP values < 140/90 mmHg.>® In addition, recent clinical tri-
als suggest that resistant hypertension is increasingly common.” Therefore,
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despite the numerous drugs available for the treatment of hypertension, adequate
control of high BP and hence, adequate protection against the risk of cardiovas-
cular disease, has yet to be achieved in the vast majority of hypertensive patients.

When characteristic impedance increases or systemic arteries stiffen under
conditions of fixed cardiac function and peripheral resistance, the pulse pressure
increases and diastolic pressure decreases. Because the absolute pulse pressure is
affected by changes in diastolic pressure, it should be normalized by reasonable
methods. A previous study suggested the ratio of pulse pressure to diastolic pres-
sure (PP/DP) to quantify pulsatility as relative pulse pressure instead of the esti-
mation of input impedance, which represents the systemic arterial function.”
Recently, pulse pressure is an independent predictive factor for cardiovascular
risk in different populations.®” Hatsuda, et al showed the correlation of pulse
pressure and aortic stiffness.'” Moreover, the PP/DP was associated with an
increased risk of coronary artery disease.'"

The object of the present work was to investigate the relationship between
the pulsatility of brachial artery pressure and the attainment of target BP goals.

METHODS

Patient selection: Males and females aged 40-75 years were included if essential
hypertension defined by the current use of therapy with a single antihypertensive
agent or in the absence of treatment, by either office systolic BP (SBP) = 140
mmHg or office diastolic BP (DBP) = 90 mmHg. Patients with renal failure
(serum creatinine = 1.2 mg/dL) were excluded from the study. Each patient pro-
vided informed consent for this study.

BP measurements and measurement of hemodynamic variables: Office BP was
measured by a nurse or physician twice consecutively with the patient seated,
after at least 2 minutes of rest using a mercury sphygmomanometer. The mean of
the measurements of two consecutive visits was considered for the analysis.
These measurements were performed at baseline and at follow-up.

The pulse pressure (PP) was determined by subtracting the DBP from the
SBP. Pulsatility of the brachial artery pressure was characterized as PP/DP.”
Analysis of response: The baseline phase consisted of a 2-week period of evalu-
ation with two separate visits performed 2 weeks apart. Demographic data, med-
ical history of the patients, cardiovascular risk factors and antihypertensive
treatments were recorded as well as office BP levels. Evaluation of follow-up
phase was performed after 6 months. Patients who exhibited the target BP twice
for one month were assigned to the good BP control groups at follow-up.
Treatment: Drugs were modified to achieve office BP of less than 140/90
mmHg.” There was no wash-out period. Valsartan 80 mg was administered to the
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no treatment patients, once daily in the morning. Patients already receiving val-
sartan continued the drug. If the response to the initial drug choice was inade-
quate, we added a second drug. A Ca antagonist was administered to patients
receiving valsartan. We added valsartan 80 mg to patients receiving a Ca antago-
nist. Thereafter, BP data collection was repeated at follow-up phase. Drug com-
pliance was confirmed every visit. Patients were divided into 3 groups according
to the number of antihypertensive agents and the target goal achievement.
Statistical analysis: Data are expressed as the mean + standard deviation (for nor-
mally distributed variables) and percentage (for categorical variables). Analysis
of variance (ANOVA) was used to compare normally distributed continuous vari-
ables. Differences in frequency were tested by y? analysis. Univariate logistic
regression analysis was used to select the independent predictive factors for lack
of BP control. Covariates examined included clinical characteristics (age, sex,
body mass index (BMI), risk factors, and complications), antihypertensive treat-
ment and daily dose at baseline and at follow-up, SBP, DBP, mean blood pressure
(MBP) and PP at baseline, and PP/DP at baseline. Univariate predictors of lack of
BP control with a P value < 0.05 were entered into a multivariate logistic regres-
sion model with stepwise selection. Differences were considered statistically sig-
nificant at a value of P <0.05.

RESULTS

Patients: The study patients consisted of 94 patients (33 men, 61 women), rang-

Table I. Clinical Characteristics

Single drug Two drugs Two drugs with
(n=32) (n=24) poor BP control
(n=138)
Age (years) 69 + 14 6919 72+ 12
Sex (M/F) 9/23 10/14 14/24
BMI (kg/m?) 24.6+4.0 23.9+33 24.0+3.0
Risk factors
Hyperlipidemia 16 (50%) 7 (29%) 20 (53%)
Diabetes mellitus 6 (19%) 3(13%) 7 (18%)
Smoking 4 (13%) 2 (8%) 1 (3%)
Complications
Angina pectoris 2 1 1
Myocardial infarction 0 0 1
Cerebral accident 1 0 0
Treatment at baseline
No 32 10 8
Ca antagonists 0 13 24
Valsartan 0 1 6

Values are expressed as mean + SD or number (%) of patients. BMI indicates body mass index.
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ing in age from 40 to 75, with a mean age of 70 £ 12 years. Their general charac-
teristics are shown in Table . Five patients had coronary heart disease. Median
BMI was 24.0 kg/m?, with the group median values ranging from 23.5 to 25.5 kg/
m?. Age, sex, BMI, risk factors, and complications were similar in the 3 groups.
Antihypertensive treatments: At baseline, 50 patients had not been prescribed
drugs for hypertension. Thirty-seven of 44 patients with antihypertensive treat-
ment (39%) received calcium channel blockers and 7 (7%) received valsartan. At
follow-up, 32 patients were taking a single drug (valsartan) with good BP control,
24 were taking two drugs with good BP control, and 38 were taking two drugs
with poor BP control. Specific drugs or drug combinations did not lead to better
BP response.

Control of hypertension and pulsatility index: Mean BP was 156 £ 15/90 £ 10
mmHg at baseline. At follow-up, mean BP was 137 £ 9/81 £ 8 mmHg. SBP and
DBP at baseline were similar in the 3 groups (Table II). PP/DP at baseline dif-
fered in the 3 groups (P < 0.01). At follow-up, SBP in the group receiving two
drugs with poor BP control was the highest among the 3 groups (P <0.01). DBP

Table II. Treatment and Changes in Blood Pressure and PP/DP

Single drug Two drugs Two drugs with
poor BP control

Blood pressure (mmHg)

SBP at baseline 154+6 153+ 15 158 +19

DBP at baseline 91+6 90+9 89+ 13

SBP at follow-up 131£5 130+ 6 145 + 6*F

DBP at follow-up 80+5 79+£5 82+10
Heart rate (beats/min)

At baseline 69 + 8 70+9 69 + 8

At follow-up 68+ 7 68£8 71+8
PP/DP at baseline 0.69+0.13 0.70 £0.13 0.80 + 0.25*"
PP/DP at follow-up 0.64+0.10 0.66 £ 0.12 0.79 + 0.26*"

Values are expressed as the mean = SD.

* P <0.05 versus single drug group, ¥ P < 0.05 versus two drugs group.

SBP indicates systolic blood pressure; DBP, diastolic blood pressure; and PP/DP, pulse
pressure/diastolic blood pressure.

Table III. Univariate and Multivariate Regression Analysis for Blood Pressure Control

Univariate P Multivariate coefficient + standard error P
PP at baseline 0.023 - -
PP/DP at baseline 0.016 1.11+£0.45 0.0162

PP indicates pulse pressure and PP/DP, pulse pressure/diastolic blood pressure.



o1 PULSATILITY INDEX AND HYPERTENSIVE DRUGS 299
did not differ among the 3 groups.

Logistic regression analysis: Univariate logistic regression analysis, PP at base-
line, and PP/DP at baseline were significant variables for lack of BP control
(Table III). Age, BMI, smoking, antihypertensive treatment at baseline and at fol-
low-up, and SBP, DBP, and MBP at baseline were unrelated to lack of BP control.
In multivariate analysis, only PP/DP at baseline significantly correlated with lack
of BP control.

DISCUSSION

Significance of pulsatility of brachial artery pressure: BP is a periodic phenome-
non that can be divided into two components: a steady component and a pulsatile
component. The pulsatile component is influenced by the changes in ventricular
ejection, large artery compliance, and timing of reflected waves. Since arterio-
sclerosis decreases the compliance of the aortic artery, aortic input impedance
increases in hypertensive patients. Although ascending aortic input impedance
would be the clearest index of arteriosclerosis, there are no simple and noninva-
sive variables pertaining to the dynamic mechanical properties of the arterial sys-
tem. A recent report suggests that the pulsatility of the brachial artery pressure is
a simple tool with which to evaluate arterial input impedance.'” The input imped-
ance depends not only on ventricular ejection but also on peripheral vascular
resistance. Since ventricular ejection is normal or even decreased in older sub-
jects, the main determinant of input impedance in such conditions is increased
peripheral vascular resistance. Therefore, the pulsatility of the brachial artery
pressure reflects arterial input impedance, particularly peripheral vascular resis-
tance.

Arterial stiffness of the central artery has been reported to be associated with
the development of ischemic heart disease.!®'? A substantial body of evidence
has documented both the increased risks of cardiovascular diseases associated
with hypertension and the benefits gained when BP is sufficiently reduced.'>!¥
The identification of predictive factors of BP control is not conclusive. Neither
gender nor hypertension duration was linked to BP control.”® Increased PP
appears to be the most powerful measure available to identify hypertensive
patients at greater risk for subsequent myocardial infarction.!*'”? Ozaki, et al
reported that aortic PP is correlated with coronary artery stenosis.'® However,
whether PP is associated with poor BP control is unclear. In addition, MBP rather
than PP was related to lack of BP control.!” The results of this study demonstrate
that poor BP control is related to increased arterial input impedance. The pulsatil-
ity of brachial artery pressure, rather than PP and MBP, may be a predictive factor
for BP control.
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Ca antagonists lower BP by relaxing arteriolar smooth muscle and decreas-

ing peripheral vascular resistance.”” Angiotensin II increases total vascular resis-
tance via direct and indirect effects on blood vessels. Angiotensin II receptor
blockers (ARBs) lower total vascular resistance and MBP, SBP, and DBP in var-
ious hypertensive states.?’ Therefore, Ca antagonists may have an effect on PP/
DP. Our data cannot address the relationship between antihypertensive drugs and
PP/DP.
Uncontrolled hypertension: In clinical practice, the aims of antihypertensive
therapy can be considered to be normal or optimal BP control, and the prevention
of complications, without impairing quality of life. However, for a wide range of
antihypertensive therapies, BP control remains poor in a majority of patients. In
particular, systolic BP is generally poorly controlled in clinical practice. A previ-
ous report suggested that a diastolic BP below 90 mmHg was achieved in approx-
imately 70% of patients, and relatively few had BP of 95 mmHg or above; by
contrast, a systolic BP below 140 mmHg was achieved only in approximately
45%, and about 20% had a systolic BP of 160 mmHg or above.?? Similarly, data
from the Hypertension Optimal Treatment (HOT) study indicate that only 46%
achieved the widely advocated target of 140 mmHg or below."” Such findings
suggest that, although diastolic BP targets set out in management guidelines may
be feasible, in practice systolic BP targets are often difficult to achieve.

In recent years, ARBs have become available for clinical practice and have
been found to be superior to angiotensin converting enzyme (ACE) inhibitors for
directly blocking the effects of angiotensin II. There is compelling evidence that
ACE inhibitors reduce the risk of death and myocardial infarction in patients with
heart failure, acute coronary syndromes, and coronary artery disease, as well as
those in other high risk populations. ARBs have rapidly become established as
one of the leading therapeutic classes in the management of hypertension. Due to
their excellent safety profile and documented mechanism for organ protection,
the clinical use of ARBs has become increasingly popular in patients with hyper-
tension, heart failure, diabetic nephropathy, and other clinical conditions in
Japan.?® However, clinical trials comparing ARBs with placebo or active controls
have failed to produce reductions in death and myocardial infarction.” More-
over, ARBs clearly have not amassed an equivalent database. The SCOPE trial
showed that only 26% of patients who received candesartan alone achieved target
BP levels. Hypertension is a heterogeneous condition in which both genetic and
environmental factors contribute to varying extents. Due to this heterogeneity,
monotherapy with any antihypertensive agent is unlikely to control BP ade-
quately in more than 50-60% of patients, even in mild-to-moderate hyperten-
sion.?®
Poor adherence to prescribed hypertensive agents and lack of access to med-
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ical care have been also considered as causes of uncontrolled hypertension.?”*® It
is clear that hypertension is not managed aggressively enough and that physicians
are often conservative in their approach, not making alterations to therapy even if
BP remains elevated. The problem of under-treatment may be exacerbated by the
number and complexity of management guidelines, so that many doctors may be
unfamiliar with recommended treatment strategies. Home BP measurements are
indispensable for the improvement of management of hypertension in medical
practice.?” Moreover, home BP measurement also improves drug compliance and
frequency of access to medical care. Home BP measurements may bring accurate
assessment of BP control during treatment.
Study limitations: There are potential limitations regarding the interpretation of
these data. First, the relatively small selected number of patients eligible for anal-
ysis in this study may render it difficult to generalize the results and apply them
to other patient populations. In addition, we did not examine other causes of
uncontrolled hypertension, such as dietary sodium ingestion and alcohol inges-
tion. Further studies are required to clarify the relationship between PP/DP and
effect of antihypertensive treatments. Second, treatment biases are possible. Dif-
ferent antihypertensive drugs may affect pulsatility to a different degree. When
multivariate analysis was used, the selections or combinations of antihyperten-
sive drugs at baseline and at follow-up did not affect the attainment of target lev-
els.

In conclusion, the pulsatility of the brachial artery pressure may be a predic-
tive factor for poor BP control.
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