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Relationships between subendocardial perfusion
impairment, arterial stiffness and orthostatic
hypotension in hospitalized elderly individuals

Francesco Fantin?, Anna Giani®, Federica Macchi?, Giulia Amadio® Andrea P. Rossi?, Elena Zoico?,

Gloria Mazzali?, and Mauro Zamboni®

Background: Orthostatic hypotension is an independent
risk factor for cardiovascular morbidity and mortality.
Arterial stiffness has been shown to be a
pathophysiological mechanism linking orthostatic
hypotension and increased cardiovascular risk. This study
aims to evaluate the relationship between arterial stiffness,
orthostatic hypotension and subendocardial viability ratio
(SEVR) and moreover to identify the main predictors of
orthostatic hypotension, carotid-femoral pulse wave
velocity (PWV-cf) and SEVR.

Methods: Seventy-five patients were enrolled (mean age
82.95 4+ 6.45) in Verona’s AOUI Geriatric ward. They
underwent blood pressure, heart rate, body weight
measurements and also comorbidity, arterial stiffness
(PWV-cf measured by applanation tonometry), SEVR and
biochemical indexes.

Results: Prevalence of orthostatic hypotension was
46.6%. Even after adjustment for age, sex, glomerular
filtration rate and mean arterial pressure, SEVR values
corrected for arterial oxygen and haemoglobin content
were statistically lower in orthostatic hypotension patients
(P=0.05) and PWV-cf values were statistically higher in
orthostatic hypotension individuals (P=0.042). In a binary
logistic regression, PWV-cf was the only significant
predictor of orthostatic hypotension (odds ratio 1.123;
P=0.039; confidence interval=1.006-1.17).

In a backward logistic regression model sex, creatinine
clearance and orthostatic hypotension were significant
predictors of SEVR corrected for O, content. Mean arterial
pressure, creatinine clearance and orthostatic hypotension
were significant predictors of PWV-cf.

Conclusion: This study shows that orthostatic hypotension
is related to increased arterial stiffness, confirming its
higher prevalence in elderly patients. Orthostatic
hypotension was also associated with reduced values of
corrected SEVR, showing a relevant consequence of
orthostatic hypotension on subendocardial perfusion
impairment.

Keywords: orthostatic hypotension, pulse wave velocity,
subendocardial viability ratio

Abbreviations: Alx, augmentation index; CCI, Charlson
Comorbidity Index; Corrected SEVR, sub-endocardial
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viability ratio value corrected for oxygen content and
haemoglobin; MAP, mean arterial pressure; PP, pulse
pressure; PPa [%], pulse pressure amplification; PWVCcf,
pulse wave velocity carotid-femoral; SEVR, subendocardial
viability ratio

INTRODUCTION
O rthostatic hypotension is a frequent and often

underdiagnosed cardiovascular disorder, widely

common among elderly individuals, showing
higher prevalence among hospitalized patients [1]. Tt is
an independent risk factor for both cardiovascular morbid-
ity and all-cause mortality [2,3] and it is associated with
higher incidence of syncope, coronary heart disease, stroke
and hospitalization [4,5]. Orthostatic hypotension increases
the burden of functional impairment: it is associated with
higher risk of falling, dementia and cognitive impairment
[6], cerebrovascular disorders and stroke [7].

Previous studies showed a strong relation between
orthostatic hypotension and several cardiovascular dis-
eases, widespread among geriatric population (older than
65 years), for example heart failure, coronary heart disease,
myocardial infraction and atrial fibrillation [8]. Orthostatic
hypotension is also frequently related to arterial hyperten-
sion, showing higher incidence among hypertensive
patients with poor BP levels control [9].

The high prevalence of orthostatic hypotension among
elderly individuals can be explained by the frequent con-
ditions of volume depletion, dehydration, immobilization,
impaired post-prandial response, deconditioning and
frailty [10]. Furthermore, orthostatic hypotension can be
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considered one of the pathophysiological expressions of
vascular ageing, characterized by arterial wall stiffening
and previous studies already described an impaired
baroceptor sensitivity due to reduced arterial wall compli-
ance [11].

Pulse wave analysis (PWA) is a noninvasive method,
which is considered the gold standard technique to evalu-
ate arterial stiffness [12,13], and a valid instrument in car-
diovascular risk assessment [14]. Pulse wave velocity (PWV)
can be analysed in different arterial segments, describing
both elastic arteries by the carotid-femoral PWV (PWV-cf),
and peripheral muscular arteries by carotid-radial PWV
(PWV-cr) [15].

Furthermore, PWA can provide information about sub-
endocardial perfusion, by subendocardial viability ratio
(SEVR) calculation. SEVR is a noninvasive estimation of
myocardial workload, oxygen supply and perfusion [106],
and it can be obtained by applanation tonometry. Firstly
defined by Buckberg et al. in 1972 [17], it represents the
ratio between diastolic pressure time index (DPTID) and
systolic pressure time index (SPTID). DTPI, which is the area
under the diastolic phase in the aortic pulse wave profile,
estimates myocardial oxygen supply, whereas STPI (the
area under the systolic phase) represents cardiac tissue
oxygen consumption [18]. Therefore, low values of SEVR
indicate an impaired subendocardial perfusion [17].

Several studies described the possible relations between
SEVR and many pathological conditions, such as hyperten-
sion [19], peripheral arterial disease [20], aortic stenosis [21],
chronic kidney disease [22], but, to our knowledge, less is
known about the relationship between SEVR and
orthostatic hypotension.

As orthostatic hypotension, arterial stiffness and SEVR
reduction can be considered different expressions of the
same ageing process, their relationship should be further
analysed. The aims of the present study were to quantify the
prevalence of orthostatic hypotension among hospitalized
geriatric patients, to analyze the possible relationship
between arterial stiffness, OH and SEVR and to identify
the possible predictors of orthostatic hypotension, PWV-cf
and SEVR.

MATERIALS AND METHODS

Individuals

Consecutive in-patients, aged over than 65 years, hospital-
ized at the Geriatric Section of Verona University Hospital,
for any cause, between August and September 2019, were
prospectively enrolled. Critically ill patients and individuals
who could not assume the upright position were excluded.
Patients were evaluated after achievement of clinical stabil-
ity, not during the acute phase of illness.

A detailed clinical history and physical examination
were recorded for each patient. Clinical data included
age, sex, blood pressure (BP), heart rate (HR) and body
weight measurement (Salus scale, Milan, Italy). Possible
orthostatic hypotension risk factors were noted, such as
arterial hypertension, diabetes, chronic kidney disease
(defined as the presence of an estimated glomerular filtra-
tion rate (eGFR), by the Cockroft-Gault equation, lower
than 60ml/min per 1.73m? and Parkinson’s disease.
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Smoking habit was also investigated. If a recent echocar-
diographic evaluation was available, left ventricular ejec-
tion fraction and the presence of diastolic dysfunction
were registered.

The study was approved by the Ethical Committee of the
University of Verona. All participants gave informed con-
sent to be involved in the research study.

Comorbidity

Charlson Comorbidity Index (CCI) was calculated for each
patient. The scoring scheme is based on the presence of a
list of 19 pathological conditions, each one is assigned a
weight from 1 to 6 points; the sum of the weights for all
concurrent diseases is then corrected by age. Charlson age
adjusted index ranges from 0 to 43 points, but a score higher
than 5 points predicts poor clinical outcomes [23].

The total number of medications was also registered; the
use of hypotensive drugs (ACE-inhibitors, angiotensin
receptor blockers, calcium channel blockers, oral or intra-
venous diuretics, alpha-blockers, beta-blockers) was inves-
tigated, and the number of hypotensive medications
was reported.

Blood pressure measurement and orthostatic
hypotension evaluation

Brachial BP was measured twice in a time frame of 15 min
using an aneroid sphygmomanometer (Heine Optothech-
nik, Gilching, Germany) in the non-dominant arm of the
individual, in the supine position, after 5min of rest. The
average of the readings was considered as the individual’s
BP. Mean arterial pressure (MAP) was then derived. BP was
then measured 1, 3 and 5Smin after assuming orthostatic
position. HR was registered each time. According to ESC
guidelines [24], orthostatic hypotension was defined as a
reduction in SBP of at least 20 mmHg or in DBP of at least
10 mmHg.

Arterial stiffness and subendocardial viability
ratio evaluation

The BP was measured immediately prior to tonometric
recording. The PWA was performed noninvasively using
a small portable device called PulsePen (Diatecne, Milan,
Italy) [25]. Tts software, WPulsePen 2.0.1, provides central
aortic pressure values, an assessment of arterial pulse wave
contours, an estimation of reflection waves and measure-
ments of PWV. PulsePen determines the PWV by a single
probe placed at two sites in rapid succession, using the
electrocardiogram trace as reference.

The PWV was calculated as distance between the mea-
surement sites divided by transit time delay between femo-
ral and carotid pulse wave and expressed in meters per
second.

The distance of the pulse wave transit was the difference
between the distance from supra-sternal notch to femoral
point of application of the tonometer and the distance from
carotid point of tonometer application and the supra-sternal
notch. The time delay was measured between the feet of the
peripheral artery (femoral or radial) and carotid waveforms.
The foot of the wave is defined at the end of diastole when
the steep rise of the waveform begins.
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PWA provide information about different arterial seg-
ments, as it can analyse both elastic arteries by the carotid-
femoral PWV (PWV-cf) and peripheral muscular arteries by
carotid-radial PWV (PWV-cr) [15]. Increased aortic stiffness,
described as augmented PWV-cf, predicts higher cardio-
vascular risk.

By means of the same software, other indices were then
calculated: first, pulse pressure (PP), strongly related to
cardiovascular risk and coronary heart disease [26,27], was
derived as the difference between SBP and DBP. Also, pulse
pressure amplification (PPa%) was calculated; it represents
the increment of peripheral PP as compared to the central
PP, and it relates to age, sex and body composition. PPa% is
described as the ratio between the difference of brachial PP
(pPP) and ascending aorta PP (cPP):

DpPP — cPP
cPP

PPa =

PulsePen software also defines the augmentation pres-
sure, which is the systolic pressure increment caused by the
reflection wave (from the periphery to the centre), and the
augmentation index (AIx), which is the ratio between
augmentation pressure and PP.

PulsePen Software, by PWV traces analysis, provides
SEVR measurement, which represents an indirect estima-
tion of myocardial perfusion, relative to left ventricle work-
load. SEVR is obtained by the following formula:
SEVR =DPTI/SPTI. DTPI, which is the area under the
diastolic phase in the aortic profile, estimates myocardial
oxygen supply, and it is defined by the formula:
DPTI = ([mean diastolic aortic pressure—mean diastolic left
ventricular pressure] xdiastolic time); whereas STPI (the
area under the systolic phase) represents cardiac tissue
oxygen consumption, defined as SPTT = mean systolic aor-
tic pressure (corresponding to left-ventricular mean systolic
pressure) xleft-ventricular ejection time [18]. As SEVR is
described as DTPI/STPI ratio, it indirectly reflects the ade-
quacy of subendocardial perfusion.

A critical value for SEVR of 0.5 has been suggested [28],
lower values may represent insufficient subendocardial
perfusion, as indicated by a corresponding reduction of
the ratio of subendocardial/subepicardial flow per gram of
left-ventricular myocardium [18].

Subendocardial oxygen supply depends both on coro-
nary flow and on arterial oxygen saturation, and it can be
compromised in case of severe anaemia or hypoxia. There-
fore, SEVR should be adjusted for arterial oxygen concen-
tration, converting the measure of myocardial blood flow
supply (DTPD into a measure of myocardial oxygen deliv-
ery [18]. The correction is obtained by multiplying SEVR by
the arterial oxygen content (CaO,) [29], as follows: SEV-
R x CaO,= CaO, x DIPI / STPI.

The blood oxygen content was determined using the
following formula: CaO,=1.34 x blood haemoglobin con-
centration  (g/dD x arterial oxygen saturation (%)
—+0.003 x arterial pressure of oxygen (mmHg).

According to previous evidences, the critical value for
SEVR CaO, was considered 10; lower values may represent
a significant reduction in oxygen supply [29].
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Biochemical analysis

Venous blood samples for all metabolic assessments were
obtained after the individuals fasted overnight. Plasma
glucose was measured with a glucose analyser (Beckman
Instruments Inc, Palo Alto, California, USA). Cholesterol
and triacylglycerol concentrations were determined with an
automated enzymatic method (Autoanalyzer; Technicon,
Tarrytown, New York, USA). High-density-lipoprotein
(HDL) cholesterol was measured by using the method of
Warnick and Albers. LDL cholesterol was calculated using
the Friedwald formula. Creatinine was measured by a
modular analyser (Roche Cobas 8000; Monza, Italy); eGFR
was calculated by Cockroft-Gault formula.

Statistical analysis

Results are shown as mean value + standard deviation (SD).
Variables not normally distributed were log-transformed
before analysis. Pearson correlation analyses were used to
test association between SEVR, PWV-cf, AP, Alx and other
variables. Independent samples #-tests were used to com-
pare baseline characteristics of male and female population
and of patients with and without orthostatic hypotension.
ANOVA and ANCOVA analyses were performed to study
SEVR and PWV-cf, even after age, sex MAP and eGFR
adjustment. Multiple backward regression analysis valued
the combine effects of age, sex, MAP, CCI, orthostatic
hypotension presence and eGFR on SEVR-CaO, and
PWV-cf. Binary regression analysis was performed to eval-
uate orthostatic hypotension predictors, considering age,
sex, MAP, eGFR and PWV-cf as independent variables.

A significance threshold level of 0.05 was used through-
out the study. All statistical analyses were performed using
SPSS 23.0 version for Windows (IBM, Armonk, New York,
USA).

RESULTS

The main characteristics of the study population are sum-
marized in Table 1. Seventy-five individuals with a mean
age of 82.95 + 6.45 years were evaluated, of whom 38 were
women and 37 were men. Women were significantly older
than men (P=0.03). The prevalence of orthostatic hypo-
tension was 46.6%.

Creatinine values were higher in men than in women
(P=0.000).

No significant differences were observed between male
and female in SBP and DBP, MAP, and HR. Augmentation
pressure, Alx and PPa% also did not differ between the
two populations.

PWV-cf did not differ between men and women. On the
contrary, both SEVR and SEVR values corrected for oxygen
content and haemoglobin were significantly lower in the
female population (P=0.002 and P=0.01, respectively).

Regarding comorbidity, men appeared to be affected by
a higher number of diseases than women (P=0.008),
although the two populations did not differ in terms of
score obtained on the CCI.

Table 2 summarizes univariate correlations between
SEVR, SEVR corrected for oxygen content and haemoglo-
bin, PWV-cf and the main study variables.
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TABLE 1. Characteristics of the study population

Total (n=75) Women (n =38) Men (n=37) P (women vs. men)
Age (years) 82.95+6.45 84.53+6.81 81.32+5.72 0.030
Blood glucose Level (mg/dl) 98.26 +24.49 104.58 +28.34 93.19+18.44 0.043
Haemoglobin (g/dl) 11.37+£1.73 11.14+1.75 11.61+1.70 0.241
Creatinine (umol/l) 93.61+£41.51 80.84 +34.38 106.73 +44.48 0.006
Creatinine Clearance (ml/min) 52.58 +20.68 49.33+20.59 55.92 4+20.51 0.169
Total cholesterol (mg/dl) 136.13+43.22 145.82 +48.42 125.294+34.08 0.040
HDL cholesterol (mg/dl) 42.54 +15.62 41.35+15.58 43.82+15.79 0.510
Triglyceride (mg/dl) 101.61+47.57 113.76 £53.84 87.56 +34.91 0.018
Orthostatic SBP (mmHg) 109.72 £ 14.11 109.05+ 14.14 110.41+14.243 0.681
Orthostatic DBP (mmHg) 67.71+8.22 66.61+7.58 68.84+8.78 0.243
Clinostatic SBP (mmHg) 123.29+13.72 121.11+£12.48 125.40+ 14.69 0.182
Clinostatic DBP (mmHg) 71.16+8.10 69.58+7.87 72.70+8.13 0.100
PP orthostatic (mmHg) 42.01£9.82 42.45+10.31 41.57+£9.41 0.700
MAP orthostatic (mmHg) 83.28+9.02 82.29+8.19 84.30+9.80 0.339
PP clinostatic (mmHg) 52.12+10.37 51.52+9.16 52.70+11.52 0.632
MAP clinostatic (mmHg) 88.53+£9.09+ 86.76 +£8.63 90.27 £9.30 0.099
HR at rest (bpm) 74.19 +8.88 76.50 +8.065 71.81+9.15 0.021
HR in orthostatism (bpm) 80.34 +10.09 82.44+9.75 78.41+£10.15 0.092
Alx% 10.98 +16.85 10.29+18.90 11.68+14.67 0.722
AP (mmHg) 7.24 +£4.82 7.59+5.12 6.89+4.54 0.536
PPa% 15.63 £ 15.68 17.53+£17.59 13.68 +£13.40 0.289
PWV-cf (m/s) 13.00 £5.39 13.26 £5.62 12.79+5.99 0.728
SEVR 1.20+0.27 1.10+0.24 1.30+0.27 0.002
Corrected SEVR 16.17 £4.61 14.72 +£3.80 17.43+4.99 0.010
Length of stay (days) 12.53+£6.98 12.41+£5.87 12.66+8.15 0.893
Ccl 563+1.68 5.58+1.73 5.68+1.65 0.805
Number of diseases 4.40+1.62 3.92+1.62 4.89+1.49 0.008
Number of drugs 5.554+2.04 5.13+2.11 597+1.89 0.073
Number of antihypertensive drugs 0.63+£0.75 0.47 £0.65 0.78+0.82 0.074

Alx, augmentation index; AP, augmentation pressure; CCl, Charlson Comorbidity Index; Corrected SEVR, subendocardial viability ratio value corrected for oxygen content and
haemoglobin; MAP, mean arterial pressure; PP, pulse pressure; PPa [%], pulse pressure amplification; PWV-cf, pulse wave velocity carotid-femoral; SEVR, subendocardial viability ratio.

between PWV-cf and both SEVR (r=—0.294 and P=0.012)
and corrected SEVR (= —0.309 and P=0.009).

SEVR was negatively related with fasting glucose level
(r=-0.316 and P=0.007) and with triglyceride values
(r=-0.244 and P=0.046); adjusted SEVR was positively
related to HDL cholesterol value (r=0.306 and P=0.011).

SEVR was significantly correlated with creatinine clear-
ance (r=0.287 and P=0.014); on the contrary, we found a
R negative association between creatinine clearance and
PWV-cf (r=-0.330 and P=0.005), and Alx (r=—0.255
and P=0.027).

A significant negative correlation was found between
corrected SEVR and age (r=—0.241 and P=0.04), between
corrected SEVR and PPA (r=—0.259 and P=0.027) and

TABLE 2. Univariate correlations between subendocardial
viability ratio, corrected subendocardial viability
ratio, pulse wave velocity carotid-femoral and the
main variables of the study

Corrected SEVR

PWV-cf

Age _0.164 _0.241* 0.214 Table 3 highlights the main differences between patients
SEVR Vi 0.701* -0.294* with orthostatic hypotension (35 individuals) and patients
Corrected SEVR 0.701* I —0.309* without (40 individuals).
PWV-cf —0.294* —0322° 4 Orthostatic hypotension patients were found to have
e o o oo lower body weight (61.89 4 13.19 vs. 68.93 + 14.80 kg, P
e o X EEEEs =0.034) and lower haemoglobin values (10.94 £ 1.41 vs.
SBP 0.026 0.239 0.147 11.73+1.91, P =0.048). No significant differences were
DBP 0.043 0.208 0.118 observed in other biochemical parameters.
PP 0.002 0.175 0.144 No differences were found in number of diseases or CCI
MAP —0.016 0.176 0.194 score between the study groups. No statistically significant
Blood glucose level —0316 —0.130 0.049 difference was observed between the two populations
Total cholesterol —-0.074 0.084 —0.149 . . L

. regarding either the total number of medications taken
HDL cholesterol 0.137 0.306 —0.149 S X .
LDL cholesterol 0085 0023 _0186 or specifically the number of ar.lt'1hyper.tens1ve drugs.
Triglyceride —0.244* —0.208 0.164 Moreover, there was no significant difference about the
Creatinine clearance 0.105 0.287* —0.330" prevalence of diabetes mellitus, hypertension and chronic

_ : renal failure in the group of patients with and without
Alx, augmentation index; AP, augmentation pressure; corrected SEVR, subendocardial

viability ratio value corrected for oxygen content and haemoglobin; MAP, mean arterial
pressure; PP, pulse pressure; PPa, pulse pressure amplification; PWV-cf, carotid — femoral
pulse wave velocity; SEVR, subendocardial viability ratio.

*P<0.05, significant correlation.

2382

www.jhypertension.com

orthostatic hypotension (data not shown in Table).
PWV-cf was significantly higher in patients with ortho-
static hypotension than in patients without (14.36 + 3.83 vs.
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TABLE 3. Comparison of the main study variable between sub-groups of patients with and without orthostatic hypotension

OH patients (N =35)

Patients without OH (N =40)

Age (years) 84.42 +4.98

Weight (kg) 61.89+13.19
Blood glucose level (mg/dl) 98.03 £+ 27.95
Haemoglobin (g/dl) 10.94+1.41

Creatinine (wmol/l) 91.00+42.33
Creatinine clearance (ml/min) 51.47 +20.46
Total cholesterol (mg/dl) 131.394+34.44
HDL cholesterol (mg/dl) 41.15+£12.42
LDL cholesterol (mg/dl) 69.65+77.52

101.09 4+ 36.49
106.94+11.45

Triglyceride (mg/dl)
Orthostatic SBP (mmHg)

Orthostatic DBP (mmHg) 66.46+7.75
Clinostatic SBP (mmHg) 124.85+15.98
Clinostatic DBP (mmHg) 72.124+8.29
PP orthostatic (mmHg) 40.48 +6.66
MAP othostatic (mmHg) 82.21+£8.47
PP clinostatic (mmHg) 52.724+13.12
MAP clinostatic (mmHg) 89.70+9.63
HR at rest (bpm) 74.14+9.40
HR in orthostatism (bpm) 78.85+9.16
Alx% 11.18 £ 16.09
AP (mmHg) 6.49+4.69
PPa% 17.86 £12.77
PWV-cf (m/s) 14.36 +£5.83
SEVR 1.20+0.24
Corrected SEVR 15.0143.35
Length of stay (days) 14.134+8.18

Cccl 591+1.65

Number of diseases 4.66+1.66
Number of drugs 5.54+1.80
Number of antihypertensive drugs 0.51+0.74

81.65+7.32 0.062
68.93 + 14.80 0.034
99.78£21.33 0.760
11.73+1.91 0.048
95.90+41.18 0.613
53.55+21.07 0.668
140.13+49.54 0.397
43.74+18.03 0.491
31.14+44.21 0.405
102.05+55.92 0.934
112.154+15.82 0.111
68.80 +8.54 0.220
122.00+11.59 0.396
70.38+7.95 0.365
4335+11.84 0.210
84.21+9.47 0.342
51.62+7.54 0.671
87.58 +8.62 0.332
74.23+8.50 0.968
81.63+10.79 0.249
10.80+17.68 0.923

7.90+4.89 0.210
13.68+17.77 0.252
11.78 £4.69 0.041

1.20+£0.30 0.935
17.23+5.34 0.039
10.96+5.26 0.077

5.38+1.69 0.168

4.18+1.56 0.200

5.55+2.24 0.988

0.73+0.75 0.227

Alx, augmentation index; AP, augmentation pressure; CCl, Charlson Comorbidity Index; Corrected SEVR, subendocardial viability ratio value corrected for oxygen content and
haemoglobin; MAP, mean arterial pressure; OH, Orthostatic Hypotension; PP, pulse pressure; PPa [%], pulse pressure amplification; PWV-cf, carotid-femoral pulse wave velocity; SEVR,

subendocardial viability ratio.

11.78+4.69, P =0.041). The difference between the two
populations remained significant even after adjustment for
age, sex, GFR and MAP (P =0.042) (Fig. 1a).

Regarding SEVR, no significant differences were
observed between the two populations; however, SEVR
values corrected for oxygen content and haemoglobin were
significantly lower in patients with orthostatic hypotension
(15.01 £3.35vs. 17.23 £5.34, P =0.039), even after adjust-
ment for age, sex, GFR and MAP (P =0.05) (Fig. 1b).

As shown by binary logistic regression (Table 4), PWV-cf
was a significant predictor of orthostatic hypotension with
odds ratio (OR) 1.123 [P=0.039 and confidence interval
(CD 1.006-1.17], accounting for 15% of the variance.

Furthermore, a backward logistic regression demon-
strated that sex, creatinine clearance and orthostatic hypo-
tension were significant predictors of corrected SEVR,
explaining 20.5% of the variance (Table 5).

DISCUSSION

The present study shows, in a group of 75 elderly hospital-
ized individuals (mean age 82.95 + 6.45 years), a significant
relationship between orthostatic hypotension and suben-
docardial perfusion impairment. Furthermore, we con-
firmed the positive relation between increased arterial
stiffness and orthostatic hypotension, showing that PWV-
cf was the main predictor of orthostatic hypotension in the
study population.

Journal of Hypertension

In our cohort, the prevalence of orthostatic hypotension
was 46.6%: these data are consistent with previous studies,
in which the prevalence of orthostatic hypotension in
elderly patients in the hospital setting is 50—-60% [1]. Higher
percentage was also described in a recent study, investigat-
ing the prevalence of orthostatic hypotension in a sample of
85 acute patients over 65 years of age admitted to two
departments of Internal Medicine. The 75% of patients
presented at least one episode of orthostatic hypotension
during hospitalization and the 27% were found to have
persistent orthostatic hypotension. The latter group was
also 3 years older than the group of patients with occasional
orthostatic hypotension, and 7 years older than the group
without orthostatic hypotension [30].

The high prevalence of orthostatic hypotension in
elderly patients is probably due to the physiological
changes of ageing, such as decreased baroreceptor sensi-
tivity and autonomic nervous system dysfunction, which
impair the response to orthostatism, together with the
presence of several favourable conditions (organ disease,
volume depletion and prolonged immobility) [31].

Among geriatric population, the incidence and preva-
lence of orthostatic hypotension should be considered in
relation to the presence of some relevant comorbidities. Up
to 70% of orthostatic hypotension individuals are affected
by hypertension, and orthostatic hypotension presents
higher incidence in hypertensive patients with poor BP
level control [9]. Furthermore, it is well known that
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( a) p=0.040 p=0.042
Unadjusted model Adjusted model

16 1 16
14 1 14 |
12 1 12 1
10 1 10

8 1 8 1

6 1 6 1

4 1 4

2 E 2 E

0 - 0

Patients with OH Patients without OH Patients with OH Patients without OH
(b)
Unadjusted model Adjusted model
p=0.04 p=0.05
20 20 -
17.13

18 1 iEibL 18 - 17.14
16 A : 16 4 15.12

14 14 4

12 12 1

10 10

8 9 8

6 1 6

4 1 4

2 1 2

0 - 0

Patients with OH Patients without OH Patients with OH Patients without OH

PWFcf=carotid-femoral pulse wave velocity; GFR=glomerular filtration rate;
MAP=mean arterial pressure (mmHg).

FIGURE 1 Comparison of PWVcf values (a) and corrected SEVR values (b) between patients with or without Orthostatic Hypotension (OH) before and after adjustment for
age, sex, GFR and MAP.

orthostatic hypotension is a frequent finding in patients In our study, we therefore investigated the prevalence of
with autonomic nervous system dysfunction, it is related diabetes mellitus, arterial hypertension and chronic renal
both to primary neurodegenerative disorders, such as Par-  failure in patients with and without orthostatic hypotension
kinson’s disease, and to peripheral neuropathies occurring and in patients without it: the prevalence did not show a
in several diseases, including diabetes mellitus [32]. significant difference among groups. Only two of 75

TABLE 4. Binary logistic regression considering orthostatic hypotension as a dependent variable and age, sex, SBP, creatinine clearance,
corrected subendocardial viability ratio and carotid-femoral pulse wave velocity as an independent variable in study’s
population (n =75)

B coefficient ES (o] Cl P
Age 0.079 0.048 1.082 0.984-1.190 0.105
Sex —0.515 0.531 0.598 0.211-1.692 0.332
MAP —0.027 0.029 0.973 0.919-1.031 0.360
Creatinine clearance 0.014 0.015 1.014 0.985-1.044 0.336
PWV-cf 0.116 0.056 1.123 1.006-1.254 0.039

MAP, mean arterial pressure; PWV-cf, carotid femoral pulse wave velocity.
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TABLE 5. Multiple backward regression considering the
corrected subendocardial viability ratio as
dependent variable and age, sex, mean arterial
pressure, Charlson Comorbidity Index, creatinine
clearance and orthostatic hypotension as an
independent variable in study’s population (n =75)

B coefficient ES P R?
Age 0.025 0.097 0.797
Sex 2.493 1.032 0.019
MAP 0.071 0.058 0.226
Cccl —0.344 0.332 0.303
Creatinine clearance 0.049 0.028 0.081
OH 1.960 1.032 0.062 0.239
Age 2.430 0.996 0.017
MAP 0.070 0.057 0.225
Cccl -0.319 0.315 0.315
Creatinine clearance 0.046 0.026 0.077
OH 1.898 0.996 0.061 0.238
Sex 2.329 0.991 0.022
MAP 0.078 0.057 0.173
Creatinine clearance 0.056 0.024 0.023
OH 1.898 0.988 0.044 0.227
Sex 2.454 0.993 0.016
Creatinine clearance 0.053 0.024 0.032
OH 2.213 0.985 0.028 0.205

CCl, Charlson Comorbidity Index; MAP, mean arterial pressure.

individuals were affected by Parkinson’s disease and they
both had orthostatic hypotension. The small sample size
could justify these results.

Our findings showed higher PWV-cf in patients with
orthostatic hypotension than in patients without it (PWV-cf
14.36+5.83 vs. 11.78 £4.69m/s, P =0.041).

As widely known, PWV-cf measurement represents a
noninvasive and reproducible method for the assessment of
arterial stiffness; a value higher than 10 m/s is considered an
index of subclinical organ damage [14]. Our results confirm
previous analyses: a large cross-sectional study led on 3362
elderly individuals showed that patients with orthostatic
hypotension were older and had a greater arterial stiffness,
measured by PWV-cf, and presented a greater reduction in
BP values on assumption of orthostatic position, as com-
pared to individuals without orthostatic hypotension [33].

Structural alterations in the wall of the great vessels,
leading to a reduction in arterial compliance together with a
consequent reduction in baroreceptor sensitivity, could
explain the relationship between arterial stiffness and
orthostatic hypotension.

In our study, in line with previous findings, the relation-
ship between arterial stiffness and orthostatic hypotension
remained significant even after adjustment for confounding
factors such as age, sex, MAP and glomerular filtration rate,
suggesting an independent role of arterial stiffness in deter-
mining orthostatic hypotension.

To our knowledge, this is the first study that directly
investigated the relationship between orthostatic hypoten-
sion and SEVR. Our data showed a statistically significant
association between orthostatic hypotension and SEVR
corrected for oxygen content and haemoglobin, showing
lower SEVR values in orthostatic hypotension patients
(15.014£3.35 vs. 17.23+5.34, P =0.039). SEVR, which
represents the ratio between oxygen supply and oxygen
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demand by the myocardium and is derived from the analy-
sis of the central pressure curve, is considered a valid index
to assess cardiovascular risk and coronary risk [19]. As the
oxygen supply to the subendocardium depends not only on
coronary flow, but also on the O, content of arterial blood,
the SEVR value should be corrected for SpO, and haemo-
globin value. A corrected SEVR value less than 10 reflects
insufficient subendocardial vascularization [18].

Several studies identified a significant relationship
between prevalence of orthostatic hypotension and risk
of major cardiovascular events; from a meta-analysis of 15
prospective observational studies conducted in Europe, the
United States and Asia, including individuals aged 45-83
years, from both acute and subacute setting, orthostatic
hypotension was found to be an independent predictor of
heart failure, coronary artery disease, myocardial infarction
and mortality [8]. Although the pathophysiology of the
increased cardiovascular risk in orthostatic hypotension
patients is not completely clarified, subendocardial perfu-
sion impairment may fill a gap of knowledge about
this issue.

In our study, we found reduced corrected SEVR values in
orthostatic hypotension patients, still significant even after
correction for confounding factors such as age, sex, MAP
and glomerular filtration rate, enlightening the relevant
subendocardial perfusion impairment in orthostatic hypo-
tension individuals. In our study population, the oxygen
content adjusted SEVR was found to correlate negatively
and significantly with age (r=—0.241, P =0.04), contex-
tualizing SEVR impairment as an expression of
vascular ageing.

Moreover, we found a significant negative correlation
between PWV-cf and both SEVR and corrected SEVR. This
finding corroborates the power of aortic PWV as an index of
subclinical organ damage and an independent prognostic
element for cardiovascular mortality. Arterial stiffness may
contribute to the development of cardiac ischemic damage,
especially subendocardial, by reducing oxygen delivery
and/or increasing its need. The Rotterdam study, a large
population-based study conducted on 2490 elderly individ-
uals, showed that an increase in pulse wave velocity related
to an increase in SPTI and a decrease in DPTI, thus, a
significant reduction in SEVR, providing a further explana-
tion of the relationship between arterial stiffness and
increased cardiovascular morbidity and mortality [34].

These results confirm that there is a significant direct
relationship between arterial stiffness and orthostatic hypo-
tension, supporting an independent role of arterial stiffness
in the pathogenesis of orthostatic hypotension and its
greater prevalence in elderly individuals.

The complex relation between arterial stiffness, SEVR
and orthostatic hypotension may be explained by the
underlying pathophysiological mechanisms.

Orthostatic hypotension is mostly provoked by an auto-
nomic nervous system dysfunction. In normal condition,
the transition from supine to erect position leads to redis-
tribution of intravascular volume with consequent BP drop
[35]. Within few seconds, baroceptors activation leads to
increased peripheral vascular resistances and HR [35,36],
but in case of prolonged up-right standing, other mecha-
nism contributes to BP counter-regulation, such as
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FIGURE 2 Arterial stiffness, orthostatic hypotension and subendocardial perfusion impairment in the elderly: a pathophysiological hypothesis.

vasopressin secretion and renin-angiotensin-aldosterone-
system (RAAS) activation [35]. BP variation due to orthostatic
hypotension may increase cardiac afterload, and therefore
induce ventricular hypertrophy and renal flow impairment.

Furthermore, the repeated activation of neuroendocrine
compensatory mechanism may also activate endothelial
responses, and the prolonged stimulation of vasoconstrictors
(endothelin-1 and vasopressin) may promote atherosclero-
sis, suggesting a complex network underlaying inflamma-
tion, autonomic dysfunction and atherosclerosis [37,38].

Cardiac remodelling due to orthostatic hypotension is
probably not completely understood and further research is
needed to better understand this complex phenomenon;
our data cannot draw pathophysiological conclusion. Nev-
ertheless, we may hypothesize that ventricular hypertrophy
along with endothelial dysfunction (which also affects
coronary vessels) may play a relevant role on subendocar-
dial perfusion impairment. According to this hypothesis,
SEVR reduction may represent an epiphenomenon of the
elaborate remodelling process due to orthostatic hypoten-
sion. SEVR measurement, also because of the feasibility of
the technique, may be performed in the clinical setting to
better describe the burden of orthostatic hypotension car-
diac consequences (Fig. 2).

The study has some limitations. The small sample size
may have affected the statistical significance of some cor-
relations. Furthermore, our article is an observational study
and by its nature it is not possible to deduce any causal link
between PWV-cf, OH, SEVR and ageing or to draw con-
clusions regarding clinical outcome in this population. A
further limitation is represented by having conducted the
assessment of the presence of orthostatic hypotension on a
single occasion for each patient: a repeated measurement at
different times of hospitalization and after clinical discharge
could provide more data on the prevalence of this disease

2386

www.jhypertension.com

and its correlation with different risk factors. Moreover,
patients with atrial fibrillation were not excluded from the
study but, in this case, the reliability of PWV-cf and SEVR
measurements is controversial. The high prevalence of
comorbidities in the elderly may represent a confounding
factor, and the relationship between orthostatic hypoten-
sion and SEVR may be further analysed in younger and
healthier cohorts.

Although there was no significant difference in the number
of medications taken by patients with and without orthostatic
hypotension, no data were collected regarding the individual
categories of medications taken, an element that might differ-
entially affect the occurrence of orthostatic hypotension.

In conclusion, our findings confirm the high prevalence
of orthostatic hypotension in elderly hospitalized individu-
als and describe a significant relationship between
orthostatic hypotension and reduced SEVR. The pathophys-
iological mechanism may be explained by the increased
arterial stiffness in orthostatic hypotension patients. The
increased arterial stiffness and the impaired subendocardial
perfusion in patients with orthostatic hypotension may
represent a relevant mechanism to explain the increased
cardiovascular risk in these patients.
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