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Abstract  

Background:  Orthostatic hypotension (OH) is a frequent  
concomitant disorder and a common co-morbidity in heart  
failure (HF). It has been associated with increased risk of  

mortality and CV morbidity. Prevalent OH may precede the  

incidence of heart failure (HF) and atrial fibrillation (AF).  

Aim of Study:  To assess postural hypotension in chronic  
heart failure patients and its association with clinical mani-
festations and echocardiographic parameters.  

Patients and Methods:  The study included 100 patients  
who presented to National Heart Institute with symptoms and  

signs of chronic heart failure from November 2018 to Novem-
ber 2019 and were subjected to thorough history taking, full  

examination for symptoms and signs of heart failure, 12 lead  
ECG, transthoracic echocardiography and 6MWT evaluation.  

Patients of the study were classified to two groups; Group A  

with OH and group B without OH.  

Results:  One hundred patients hospitalized for HF [mean  

age: 58.64± 12.91 years; 55% women] were examined with  

conventional echocardiograms and active-standing test. As-
sociations of cardiac remodelling parameters with the differ-
ence between supine and standing (after 3min) systolic/diastolic  

BP were examined. A total of 33 patients (33%) met conven-
tional OH criteria; i.e. systolic/diastolic BP decreases by  

≥20/10mmHg. In comparison between the two groups (Group  
A with OH and group B without OH), OH group was associated  

with greater left atrial volume [p≤ 0.001], and greater left  
ventricular mass [p=0.001].  

Conclusion:  It was clear that OH is associated with the  
presence of structural cardiac changes such as increased LVM  

and increased left atrial volume. These findings suggest that  
autonomic dysfunction promotes cardiac remodelling in HF.  
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Introduction  

HEART  failure (HF) is a global public health  
problem affecting an estimated 37.7 million people  
worldwide, with frequent hospitalizations, impaired  
quality of life, and shortened life expectancy [1] .  

Correspondence to:  Dr. Gehan A. Elmoghazy, The Department  

of Cardiovascular Medicine, National Heart Institute  

Orthostatic hypotension (OH) is a sign of car-
diovascular (CV) autonomic dysfunction, which  
is typically caused by an impaired circulatory  

adaptation to the reduction of central blood volume  

that occurs in standing position [2] .  

It has also been demonstrated that prevalent  

OH may precede the development of heart failure  
(HF) and atrial fibrillation (AF) [3] .  

OH has been associated with increased risk of  
mortality and CV morbidity [4] .  

The mechanisms behind these associations  
remain elusive, but studies have recently demon-
strated that the presence of OH among middle-
aged adults predicts the development of left ven-
tricular hypertrophy (LVH) independently of tra-
ditional risk factors such as hypertension [5] .  

Higher diurnal BP variability and supine (noc-
turnal) hypertension, both present in OH, may  
provoke intermittent bouts of increased afterload,  

leading to permanent end-organ damage, such as  

left ventricular hypertrophy, thereby paving the  

way to left ventricular diastolic dysfunction, in-
creased risk of congestive heart failure, and myo-
cardial ischemia [2] .  

The prevalence of OH in patients with HF  
remains uncertain. Reported data vary from 8% to  
as much as 83% among elderly patients hospitalized  
due to HF exacerbation [6] . Moreover, data on  
relations between impaired orthostatic homeostasis  
and presence of structural cardiac abnormalities  

in patients diagnosed with HF are very sparse [7] .  

In this study, we examined a consecutive series  

of patients hospitalized for HF with BP measure-
ments during active standing and standard echocar-
diography. Orthostatic BP changes will be studied  
in relation to echocardiographic parameters of  

cardiac remodelling.  
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Material and Methods  

Patients:  
The study included 100 patients who presented  

to National Heart Institute at Giza Governorate,  
Egypt with symptoms and signs of chronic heart  
failure and were subjected to thorough history  

taking, full examination for symptoms and signs  
of heart failure, 12 lead ECG, transthoracic echocar-
diography and 6MWT evaluation. Patients of the  

study were classified to two groups; Group A with  
OH and group B without OH. This study was  
carried out over a year from November 2018 to  

November 2019. Approval was granted from the  

University Institutional Review Board.  

Inclusion criteria:  

All patients admitted to our department present-
ed by chronic heart failure either newly diagnosed  

or exacerbated chronic HF [heart failure with  

preserved ejection fraction (HFpEF), heart failure  

with reduced ejection fraction (HFrEF) & heart  
failure with mid-range ejection fraction (HFm-
rEF)]. The studied patients were divided according  

to BP assessment (supine and after 3minutes of  

standing) into two groups, group A included 33  
patients with OH and group B included 67 patients  
without OH.  

Exclusion criteria:  
1- Inability to deliver oral or written consent.  
2- Cerebrovascular stroke (recent and old).  

3- Extra-pyramidal affection.  

Methods:  
Data was collected through:  
-  Medical history focusing on:  
1- Age, sex, special habits (smoking).  
2- History of ischemic heart disease or MI.  
3- Diabetes mellitus (DM) defined as either self-

reported diagnosis of type 2 diabetes or use of  

anti-diabetic medication or fasting plasma glu-
cose (FPG) >7mmol/L [8] .  

4- Hypertension defined as either systolic BP (SBP)  

≥ 140 mmHg and/or diastolic BP (DBP)  

≥90mmHg [9] .  
5- History of medications (Diuretics, ACEIs, ARBs,  

beta blockers).  
6- HF symptoms (dyspnea "NYHA classification",  

paroxysmal nocturnal dyspnea (PND), ankle  
swelling and fatigue).  

- Clinical Examination focusing on:  
1- Orthostatic change in blood pressure; i.e. systo-

lic/diastolic BP decreases by ≥20/10mmHg (A  

manual or electronic cuff is typically used to  

record supine and after 3 minutes standing BP)  
[10] .  

2- Signs of heart failure [pulmonary crackles,  

edema, gallop (S3 heart sound)].  
3- Body mass index (BMI) was calculated as kilo-

grams per square meter.  
4- Body surface area was calculated according to  

the DuBois formula [11] .  
5- 6-minute walk test (6MWT).  

-  Electrocardiography (ECG):  

12 lead ECG was done for all patients in our  

study groups to detect the heart rate, atrial fibril-
lation (AF), any conduction abnormalities, any ST  

segment deviation, Q waves of previous STEMI  
and R wave progression.  

-  Echocardiography:  
Conventional transthoracic echocardiography  

was performed to all patients using Philips [IE33  

with a 1-5 MHz transducer (S5-1)]. Measurements  
were done according to the recommendations of  

the American Society of Echocardiography. For  

evaluation of:  
1- Ejection fraction (EF%).  
2- Interventricular septal diastolic diameter (IVS-

Dd) (mm/m2).  
3- Left ventricular internal diastolic dimension  

(LVIDd) (mm/m2).  
4- Right ventricular internal diastolic dimension  

(RVIDd) (mm/m2).  
5- Posterior wall diastolic diameter (PWDd)  

(mm/m2).  
6- Left atrial (LA) volume (mm/m2).  
7- Right atrial (RA) volume (mm/m2).  
8- Left ventricular mass index (LVMI) (g/m 2).  
9- Left Ventricular Diastolic Function (septal E/é  

ratio).  

Statistical analysis:  
Data were analyzed using the Statistical Package  

of Social Science (SPSS) program for Windows  

(Standard version 24). The normality of data was  
first tested with one-sample Kolmogorov-Smirnov  

test. Qualitative data were described using number  

and percent. Association between categorical var-
iables was tested using Chi-square test while  

Fischer exact test was used when expected cell  
count less than 5. Continuous variables were pre-
sented as mean ±  SD (standard deviation) for  
parametric data and median (min-max) for non-
parametric data. The two groups were compared  
with Student t-test for parametric data and Mann  
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Whitney test for non-parametric data. Pearson  

correlation (parametric) and Spearman correlation  

(non parametric) were used to correlate continuous  

data.  

Level of significance:  

For all above mentioned statistical tests done,  

the threshold of significance is fixed at 5% level  
(p-value). The results were considered Significant  

when the probability value is less than 5% (p<0.05).  
The smaller the p-value obtained, the more signif-
icant are the results.  

Results  

Table (1): Baseline characteristics of the study population  
(n=100).  

Demographic data  
Total  

(n=100)  

Age/years:  
Mean ±  SD  58.64± 12.91  
Min-Max  14-82  

Sex:  
Male  45 (45%)  
Female  55 (55%)  

BMI:  
Mean ±  SD  30.56±7.05  

Smoking  42 (42 %)  
Hypertension  57 (57 %)  
DM  47 (47 %)  
IHD  53 (53 %)  

NYHA class:  

I  15 (15 %)  
II  32 (32 %)  
III  35 (35 %)  
IV  18 (18 %)  

PND  67 (67 %)  
HF signs  71 (71 %)  
Chest crackles  37 (37 %)  
Lower limb edema  58 (58 %)  
Gallop (S3)  59 (59 %)  
6MWT(m)  170 (50-550)  
Median (Min-Max)  
Postural hypotension  33 (33 %)  
Drug therapy  96 (96 %)  
Diuretics  66 (66 %)  
MRAs  45 (45 %)  
ACEIs (or) ARBs  85 (85 %)  
Beta blockers  82 (82 %)  

The present study was carried out on 100 chron-
ic heart failure patients. The mean age was 58.64 ±  
12.91 years, 45 % were males, 55% were females  

and 33% met conventional OH criteria.  

As regard the medical history, 47% were diag-
nosed with DM, 57% had arterial hypertension,  

42% were smokers and 53% had ischemic heart  
disease.  

As regard the clinical presentation, the majority  
of patients presented with NYHA class II & III  

(32 & 35%), 67% presented with PND, 37% had  
chest crackles, 58% had lower limb edema and  
59% had gallop (S3) with mean 6MWT distance  

of 170 (50:550) m.  

Revision of patient's medication history revealed  

that 96% were taking guidelines directed medical  

treatment for heart failure, 85% were on angiotensin  

converting enzyme inhibitors or angiotensin recep-
tor blockers (ACEIs/ARBs), 66% were on diuretics,  

45% were on mineralocorticoids receptors antag-
onists (MRAs) and 82% were on beta blockers.  

Table (2) shows that patients with OH presented  

with more advanced HF symptoms & signs com-
pared to patients without OH with statistically  
significant difference (p-value >0.05).  

Table (3) shows that the majority of patients  
taking ACEIs (or) ARBs were in group B, 61  

patients (91%) in group B compared to 24 (72.7%)  

in group A wit p-value 0.016.  

Table (4) shows that AF was more common in  

patients with OH with statistically significant value  
(p-value was 0.001).  

Table (5) shows that Patients with OH had  
worse LV systolic function, greater LV & RV  

dimensions, greater LA & RA volumes, increased  

LVMI & systolic PAP and diastolic dysfunction  

with statistically significant difference between  
the two groups (p-value was <0.05).  
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Table (2): Comparative analysis between the two groups (Group A with OH and group B without OH)  

as regard the clinical examination.  

Variables  
Postural hypotension  

(n=33)  
No Postural  

hypotension (n=67)  
Test of  

significance  
p - 

value  

NYHA class:  

I  0 (0%)  15 (22.4%)  χ
2
=39.17  ≤0.001 *  

II  4 (12.1%)  28 (41.8%)  
III  13 (39.4%)  22 (32.8%)  
IV  16 (48.5%)  2 (3.0%)  

PND:  
Positive  33 (100%)  34 (50.7%)  χ

2
=24.26  ≤0.001 *  

Negative  0 (0%)  33 (49.3%)  

HF signs:  
Positive  28 (84.8%)  43 (64.2%)  χ

2
=4.59  0.032*  

Negative  5 (15.2%)  24 (35.8%)  

Chest crackles:  
Positive  22 (66.7%)  15 (22.4%)  χ

2
=18.59  ≤0.001 *  

Negative  11 (33.3%)  52 (77.6%)  

Lower limb edema:  
Positive  24 (72.7%)  34 (50.7%)  χ

2
=4.38  0.036*  

Negative  9 (27.3%)  33 (49.3%)  

Gallop:  
Yes  28 (84.8%)  31 (46.3%)  χ

2
=13.60  ≤0.001 *  

No  5 (15.2%)  36 (53.7%)  

6MWT(m):  

Median (Min-Max)  80 (50-400)  200 (50-550)  Z=4.21  ≤0.001 *  

χ
2

: Chi square test.  Z: Mann Whitney test. *Significant p≤0.05.  

Table (3): Comparative analysis between the two groups (Group A with OH and group B without OH)  

as regard the drug therapy.  

Drug therapy  
Postural hypotension  

(n=33)  
No Postural  

hypotension (n=67)  
Test of  

significance  
p - 

value  

Drug therapy:  
Yes  31 (93.9%)  65 (97.0%)  FET  0.597  
No  2 (6.1%)  2 (3.0%)  

Diuretics  24 (72.7%)  42 (62.7%)  χ
2
=0.993  0.319  

MRAs  14 (42.4%)  31 (46.3%)  χ
2
=0.132  0.716  

ACEIs (or) ARBs  24 (72.7%)  61 (91.0%)  χ
2
=5.82  0.016*  

Beta blockers  24 (72.7%)  58 (86.6%)  χ
2
=2.87  0.090  

FET: Fischer exact test.  

Table (4): Comparative analysis between the two groups (Group A with OH and group B without OH)  

as regard ECG.  

ECG  
Postural hypotension  

(n=33)  
No Postural  

hypotension (n=67)  
Test of  

significance  
p - 

value  

Atrial fibrillation  14 (42.4%)  9 (13.4%)  χ
2
=10.49  0.001 *  

Ischemic changes  22 (66.7%)  42 (62.7%)  χ
2
=0.152  0.697  

Pathological Q waves  7 (21.2%)  22 (32.8%)  χ
2
=1.45  0.228  

ST segment wave changes  19 (57.6%)  46 (68.7%)  χ
2
=1.19  0.275  

Conduction abnormalities  9 (27.3%)  10 (14.9%)  χ
2
=2.19  0.139  

LBBB  4 (12.1%)  4 (6.0%)  χ
2
=1.14  0.286  

RBBB  0 (0%)  1 (1.5%)  FET  1.00  
IVCD  5 (15.2%)  5 (7.5%)  χ

2
=1.45  0.228  

Poor R wave progression  16 (48.5%)  22 (32.8%)  χ
2
=2.29  0.130  
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Table (5): Comparative analysis between two groups (Group A with postural hypotension and group  

B without postural hypotension) as regard ECHO data.  

Variables  
Postural hypotension  

(n=33)  
No Postural  

hypotension (n=67)  
Test of  

significance  
p - 

value  

EF%:  
Mean ±  SD  26.99±9.79  39.75± 11.77  5.37  ≤0.001*  

RWMA  27 (81.8%)  54 (80.6%)  0.021  0.884  

IVSDd (mm):  

Mean ±  SD  10.12±2.47  10.42±2.67  0.532  0.596  

PWDd (mm):  
Mean ±  SD  9.23±3.19  9.81 ±2.70  0.943  0.348  

LVIDd (mm):  

Mean ±  SD  66.97± 11.85  56.19±9.09  5.03  ≤0.001*  

RV basal diameter:  
Mean ±  SD  50.96± 11.30  38.64± 11.28  5.12  ≤0.001*  

RV mid diameter:  
Mean ±  SD  38.49± 12.10  29.19±8.24  4.52  ≤0.001*  

RV longitudinal diameter (mm)  80.33± 12.00  71.43±9.92  3.93  ≤0.001*  

LA volume (ml/m 2):  
Median (Min-Max)  62.3 (28.1-123.1)  35.6 (12-79)  5.46  ≤0.001*  

RA volume (ml/m 2):  
Median (Min-Max)  50.7 (15.58-127)  23 (10-75)  4.43  ≤0.001*  

LVMI (g/m 2):  
Median (Min-Max)  146.1 (88.11-310.4)  124.8 (62.4-316.8)  3.19  0.001*  

Diastolic function (Septal E/É)  16.25 (8.1-45.5)  11.81 (4.83-29.29)  2.49  0.013*  

SPAP (mm Hg):  
Mean ±  SD  41.88± 16.75  35.38± 13.15  2.12  0.037*  

Fig. (1): Box plot for median LVMI (g/m 2) among postural  
hypotension and non-postural hypotension groups.  

Discussion  

In the current study population, heart failure  

was more prevalent in middle ages with mean age  

±  SD (58.64± 12.91), mean BMI was (30.56 ±7.05),  
more common in females (55%) than males (45%).  

There was high prevalence of many co-morbidities  

including diabetes mellitus in (47%) of patients,  

hypertension (57%) and ischemic heart disease  
(53%).  

Scholfield et al., and Al-Omary et al., studies  
showed that increased age is common in heart  
failure patients with mean age 76.3 years, elevated  
incidence of heart failure in male patients more  
than females (50-75%). Increased incidence of  

diabetes mellitus reaching (28-31%), hypertension  

(40-50%) and ischemic heart disease (45-50%).  
[12] .  

The younger age of our patients with heart  
failure than the other studies may be related to  
more severe causes of heart failure as ischemic  

heart disease and cardiomyopathy that may affect  

more patients in their middle age, and also may  
be related to higher mortality in our patients with  

HF due noncompliance to guidelines documented  
treatment or other HF interventional therapy. Also,  

the small sample size of the study may have a role.  

In the current study, smoking is common in  
patients with heart failure representing (42%) of  

patients.  
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Al Faleh et al., study showed that patients with  

heart failure had history of smoking in (17.9%) of  
patients [13] .  

In the current study, 33% of all heart failure  

patients met conventional OH criteria (systol-
ic/diastolic BP decreases by >_20/10mmHg).  

Fedorowski et al., study demonstrated that the  

proportion of individuals who meet the diagnostic  

criteria of OH increased with chronic conditions  

associated with increased risk of CV events, such  

as heart failure. OH prevalence in heart failure was  
(8%-83%) [14] .  

In the current study population, the most com-
mon clinical presentations were dyspnea with  
NYHA functional class II & III affecting 32 &  

35% of patients, 67% of patients presented with  

PND, 37% had chest crackles, 58% had lower limb  
edema and 59% had gallop (S3).  

Abdellah et al study is consistent with our  

results showing that dyspnea was the most prevalent  

clinical presentation in (91.7%) of patients followed  
by lower limb edema (54.2%) [15] .  

Karaye et al., and Alhabib et al., studies dem-
onstrated that electrocardiographic changes are  

prevalent in heart failure patients about (98.2%).  
The most common arrhythmia was atrial fibrillation  

found in (15.9%) of patients, wide QRS complexes  
in (15%) of patients [16,17] .  

In the current study groups, electrocardiographic  

changes in patients with heart failure were common.  

Atrial fibrillation was described in (23%) of pa-
tients, 64% had ischemic changes, 29% had path-
ological Q waves, 65% had ST segment & T wave  
changes, 38% had poor R progression and 19%  
had conduction abnormalities in the form of LBBB,  

RBBB & IVCD (8, 1 & 10%; respectively).  

In the current study, patients were divided into  
two groups, orthostatic and non-orthostatic group,  
with no statistically significant difference as regard  

the age and sex in contrast to Zimmermann et al.,  

study which showed that orthostatic hypotension  

increased with aging [18] .  

The non-significant correlation between OH &  

age in the current study in contrast to other studies  

may be related to the small sample size and the  

limited variability in the age in the study group.  

In the current study, OH patients presented with  
more advanced HF symptoms & signs, including  

(NYHA class, PND, chest crackles, lower limb  

edema, gallop & 6MWT).  

Gorelik et al., study demonstrated that higher  
NYHA grade and especially non-ischemic etiology  

of HF predicted the appearance of OH [19] . On the  
opposite side, Potocka-Plazak et al., study showed  

that the severity of HF according to NYHA func-
tional class was not associated with the presence  

of OH [20] . The contradictions between the studies  
in the associations between OH and HF severity  

may be related to higher prevalence of multiple  
chronic comorbidities and polypharmacy.  

In the current study, the majority of patients  
(91%) in the orthostatic group were taking ACEIs  

(or) ARBs revealing that there is positive correlation  
between OH and ACEIs (or) ARBs. This is in  
agreement with Gorelik et al., study which demon-
strated that the addition of captopril to chronic  

treatment with diuretics in HF patients was asso-
ciated with development of OH [6] .  

The possible mechanism of increased risk of  

OH with ACEIs (or) ARBs is blockade of aldoster-
one secretion by ACE inhibition with subsequent  
decreased sodium retention and intravascular vol-
ume. Furthermore, at upright posture, the compen-
satory rise of systemic vascular resistance, which  

accompanies peripheral pooling, is blocked with  

ACE inhibitors as stated by Gorelik et al., study  
[6] .  

In the current study atrial fibrillation was more  

common among OH patients. This may be ex-
plained by several explanations linking OH and  
cardiovascular diseases, including AF. First, OH  

may provoke intermittent ischemic bouts and  

increase afterload leading to LVH. As a result of  

postural BP swings and a tendency towards supine  
(and nocturnal) hypertension, OH can lead to  
LVH which is regarded one of the main structural  

determinants of AF. Moreover, an altered auto-
nomic tone, in response to a decrease in BP on  

standing, may directly modulate the activity of  
the sinus node and lead to episodes of paroxysmal  
AF [14, 21] .  

Min et al study confirmed that OH may predict  

a high risk of developing a series of cardiovascular  

diseases, including AF [22] , and Fedorowski et al  
study demonstrated that the presence of OH predicts  

the long-term incidence of AF in middle-aged  

predominantly asymptomatic individuals, independ-
ently of conventional risk factors, but this associ-
ation seems to be limited to hypertensive individ-
uals [23] .  

In the current study, we have demonstrated that  

prevalent OH may lead to the development of  

structural and functional changes in the heart, as  
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it was associated with greater LVMI especially in  
atrial fibrillation patients.  

It is well known that higher diurnal BP varia-
bility and nocturnal hypertension, both present in  
OH correlate with target-organ damage, specifically  

with LVH. The mechanism of LVH development  
may not only involve the supine afterload enhance-
ment but also a periodic vasoconstrictor surge in  

response to orthostatic BP instability. Thus, the up  

regulated neuroendocrine mechanisms such as  

sympathetic, renin-angiotensin, and endothelin  
systems may ultimately provoke compensatory  

increase of LVM through their direct action on the  

heart or, indirectly, through their action on the  

vasculature as stated by Magnusson et al., study  

[24].  

In the current study, OH was associated with  
impaired diastolic function (Septal E/É). This in  

agreement with Magnusson et al., study which  
showed that OH predicts development of diastolic  
dysfunction in patients without diabetes [24] .  

The mechanism behind this association may be  
attributed to the abnormal catecholamine response  

in patients with OH due to the autonomic failure  

syndrome, where OH depends on a deficient sym-
pathetic reflex vasoconstriction due to suppressed  
catecholamine release. Impaired beta-adrenergic  

signaling is well established in diastolic dysfunc-
tion. Moreover, diastolic dysfunction has been  

associated with reduced chronotropic, systolic, and  

lusitropic reserve, findings that further stress a  

possible role of impaired beta-adrenergic signaling.  

Finally, OH has been associated with increased  

arterial stiffness and since earlier studies have  

implicated an association between increased arterial  

stiffness and higher prevalence of diastolic dys-
function, reduced arterial compliance might mediate  

the increased risk of diastolic dysfunction in OH  

patients seen in our study [24] .  

In the current study, OH patients had greater  

RV size. In the opposite side, Magnusson et al.,  

study demonstrated smaller RV size among OH  
patients which is considered more logical than our  
finding. In patients with OH the venous return  

mechanisms are impaired, and the RV preload  

during daytime (in upright position) may be dis-
tinctly reduced. It should be noted that the echocar-
diographic measurements were performed in supine  

position, and, accordingly, the orthostatic RV  

preload reduction could not influence these results.  
Thus, the decreased RV volume in OH is rather a  
chronic state, which is independent of body position  
[25].  

The greater RV size in OH patients may be  

related to the presence of more advanced cases of  

bi-ventricular failure, and our findings of greater  

RA volume and pulmonary hypertension in the  
same cases may enforce this theory.  

In the current study, OH was associated with  
increased left atrial volume. This is in agreement  

to Ali et al., study and may be related to prevalent  

AF among OH patients [7] .  

In the current study, OH was associated with  
poorer LV systolic function & dilated LV internal  

dimension. Data on relation between OH & LV  
systolic function are scares except for Ali et al.,  
study which observed that LVEF was inversely  
associated with LVM, and this may need more  
dedicated studies [7] .  

Conclusion:  

Orthostatic hypotension (OH) is associated with  
the presence of structural cardiac changes such as  

increased LVM and increased left atrial volume.  

These findings suggest that autonomic dysfunction  

promotes cardiac remodelling in HF.  
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