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ABSTRACT: BACKGROUND: Several clinical studies have reported that 30% to 50% of patients with 

congestive heart failure have preserved left ventricular systolic function and isolated diastolic 

dysfunction. Detection of diastolic dysfunction is important factor in cardiac evaluation of 

hypertensives. MATERIAL AND METHODS: retrospective study carried out in Medicine department, 

SIMS, Shimoga for one year from Jan 2013 to Jan 2014. 50 patients who are hypertensive without any 

abnormality were studied general and systemic examination done, 2d echocardiography done in 

which transmitral flow velocity (E/A) and pulmonary venous A duration- mitral A duration (∆d) is 

measured. RESULT: 32% of subjects were newly diagnosed hypertensives in our study. 56% of cases 

had normal diastolic function as defined by E/A ratio (>1), 18% of cases in our study with normal 

E/A ratio were found to have pseudonormal pattern of diastolic function. LVDD of 62% is found in 

this study. CONCLUSION: The abnormal diastolic function as assessed by abnormal E/A ratio was 

seen in 44% of cases. Abnormal ∆d was found in 18% of cases out of 56% who had normal E/A ratio. 

These cases are said to have ‘pseudonormal’ pattern of diastolic function. The current study 

demonstrated that the presence of LV diastolic dysfunction in hypertensive patients is actually 

greater than previously reported by studies that analyzed transmitral flow velocity curves alone. To 

avoid overlooking patients with diastolic dysfunction, the combined analysis of transmitral and 

pulmonary venous flow velocity curves is recommended. 

KEYWORDS: Diastolic function, pseudonormal pattern, E/A ratio, echocardiography. 

 

INTRODUCTION: Hypertension i.e. high blood pressure has been an enigma that has attracted 

scientific mind from time immemorial. Over the past decade, progress in understanding of 

hypertension has proceeded at an unprecedented rate, with developments in a wide spectrum of 

scientific fields ranging from epidemiology to molecular biology, providing new insights into its 

mechanisms and management. Yet, many issues remain unresolved, and in particular, diastolic 

dysfunction of the heart still remains “a riddle inside an enigma” 

Several clinical studies have reported that 30% to 50% of patients with congestive heart 

failure have preserved left ventricular systolic function and isolated diastolic dysfunction, i.e. isolated 

diastolic heart failure.1-3 Preliminary data from Framingham study indicate that hypertension is the 

most common underlying cardiovascular disease in patients with isolated diastolic heart failure. 

Hypertension is postulated to impair diastolic function via multiple mechanisms even without 

impairment of systolic function.4, 5 

Left ventricular filling dynamics can be accurately assessed invasively in the cardiac 

catheterization laboratory using manometer-tipped catheters placed in the left ventricle with direct 

measurement of filling pressures. However, due to the invasive nature, high cost, and limited 

availability of laboratories, invasive approach to assess diastolic dysfunction remains impractical for 
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widespread use. Therefore currently only noninvasive methods are being used to assess LV filling 

dynamics, with pulsed doppler echocardiography, and by the pulsed doppler transmitral flow 

velocity curve which has a biphasic pattern, with early diastolic wave (mitral E wave) and atrial 

contraction wave (mitral A wave).  

Hypertensive patients have impaired LV relaxation even in the absence of systolic dysfunction 

and many previous clinical studies have reported characteristic changes in LV filling dynamics as6, 7 

decreased peak mitral early diastolic filling wave (E) velocity, increased peak mitral atrial contraction 

wave (A) velocity, and a decreased ratio of peak mitral E to A velocities (E\A). This altered flow 

velocity curve is associated with the presence of impaired LV relaxation, 8-11 and the decreased E\A is 

called an “abnormal relaxation” pattern and has been used as an indicator of diastolic dysfunction in 

patients with hypertension.  

This pattern has been described in 30 % to 50 % of patients with hypertension with or 

without preserved systolic function.12, 13 Paradoxically, although diastolic function should be more 

impaired in the presence of more severe and long standing hypertension associated with marked L V 

hypertrophy, its traditional index of “abnormal relaxation” does not appear worse, and most studies 

have not demonstrated a good correlation of this pattern with LV hypertrophy. A reasonable 

explanation for this paradox has evolved with use of doppler echocardiographic assessment of 

diastolic function. More advanced hypertensive heart disease is likely to be associated with reduced 

LV compliance as well as impaired relaxation, resulting in an elevation of LV filling pressure and an 

increase in E\A.  

Thus, the transmitral flow velocity curve may change from the abnormal relaxation pattern 

into a normal-appearing pattern in spite of the presence of more severe diastolic dysfunction. Such 

normalization is called “pseudonormalization”. If diastolic function of LV is assessed with transmitral 

flow velocity curve alone, both patients with truly normal pattern and those with pseudonormal 

pattern are recognized to have normal diastolic function, and the presence of diastolic dysfunction 

among many patients will remain unrecognized. 

The current study was designed to assess prospectively diastolic dysfunction in hypertensive 

patients with preserved left ventricular function by combined transmitral flow velocity curve and 

pulmonary venous Doppler analysis, particularly focusing on the limitation of the transmitral flow 

velocity curve alone to detect diastolic dysfunction. 

 

TREATMENT: The treatment of patients with diastolic dysfunction remains problematic. Therapy 

should focus on the management of the underlying disease process (hypertension). However, control 

of symptoms and relief of precipitating factors are also very important. Treatment of underlying 

systemic hypertension is important in regression of left ventricular hypertrophy and improvement in 

diastolic dysfunction. However, studies showing that this improvement leads to improved symptoms 

and prognosis in these patients are lacking. 

The mainstay of pharmacologic therapy for patients with diastolic heart failure includes 

diuretics, nitrates, calcium channel blockers (CCBs), beta-blockers (BBs) and angiotensin-converting 

enzyme inhibitors (ACEI). Diuretics are useful in relieving symptoms of pulmonary congestion. 

However, as these patients rely on higher filling pressures to maintain cardiac output, overdiuresis 

can reduce stroke volume and cardiac output, leading to fatigue, postural hypotension, and renal 

failure. Nitrates may be useful in enhancing relaxation by reducing right ventricular pressure and 
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volume, leading to reduced pericardial restraint and improved LV filling.14 As well, animal models 

have shown an improvement in LV relaxation with endogenous nitric oxide.15 The negative inotropic 

and chronotropic properties of the CCBs make them likely to be effective in treating diastolic 

dysfunction. Studies have yielded conflicting results with many showing improved relaxation, 16, 17 but 

others showing no change in the rate of relaxation.18 

 BBs have no direct effects on myocardial relaxation; however, they may be effective by 

slowing heart rate and reducing myocardial demand and ischemia. ACEI have not been as well 

studied, but may hold some promise19, they may be particularly effective in the settings of 

hypertension with left ventricular hypertrophy and in the situation of concomitant systolic 

dysfunction.20 

Other general therapy includes simple dietary measures such as salt and fluid restriction and 

heart rate control in situations of tachycardia. The maintenance of sinus rhythm and atrioventricular 

synchrony is very important, atrial fibrillation being poorly tolerated in these patients and a common 

precipitating cause of diastolic heart failure. Most of these therapeutic recommendations for treating 

diastolic heart failure are empirical and based on the results of small clinical studies with surrogate 

endpoints. There are, as yet, no randomized, controlled clinical trials evaluating the effects of these 

treatments on patient outcomes and prognosis. 

 

Normal Range.21, 22 

LVIDd   : 3.6 to 5.4 cms. 

LVIDs   : 2.4 to 4.2 cms. 

EF (ejection fraction) :   50% 

DT   : <220 msec 

E/A    :  >1 

 

AIMS AND OBJECTIVES: To assess diastolic dysfunction in hypertensive patients with preserved left 

ventricular systolic function by combined transmitral flow velocity curve and pulmonary venous 

Doppler analysis, particularly focusing on the limitation of the transmitral flow velocity curve alone 

to detect diastolic dysfunction. 

 

MATERIALS AND METHODS: 

STUDY DESIGN: This was a retrospective study where hypertensive patients attending the out-

patient department of mc gann hospital attached to Shimoga Institute of Medical Science, were 

selected randomly for enrollment into the study, after consideration of inclusion and exclusion 

criteria. A detailed history was taken, clinical examination and investigations performed in all cases. 

 

STUDY SUBJECTS: A total of 50 patients diagnosed to have hypertension with preserved systolic 

function (EF > 50%) were studied from January 2013 to January 2014. 

Informed consent was taken from all the study subjects. 

In cases investigations were done in the clinical biochemistry laboratory of mc gann hospital. 

Echocardiographic studies were performed by anon interventional cardiologist. 
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INCLUSION CRITERIA: Ambulatory asymptomatic patients diagnosed to have hypertension (BP> 

140/90 mmHg, average of two recordings taken at two separate occasions). 

 

EXCLUSION CRITERIA: 

Patients with ischemic heart disease with or without symptoms. 

Patients with stroke within previous 6 months. 

Patients with congestive heart failure. 

Patients with atrial fibrillation. 

Patients with severe hypertension BP> 200/140. 

Patients with valvular heart disease. 

Patients with Diabetes mellitus. 

Patients with serum creatinine>1.5 mg/dl. 

 

METHODOLOGY: A detailed clinical history of subjects was each subject underwent a detailed 

physical examination& systemic examination. 

A standard 12 lead ECG was recorded in all subjects to look for any abnormalities. 

Routine hematological and biochemical investigations including, hemoglobin concentration, 

blood sugars, blood urea and serum creatinine were done. 

 

Echocardiography: A qualified cardiologist performed the transthoracic echocardiographic 

examination on all subjects, with the subjects in the left lateral position. Two-dimensional and M-

mode Echocardiography was performed on Hewlett Packard SIM 7000 using 3.5 MHz transducer. 

Blood pressure and heart rate were measured at the time of echocardiography. Ejection fraction was 

calculated by measuring the internal diameter of left ventricle (LV) at the end diastole (LVIDd) & at 

the end systole (LVIDs) using the Penn convention method.  

Two-dimensional and two-dimensional guided M-mode echocardiograms and pulsed Doppler 

transmitral and pulmonary venous flow velocity curves were obtained. The transmitral flow velocity 

curves were recorded with the sample volume at the mitral tips, and the pulmonary venous flow 

velocity curves were recorded with the sample volume 1 to 2 cm into the right superior pulmonary 

vein using the guidance of color flow doppler imaging with the transducer placed at the cardiac apex. 

The averaged values of all echocardiographic parameters of at least 3 consecutive beats were used 

for the analysis. Doppler velocity curves were recorded at a horizontal sweep speed of 100mm/s. 

 Left ventricular diastolic dysfunction was assessed by decreased E/A ratio (transmitral flow 

velocity curve). Normal E/A ratio was defined as E/A ratio 1. Abnormal E/A ratio was defined as 

E/A ratio <1. 

Further echocardiographic evaluation was done to look for “pseudonormalization” defined as 

E/A ratio 1 and pulmonary venous A duration- mitral A duration (∆d)  0. 

In simple terms pseudonormalization was considered to be present when E/A ratio was 

normal but ∆d was abnormal. Pulmonary venous A wave was determined by pulmonary venous flow 

velocity curves. 

E deceleration time [E (dt)] and Pulmonary venous A wave amplitude (Pva) were the other 

values calculated. 

 



DOI: 10.14260/jemds/2014/2363 

ORIGINAL ARTICLE 

J of Evolution of Med and Dent Sci/ eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 3/ Issue 14/Apr 07, 2014          Page 3819 
 

STATISTICAL METHODS: Chi-square and Fisher Exact test were used to find the significance of 

proportions of diastolic dysfunction with various study parameters. Odds ratio was used to find the 

strength of relationship between the study parameters and diastolic dysfunction. The Student ‘t’ test 

has been used to find significance of mean pattern of study parameters between cases and controls. 

Analysis of variance has been used to find the significance of Echo parameters between the categories 

of diastolic dysfunction.23, 24 

1. Chi-Square Test.23,24 

2. Fisher Exact Test.23,24 

3. Odds ratio= ad/bc 

4. Student t test.23,24 

5. Analysis of Variance: F test for K Population means.23, 24 
 

Statistical Software: The Statistical software namely SPSS 11.0 and Systat 8.0 were used for the 

analysis of the data and Microsoft word and Excel have been used to generate graphs, tables etc. 
 

ANALYSIS OF RESULTS: 

DEMOGRAPHICS: A prospective cross sectional study consisting of 50 hypertensive cases attending 

the outpatient departments of mc gann hospital was undertaken to assess diastolic dysfunction with 

preserved systolic function using echocardiography. 

A total of 50 hypertensive patients were included in the study. The number of males was 29 

(58%) and that of females was 21 (42%). The patient’s age ranged from 23 to 64 years (Table 1). Fifty 

age and sex matched healthy controls were also evaluated to obtain the normal E/A ratio values in 

different age groups. 

 

Blood pressure Cases (n=50) Mean  SD 

SBP in mm Hg 152.86 16.56 

DBP in mm Hg 90.34 8.67 

Table 1: Mean blood pressure in cases 
 

SBP: Systolic blood pressure. 

DBP: Diastolic blood pressure. 
 

 
 

 
Fig. 1: Systolic and diastolic blood  

pressure in mm Hg in cases 
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The mean systolic blood pressure and diastolic blood pressure in cases was 152.86 16.56 and 

90.34 8.67 mmHg respectively (Table 1). 
 

 

Echo parameters Cases (n=50)  Mean  SD 

EF % 62.56 3.67 

LVIDS (cms) 2.67 0.47 

LVIDD (cms) 4.57 0.65 

Table 2: Echo parameters of cases 

EF: ejection fraction 

LVIDS: left ventricular internal diameter systolic. 

LVIDD: left ventricular internal diameter diastolic. 
 

 

 
 

 

Ejection fraction was normal (>50%) in cases (Table 2). 

 
 

E/A ratio Cases (n=50) 

Range 0.58-2.74 

Mean  SD 1.32 0.57 

Table 3: Comparison of E/A ratio of cases 

 
 

 
 

 

Fig. 2: Ejection fraction among cases 
 

Fig. 3: Bar chart showing mean E/A ratio in cases 
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The E/A ratio ranged from 0.5 to 2.74 in cases with a mean of 1.32 0.57. In E/A ratio was 

significantly lesser in cases, when compared to normal (>1) (p=0.001) (Table 3). 

 

Diastolic function defined by E/A ratio 
Number 

(n=50) 
% 

E/A 

Mean  SD 

Normal E/A ratio 28 56.0 1.66  0.66 

Abnormal diastolic function 

(E/A abnormal) 
22 44.0 0.78  0.17 

Table 4: Diastolic dysfunction defined by E/A ratio in cases 

 E/A ratio normal- E/A ratio  age and sex adjusted mean value -2SD. 

 E/A ratio abnormal- E/A ratio < age and sex adjusted mean value -2SD. 
 

 
 
 
  

Fifty six percent of cases had normal diastolic function as defined by E/A ratio, as compared 

to 44% who had abnormal diastolic function. E/A ratio was significantly lower in cases who had 

abnormal diastolic function as compared to cases who had normal diastolic function (P<0.001) (Table 

4). 

Diastolic dysfunction defined by ∆d ratio 
∆d 

Mean  SD 

Normal diastolic function(19) 

(E/A- normal, ∆d- normal) 
-36.10  23.59 

Pseudo normal (9) 

(E/A –Normal, ∆d- abnormal) 
51.78  17.67 

Abnormal diastolic function(22) 

(E/A abnormal, ∆d- normal) 
-36.09  22.57 

Table 5: Diastolic dysfunction defined by ∆d 

 

Cases who had normal diastolic function as defined by normal E/A ratio values were further 

analyzed with regard to ∆d (pulmonary venous A wave duration- mitral A wave duration), whose 

value if more than or equal to ‘0’ indicated diastolic dysfunction. Out of 56% of cases with normal 

diastolic function (defined by E/A ratio), ∆d was found to be abnormal in 18% (9 cases). These 

Fig. 4: Pie chart showing diastolic dysfunction defined only by E/A ratio 
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patients would have been characterized as having normal diastolic function if E/A ratio was used 

alone. Thus estimation of ∆d resulted in detection of 9 more cases of diastolic dysfunction. This group 

of cases with normal E/A ratio but abnormal ∆d was considered to be having “pseudo normal 

pattern” of diastolic dysfunction. The mean E/A ratio of pseudo normal group was 1.55  0.16, was 

comparable with the group which had normal diastolic function (1.51  0.23), but was significantly 

higher than the group which had abnormal diastolic function (0.80  0.22) (p< 0.001). 
 

Diastolic dysfunction 
 defined by E/A 

Number % E/A Mean  SD 

Normal diastolic function 
(E/A- normal, ∆d- normal) 

19 38 1.51  0.23 

Pseudo normal 
(E/A –Normal, ∆d=abnormal) 

9 18 1.55  0.16 

Abnormal diastolic function 
(E/A abnormal, ∆d- normal) 

22 44 0.78  0.17 

Total 50 100 1.21 0.42 
Table 6: E/A ratio in cases with normal, pseudo normal 

 and abnormal diastolic function 
 

 
 

 

 

 
 

 
 

Fig 5: Bar chart showing E/A ratio values in  
normal, pseudonormal and abnormal groups 

 

Fig 6: Pie chart showing diastolic 
dysfunction defined by E/A and ∆d ratio 
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Sixty two percent of cases had diastolic dysfunction as defined by abnormal E/A ratio and ∆d 

(Table 14). 

 
 

 

Figure 7: Relation between E/A ratio and ∆d in cases with normal diastolic function (blue), 

cases with pseudo normal pattern (black) and cases with abnormal diastolic function (red). 

 

Among all the cases E/A ratio was normal in 19 cases. Twenty two cases had E/A ratio less 

than age adjusted normal range indicating abnormal diastolic function. Nine cases had pseudo 

normal pattern (E/A normal, ∆d abnormal). 
 

Echo parameters 
Mean  SD 
(Min-Max) 

Normal 
diastolic function 

(n=19) 

Diastolic dysfunction 
p value Pseudo normal 

(n=9) 
Abnormal 

(n=22) 

Ejection Fraction % 
63.26 4.47 

(56-72) 
61.33 1.58 

(59-64) 
65.09 4.63 

(58-74) 
0.075 

LVIDS 
2.44 0.30 

(2.00-3.00) 
2.05 0.51 

(1.30-2.70) 
2.84 0.47 

(2.10-3.50) 
0.000 

LVIDD 
4.13 0.38 

(3.50-4.90) 
3.61 0.74 

(2.60-4.60) 
4.47 0.47 

(3.40-5.10) 
0.000 

Table 6: Echo parameters in cases with diastolic dysfunction 

LVIDS: left ventricular internal diameter systolic. 

LVIDD= left ventricular internal diameter diastolic. 
 

 
 

 
 

Figure 7 
 

Fig. 8: Bar chart showing LVIDS & LVIDD in 
normal,  pseudo normal and abnormal group 
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Ejection fraction was normal among all groups of cases. Both LVIDS and LVIDD were 

maximum in the group with abnormal diastolic function and minimum in the group with pseudo 

normal pattern. Both values were statistically significant (p=0.000 for each). This was indicative of 

restrictive filling pattern of LV due to decreased compliance (Table 6). 

 

Duration of hypertension 

Normal 

diastolic function 

(n=19) 

Diastolic dysfunction 

Pseudo normal 

(n=9) 

Abnormal 

(n=22) 

 6 months 6 (31.5%) 3 (33.3%) 7 (31.8%) 

6-12 months 5(26.3%) 2(22.2%) 3 (13.6%) 

>12 months 8(42.1%) 4(44.4%) 12 (54.5%) 

Table 7: Correlation of Diastolic dysfunction with duration of hypertension 

 

Cases with diastolic dysfunction are more likely to have hypertension more than 12 months 

(odds ratio-1.46). In cases with pseudo normal pattern, duration of hypertension was more likely to 

be more than 6 months (64% of cases) (Table 7). 

 

Systolic BP 

in mm Hg 

Normal 

diastolic function 

(n=19) 

Diastolic dysfunction 
odds ratio 

 
Pseudo normal 

(n=9) 

Abnormal 

(n=22) 

 140 7(36.8%) 1 (11.1%) 4 (18.1%) 0.32 

140-159 6(31.6%) 3 (33.3%) 7 (31.8%) 1.03 

160-179 5(26.3%) 2 (22.2%) 8 (36.3%) 1.33 

180 1(5.3%) 3(33.3%) 3 (13.6%) 4.32 

Table 8: Systolic blood pressure in cases with diastolic dysfunction 

 

With progressive rise in systolic blood pressure there was an increased tendency to develop 

diastolic dysfunction [odds ratio- 0.32(SBP  140) to 4.32 (SBP 180)]. 

 

Diastolic BP 

in mm Hg 

Normal 

diastolic function 

(n=19) 

Diastolic dysfunction 
p value 

 
Pseudo normal 

(n=9) 

Abnormal 

(n=22) 

<80 10(52.6%) 1(11.1%) 1 (4.5%) 0.001 

80-89 1 (5.2%) 1(11.1%) 3 (13.6%) 0.637 

90 8(42.1%) 7 (77.7%) 18 (81.8%) 0.005 

Table 9: Diastolic blood pressure in hypertensive patients with diastolic dysfunction 
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Both diastolic blood pressures <80 & 90 mm Hg were significantly associated with diastolic 

dysfunction (Table 9). 

 

Diastolic dysfunction No. of patients with LVH 

Normal (19) 

(E/A- normal, ∆d- normal) 
3 (16%) 

Pseudo normal (9) 

(E/A –Normal, ∆d=abnormal) 
2 (22%) 

Abnormal (22) 

(E/A abnormal, ∆d- normal) 
5 (23%) 

Table 10: Diastolic dysfunction in relation to 
left ventricular hypertrophy (LVH) 

There was no association between LVH and diastolic dysfunction. 

 

DISCUSSION: The aim of our study was to assess the diastolic function in hypertensive patients with 

preserved left ventricular function by combined transmitral flow velocity curve and pulmonary 

venous Doppler analysis, particularly focusing on the limitation of the transmitral flow velocity 

curves alone to detect diastolic dysfunction. 

This retrospective cross-sectional study was done on a relatively homogeneous and 

ambulatory hypertensive population. 

Subjects in our study underwent echocardiographic examination where diastolic function was 

assessed by transmitral flow velocity curves and E/A ratio [ratio of mitral early diastolic filling wave 

(E) velocity to mitral atrial contraction wave (A) velocity]. 

Fig. 9: Bar chart showing diastolic blood pressure 
in normal, pseudo normal& abnormal group 
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In our study, an E/A ratio value of 1.0 was arbitrarily chosen as the lower limit to detect 

impaired relaxation like in other study25. the values for the E/A ratio observed in our impaired 

relaxation group (abnormal E/A ratio; 0.78 ± 0.17) were significantly lower than the normal value. 

Majority of cases in our study were males (58%). A similar male preponderance was noted in 

several earlier studies.26- 29 

Diastolic dysfunction as defined by E/A ratio was found to be abnormal in 44% of cases in our 

study. Mottram et al26had found abnormal E/A ratio in 40% of their patients which is comparable to 

our finding. Other investigators have found a lower proportion of cases with abnormal E/A ratio in 

their study group.  

Yamamato et al27 found abnormal E/A ratio in 31% of their cases, which may be due to lower 

mean DBP in their cases as compared to our study (74 v/s 91 mm Hg). Masliza et al30 Found 

abnormal E/A ratio in only 18.6% of their cases. In Masliza’s30study all subjects were newly 

diagnosed hypertensives (duration less than 6 months), whereas only 32% of subjects were newly 

diagnosed hypertensives in our study. 

 

PSEUDONORMAL GROUP: Cases with normal E/A ratio were further evaluated for pseudonormal 

pattern of diastolic function defined by ∆d, an indicator of LV filling and diastolic function. Eighteen 

percent of cases in our study with normal E/A ratio were found to have pseudonormal pattern of 

diastolic function i.e. normal E/A ratio but abnormal ∆d. Other studies which have looked for diastolic 

function by ∆d have found results similar to ours. Pseudo normal pattern was found 23% in 

Yamamato’s27study and 13% inMottram’s26study. 

Internal diameters of left ventricle during systole and diastole are reflective of both systolic 

and diastolic function. Both LVIDD and LVIDS were significantly higher in abnormal diastolic function 

group and significantly lesser in patients with pseudo normal pattern of diastolic function. Although 

both group of cases had diastolic dysfunction of varying degree, increased LVIDD and LVIDS signify 

dilatation of LV and decreased LVIDD and LVIDS signify reduced compliance of LV. Earlier studies 

have not evaluated LVIDS and LVIDD in three groups of diastolic function. 

Diastolic BP level 90 mmHg was significantly associated with diastolic dysfunction. Mottram 

et al26 have also found, elevation in diastolic blood pressure to be significantly associated with 

diastolic dysfunction. Indeed the study considered the diastolic BP to be an independent risk factor 

for diastolic dysfunction. Diastolic blood pressure is dependent on peripheral resistance and 

increases afterload of the heart. Increased afterload may promote myocyte hypertrophy and may also 

directly slow LV relaxation and contribute to diastolic dysfunction. Our study also found correlation 

between DBP< 80 mmHg and normal diastolic function (p=0.001). This has not been shown by 

previous studies. 

Although earlier studies had found correlation between left ventricular hypertrophy and 

diastolic dysfunction, 31 recent studies including our study have not confirmed the association. 

Masliza et al30 also did not find correlation between LVH and diastolic dysfunction and have 

suggested that a compensatory physiological mechanism in response to pressure load during early 

hypertension even before onset of demonstrable LVH may be the cause for diastolic        

dysfunction.32,33,34 

The major finding of this study was that LV diastolic dysfunction is much more prevalent than 

previously suggested (62% of the hypertensive population studied), in subjects with hypertension 



DOI: 10.14260/jemds/2014/2363 

ORIGINAL ARTICLE 

J of Evolution of Med and Dent Sci/ eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 3/ Issue 14/Apr 07, 2014          Page 3827 
 

who were free of clinically detectable heart disease. In addition to revealing a prevalence of LVDD of 

62%, this study also unmasked a significant number of subjects (18%) with a pseudo normal pattern 

of diastolic filling by use of ∆d for evaluation of diastolic dysfunction similar to previous 

studies.Mottram26andYamamato27have found abnormal diastolic function to be present in 53% and 

55% of cases respectively comparable to our study. 

Indeed, if we had classified subjects with a pseudo normal pattern as subjects with a normal 

pattern of left ventricle filling, the prevalence in the present study for LVDD would have decreased by 

18%. The recognition of the pseudo normal pattern is all the more important because it is considered 

an intermediary stage between impaired relaxation and restrictive filling. 

 

Clinical Implications: The current findings have potential relevance in clinical practice for 

evaluation of hypertensive patients as diastolic dysfunction may be an early manifestation of cardiac 

involvement in hypertension.2 Most echocardiographic laboratories perform limited analysis of 

diastolic function. Indeed, many perform only the mitral inflow analysis and report diastolic function 

as normal in the presence of a normal appearing mitral inflow signal. The referring clinician must be 

aware that a normal transmitral flow velocity curve does not necessarily indicate normal diastolic 

function. Therefore the use of ∆d to detect pseudonormal pattern of diastolic dysfunction is 

important. Whether the presence of diastolic dysfunction should alter the approach to therapy in the 

hypertensive patients is yet to be examined clinically, studies have shown that anti-hypertensive such 

as ACE inhibitors may be more useful in this condition.  

The presence of diastolic dysfunction also provides an additional evidence of end-organ 

damage.35 The frequency of isolated diastolic heart failure in elderly hypertensive patients suggests 

that asymptomatic hypertensive patients with diastolic dysfunction may be at risk of progression to 

diastolic heart failure. More longitudinal studies of hypertensive patients with evidence of diastolic 

dysfunction are needed to determine the predictive value of these noninvasive indicators of diastolic 

dysfunction. 

 

Study limitations: Our study group consisted of small homogeneous group of hypertensives. As 

echocardiographic examination could be performed in lesser number of patients than was desirable. 

Hence, the prevalence of LV diastolic dysfunction obtained in the current study may not be identical 

when applied to a larger or different population of hypertensives, and a future study with larger 

population may be required. 

The study included patients who were on medications. Diastolic function may be affected by 

medications as has been shown in several previous studies. This may affect the prevalence of 

diastolic dysfunction in the current study subjects. The medications were continued by the patients in 

our study for ethical reasons. 

 

CONCLUSIONS: Diastolic function assessment was done on asymptomatic ambulatory hypertensive 

patients. Majority were males (58%). The abnormal diastolic function as assessed by abnormal E/A 

ratio was seen in 44% of cases. There was a preponderance of female sex in this abnormal diastolic 

function group. Diastolic blood pressure was significantly associated with diastolic dysfunction. 

Abnormal ∆d was found in 18% of cases out of 56% who had normal E/A ratio. These cases 

are said to have ‘pseudo normal’ pattern of diastolic function. 
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LVIDS and LVIDD were decreased in pseudo normal group and increased in abnormal group 

indicating reduced compliance and dilatation of LV respectively. Both decreased and increased 

diastolic blood pressure was negatively and positively associated with diastolic dysfunction. The 

diastolic dysfunction was seen in patients with LVH, however this is statistically not significant 

indicating LVH is not the only cause for diastolic dysfunction in hypertensives. 

The current study demonstrated that the presence of LV diastolic dysfunction in hypertensive 

patients is actually greater than previously reported by studies that analyzed transmitral flow 

velocity curves alone. To avoid overlooking patients with diastolic dysfunction, the combined analysis 

of transmitral and pulmonary venous flow velocity curves is recommended. 

 

SUMMARY: Ambulatory hypertensives cases had abnormality in diastolic function as assessed by 

transmitral doppler signals (E/A ratio). The comparison of transmitral flow and pulmonary vein flow 

patterns indicates that more number of cases with normal transmitral flow pattern (56%) had 

abnormal pulmonary venous doppler analysis (∆d) (18%). The current study demonstrated that the 

presence of LV diastolic dysfunction in hypertensive patients is actually greater than previously 

reported by studies that analyzed transmitral flow velocity curves alone. To avoid overlooking 

patients with diastolic dysfunction, the combined analysis of transmitral and pulmonary venous flow 

velocity curves is recommended. 
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