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Introduction
There is a renewed interest in heart failure treatments [1]. 

Newer therapeutic options are popping up with increased 
frequency. The concept of “backward failure” was introduced 
in 1947 [2]. Later this was described as “diastolic heart 
failure”. The same is now called heart failure with preserved 
ejection fraction (HFpEF). With this “diastology” has become 
more fashionable and heart failure with reduced ejection 
fraction (HFrEF) is being relegated to the background [3,4]. 
However, the heart being a pump, the evaluation of systolic 
function is crucial. There are several complicated methods 
to evaluate systolic dysfunction [5]. In such a scenario it is 
of utmost importance to have a simple assessment of the 
systolic function. The study of trans-mitral ϐlow is an easy 
way to assess systolic function too. It can be undertaken 
using the simplest machines without using sophisticated 
techniques and calculations. A detailed methodology of a 
simpliϐied study of trans-mitral Doppler patterns has been 
described earlier [6].

Just what do you mean by diastolic dysfunction?

Diastole and systole are two sides of the same coin and 
are not mutually exclusive (Figure 1). Abnormalities that 
occur during the diastolic part of the cardiac cycle would be 
diastolic dysfunction. Thus, ‘diastolic dysfunction’ will cover 

the universal set of all diastolic abnormalities in the heart. 
This will include components like left ventricular, right 
ventricular, left atrial, right atrial, mitral valve, tricuspid valve, 
aortic valve, pulmonary valve, aortic root, pulmonary artery, 
pericardial, and rhythm-related diastolic abnormalities. Most 
commonly we address left ventricular diastolic dysfunction. 
In current literature, diastolic dysfunction usually means left 
ventricular diastolic dysfunction and its attendant pressure 
and Doppler abnormalities.
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Abstract 

There is a renewed interest in heart failure treatments. With this, there is an increasing 
interest in heart failure with preserved ejection fraction. Trans-mitral Doppler is commonly used 
in the assessment of ‘diastolic’ function. It is fashionable to discuss diastolic dysfunction and 
diastology with the result that the more important systolic dysfunction has become passé. The 
current literature equates trans-mitral Doppler patterns to diastolic function when actually it is 
more relevant in systolic dysfunction. This article is an attempt to correct this fl awed perception 
of trans-mitral Doppler.

Figure 1: Schematic diagram of cardiac dysfunction.
Cardiac dysfunction starts with diastolic dysfunction. The clear area shows 
cardiac dysfunction without Doppler abnormalities. Doppler evidence is shown 
as the vertical hatched area. This also includes systolic dysfunction shown as the 
horizontal hatched area. This overlaps the vertical hatched area. Thus Doppler 
evaluation is more specifi c for systolic dysfunction.
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Trans-mitral Doppler for the assessment of cardiac 
function

Doppler should be seen as a tool to assess global cardiac 
function - both diastolic and systolic. Trans-mitral Doppler 
is to study left ventricular function. It is important to note 
that this is a ‘dual use’ tool - like a measuring tape which can 
measure chest expansion or abdominal girth depending on 
where it is applied. Here the term to be used is Doppler Filling 
Patterns (DFP) instead of Doppler diastolic patterns so as 
to include the study of systolic function. The term Doppler 
diastolic patterns gives the impression that trans-mitral 
Doppler is exclusively used to study diastolic function [11].

Thus trans-mitral Doppler can be used to assess systolic 
and diastolic functions depending on the clinical situation. It is 
like measuring the abdominal girth for metabolic syndrome. 
Metabolic syndrome is a common entity. In a female, the 
implication of the abdominal girth depends on whether 
the patient is pregnant. Thus the same girth measurement 
would mean say ‘severe metabolic syndrome’ or ‘advanced 
pregnancy’. In this case, the implication of ‘advanced 
pregnancy’ is clinically more relevant. Thus ‘severe diastolic 
dysfunction in systolic dysfunction’ is an oxymoron. It is like 
labeling a case of advanced pregnancy as ‘severe metabolic 
syndrome in pregnancy’. So in the case of Doppler patterns, 
these should be analyzed in the context of systolic function. 
If the systolic function is impaired, it is an assessment of the 
severity of systolic dysfunction.

Trans-mitral Doppler for systolic function

Traditionally trans-mitral Doppler is equated with 
diastolic function [12]. However diastolic indices are 
used for systolic function. Classical cardiology tells us 
that end-diastolic pressure, end-diastolic volume, etc. 
reϐlect systolic function. Left ventricular end-diastolic 
pressure (LVEDP) is the gold standard for systolic function. 
Other diastolic indices indicating systolic function are 
E-point septal separation and B-bump [13] Diastole is a 
distinct and important physiological entity. But systole is 
an important clinical entity. Since diastolic indices reϐlect 
systolic properties, the ϐilling patterns that occur in diastole 
are more relevant for systolic function.

Which brings us to the most important question. What 
signiϐicant information do trans-mitral Doppler patterns 
provide? Does it tell us more about diastolic function or 
systolic function?

As mentioned earlier, diastolic dysfunction is a vague 
entity. It is a reality but pursuing it in clinical practice with 
Doppler is fraught with problems. The heart is a pump, 
and the systolic function is critical. It is important to detect 
systolic dysfunction at any cost. Transmitral Doppler shows a 
good relation with systolic dysfunction [14]. The progression 
or regression of patterns is consistent with improvement or 
deterioration. So these ‘diastolic’ patterns are more relevant 
for systolic dysfunction.

Doppler echocardiography has made it easy to evaluate 
“diastolic function” by the analysis of trans-mitral ϐlow. In 
the process, we have given undue importance to “diastology” 
in general and “diastolic dysfunction” in particular [7,8]. But 
what do you mean by diastolic dysfunction? 

The earliest changes in cardiac dysfunction occur at 
the molecular, cellular, and structural levels [9]. Doppler 
abnormalities set in later. When we say diastolic dysfunction 
do we mean molecular/cellular abnormalities, abnormal 
chamber properties, abnormal pressures, abnormal Doppler 
patterns, or diastolic heart failure? Most literature equates 
abnormal Doppler patterns with diastolic dysfunction [9,10].

Diastole is a sensitive part of the cardiac cycle. The earliest 
abnormality in any cardiac pathology is diastolic dysfunction. 
So it is but natural that any cardiac disease can cause LV 
diastolic dysfunction to variable extents. Doppler can only 
detect ‘diastolic dysfunction’ at later stages. Abnormal 
Doppler Filling Patterns (DFP) are only a part of the total 
diastolic dysfunction set. So being a ubiquitous entity, the 
absence of abnormal DFP need not mean the absence of 
diastolic dysfunction. LV diastolic dysfunction can occur 
in very mild forms and regional forms, which may not be 
evident on Doppler assessment. Similarly, the mere presence 
of abnormal DFP need not mean the presence of HFpEF. So 
using the vague term ‘diastolic dysfunction’ is meaningless.

The problems with the present approach to trans-mitral 
Doppler are:

1. Abnormal trans-mitral Doppler patterns are considered 
to indicate diastolic dysfunction exclusively.

2. There is no differentiation between Doppler patterns 
of normal and impaired systolic function.

3. The progression of “diastolic dysfunction” (from mild 
to severe) is assumed to occur in all situations.

The practical issues with the above problems are:

If E-A reversal (Grade 1) is mild, pseudonormal (Grade 2)
is moderate and restrictive (Grade 3) is severe diastolic 
dysfunction,

1. Does it mean that restrictive cardiomyopathy is severe 
diastolic dysfunction?

2. Does hypertension with initial E-A reversal become 
restrictive cardiomyopathy as the disease progresses?

3. In systolic dysfunction does the restrictive pattern 
indicate severe diastolic dysfunction?

Many such oddities are possible with the current 
approach. This means that there is a need to approach 
transmitral Doppler patterns in a more realistic and rational 
manner.
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Systology

If the study of diastolic function is ‘diastology’, then the 
study of systolic function is ‘systology’. Systolic dysfunction 
is usually associated with increased LV end-diastolic 
pressure and left atrial pressure. This can be studied by LV 
DFP. Basic echocardiography tells us that a brisk and well-
opening mitral valve signiϐies good systolic function. Thus 
diastolic phenomena are indicators of systolic function. 
Patients with progressively more abnormal diastolic 
patterns have greater structural abnormalities with larger 
left atrial and LV size and lower LV ejection fractions [15]. 
So, in cases with impaired systolic function, LV DFP can be 
used to assess the severity of impairment and prognosis. In 
such cases, trans-mitral Doppler shows continuous pattern 
changes (hierarchy of patterns) depending on the severity 
of systolic dysfunction. By impaired systolic function, we 
could also include cases with wall motion abnormalities with 
apparently normal ejection fraction and apparently normal 
overall LV contractility. If Pattern 0 is normal, Pattern 1 
showing a small E wave and a large A wave could indicate 
mild systolic dysfunction. Pattern 2, showing a ‘pseudo-
normalization’ pattern denoted by an apparently normal E 
and A wave could indicate moderate impairment. Finally, 
pattern 3 with a very prominent E wave and a minuscule A 
wave could indicate severe hemodynamic impairment and 
is associated with the worst prognosis. In cases of systolic 
dysfunction, the LV DFP is a continuous variable reϐlecting 
the increasing left atrial pressures which proceed to atrial 
failure in pattern 3. As a rule of thumb patterns 0 - 1 signiϐies 
a pressure of about 12 - 15 mmHg, patterns 1 - 2 about 
15 - 18 mmHg, patterns 2 - 3 about 18 - 20 mmHg, and 
pattern 3+ greater than 20 mmHg. These pressure values are 
only indicative. The pattern recognition and its changes are 
best in the same patient with a reasonably maintained heart 
rate. With this approach the absolute velocity values become 
irrelevant. The relative E and A magnitudes will allow 
pattern recognition. The increasing left atrial pressure could 
be conϐirmed by the pulmonary venous ϐlow abnormalities in 
ideal conditions. As a corollary, in cases with resting or stress-
induced wall motion abnormalities and apparently normal 
ejection fraction, a pattern to the right of 0 could indicate a 
mild systolic dysfunction. In serial studies of chronic cases, a 
shift to the right could indicate worsening systolic function 
while a shift to the left could indicate improvement. 

Trans-mitral Doppler should not be interpreted in 
isolation. It is important to know the systolic function. There 
are several methodologies and indices for evaluating systolic 
function but ejection fraction is the most commonly used 
parameter. As there are many pitfalls in echocardiographic 
ejection fraction estimation, we rely on eyeball estimation 
in this simpliϐied methodology [16,17]. However good 
experience is needed for reliable eyeball evaluation of 
systolic function. Artiϐicial Intelligence may be helpful in such 
situations [18].

Here the algorithm runs like this: Ask the following 
questions: Is the systolic function impaired? The answer 
could be Yes, No, or Doubtful. When in doubt, consider the 
systolic function as mildly impaired. Next, are there regional 
wall motion abnormalities? The answer could be Yes, No, or 
Doubtful. If yes, is it compensated by the other segments? 
When in doubt consider wall motion abnormality as present 
depending on the clinical circumstances. Usually, a wall 
motion abnormality indicates impaired systolic function. 
However, the global systolic function could be compensated 
by the other segments. Global hypokinesia is also easily 
detectable by eyeball examination.

Conclusion
Thus instead of invoking diastolic dysfunction for all 

abnormal trans-mitral Doppler patterns, we must identify 
them as severity of systolic dysfunction if the systolic function 
is impaired. However, if the systolic function is normal it 
would point to pure diastolic dysfunction [19]. With such 
an approach, many of the cases of diastolic heart failure will 
turn out to be systolic failure. By following this schema we 
can unravel some of the mysteries of the Rosetta Stone of 
Doppler’s “diastology” by factoring in systolic dysfunction 
[20,21].
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