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Diastolic dysfunction for nephrologists: diagnosis
at the point of care
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SUMMARY

Cardiovascular diseases are important causes of morbidity and mortality in the course of chronic kidney disease (CKD). Diastolic
dysfunction (DD) may progress with the clinical manifestation of heart failure, known as heart failure with preserved ejection frac-
tion, a condition that precedes systolic dysfunction. The early identification of DD by echocardiography at the point-of-care before
the appearance of symptoms and signs of pulmonary congestion and the implementation of appropriate treatment can improve the
prognosis of CKD. This review article briefly addresses DD in kidney disease and presents a practical approach to the echocardiographic

diagnosis of DD at the point of care.
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INTRODUCTION

Patients with chronic kidney disease (CKD) associ-
ated with cardiovascular disease (CVD) have a higher
risk of death than the general population®. About
40% of patients with stage 4-5 CKD have a diagnosis
of heart failure, as seen in the USRDS Annual Data
Report of 20152 Consequently, in patients with CKD,
heart failure (HF) must be diagnosed and treated
early. HF with preserved ejection fraction (HFpEF)
describes HF due to diastolic dysfunction (DD) occur-
ring with normal or slightly reduced ejection fraction,
and without the attributable valvular disease®. HFpEF
is still underdiagnosed and has been implicated as a

significant contributor, if not the leading cause, of
congestive HF in such patients® The importance of
identifying HFpEF is its association with poor progno-
ses. For example, when 4,550 patients in the general
population were followed-up for five years, 2,126 with
HFpEF and 2,424 with heart failure with reduced ejec-
tion fraction [HFrEF], the survival rate was almost the
same regardless of whether the ejection fraction was
reduced or not (risk-standardized for death, 0.96; p =
0.03)°. In this short review, we discuss DD succinctly
and present a practical approach to identifying it at
the point of care, essential when the comprehensive
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echocardiography cannot be obtained or is not imme-
diately available to the nephrologist.

Heart failure with preserved ejection fraction

in kidney disease

HFpEF is a disease that affects the elderly and
patients who have, on average, at least four comorbid
conditions. The prevalence of CKD is high (and rising)
in part due to the aging population who frequently
present multiple comorbidities®. It is not surprising
that HFpEF is frequently diagnosed in these patients’.
The occurrence of DD in CKD can be identified in
patients in conservative and dialytic treatments, as
well as in transplant recipients and critically ill renal
patients. In patients with CKD not yet on dialysis and
complaining of dyspnea, HFpEF was diagnosed in 73%,
and in 44,6%, the HFpEF was the only explanation for
the dyspnea®. Also, in patients on dialysis subjected to
transthoracic echocardiography (TTE), left ventricular
hypertrophy was found to be the primary anatomical
abnormality and DD, present in 81% of cases, the main
functional alteration®. Notably, DD preceded systolic
dysfunction, which makes this study’s findings even
more interesting for nephrologists.

In renal transplant, DD is also a frequent and dan-
gerous complication, since the vast majority of these
patients present left ventricular hypertrophy due to
volume overload and hypertension during their dial-
ysis treatment. Therefore, it is not surprising that
transplant patients are also diagnosed with HFpEF™.

Nephrologists looking after patients in the inten-
sive care unit may also deal with clinical conditions
associated with left ventricular DD, which is associ-
ated with mortality in critically ill patients™. Thus,
for example, in critically ill patients who need fluid
resuscitation, if the assistant nephrologist can assess
DD, the fluid replacement could be promptly imple-
mented even before the availability of comprehensive
echocardiography by cardiologists.

When present, the symptoms and signs of HFpEF
are indistinguishable from those observed in HFrEF:
neurohumoral activation with sodium and water
retention (edema); paroxysmal nocturnal dyspnea;
orthopnea; jugular vein distension; third heart sound;
hepatomegaly; and cardiomegaly on X-ray™. Due to
the limitations of myocardial relaxation and compli-
ance during diastole, the left ventricular end-diastolic
pressure (LVEDP) in patients with DD is already high
previously to physical activity. Consequently, the
cardiac output does not increase, which makes these

patients highly intolerant to physical exercise. Sim-
ilarly, these patients do not tolerate large volume
fluctuations, making them more susceptible to intra-
dialytic hypotension™.

Pathophysiology of diastolic dysfunction

Although a detailed description of DD’s pathophys-
iology is beyond the scope of this review, a basic com-
prehension of the various grades of DD is essential for
nephrologists to understand the echocardiographic
findings that will allow them to diagnose DD at the
point of care.

Hypertension is considered the leading risk fac- tor
for the development of HFpEF. Other precipitating
factors such as diabetes mellitus, obesity, and coro-
nary artery disease, also common in patients with
CKD, may explain the high prevalence of DD observed
in kidney patients™. Potential explanations for this
increased prevalence of DD include aortic stiffness
and volume overload, which are frequently observed
in CKD, particularly in the more advanced stages of
the disease™.

The left ventricle could be compared to a powerful
propulsion pump, in systole, and suction pump, in
diastole. Diastole comprehends the period between
the closure of the aortic valve (end of systole) and
the closure of the mitral valve (end of diastole), and
it comprises four distinct and consecutive phases:
isovolumic relaxation, early rapid diastolic filling,
diastasis, and atrial contraction’. The first two
phases of diastole are active and require adenosine
triphosphate (ATP) production from the myocar-
dium. During isovolumetric relaxation, LV pressure
decreases with the closure of the aortic valve but
without a change in volume. When the pressure
drops below the atrial pressure, the mitral valve
opens. Then, the initial early rapid diastolic filling
period occurs, with the blood being suctioned by the
LV from the left atrium. Several parameters, includ-
ing myocardial relaxation, LV compliance, and the
atrioventricular pressure gradient, influence the
velocity of blood flow through the mitral valve. As
the amount of blood in the LV increases, gradual pres-
sure equalization occurs with the left atrium, which
characterizes diastase, a period in which transmitral
blood flow is minimal. The final phase of diastole
occurs with atrial contraction, which transiently
increases left atrial pressure and promotes late LV
filling. The phases of diastole in the right ventricle
are similar to those described for LV, except for the
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total duration, which is shortened due to a more
extended systolic ejection period™.

HFpEF, when DD becomes clinically evident,
results from different mechanisms, such as ventricu-
lar-arterial coupling, chronotropic incompetence, and
endothelial dysfunction, but without a doubt, DD is
the most significant™. DD results in increased LVEDP,
increased pressure in the left atrium, and may lead
to the development of symptoms and signs of pulmo-
nary congestion.

Assessment of diastolic dysfunction

TTE is the most commonly used propaedeutic tool
in the diagnosis of DD. The American Society of Echo-
cardiography (ASE) has published guidelines for the
assessment of diastolic dysfunction™. The parameters
suggested for the diagnosis of DD include: 1. transmi-
tral blood inflow by pulsed-wave Doppler (PWD); (2)
mitral annulus downward velocity (septal and lateral
walls) using tissue Doppler imaging (TDI); (3) left-atrial
volume index; and (4) peak tricuspid regurgitation
velocity. DD is present if more than half of the available
parameters meet the cutoff values. However, all these
measurements are challenging to obtain, time-con-
suming, and impractical at the point of care. Besides,
the ASE guidelines do not categorize DD of a third of
septic patients and rate 41% of patients with elevated
E/e’ as normal™.

Point-of-Care evaluations of DD in everyday
nephrology, whether in office, ward, or intensive
care unit are used mainly to answer two fundamental

questions: (1) is DD present?; and (2) is the LVEDP high?

In this context, DD can be assessed qualitatively
and quantitatively. Qualitatively, DD can be inferred by
comparing the linear size of the left atrium (LA) with
the size of the aorta and the right ventricle outflow
tract in an image obtained in the cardiac parasternal
long-axis view at the end of diastole. The size of LA
does not change acutely, and in the absence of signifi-
cant mitral regurgitation or stenosis, its enlargement
represents chronically elevated LVEDP?. Under nor-
mal conditions, the size of the left atrium is similar to
that of the aorta and right ventricle outflow tract, and
this evaluation is known as the rule of thirds (Figure
1). A left atrium-to-aorta diastolic diameter ratio >1
correlates with LA enlargement and may be useful as
a quick bedside technique that suggests DD?'. Besides,
the assessment of the left atrium has prognostic
importance. For instance, a left atrial volume index
(LAVi) lower than 32 mL/m?, adopted as a normal
superior limit, was associated with a higher survival
rate compared to values >32 mL/m? and was shown
to be an independent predictive value of prognosis in
patients subjected to hemodialysis®.

Moreover, DD can be assessed qualitatively by the
visual analysis of the amplitude of the basal displace-
ment of the septal annulus of the mitral valve during
diastole. In conditions of normality, this displacement
is large, while in DD, it is limited in amplitude™.

Quantitatively, DD can be analyzed through PWD
and TDI™. For instance, in septic patients subjected to
TTE, a simplified definition of DD, based on transmitral

FIGURE 1. RULE OF THIRDS: PARAESTERNAL LONG-AXIS VIEW SHOWING THE RELATIONSHIP BETWEEN THE LEFT
ATRIUM, AORTIC ROQOT, AND RIGHT VENTRICLE OUTFLOW TRACT DIAMETERS IN DIASTOLE IN A HEALTH SUBJECT
(A) AND IN A PATIENT WITH AN INCREASED LEFT ATRIUM (ASTERISK) WITH DIATOLIC DYSFUNCTION (B)

Marcus Gomes Bastos
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FIGURE 2. DEGREES OF DIASTOLIC DYSFUNCTION BASED ON TRANSMITRAL AND TISSUE DOPPLER IMAGING
SHOWING BLOOD FLOW VELOCITIES THROUGH THE MITRAL VALVE (E AND A WAVES) AND THE VELOCITY OF THE
BASAL DISPLACEMENT OF THE MITRAL VALVE ANNULUS TOWARDS THE BASE OF THE HEART (E' AND A" WAVES);
NORMAL AND DIFFERENT STAGES OF DIASTOLIC DYSFUNCTION.

Marcus Gomes Bastos

blood inflow and mitral annulus downward velocity,
categorized more patients than the American Soci-
ety of Echocardiography 2016 definition (78% vs. 71%,
p= 0.035) and showed reasonable correlation with
comorbidities (hypertension, diabetes, and myocar-
dial infarction)™.

The assessment of transmitral blood flow velocity
by PWD is performed with phased-array transducer
(1-5 MHz), placing the sample gate on the free-edge of
mitral valve leaflets in the apical 4-chamber view of
the heart. The blood flow velocity from the left atrium
into the LV during the early rapid diastolic filling is
measured. Since the direction of the blood flow is
towards the ultrasound probe positioned at the tip
of the heart, the signal obtained is an upward deflec-
tion, denominated E wave. The final phase of diastole,
which results from atrial contraction, also presents an
upward deflection and is represented by the A wave.

The PWD patterns allow categorizing the DD (Fig-
ure 2). In normal diastole, the majority of diastolic fill-
ing occurs during the early phase of the cardiac cycle
(passive pull of LV relaxation), graphically represented
by an E wave higher than the A wave (E/A >0.8). In
grade I DD, the impairment in myocardial relaxation
results in a reduced rate of decrease of LV pressure. As
a consequence, there is a decrease of the normal “pull”
during early LV diastole and a “push” of the remaining
blood into the LV during the atrial contraction. Grade

1 DD has a very distinct mitral inflow pattern with an
E/A ratio <0.8. This is the most frequent DD; how-
ever, because LVEDP is normal, symptoms of heart
failure are not yet apparent. In grade 11 DD, there is a
transition from abnormal relaxation to an impairment
of both ventricular relaxation and compliance. The
E wave is again higher than the A wave (resulting in
the term pseudonormal), but now due to a concurrent
increase in the left atrial pressure, which pushes the
blood flow across the mitral valve (E/A >0.8). Grade
111 DD represents a restrictive filling pattern, in which
relaxation and compliance continue to worsen, leading
to severe increased left atrial pressure and size, which
masks underlying abnormalities. The E wave is also
higher than the A wave (E/A rate >2). In grades Il and
111 DD, the ventricular diastolic filling is compromised,
the LVEDP increases, and the patient develops symp-
toms and signs of pulmonary congestion™".

TDI evaluates the slower speed of tissue, and it
measures the velocity of the longitudinal displacement
of the mitral valve annulus towards the base of the
heart (Figure 2)". The sample gate is positioned at the
intersection of the mitral annulus and the septum and/
or the LV lateral wall. As TDI assesses the velocity of
myocardial tissue movement, the values measured are
much lower than the transmitral blood flow velocity.
Because the analysis of the mitral annular movement
is towards the base of the heart, i.e., the movement of
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the tissue is in the opposite direction to the probe posi-
tioned at the tip of the heart (in the apical four-cham-
ber view), the graphical representation of the wave
is negative. In normal diastole, the movement of the
mitral annulus during the early rapid diastolic filling
is represented by the e’ wave (normal velocity is =8
cm/s for septal e’ and =10 em/s for lateral annulus e),
which is higher than the a’ wave, a representation of
the atrial contraction. Fortunately, only the e’ wave is
usually needed to assess DD, which explains its fre-
quent use as a surrogate for the LV relaxation rate.
The higher the e’, the faster the ventricular relaxation
and the better the diastolic filling. As the relaxation
and myocardial compliance worsen, expressed as e’
wave abnormally low in amplitude (<8 cn/s for septal
e’ and <10 cn/s for lateral annulus €’), the LV diastolic
filling raises, and the atrial pressure consequently
increases”. As shown in Figure 2, in grade I DD, the
e’ wave is <8 cn/s (septal €”) or <10 ecm/s (lateral annu-
lus €’) and shorter than the a’ wave. In grade 11 DD,
the e’ wave is also <8 cm/s for septal e’ and <10 c/s
for lateral annulus e’ and shorter than the a’ wave,
a finding that allows differentiating normal diastole
from pseudonormal DD. Finally, in grade III DD, the
e’ wave is even smaller, and the a’ wave sometimes

almost does not exist".

FIGURE 3. B-LINES ARE DEFINED AS DISCRETE LASER-
LIKE VERTICAL HYPERECHOIC REVERBERATION
ARTIFACTS THAT ARISE FROM THE PLEURAL LINE,
EXTEND TO THE BOTTOM OF THE SCREEN WITHOUT
FADING, AND MOVE SYNCHRONOUSLY WITH LUNG
SLIDING

The importance of answering the second ques-
tion, “Is the LVEDP high?” is because elevated left
ventricular filling pressure correlates with increased
pressure in the left atrium and pulmonary capillary
wedge pressure, therefore, with symptoms and signs
of HFpEF"22,

LVEDP determination by echocardiography is easy
and obtained by dividing the transmitral blood flow
velocity by the velocity of the mitral valve towards
the base of the heart (E/e’ ratio). The LVEDP is normal
when the E/e’ ratio is <8 and considered increased
when it is >15. Values between 9 and 15 are consid-
ered indeterminate®. Additionally, the E/e’ ratio can
be used to estimate pulmonary capillary wedge pres-
sure (PCWP) by this simple formula: PCWP = 1.9 +
(1.24*E/e’).

In cases of indeterminate LVEDP, two other assess-
ments can be used: 1. visual evaluation of the left
atrium size, which, if increased, suggests elevated
LVEDP; and 2. assessment of B lines by lung ultra-
sound. B lines are lung artifacts seen as vertical lines
that originate at the visceral pleura, move with the
respiration, and erase the A lines (Figure 3)*. In the
right clinical context, three or more B lines, in two
or more intercostal spaces in both lungs, should be
considered a diagnostic for pulmonary edema, with
94% sensitivity and 92% specificity?*?¢. The assessment
of B lines does not require sophisticated software or
a prolonged learning curve and is performed at the
bedside in just a few minutes with the same probe
used for echocardiography. It has been shown that B
lines exhibit a good correlation with lung congestion
diagnosed by chest radiography and brain natriuretic
peptide levels® and correlates with non-invasively and
invasively measured LVEDP#25,

In CKD, particularly in patients undergoing pre-di-
alysis treatment, the usefulness of the E/e’ ratio as a
predictive factor for CVD and mortality has not been
thoroughly studied but may be promising. For exam-
ple, the echocardiographic assessment with PWD e
TDI in patients of both genders, with a mean age of 61
years, and CKD stages 3 (25 patients), 4 (22 patients)
and 5 (89 patients), followed-up for five years, showed
that patients with E/e’ ratio >15 had lower survival
rates and higher cardiovascular events®.

However, it is important to recognize that there
are cases where the point of care echocardiography
cannot provide diagnostic certainties. For instance, in
AF, atrial contraction is lost. Consequently, there is
no transmittal A wave, and hence the E/A ratio cannot
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be used. In this case, the use of the E/e’ ratio, which is
independent of atrial influence, correlates well with
elevated LVEDP and can be used as a marker for DD in
AF. Other conditions that may demand comprehensive
echocardiography are abnormalities of basal left ven-
tricular motion, mitral annular disease, and improper
cardiac windows. However, if the echocardiologist’s
assessment also proves inconclusive, invasive evalua-
tion of the left ventricular filling pressure remains the
gold standard modality of choice?.

CONCLUSION

DD is a cardiovascular complication in CKD
and is potentially associated with undesirable out-
comes. Determining DD and the LVEDP through the
E/e’ ratio obtained by PWD and TDI is a non-inva-
sive method that allows predicting mortality and

cardiovascular events at the point of care. Although
we realize that DD is a complex condition, the sim-
plification of its assessment, as shown in this review,
can attract nephrologists to incorporate it into their
everyday practice. However, we recognize that fur-
ther prospective studies are warranted to validate
and extend this simplified definition of DD, particu-
larly in nephrology.
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As doengas cardiovasculares sdo causa importante de morbidade e mortalidade no curso da doenga renal crénica (DRC). A disfungdo
diastélica (DD) pode evoluir com insuficiéncia cardiaca manifesta clinicamente, denominada insuficiéncia cardiaca com fragdo de eje¢do
preservada, e precede a disfungdo sistdlica. A identificacdo precoce da DD pela ecocardiografia “point of care”, antes do aparecimento
dos sintomas e sinais de congestdo pulmonar, e a implementagdo de tratamento adequado podem melhorar o prognéstico da DRC. Este
artigo de revisdo aborda brevemente a DD na doenga renal e apresenta uma abordagem prdtica para o diagnéstico ecocardiogrdfico

da DD ¢ beira do leito

PALAVRAS-CHAVES: Insuficiéncia Cardiaca Diastélica. Ecocardiografia. Insuficiéncia cardiaca. Insuficiéncia renal crénica.
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