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Abstract

Changes in cardiac structure and function detected by
echocardiography are common in patients with chronic
kidney disease undergoing hemodialysis, and have been
recognized as key outcome predictors. This review attempts
to summarize recent evidence pointing to the usefulness of
the method in the detection of clinical and subclinical cardiac
dysfunction, stratification of cardiovascular risk and assessment
of intervention strategies.

Chronic Kidney Disease and Cardiopathy

Cardiovascular complications are the main cause of death
in patients with chronic kidney disease (CKD) undergoing
hemodialysis therapy'2. The cardiovascular mortality in
these individuals is 10- to 20-fold more frequent than in
the general population®. Although more than 50% of the
individuals starting a dialysis program present some type of
pre-existent cardiovascular disease?, the traditional risk factors
for cardiovascular disease do not completely explain this
excess risk, which seems to be influenced by the so-called non-
traditional risk factors associated with CKD'. This set of factors
accelerates the course of coronary artery disease (CAD)* and is
associated with a higher prevalence of ventricular hypertrophy,
myocardial fibrosis, valvulopathies, arrhythmias and sudden
death®. The cardiomiopathy of the patient undergoing dialysis
is mainly due to the presence of ischemic cardiopathy (by
critical obstruction of the coronaries, decrease in coronary
reserve or microvascular alterations) and morphofunctional
alterations of the left ventricle (LV) in response to pressure and
volume overload’. The physiopathology of the transformations
induced by uremia in the left ventricular chamber is complex
and multifactorial.

The volume overload originates from the hydro-saline
retention, anemia and arteriovenous fistula, leading to LV
eccentric hypertrophy (mass increase secondary to the
increase in myocyte length and increase in the ventricular
volume, with normal relative wall thickness). Anemia, in
particular, deserves special attention in this group of patients.
The association between anemia, congestive heart failure
and kidney failure led Silverberg et al® to propose the term
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“cardio-renal syndrome”?. Affections of the heart and kidney
can have a common etiology and the heart failure (HF) can
lead to pre-renal uremia; subsequently, the decrease in the
renal function can cause anemia, which leads to more cardiac
damage. The correction of the hematocrit using erythropoietin
generated clinical (improvement in the functional class and
decrease in the need for diuretics) and morphophysiological
benefits (improvement in the LV remodeling and function)®.

The overload of pressure can result from arterial
hypertension, arteriosclerosis and, occasionally, aortic stenosis,
causing LV concentric hypertrophy (increase in mass secondary
to the increase in myocyte thickness, without significant
alteration in the ventricular volume and increased relative
thickness). In the absence of interventions that decrease
the left ventricular overload, an impairment in the chamber
adaptation occurs, with a consequent increase in cell death and
myocardial fibrosis, which lead to capillary density decrease,
diastolic dysfunction, intraventricular conduction disorders,
dilatation and further compensatory hypertrophy'®'.

Such phenomena predispose to ventricular remodeling
by neurohumoral activation and increase in the electrical
excitability, elements that are progressively associated to a
higher incidence of sudden death in this group of patients®.
Even after optimized pharmacological treatment and coronary
revascularization procedures, some patients undergoing
hemodialysis die of sudden death, suggesting that other factors,
in addition to myocardial ischemia, can have an important
role in the triggering of lethal arrhythmias'?.

Potential substrates for the genesis of arrhythmias in this
clinical scenario include metabolic alterations, systolic and/or
diastolic dysfunction, LV hypertrophy and volume overload'?.
In parallel, there is a displacement of LV pressure-volume
curve to the left, meaning that small volume increases can
trigger large pressure elevations, with clinical manifestations of
congestive heart failure?. The myocyte death induced by the
combined injury of hemodynamic overload and risk factors
inherent to uremia, such as anemia, hyperparathyroidism,
malnutrition, oxidative stress, chronic inflammation and others,
makes the prognosis poorer. Although the clinical diagnosis
of heart failure (HF) can be attained with relative safety,
the interpretation of clinical signs is a problem in the daily
practice. It is known that clinically manifested HF represents
an independent predictor of mortality in patients starting
hemodialysis therapy', but the knowledge of the underlying
cause can be important to direct the therapeutic conduct. Some
questions, therefore, become relevant in the management of
this high-risk population: is there simply volume overload or
primary heart disease? In case of cardiopathy, is the systolic
and/or diastolic function compromised? Can we estimate LV
filling pressures? In this context, the use of technically simple
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complementary assessment methods, of relative low cost and
with good reproducibility brings an important contribution to
the development of knowledge of the physiopathology of the
disease and the evaluation of potential treatment strategies.

The Role of Echocardiography

The diagnosis of LV abnormalities by Doppler
echocardiography is an important step for the characterization
of individuals with higher cardiovascular risk, estimating the
prevalence of primary heart disease in a population to study
its predisposing factors, prognostic impact and the effect of
therapeutic interventions'. The Doppler echocardiogram is
a complementary, non-invasive examination, broadly used in
the assessment of heart structure and function, bringing several
ultra-sound techniques together in a single examination.

Traditionally, the M-mode and the two-dimensional
Doppler echocardiogram allow the assessment of ventricular
mass and volumes, with excellent accuracy for the diagnosis
of hypertrophy, definition of its geometric pattern (concentric
or eccentric) and systolic function estimate (qualitative or
quantitatively). Additionally, the techniques derived from
the Doppler can generate indirect information regarding the
ventricular relaxation and its filling dynamics, which constitute
the physiology of diastole. A Canadian study that followed a
cohort of 432 patients starting hemodialysis therapy showed
that only 16% had a normal Doppler echocardiogram'®. The
finding of echocardiographic alterations, such as hypertrophy,
dilatation and systolic dysfunction triples the risk of HF,
regardless of age, diabetes and coronary failure'.

Left Ventricular Hypertrophy

The left ventricular hypertrophy (LVH) is highly prevalent
in CKD and is associated to a clearly unfavorable prognosis.
More than 2/3 of the patients undergoing dialysis with LVH
die of congestive heart failure or sudden death'”, which is
the reason why it is one of the main targets of therapeutic
intervention, together with coronary artery disease.

The incidence of LVH increases with the progressive decline
in renal function, with an inverse linear correlation between
the LV mass and the glomerular filtration rate'. Thus, the
prevalence of LVH varies from 16-31% in individuals with CKD
and glomerular filtration > 30 ml/min., from 38-45% in those
with more compromised renal function'®', from 60-75% in
those starting renal substitution therapy, and up to 70-90% in
patients undergoing regular dialysis therapy'+2°2'.

The LV mass is proportional to body size and, traditionally,
the indexation by body surface has been used for this
correction in the classic studies. Different values of partition
have been employed in several prospective studies to define
the presence of LVH. As examples, Silberberg et al?? used 125
g/m?as reference value, whereas Parfrey et al'® used values
employed in the study by Framingham (132 g/m?for men and
100 g/m? for women). In spite of this variation, all had similar
results, demonstrating the clear effect of increased ventricular
mass in the adverse prognosis'®?2?. However, the individual
undergoing hemodialysis is subject to large body weight
alterations, either caused by alterations in volemia or by the
nutritional status impairment, which can lead to assessment
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errors based on the indexation by body surface. Thus, the
indexation by height to the power of 2.7, proposed by de
Simone et al**, seems to be the most accurate to estimate
LV mass in this group of patients. Applying this concept to
patients undergoing hemodialysis, it was demonstrated that
the method based on height has a slight superior value for the
prediction of general and cardiovascular mortality than the
one based on body surface®. It is important to recognize that
part of the alterations in the LV geometry in uremic patients
might be related to the moment when the echocardiogram is
performed. Soon after the hemodialysis session, a reduction in
the LV diastolic diameter is common as well as increased wall
thickness as the pure consequence of the volume depletion
by ultrafiltration. Similarly, the assessment carried out right
before the hemodialysis session can diagnose LV dilatation
with eccentric hypertrophy, which will be “converted” to
concentric at the end of the session. Such fluctuations can lead
to evaluation errors, which can be minimized by performing
the examination on interdialytic days (Tuesday or Thursday),
preferably between 12 PM and 6 PM'®.

Although the LVH diagnosed at the echocardiogram is a
universally acknowledged independent predictor of mortality,
it is important to emphasize that this onus is attained after a
period of at least two years of dialytic therapy'. Additional
stratification can be obtained through the categorization of
the geometric pattern of the myocardial hypertrophy, that
is, whether it is concentric or eccentric?>. A multicentric
prospective study with a cohort of 432 patients starting
hemodialysis showed a median time of survival of 48 months
for patients with concentric LVH and 56 months for those with
eccentric LVH™2,

The mass monitoring through seriate echocardiogram is an
additional clinical tool of great importance for the assessment
of prognosis and degree of success of interventions aiming
at the regression of the LVH?®. Evidence indicates that the
progression of LVH in individuals with CKD is predictive of
cardiovascular events, regardless of the basal LV mass values®’.
On the other hand, the regression of myocardial hypertrophy
can be obtained with vigorous pharmacological treatment,
especially with angiotensin-1I converting enzyme inhibitors,
resulting in the decrease in the number of cardiovascular
events and longer survival®'.

Other LVH regression strategies in terminal CKD, such as
the treatment with erythropoietin, restricted control of volemia
by aggressive ultrafiltration and renal transplant can also have
their effects monitored through echocardiography.

Left Ventricular Systolic Dysfunction

In studies using different methodologies, the prevalence of
the LV systolic dysfunction varied from 15% to 18% in patients
undergoing dialysis (starting the treatment?® or undergoing
regular chronic therapy?, respectively), reaching 28% in
individuals assessed at the moment of the renal transplant®. The
LV systolic dysfunction is a powerfully unfavorable prognostic
indicator for individuals undergoing hemodialysis** as well as
for those submitted to renal transplant®®. The accountable
mechanisms are multifactorial, including coronary failure,
anemia, hyperparathyroidism, uremic toxins, malnutrition
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and prolonged hemodynamic overload®. The analysis of
the LV systolic function by the echocardiogram is performed
annually, usually by methods that evaluate the ejection phase,
especially the percentage of shortening and ejection fraction
(EF). These techniques, based on measurements carried
out in the endocardium, can overestimate the contractility
in patients with LVH. Alternatively, a method based on the
measurement of the myocardial wall shortening fraction, the
midwall fractional shortening, proposed as a measurement of
the systolic function regardless of the LV geometry*', can be
used in this context, diagnosing a lower systolic performance
in individuals with normal EF.

In spite of such considerations, the LV systolic function
diagnosed by any of the aforementioned methods was
independently associated with fatal and non-fatal cardiovascular
events, with no difference being demonstrated regarding the
predictive power among them?2.

It is interesting to mention that, although the adverse
effect of the systolic dysfunction is independent from the left
ventricular mass, these alterations interact in the prediction of
cardiovascular outcomes, with the maximal risk being reached
by patients that present an association of both*?.

Left Ventricular Diastolic Dysfunction

The diastolic dysfunction is characterized by alterations
in the ventricular relaxation and compliance, frequently
coursing with a compensatory increase in the filling pressures
at more advanced phases. From a hemodynamic point of
view, the increase in the left intraventricular diastolic pressure
is the phenomenon responsible for the manifestation of HF,
whatever the underlying cause is*. Studies of necropsies
and experimental uremia pointed to the presence of specific
diffuse intermyocardiocytic fibrosis in the heart of uremic
individuals, not observed in hypertensive, non-nephropathic
individuals, which could imply in electrical instability
(predisposing to sudden death) and alterations in the diastolic
properties of the myocardium (predisposing to the increase in
the filling pressures)'®**. Among the physiological mechanisms
related to prominent myocardial fibrosis, one can postulate
the activation of humoral factors associated to hypertrophy
(high plasma levels of angiotensin I, parathyroid hormone,
endothelin, aldosterone and catecholamines) and the
presence of underlying myocardial ischemia'**. The increase
in the stiffness and the decrease in the relaxation (secondary
to fibrosis) lead to the exacerbation of the volemic variation
effects on the LV filling. Thus, even in patients with normal
EF, a small increase in LV volume can generate pulmonary
congestion, whereas the volemic depletion can induce the
decrease in the chamber filling, causing arterial hypotension
and hemodynamic instability?. Hence, it is important to
adequately assess not only the LV systolic, but also the diastolic
function, of which alterations can be triggered by episodes of
acute pulmonary edema and intradialytic hypotension®?°.

Studies with small sample sizes reported a prevalence of
LV diastolic dysfunction in uremic patients varying from 50
to 65%, including pre-dialysis populations, those undergoing
dialysis and post-transplant ones'”. Although the alterations
in LV filling are frequently detected in patients undergoing

hemodialysis, the prevalence of diastolic dysfunction and
its prognostic meaning are not completely known in this
group13,36.

The limitations of the use of Doppler echocardiographic
parameters derived from the mitral transvalvular flow in
previous studies'*, are due to the fact that these parameters
are highly dependent on the pre-load conditions***°. Such
approach can produce false-negative results in patients
undergoing hemodialysis, diagnosing as normal individuals
with a pseudonormalization of the mitral flow (high filling
pressures masking the LV relaxation alterations).

In this context, the Doppler echocardiographic
parameters employed in the assessment of cardiac function
represent an important advancement regarding diagnosis. In
the last years, the tissue Doppler (TD) of the mitral annulus
was introduced in the clinical scenario as an important
method of assessment of the LV diastolic function, segmental
and global. The early diastolic velocity of the mitral annulus
(E’) is well correlated with the relaxation indices measured
by invasive methods*'*2. Some researchers demonstrated
that the diastolic velocities derived from the mitral annulus
tissue Doppler (E" and A') are “relatively” independent
from the pre-load, presenting no significant variation after
a hemodialysis session, providing that certain “physiologic”
limits of volemic decrease are respected, that is, that they
are incapable of triggering alterations in the heart rate
and arterial pressure®*#. For that reason, E’ seems to be
particularly useful in patients undergoing hemodialysis,
identifying relaxation alterations independent from the
LV filling pressures and, consequently, differentiating the
pseudonormalization from the actual normal pattern of
diastolic function®*. A recent Australian study followed a
cohort of 129 patients with terminal CKD (with no evidence
of LV ischemia at the stress echocardiogram) for more than 2
years, demonstrating that the tissue diastolic velocity added
an independent prognostic value to the clinical parameters**.
The ratio between the early diastolic velocity of the mitral
flow (E) and E’ (known as the E/E’ ratio) was the best non-
invasive predictor of increase in the filling pressures in the
comparison of multiple Doppler echocardiographic indices
with the final diastolic pressure (measured by hemodynamic
catheter), either by using the septal E'** or the mean between
the septal and the lateral E™#. Hence, the E/E’ ratio is an
especially interesting index for the diagnosis of advanced
diastolic dysfunction. The possibility of indicating an increase
in intraventricular pressure through this method allowed,
in parallel, the demonstration of its important prognostic
value in two recent studies with terminal CKD patients. A
study carried out with 125 candidates to renal transplant
demonstrated that the E/E’ > 15 was an independent
predictor of the increase in the LV diastolic pressure (> 15
mmHg) and was associated to a higher general mortality in
this group®’.

Another study of 220 individuals with terminal CKD
followed for 4 years, concluded that the E/E’ ratio was
an independent predictor of general and cardiovascular
mortality, adding prognostic information above and beyond
the clinical and biochemical data, ventricular mass and systolic
function*.
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Left Atrial Dilatation

Strong evidence indicates the left atrium (LA) dilatation as
a robust predictor of cardiovascular outcomes in the general
population and in several clinical scenarios*. Recent directives
recommend that the adequate quantification of the LA size be
obtained by the estimate of the chamber volume in the two-
dimensional mode and not by the traditional measurement of
the anteroposterior diameter in the M-mode®**'. In addition
to being superior in the prediction of cardiovascular events
(including atrial fibrillation, cerebrovascular accident, heart
failure, myocardial infarction and cardiac death®), the
LA volume is related to the severity and duration of the
LV diastolic dysfunction®. Differently from the elevated
indices derived from the conventional (mitral flow) or
tissue Doppler (mitral annulus), which provide momentary
and transient information on the left ventricular filling, the
LA volume functions as a chronic marker of the diastolic
function, reflecting the “historical” mean of the increased
filling pressures®>. A recent study with hemodialysis patients
in sinus rhythm and no mitral valvulopathy demonstrated
that the LA volume indexed for body surface > 35 ml/?
was the most accurate parameter for the detection of
pseudonormalization of the mitral flow in comparison with
the several indices that were previously tested**. Extending
the clinical value of the LA, two recent publications, using
different indexation methods (body surface® or height to the
power of 2.7%), found that the index was an independent
predictor of mortality in patients receiving substitutive renal
therapy. The finding of the indexed LA volume > 32 ml/m?
provided complementary information to the traditional
clinical and echocardiographic data, including EF, E/E’ ratio
and left ventricular mass®*. Although new observational and
interventional studies are needed to validate these findings
and to define the best indexation method in patients with
nephropathies, it is advisable that the measurement of the LA
be incorporated to the routine echocardiographic assessment
of these patients, considering that the consensus of the
American Society of Echocardiography recommends it for
the general population®'. As the LV diastolic function seems
to be chronically compromised in most patients undergoing
hemodialysis, even in those who are asymptomatic', the LA
volume can offer the opportunity to identify the individuals
at higher risk to present HF, atrial arrhythmias and poor
clinical evolution.

Valvular Calcifications

The calcification of cardiac valves is frequent in patients
chronically treated with dialysis. Some data suggest that the
valvular calcification is not only a consequence of natural
aging and calcium-phosphorus metabolism disorders, but
also caused by inflammation, similar to what is seen in
atherosclerosis®. In addition to presenting a clinical effect by
determining valvular stenosis and/or reflux, its importance lies
in the association that has been reported between the valvular
calcification and higher risk of mortality and cardiovascular
events in the uremic patient. A study carried out in 192 patients
undergoing peritoneal dialysis found calcification in at least
one valve, mitral or aortic, in 32% of the population®”. After
a mean follow-up of 18 months, the cardiovascular mortality
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was 22% versus 3% in individuals with and without valvular
calcification, respectively. Such association was independent
from the usual clinical and demographic variables, C-reactive
protein and concomitant atherosclerotic vascular disease®”.

Another interesting study proposed a score for prognosis
prediction after renal transplant based on the echocardiogram.
After the follow-up of 203 transplanted patients (mean age 47
+12 years, 93% undergoing dialysis), independent predictors
of mortality were age > 50 years, LV systolic dimension > 35
mm, wall thickness > 14 mm and presence of calcification
in the mitral annulus®®. Patients aged > 50 years and two of
the other three predictors had a 5-year mortality of 82%°%. In
contrast to these findings, a study carried out with 202 patients
undergoing hemodialysis (with a prevalence of 23% of valvular
calcification) did not demonstrate an independent prognostic
value after adjustment for risk factors and LV mass®.

Pericardial Disease

Acute pericarditis can occur in approximately 20% of
the uremic patients, before the start of dialysis or during
the chronic dialysis treatment®. Uremia and/or inefficient
dialysis are the most frequent causes. Individuals undergoing
maintenance hemodialysis with significant pericardial effusion
usually do not respond satisfactorily to the intensification of
the dialysis and may be referred to early elective pericardial
drainage with the objective of preventing hemodynamic
complications®'. Constrictive pericarditis occurs less frequently
in patients undergoing hemodialysis.

Stress Echocardiography

The use of pharmacological stress echocardiography
in patients with terminal CKD is an attractive strategy, as
it allows the assessment of myocardial ischemia without
demanding from the patient the capacity to exercise and,
moreover, it provides the estimate of the LV basal systolic
function. Furthermore, the presence and extension of the
ischemia during the assessment have a prognostic value
that is independent for general mortality in this group of
individuals®?. A larger volume of evidence was generated
with the use of dobutamine as the stressor agent. The set of
available information does not indicate significant differences
in accuracy and negative predictive value in comparison
to Nuclear Medicine when assessing obstructive coronary
disease in candidates to renal transplant (including those
undergoing dialysis)®*®4. Alternatively, two small studies
suggested the usefulness of the stress echocardiogram with
dipyridamole in the diagnosis of ischemia® and the prognosis
prediction®. Although patients with CKD and normal stress
echocardiogram results have a better prognosis than those
with abnormal results, the mortality rate remains considerable
in the first group®?, when compared to the excellent prognosis
conferred by the normal test results in the general population.
This can be explained by the high-risk profile inherent to
the individual with nephropathy. Moreover, a national study
showed that the assessment has a limited sensitivity in the
presence of coronary uniarterial disease and obstructions
between 50 and 70% of the vessel lumen®. Thus, an
individualized approach must be considered in individuals



Barberato & Pecoits-Filho
Echocardiography in Hemodialysis Patients

Review Article

at higher risk, as the coronary angiography can still be of
crucial importance in the detection of clinically relevant
coronary artery disease®.

Conclusion

The set of evidence indicates the extraordinary role of
the Doppler echocardiography in the improvement of the
global clinical assessment quality of the patient with CKD
undergoing dialysis. The literature and the clinical practice
have emphasized the usefulness of the method in the diagnosis
of subclinical heart dysfunction, in the refinement of the
clinical diagnosis of heart failure, in the cardiovascular risk
prediction and when establishing the course and follow-up
of the treatment strategies. The Doppler echocardiographic
outcomes have shown to be useful substitute markers for
prognosis and intervention studies. North-American directives
recommend the Doppler echocardiogram for all patients
undergoing dialysis one to three months after the start of
the substitutive renal therapy and at three-year intervals
subsequently, regardless of symptoms®®. Our opinion is that
all patients initiating dialytic therapy must be submitted to
an echocardiogram. However, shorter intervals between

Referéncias

1. Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B, Hamm LL, et
al. Kidney disease as a risk factor for development of cardiovascular disease:
a statement from the American Heart Association Councils on Kidney in
Cardiovascular Disease, High Blood Pressure Research, Clinical Cardiology,
and Epidemiology and Prevention. Circulation. 2003; 108: 2154-69.

2. London GM. Cardiovascular disease in chronic renal failure: pathophysiologic
aspects. Semin Dial. 2003; 16: 85-94.

3. Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of cardiovascular
disease in chronic renal disease. Am J Kidney Dis. 1998; 32: S112-9.

4. Foley RN, Herzog CA, Collins AJ. Smoking and cardiovascular outcomes in
dialysis patients: the United States Renal Data System Wave 2 study. Kidney
Int. 2003; 63: 1462-7.

5. Stenvinkel P, Pecoits-Filho R, Lindholm B. Coronary artery disease in end-stage
renal disease: no longer a simple plumbing problem. ] Am Soc Nephrol. 2003;
14:1927-39.

6. McCullough PA. Cardiovascular disease in chronic kidney disease from a
cardiologist’s perspective. Curr Opin Nephrol Hypertens. 2004; 13: 591-
600.

7. Parfrey PS, Foley RN. The clinical epidemiology of cardiac disease in chronic
renal failure. ] Am Soc Nephrol. 1999; 10: 1606-15.

8. Silverberg DS, Wexler D, laina A, Steinbruch S, Wollman Y, Schwartz D.
Anemia, chronic renal disease and congestive heart failure--the cardio renal
anemia syndrome: the need for cooperation between cardiologists and
nephrologists. Int Urol Nephrol. 2006; 38: 295-310.

9. Palazzuoli A, Silverberg DS, lovine F, Calabro A, Campagna MS, Gallotta M,
etal. Effects of beta-erythropoietin treatment on left ventricular remodeling,
systolic function, and B-type natriuretic peptide levels in patients with the
cardiorenal anemia syndrome. Am Heart ). 2007; 154: 645 €9-15.

10. Ritz E, Rambausek M, Mall G, Ruffmann K, Mandelbaum A. Cardiac changes
in uraemia and their possible relationship to cardiovascular instability on
dialysis. Nephrol Dial Transplant. 1990; 5 (Suppl 1): 93-7.

—
-

. Parfrey PS, Harnett D, Foley RN. Heart failure and ischemic heart disease in
chronic uremia. Curr Opin Nephrol Hypertens. 1995; 4: 105-10.

evaluations can be of clinical value in individualized
therapies. It has been demonstrated that the follow-up with
seriate echocardiograms adds prognostic value beyond the
basal assessment, enabling the monitoring of the regression
or not of the LV alterations®. In the future, new Doppler
echocardiographic methods with the capacity to investigate
subclinical myocardial disease (such as strain, strain rate and
ultrasonic tissue characterization) will further benefit this group
of patients at excessive cardiovascular risk.

Potential Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Sources of Funding

There were no external funding sources for this study.

Study Association

This study is not associated with any post-graduation
program.

12. Herzog CA. Sudden cardiac death and acute myocardial infarction in dialysis
patients: perspectives of a cardiologist. Semin Nephrol. 2005; 25: 363-6.

13. London GM. Left ventricular alterations and end-stage renal disease. Nephrol
Dial Transplant. 2002; 17 (Suppl 1): 29-36.

14. Foley RN, Parfrey PS, Harnett D, Kent GM, Martin CJ, Murray DC, et al.
Clinical and echocardiographic disease in patients starting end-stage renal
disease therapy. Kidney Int. 1995; 47: 186-92.

15. Yamada H, Goh PP, Sun JP, Odabashian J, Garcia MJ, Thomas JD, et
al. Prevalence of left ventricular diastolic dysfunction by Doppler
echocardiography: clinical application of the Canadian consensus guidelines.
J Am Soc Echocardiogr. 2002; 15: 1238-44.

16. Parfrey PS, Foley RN, Harnett JD, Kent GM, Murray D, Barre PE. Outcome
and risk factors of ischemic heart disease in chronic uremia. Kidney Int. 1996;
49:1428-34.

17.Kunz K, Dimitrov Y, Muller S, Chantrel F, Hannedouche T. Uraemic
cardiomyopathy. Nephrol Dial Transplant. 1998; 13 (Suppl 4): 39-43.

18. Levin A, Singer J, Thompson CR, Ross H, Lewis M. Prevalent left ventricular
hypertrophy in the predialysis population: identifying opportunities for
intervention. Am J Kidney Dis. 1996; 27: 347-54.

19. Tucker B, Fabbian F, Giles M, Thuraisingham RC, Raine AE, Baker LR. Left
ventricular hypertrophy and ambulatory blood pressure monitoringin chronic
renal failure. Nephrol Dial Transplant. 1997; 12: 724-8.

20. McCGregor E, Jardine AG, Murray LS, Dargie HJ, Rodger RS, Junor BJ, et
al. Preoperative echocardiographic abnormalities and adverse outcome
following renal transplantation. Nephrol Dial Transplant. 1998; 13:
1499-505.

2

=

. London GM, Pannier B, Guerin AP, Blacher J, Marchais SJ, Darne B, et al.
Alterations of left ventricular hypertrophy in and survival of patients receiving
hemodialysis: follow-up of an interventional study. ] Am Soc Nephrol. 2001;
12:2759-67.

22. Silberberg]S, Barre PE, Prichard SS, Sniderman AD. Impact of left ventricular
hypertrophy on survival in end-stage renal disease. Kidney Int. 1989; 36:
286-90.

Arq Bras Cardiol 2010; 94(1) : 131-137

135



136

Barberato & Pecoits-Filho
Echocardiography in Hemodialysis Patients

Review Article

23.

24.

2

v

26

2

~

28.

2

O

30.

3

e

3

N

33.

34.

35.

36.

37.

38.

3

O

40.

4

=

42.

4

w

Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray DC, Barre PE. The
prognosticimportance of left ventricular geometry in uremic cardiomyopathy.
J Am Soc Nephrol. 1995; 5: 2024-31.

de Simone G, Daniels SR, Devereux RB, Meyer RA, Roman MJ, de Divitiis
O, et al. Left ventricular mass and body size in normotensive children and
adults: assessment of allometric relations and impact of overweight. ] Am Coll
Cardiol. 1992; 20: 1251-60.

. Zoccali C, Benedetto FA, Mallamaci F, Tripepi G, Giacone G, Cataliotti A,

etal. Prognostic impact of the indexation of left ventricular mass in patients
undergoing dialysis. ] Am Soc Nephrol. 2001; 12: 2768-74.

. Foley RN, Parfrey PS, Kent GM, Harnett JD, Murray DC, Barre PE. Serial

change in echocardiographic parameters and cardiac failure in end-stage
renal disease. ] Am Soc Nephrol. 2000; 11: 912-6.

. Zoccali C, Benedetto FA, Mallamaci F, Tripepi G, Giacone G, Stancanelli B,

etal. Left ventricular mass monitoring in the follow-up of dialysis patients:
prognostic value of left ventricular hypertrophy progression. Kidney Int. 2004;
65:1492-8.

Parfrey PS, Foley RN, Harnett D, Kent GM, Murray DC, Barre PE. Outcome
and risk factors for left ventricular disorders in chronic uraemia. Nephrol Dial
Transplant. 1996; 11: 1277-85.

. Barberato SH, Pecoits Filho R. Prognostic value of left atrial volume index in

hemodialysis patients. Arq Bras Cardiol. 2007; 88: 643-50.

Dyadyk Ol, Bagriy AE, Yarovaya NF. Disorders of left ventricular structure
and function in chronic uremia: how often, why and what to do with it? Eur
J Heart Fail. 1999; 1: 327-36.

. Shimizu G, Hirota Y, Kita Y, Kawamura K, Saito T, Gaasch WH. Left ventricular

midwall mechanics in systemic arterial hypertension: myocardial function is
depressed in pressure-overload hypertrophy. Circulation. 1991; 83: 1676-84.

. Zoccali C, Benedetto FA, Mallamaci F, Tripepi G, Giacone G, Cataliotti A,

etal. Prognostic value of echocardiographic indicators of left ventricular
systolic function in asymptomatic dialysis patients. ] Am Soc Nephrol.
2004;15:1029-37.

OhJK. Echocardiography as a noninvasive Swan-Ganz catheter. Circulation.
2005; 111:3192-4.

Mall G, Huther W, Schneider ), Lundin P, Ritz E. Diffuse intermyocardiocytic
fibrosis in uraemic patients. Nephrol Dial Transplant. 1990; 5: 39-44.

de Simone C. Left ventricular geometry and hypotension in end-stage renal
disease: a mechanical perspective. ] Am Soc Nephrol. 2003; 14: 2421-7.

Alpert MA. Cardiac performance and morphology in end-stage renal disease.
Am J Med Sci. 2003; 325: 168-78.

Gupta S, Dev V, Kumar MV, Dash SC. Left ventricular diastolic function in
end-stage renal disease and the impact of hemodialysis. Am J Cardiol. 1993;
71:1427-30.

Chakko S, Girgis I, Contreras G, Perez G, Kessler KM, Myerburg RJ. Effects
of hemodialysis on left ventricular diastolic filling. Am J Cardiol. 1997; 79:
106-8.

. Barberato SH, Mantilla DE, Misocami MA, Goncalves SM, Bignelli AT, Riella

MC, et al. Effect of preload reduction by hemodialysis on left atrial volume
and echocardiographic Doppler parameters in patients with end-stage renal
disease. Am ] Cardiol. 2004; 94: 1208-10.

Barberato SH, Pecoits Filho R. Influence of preload reduction on Tei index
and other Doppler echocardiographic parameters of left ventricular function.
Arq Bras Cardiol. 2006; 86: 425-31.

. Nagueh SF, Middleton K], Kopelen HA, Zoghbi WA, Quinones MA. Doppler

tissue imaging: a noninvasive technique for evaluation of left ventricular
relaxation and estimation of filling pressures. ] Am Coll Cardiol. 1997; 30:
1527-33.

Sohn DW, Chai IH, Lee DJ, Kim HC, Kim HS, Oh BH, et al. Assessment of
mitral annulus velocity by Doppler tissue imaging in the evaluation of left
ventricular diastolic function. ] Am Coll Cardiol. 1997; 30: 474-80.

. Graham RJ, Gelman S, Donelan L, Mottram PM, Peverill RE. Effect of preload

reduction by haemodialysis on new indices of diastolic function. Clin Sci
(Lond). 2003; 105: 499-506.

Arq Bras Cardiol 2010; 94(1) : 131-137

44.

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Rakhit DJ, Zhang XH, Leano R, Armstrong KA, Isbel NM, Marwick TH.
Prognostic role of subclinical left ventricular abnormalities and impact
of transplantation in chronic kidney disease. Am Heart J. 2007; 153:
656-64.

Ommen SR, Nishimura RA, Appleton CP, Miller FA, Oh JK, Redfield MM, et
al. Clinical utility of Doppler echocardiography and tissue Doppler imagingin
the estimation of left ventricular filling pressures: a comparative simultaneous
Doppler-catheterization study. Circulation. 2000; 102: 1788-94.

Dokainish H, Zoghbi WA, Lakkis NM, Al-Bakshy F, Dhir M, Quinones MA,
etal. Optimal noninvasive assessment of left ventricular filling pressures:
a comparison of tissue Doppler echocardiography and B-type natriuretic
peptide in patients with pulmonary artery catheters. Circulation. 2004; 109:
2432-9.

Sharma R, Pellerin D, Gaze DC, Mehta RL, Gregson H, Streather CP, et
al Mitral peak Doppler E-wave to peak mitral annulus velocity ratio is an
accurate estimate of left ventricular filling pressure and predicts mortality in
end-stage renal disease. ] Am Soc Echocardiogr. 2006; 19: 266-73.

WangAY, Wang M, Lam CW, Chan IH, Zhang, Sanderson JE. Left ventricular
filling pressure by Doppler echocardiography in patients with end-stage renal
disease. Hypertension. 2008; 52: 107-14.

Abhayaratna WP, Seward JB, Appleton CP, Douglas PS, Oh JK, Tajik AJ, et al.
Left atrial size: physiologic determinants and clinical applications. ] Am Coll
Cardiol. 2006; 47: 2357-63.

Lester SJ, Ryan EW, Schiller NB, Foster E. Best method in clinical practice
and in research studies to determine left atrial size. Am J Cardiol. 1999; 84:
829-32.

. Lang RM, BierigM, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, etal.

Recommendations for chamber quantification: a report from the American
Society of Echocardiography’s Guidelines and Standards Committee and the
Chamber Quantification Writing Group, developed in conjunction with the
European Association of Echocardiography, a branch of the European Society
of Cardiology. ] Am Soc Echocardiogr. 2005; 18: 1440-63.

Tsang TS, Abhayaratna WP, Barnes ME, Miyasaka Y, Gersh BJ, Bailey KR, etal.
Prediction of cardiovascular outcomes with left atrial size: is volume superior
to area or diameter? ) Am Coll Cardiol. 2006; 47: 1018-23.

Tsang TS, Barnes ME, Gersh BJ, Bailey KR, Seward JB. Left atrial volume as a
morphophysiologic expression of left ventricular diastolic dysfunction and
relation to cardiovascular risk burden. Am J Cardiol. 2002; 90: 1284-9.

Barberato SH, Pecoits-Filho R. Usefulness of left atrial volume for the
differentiation of normal from pseudonormal diastolic function pattern in
patients on hemodialysis. ] Am Soc Echocardiogr. 2007; 20: 359-65.

Tripepi G, Benedetto FA, Mallamaci F, Tripepi R, Malatino L, Zoccali C.
Left atrial volume in end-stage renal disease: a prospective cohort study. J
Hypertens. 2006; 24: 1173-80.

WangAY, Woo J, WangM, SeaMM, Ip R, Li PK, etal. Association of inflammation
and malnutrition with cardiac valve calcification in continuous ambulatory
peritoneal dialysis patients. ] Am Soc Nephrol. 2001; 12: 1927-36.

Wang AY, Wang M, Woo J, Lam CW, Li PK, Lui SF, et al. Cardiac valve
calcification as an important predictor for all-cause mortality and
cardiovascular mortality in long-term peritoneal dialysis patients: a
prospective study. ] Am Soc Nephrol. 2003; 14: 159-68.

Sharma R, Chemla E, Tome M, Mehta RL, Gregson H, Brecker SJ, et al.
Echocardiography-based score to predict outcome after renal transplantation.
Heart. 2007; 93: 464-9.

Panuccio V, Tripepi R, Tripepi G, Mallamaci F, Benedetto FA, Cataliotti A, et
al. Heartvalve calcifications, survival, and cardiovascular risk in hemodialysis
patients. Am | Kidney Dis. 2004; 43: 479-84.

Gunukula SR, Spodick DH. Pericardial disease in renal patients. Semin
Nephrol. 2001; 21: 52-6.

Banerjee A, Davenport A. Changing patterns of pericardial disease in patients
with end-stage renal disease. Hemodial Int. 2006; 10: 249-55.

Bergeron S, Hillis GS, Haugen EN, Oh JK, Bailey KR, Pellikka PA. Prognostic
value of dobutamine stress echocardiography in patients with chronic kidney
disease. Am Heart ). 2007; 153: 385-91.



Barberato & Pecoits-Filho
Echocardiography in Hemodialysis Patients

Review Article

63.

64.

65.

Rabbat CG, Treleaven DJ, Russell JD, Ludwin D, Cook D). Prognostic value of
myocardial perfusion studies in patients with end-stage renal disease assessed
for kidney or kidney-pancreas transplantation: a meta-analysis. ] Am Soc
Nephrol. 2003; 14: 431-9.

De Lima JJ, Sabbaga E, Vieira ML, de Paula FJ, lanhez LE, Krieger EM, et al.
Coronary angiography is the best predictor of events in renal transplant
candidates compared with noninvasive testing. Hypertension. 2003;42:263-
8.

Dahan M, Viron BM, Poiseau E, Kolta AM, Aubry N, Paillole C, etal. Combined
dipyridamole-exercise stress echocardiography for detection of myocardial
ischemia in hemodialysis patients: an alternative to stress nuclear imaging.

66.

6

~

68.

Am J Kidney Dis. 2002; 40: 737-44.

Cortigiani L, Desideri A, Gigli G, Vallebona A, Terlizzi R, Giusti R, et al.
Clinical, resting echo and dipyridamole stress echocardiography findings
for the screening of renal transplant candidates. Int ] Cardiol. 2005; 103:
168-74.

. Ferreira PA, de Lima VC, Campos Filho O, Gil MA, Cordovil A, Machado

CV, et al. Feasibility, safety and accuracy of dobutamine/atropine stress
echocardiography for the detection of coronary artery disease in renal
transplant candidates. Arq Bras Cardiol. 2007; 88: 45-51.

K/DOQI Workgroup. Clinical practice guidelines for cardiovascular disease
in dialysis patients. Am J Kidney Dis. 2005; 45: S1-153.

Arq Bras Cardiol 2010; 94(1) : 131-137

137





