
Cardiovascular	 diseases	 are	 common	 in	 patients	with	 end-
stage	renal	disease	(ESRD)	and	are	the	main	causes	of	morbid-
ity	and	mortality	(1-3).	A	large	body	of	evidence	has	accrued	in-
dicating	that	a	portion	of	this	cardiovascular	damage	may	be	due	
to	haemodialysis	 (HD)	 (4,	 5).	Notably,	 cardiovascular	 events	
contribute	to	increased	death	rates	(10-	to	20-fold)	in	HD	pa-
tients	compared	to	the	general	population,	regardless	of	gender,	
race,	and	the	general	risk	factors	associated	with	heart	disease	
(6).	Short	recurrent	HD	therapy	is	recognized	to	have	a	posi-
tive	impact	on	haemodynamics,	and	approximately	20-30%	can	
be	convoluted	by	major	 intradialytic	hypotension	attacks	 (7).	
Previous	studies	have	also	shown	that	HD	is	known	to	induce	
haemodynamic	instability	through	the	development	of	subclini-
cal	myocardial	 ischemia,	 (8).	 Interestingly,	 sudden	 death	 ap-
pears	to	cause	cardiovascular	death	in	HD	patients	(9).	There	
is	evidence	suggesting	that	cardiac	arrhythmias	are	caused	by	
abnormal	ventricular	morphology	and	function	in	this	group	of	
patients	(10).	Therefore,	studying	changes	in	cardiac	functions	
induced	by	HD	may	be	of	significant	clinical	value.

Cardiac	function	is	routinely	measured	using	diagnostic	im-
aging	techniques.	Echocardiography	(ECHO)	is	a	convention-
al	method	that	can	measure	systolic	and	diastolic	functions	of	
the	right	ventricle	(RV)	and	left	ventricle	(LV).	However,	most	
traditional	ECHO	parameters	of	LV	and	RV	diastolic	and	sys-
tolic	functions	are	affected	by	alterations	in	loading	conditions	
and	are	therefore	called	load-dependent	(11).	In	HD	patients,	
loading	influence	is	principal	for	the	functional	examination	of	
the	heart.	Certainly,	the	alterations	in	volume	status	cause	sig-
nificant	changes	in	preload	and	afterload	and	ultimately	effect	
the	LV	diastolic	 function	measurements	 (12-14).	The	use	of	
newer	Doppler	techniques	that	can	examine	cardiac	function	
independent	of	volume	status,	 such	as	 tissue	Doppler	 imag-
ing	(TDI),	may	prove	useful	for	early	diagnosis	(12,	13).	TDI	
can	adequately	measure	relaxation	and	contraction	velocities	
from	 the	myocardium	and	has	 been	 recommended	 as	 quan-
titative	and	relatively	load-independent	(11,	14).	Throughout	
HD	treatment,	the	intravascular	volume	of	these	patients	is	re-
duced	a	plausible	group	to	investigate	the	role	of	acute	preload	
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reduction	on	TDI.	Therefore,	we	designed	 the	present	study	
to	assess	the	acute	effects	induced	by	a	single	HD	session	on	
traditional	and	TDI	parameters	in	a	patient	cohort	with	ESRD.

MATERIAL AND METHODS

The	study	was	developed	and	adapted	within	the	guidelines	
and	ethical	principles	defined	in	the	Declaration	of	Helsinki.	
In	addition,	 the	following	 investigation	was	approved	by	an	
International	Review	Board.	All	patients	approved	and	con-
sented	to	participate	in	the	study.

Study design and participants
Fifty-eight	HD	patients	(n=58)	(30	males	and	28	females;	

mean	age,	41.6±13.1	years;	and	mean	HD	duration,	73.7±51.8	
months)	with	a	history	of	ESRD	in	the	absence	of	documented	
atherosclerosis	or	systemic	pathologies	(including	malignan-
cy,	active	infection,	and	inflammation)	comprised	our	study.	
The	ESRD	aetiologies	were	as	follows:	primary	hypertension	
in	15,	chronic	glomerulonephritis	in	10,	diabetes	mellitus	in	4,	
polycystic	kidney	disease	in	2,	nephrolithiasis	in	11,	and	other	
causes	in	16	patients.
Haemodialysis	therapy	was	given	for	3.5	to	4	hours,	thrice	

weekly	with	highly	 tissue-compatible	membranes.	The	dial-
ysis	 used	was	 composed	 of	 potassium	2.0	mmol/L,	 sodium	
140	mmol/L,	 and	 calcium	1.5	mmol/L.	Clinical	 findings	 of	
overhydration	were	not	present.	In	particular,	patients	did	not	
have	 uncontrolled	 hypertension,	 dyspnoea,	 and	 oedema,	 or	
any	signs	of	fluid	retention	according	to	the	chest	radiography.	
The	use	of	cardiac	drugs	was	recorded	in	all	participants.	As-
pirin	was	used	for	15	patients;	ACE	inhibitors	for	6	patients;	
ARBs	for	5	patients;	beta-adrenergic	blockers	for	13	patients;	
calcium	antagonists	 for	 11	patients;	 diuretics	 for	 4	patients;	
insulin	for	4	patients;	and	statins	for	8	patients.	Fifty-four	pa-
tients	 received	 erythropoietin.	Body	mass	 index	 (BMI)	was	
assessed	using	the	simple	formula	of	the	patient’s	weight	(kg)	
over	 their	height	 (m2).	Blood	analyses	were	calculated	on	a	
Hitachi	7350	Autoanalyser	(Hitachi	Ltd.,	Tokyo,	Japan)	utiliz-
ing	kits	available	through	a	manufacturer.

Echocardiography
M-Mode,	 Two-dimensional	 (2-D),	 conventional-Doppler,	

and	 tissue	Doppler	ECHO	analyses	were	 done	 immediately	
before	and	after	HD	with	the	use	of	a	Vivid	7	(General	Elec-
tric,	Horten,	Norway)	echocardiography	machine	 in	parallel	
with	a	transducer	(3.5	MHz).	All	echocardiographic	data	was	
calculated	 based	 on	 the	American	 Society	 of	 Echocardiog-
raphy	Guidelines	(15).	Analysis	of	LV	size,	mass,	 fractional	
shortening	 (FS),	 ejection	 fraction	 (EF),	 and	 left	 atrial	 (LA)	
size	and	volume	were	determined	by	M-mode	and	2-D	echo-
cardiography.	To	measure	LV	diastolic-filling	parameter	alter-

ations,	Doppler	signals	were	recorded	from	the	mitral	inflow,	
PV	inflow,	and	TDI	of	the	mitral	annulus.	Early	(E)	and	late	
atrial	(A)	peak	transmitral	flow	velocities	were	measured	from	
the	mitral	inflow.	Peak	PV	systolic	(S)	and	diastolic	(D)	flow	
velocities	were	obtained	and	calculated	from	the	left	upper	PV	
inflow.	The	mitral	and	tricuspid	annular	planes	were	set	ver-
tical	 to	the	ultrasound	beam	and	TDI	signals	were	obtained.	
Pulsed	TD	sample	volume	(5	mm)	was	observed	at	the	tricus-
pid	annulus	on	 the	 lateral	side	as	well	as	 the	mitral	annulus	
septal	and	lateral	borders.	Care	was	used	to	avoid	Doppler	in-
flow	and	background	noise	peaks.	Both	septal	and	lateral	mi-
tral	annulus	measurements	were	collected	and	peak	Sm,	peak	
Em,	late	peak	Am,	and	the	Em/Am	ratio	were	determined	for	
this	site.	All	measurements	were	documented	at	a	stroke	rate	
of	 100	mm/s.	A	minimum	 of	 three	 separate	 heartbeats	was	
used	to	determine	the	mean	calculations.	ECHO	data	collected	
was	subjected	to	a	single	blinded,	independent	bystander	with	
no	knowledge	of	the	patient’s	identity,	but	aware	of	their	pre-	
and	post-HD	status.	Intraobserver	variability	was	determined	
to	be	0.3±0.7%	for	the	TDI	ECHO	variables.

Data analysis
Continuous	variables	were	calculated	as	the	average±standard	

deviation.	Nominal	variables	were	reported	as	counts.	A	Stu-
dent’s	 t-test	was	performed	on	 ‘Within-group’	 comparisons.	
Multiple-linear	regression	analysis	was	performed	on	the	fluc-
tuations	in	ECHO	measurements	independent	of	the	potential	
confounders.	This	analysis	involved	gender,	age,	BMI,	blood	
pressure,	 creatinine,	 serum	 electrolytes,	 and	 ultrafiltration	
volume.	Statistical	analyses	were	performed	utilizing	Statisti-
cal	Package	for	the	Social	Sciences	(SPSS)	17.0	(SPSS	Inc.,	
Chicago,	IL,	USA).	A	P-value	less	than	0.05	was	used	a	cut-
off	for	statistical	significance.

RESULTS

The	pre-	and	post-HD	measured	values	are	shown	in	Table	1.	
BMI,	 systolic/diastolic	 and	mean	blood	pressure,	 urea,	 creati-
nine,	sodium,	potassium,	phosphorus,	and	calcium	all	decreased	
significantly	following	HD	(all	p	values	<0.001).	
Haemodialysis-induced,	 two-dimensional,	 and	 M-mode	

echocardiographic	parameter	changes	are	reported	in	Table	2.	
We	found	no	statistically	significant	post-HD	alterations	in	LV	
systolic	functions	(ejection	fraction	and	fractional	shortening).	
In	contrast,	LV	size	and	mass,	stroke	volume,	cardiac	output,	
and	left	atrial	size	and	capacity	decreased	significantly	follow-
ing	HD	 (all	p	values	<0.001).	HD-induced	Doppler	 and	TDI	
changes	are	reported	in	Table	3.	Transmitral	E	and	A	velocities	
and	E/A	ratios	decreased	significantly	following	HD	(p<0.001).	
Pulmonary	 vein	 S	 (p<0.001)	 and	D	 (p<0.001)	 velocities	 de-
creased,	 while	 S/D	 ratios	 markedly	 elevated	 after	 HD	 treat-
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ment	(p=0.027).	Decreases	in	septal	Em	(p<0.001),	lateral	Em	
(p=0.006),	 and	Am	(p<0.001)	velocities	were	also	observed	
after	HD.	Contrary	to	a	decrease	in	Em	and	Am,	the	Em/Am	
ratio	remained	unchanged.
No	statistically	significant	relationship	was	determined	for	

the	 changes	 associated	 with	 Em/Am	 ratio	 and	 gender,	 age,	
body	mass	index,	ultrafiltration	volume,	mean	blood	pressure,	
creatinine,	and	electrolyte	levels	(Table	4).

DISCUSSION

This	 research	 investigation	 was	 performed	 to	 validate	
whether	a	single	HD	treatment	creates	substantial	changes	in	
ECHO	and	TDI	parameters	in	chronic	stable	ESRD	patients.	
The	present	study	demonstrated	three	main	results	that	should	
be	 considered.	 First,	 LV	 systolic	 function	 was	 not	 affected	
by	 preload	 reduction.	Although	 LV	 stroke	 volume,	 cardiac	
output,	end-systolic,	and	end-diastolic	size	decreased	after	a	
single	HD	session,	ejection	fraction	and	fractional	shortening	

remained	 statistically	 unchanged.	This	 is	 because	 both	 end-
systolic	 and	 end-diastolic	 diameters	 diminished	 following	
HD.	Second,	we	showed	that	a	single	HD	therapy	was	related	
to	acute	deterioration	in	diastolic	parameters	as	examined	by	
conventional	 Doppler	 ECHO.	 Both	 mitral	 inflow	 E	 and	A	
velocities	 declined	 after	 HD	 treatment.	 Because	 E	 velocity	
decreased	more	than	A	velocity,	 the	ratio	of	E/A	diminished	

	 Before	HD	 After	HD	 p	value

Body	mass	index	(kg/m2)	 24.4±4.5	 23.2±4.4	 <0.001

Systolic	blood	pressure	(mmHg)	 145±33	 127±28	 <0.001

Diastolic	blood	pressure	(mmHg)	 84±18	 77±16	 <0.001

Urea	(mg/dL)	 142±35	 37±14	 <0.001

Creatinine	(mg/dL)	 9.8±1.9	 3.4±1.0	 <0.001

Serum	sodium	(mEq/L)	 140±2.2	 138±2.0	 <0.001

Serum	potassium	(mEq/L)	 5.0±0.6	 3.3±0.5	 <0.001

Serum	phosphorus	(mg/dL)	 5.4±1.3	 3.8±0.9	 <0.001

Serum	calcium	(mg/dL)	 8.9±0.7	 10.4±0.8	 <0.001

HD:	haemodialysis;	ESRD:	end-stage	renal	disease;	SD:	standard	deviation

TABLE 1. General	characteristics	of	patients	with	ESRD	before	and	after	
HD	treatment	(mean±SD)

	 Before	HD	 After	HD	 p	value

E	(Mitral	inflow	early	 108±31	 75±25	 <0.001	
diastolic	flow),	cm/sn

A	(Mitral	inflow	late	 91±29	 81±22	 <0.001	
diastolic	flow),	cm/sn

E/A	mitral	 1.24±0.38	 0.96±0.27	 <0.001

S	(Pulmonary	vein	inflow	 63.6±10.8	 57.2±12.9	 <0.001	
systolic	flow),	cm/sn

D	(Pulmonary	vein	inflow	 56.0±12.1	 47.7±12.0	 <0.001	
diastolic	flow),	cm/sn

S/D	 1.17±0.26	 1.26±0.41	 0.027

Sm	(lateral	mitral	annulus),	cm/sn	 10.9±2.9	 11.4±3.5	 0.31

Em	(lateral	mitral	annulus),	cm/sn	 10.7±2.9	 10.9±2.8	 0.43

Am	(lateral	mitral	annulus),	cm/sn	 9.3±2.0	 8.5±1.9	 <0.001

Em/Am,	lateral	 1.19±0.54	 1.23±0.52	 0.14

Mitral	inflow	E/Em	lateral	(E/Em)	 13.8±5.1	 11.4±4.4	 <0.001

Sm	(septal	mitral	annulus),	cm/sn	 8.6±1.9	 8.7±2.0	 0.50

Em	(septal	mitral	annulus),	cm/sn	 8.5±2.7	 7.1±2.4	 <0.001

Am	(septal	mitral	annulus),	cm/sn	 9.3±2.0	 8.5±1.9	 <0.001

Em/Am,	septal		 0.94±0.34	 0.89±0.33	 0.12

Mitral	inflow	E/Em	septal	(E/Em)	 13.9±5.1	 11.4±4.4	 <0.001
HD:	haemodialysis;	ESRD:	end-stage	renal	disease;	TDI:	Tissue	Doppler	imaging;	
E/A:	ratio	of	E	to	A	diastolic	mitral	inflow	rates;	S/D:	ratio	of	S	to	D	pulmonary	venous	
inflow	rate;	Sm:	myocardial	peak	systolic	velocity;	Em:	tissue	Doppler	imaging	early	
diastolic	mitral	annular	velocities;	Am:	tissue	Doppler	imaging	late	diastolic	mitral	
annular	velocity;	Em/Am:	ratio	of	Em	to	Am;	E/Em:	ratio	of	early	mitral	inflow	rate	to	
early	TDI	diastolic	mitral	annuler	rate

TABLE 3.	Conventional	Doppler	and	TDI	echocardiographic	parameters	
from	ESRD	patients	pre-	and	post-HD	treatment	(mean±SD)

	 t	 95%	CI	 p	value

Age	(years)	 1.7	 -5.4-5.3	 0.1

Gender	(male)	 -1.6	 -0.3-0.04	 0.1

Body	mass	index	(kg)	 0.4	 -0.02-0.03	 0.7

Mean	blood	pressure	(mmHg)	 -0.3	 -0.004-0.003	 0.8

Heart	rate	(beats/min)	 0.17	 -0.007-0.008	 0.9

Creatinine	(mg/dL)	 0.3	 -0.04-0.05	 0.7

Serum	sodium	(mEq/L)	 0.5	 -0.03-0.05	 0.6

Serum	potassium	(mEq/L)	 -0.8	 -0.16-0.07	 0.5

Ultrafiltration	volume		(mL)	 -1	 0-0	 0.3

CI:	confidence	interval

TABLE 4. Multiple	linear	regression	analysis	between	echocardiographic	
Em/Am	ratio	and	clinical	and	laboratory	parameters

	 Before	HD	 After	HD	 p	value

LV	end-diastolic	diameter,	mm		 47.5±5.8	 43.8±5.9	 <0.001

LV	end-systolic	diameter,	mm	 31.6±5.4	 29.8±5.5	 <0.001

LV	ejection	fraction,	%	 69.2±7.6	 67.5±7.9	 0.07

LV	fractional	shortening,	%	 33.1±5.5	 31.9±5.9	 0.08

Stroke	volume,	mL	 75.5±26.3	 62.1±20.6	 <0.001

Cardiac	output,	L/min	 5.7±2.1	 5.0±1.8	 <0.001

LV	mass	index,	g/m2	 159±50	 150±46	 <0.001

LA	diameter,	mm	 38±5	 33±5	 <0.001

LA	volume,	mL	 51.5±17.2	 36.4±15.4	 <0.001

RA	diameter,	mm	 32.9±3.9	 29.6±3.7	 <0.001

HD:	haemodialysis;	ESRD:	end-stage	renal	disease;	LV:	left	ventricle;	LA:	left	atrium

TABLE 2. Two-dimensional	and	M-mode	echocardiographic	parameters	of	
patients	with	ESRD	pre-	and	post-HD	therapy	(mean±S.D.)



as	well.	A	similar	condition	was	endorsed	for	the	pulmonary	
vein	 inflow	S	and	D	parameters.	Thus,	 these	parameters	 in-
dicated	 the	volume	dependent	 index	 for	evaluating	diastolic	
functions.	Third,	our	results	implied	that	the	Em/Am	ratio,	as	
calculated	by	TDI,	was	a	relatively	load-independent	index	of	
diastolic	function	in	HD	patients.	Both	Em	and	Am	velocities	
decreased	 significantly	 after	 a	 single	HD	 session.	Due	 to	 a	
similar	reduction	in	Em	and	Am	velocities,	the	Em/Am	ratio	
did	not	change	significantly.	Peak	E	 transmitral	 flow	rates	 /	
peak	E	diastolic	myocardial	rates	(E/Em),	the	other	parameter	
evaluated	for	myocardial	function,	decreased	significantly	af-
ter	HD	due	to	a	more	pronounced	decrease	in	mitral	inflow	E.	
Galetta	et	al.	(16)	previously	reported	that	a	single	HD	ses-

sion	is	related	to	acute	systolic	and	diastolic	myocardial	dys-
functions,	as	evaluated	by	TDI.	It	was	also	suggested	that	low	
interdialytic	 weight	 gain	 and	 ultrafiltration	 volume	 are	 car-
dioprotective	factors	in	this	patient	group.	Mendes	et	al.	(17)	
reported	 that	 pulsed	TDI,	 colour	TDI,	 and	 speckle	 tracking	
imaging	 provided	 similar	 outcomes	 for	 the	 calculation	 of	 S	
and	D	myocardial	operation	in	clinically	stable	patients	with	
ESRD	on	HD	for	more	than	4	months.	Interestingly,	Drighil	
and	colleagues	(11)	suggested	that	systolic	and	diastolic	ven-
ticular	TDI	velocities	are	load-dependent,	and	that	potent	HD	
treatment	may	provide	 insight	 into	determining	 the	onset	of	
diastolic	dysfunction	in	adolescent	ESRD	patients.	Addition-
ally,	Fijalkowski	et	al.	(14)	suggested	that	mitral	annular	TDI	
velocity	may	offer	 an	optional	worthwhile	preload-indepen-
dent	marker	for	evaluating	LV	D	impairment	in	ESRD.
The	early	rapid	filling	of	LV	during	diastole	(E)	depends	on	

volume	status.	A	compensatory	increase	in	the	late	atrial	phase	of	
LV	filling	(A	wave)	occurs	in	patients	with	impaired	LV	compli-
ance	or	abnormal	relaxation,	which	results	in	a	reduced	E/A	ratio.	
This	 situation	 is	 designated	 “impaired	 relaxation”,	 considering	
the	diastolic	dysfunction	diagnosis	 (18).	Our	ECHO	data	 con-
firm	the	presence	of	HD-induced	diastolic	dysfunction	in	ESRD	
patients.	Of	 interest,	 Zaslavsky	 et	 al.	 (19)	 previously	 reported	
impaired	diastolic	function	as	an	important	prognostic	mortality	
indicator	for	ESRD	patients	on	initial	dialysis	treatment.
In	HD	patients,	hypervolemia	may	disguise	the	LV	diastolic	

and	 systolic	dysfunction	 (8).	Because	of	 this,	 the	 frequency	
and	severity	of	LV	dysfunction	may	be	grossly	underestimat-
ed.	Therefore,	parameters	with	low	sensitivity	to	loading	con-
ditions	(load-independent)	are	clinically	relevant	(11,	16,	17).	
Our	current	findings	suggest	that	the	Em/Am	ratio	determined	
from	HD	patients	using	TDI	may	serve	as	a	relatively	load-
independent	 predictor	 of	 diastolic	 function.	 Therefore,	 TDI	
determination	 of	 the	 Em/Am	 ratio	may	 be	 a	more	 accurate	
method	of	identifying	diastolic	dysfunction	when	the	evalua-
tion	is	performed	for	ESRD	patients	on	HD.
There	are	several	 limitations	 that	must	be	discussed	when	

interpreting	 our	 results.	 Our	 experimental	 findings	 are	 pre-
dominantly	 observational,	 with	 evaluations	 that	 were	 asso-

ciative	and	not	predictive	or	causative.	Furthermore,	we	did	
not	perform	any	routine	follow-up	of	the	patients	studied.	Our	
study	was	performed	on	a	relatively	small	population	(n=58),	
but	still	 large	in	comparison	to	previous	studies	in	the	field.	
For	 ethical	 reasons,	we	 did	 not	 keep	 the	 total	 fluid	 volume	
removed	constant,	 so	 the	quantity	of	 dialytic	 fluid	 removed	
was	not	controlled.	Finally,	in	compliance	with	previous	stud-
ies	(11,17),	the	ECHO	and	TDI	variables	were	given	for	the	
pre-	or	post-HD	conditions.	Our	future	research	will	be	aimed	
at	clarifying	whether	these	changes	in	the	ECHO	and	TDI	pa-
rameters	have	prognostic	implications	for	HD	patients.
In	conclusion,	the	present	study	shows	an	immediate	asso-

ciation	between	HD	and	deterioration	in	the	diastolic	param-
eters.	Since	the	Em/Am	ratio	remained	unchanged	following	
HD,	we	propose	 the	use	of	 the	Em/Am	ratio	as	a	 relatively	
load-independent	 index	 of	 diastolic	 function	 in	 ESRD	 pa-
tients.
As	numerous	detrimental	effects	of	 renal	 insufficiency	on	

cardiac	function	begin	well	before	the	need	for	HD,	an	evalu-
ation	of	cardiac	functions	before	the	patient	reaches	ESRD	is	
paramount.
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