Furosemide Pharmacodynamics and Cardiovascular Effects in
Hemodialysis Patients
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Furosemide is a drug that has not only a renal effect, but also a vascular one, resulting in decreased left atrial
and ventricularfilling pressure accompanied by an increase in venous compliance, all of this with significant
effects on central cardiac hemodynamics.In dialysis patients, it is still unclear the efficiency of furosemide,
a diuretic drug that inhibits the Na+, K+, 2CL” cotransporter in the renal tubular system. Also, furosemide
need to be used at much higher doses because of its pharmacokinetic changes in the context of impaired
renal clearance.The aim of our study was to investigate whether furosemide induces changes in
cardiovascular hemodynamics in end-stage renal disease (ESRD) patients, using standard echocardiography
and Tissue Doppler Imaging (TDI).We foundcorrelations between furosemide useand improved cardiac
parameters, assessed by multiple echocardiographic variables, and we consider that furosemide has

complementary effects in dialysis patients with residual diuresis.
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Diuretics are often stopped when patients start dialysis.
Some studies have shown that preserved residual renal
function in dialysis patients is associated with
bettercardiovascular status and although the association
between diuretic and preserved residual renal function is
still in debating, the clinical and paraclinical benefits offered
by furosemide make it valuable in dialysis patients with
urine output [1-3].In dialysis patients,even with
someresidual diuresis, furosemide has been shown to
induce a rapid vascular effect, besides the diuretic effect.
Venous dilatation occurs, and therefore a decrease in
cardiac preload and filling pressures[1,2,4]. Several
parameters, such as left ventricular hypertrophy (LVH) and
left ventricular (LV) systolic dysfunction, have been
identified as independent outcome predictorsin dialysis
patients [5-7]. Diastolic heart failure and increased filling
pressures in dialysis patients often exists without the
presence of significant systolic heart failure, and that may
be assessed by Doppler techniques, especially Tissue
Doppler Imaging (TDI), that has also demonstrated its
significant prognostic value for all-cause mortality and
cardiovascular death [8-10]. Novel Doppler techniques
should be able to detect even more subtle changes in
cardiac function induced by furosemide [2, 8-11],

E-wave velocity reflects the left atrium(LA)-left
ventricle(LV) pressure gradient during early diastole filling
and is affected by impaired LV relaxation andleft atrial
pressure(LAP)[8,9].A-wave velocity reflects the LA-LV
pressure gradient during late diastole, and it depends by LV
compliance and LA contractile function.Mitral E-velocity
deceleration time(DT) is influenced by LV relaxation, LV
diastolic pressures after mitral valve opening, and left
ventricular stiffness.Isovolumetric relaxation time(IVRT)
is prolonged in patients with impaired LV relaxation but

normal LV filling pressures. When LAP increases,
IVRTduration shortens and being inversely corelated with
LV filling pressures. [8,9] LA volume index(LAVi) reflects
the cumulative effects of increased LV filling pressures and
increased LAVi is an independent predictor of death, heart
failure, atrial fibrillation, and ischemic stroke.CW Doppler
tricuspid regurgitation(CWTR) systolic jet velocity-
significant correlation exists between systolic pulmonary
artery pressure(SPAP) and noninvasively derived LAP
Increased SPAP suggests elevated LARif pulmonary
disease is absent [9,10].E/E’'velocity has a powerful
correlation with pulmonary capillary wedge pressure
(PCWP) compared with invasive measurements of LV
filling pressure.Mitral E velocity obtained byPW Doppler
complemented using E/e’ ratio correlates well to the mean
pulmonary capillary wedge pressure (PCWP) as obtained
by simultaneous catheter measurements [10,12]. E/E’ ratio
is a marker of left atrial filling pressure. [9,10,12]

Experimental part
Materials and method

We selected for our study, between January 2015 to
December 2016, ESRD patients, who were treated with
HD three times a week for more than 6 months, in whom
there were some residual diuresis (250 to 650 mL urine/
day). We chose the patients in sinus rhythm, without severe
valvular heart disease, ischemic heart disease, congestive
heart failure (NYHAclasses Il and IV), pulmonary disease
or significant pericardial disease.Conventional two-
dimensional echocardiography and TDI were recorded with
a Siemens Acuson P300, immediately before the dialysis
session, therefore cardiac hemodynamics not being
influenced by volume or speed ultrafiltration. The echo
report was recorded at baseline and further after in similar
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VARIAEBLE CONTEOL FUROSEMIDE

GROUP (N=34) | GROUP (N=4T) P

MALE GENDER, N (%) 38(70,57%) 11(3.53%) 13
AGE. YEARS [MEANZ 5D) 5721842 L EISRE1 JE]
ETIOLOGY OF RENAL FAILLIRE, N (%) ok
DIABETES MELLITUS | 21738.38%%) 16034.04%3) JE]

ARTERIAL HYPERTENSION/RENCWVASCULAR | 17(31.4E%) 14025 78%) NS Table 1
GLOMERULONEPHRITIS | 12(22.22% B(17.02%: M8
OSSR R | 10365 S0 65w = POPULATION BASELINE

FOLYCYSTIC KIDNEY DISEASE | 2(3.70%:) 1(2.12%) NS

OTHER CALSES | 5(9.2505) A6 35) 18

DIALYSIS VINTAGE, YEARS (MEAN+ 5D) | 26217 24514 R
DAILY DIURESIS, ML (MEANESD) 381358083 S6156+A5.13 =001

FURODSEMIDE DOSE, MG [MEAN5D) - 175324278 -
AV FISTULA, M (%) 42077.77%) 3574465 18
BMI, KG/M*[MEAMN £5D) 154434 153449 JE]
BODY SURFACE AREA, M3{MEAN +5D) 1.B3+0.33 1.E1+031 JE]
DISLYPIDEMIA, N (%) 24(44 44%) 207435555 g
CIGARETTE SMOKING 2(16.66%5) B17.02%%) &

conditions.All patientsbenefited from cardioprotective
medications which hadshown to reduce mortality[13] in
the general population such as angiotensinconverting
enzyme inhibitors, beta-adrenergic antagonists (beta-
blockers), acetylsalicylicacid,3-hydroxy-3-methyl-glutaryl
coenzyme A reductase inhibitors (statins) and
cytoprotective anti-ischemic agent [14].Dyslipidemia,
measured through blood test, (including high levels of
cholesterol, triglycerides, LDLc and low levels of HDLc) is
part from thefactors involved in increased cardiovascular
risk associated with CKD and also with progression of
kidney failure [15]. Furthermore,the variety of biomarkers
availabled for monitoring and for the prognosis of acute
kidney injury(AKI) are limited, andin present numerous
trials have proven the importance of microRNAs in this
field[16,17].Standard echo measurements, including left
ventricular end diastolic and end systolic dimensions
(LVEDD and LVESD), end-diastolic and systolic wall
thickness of interventricular septum (IVSd and IVSs) and
left ventricular posterior wall (PWTD and PWTS) were
determined with the M-mode (Mm) technique. Ejection
fraction (EF) was determined using M mode and Simpson
method and complemented by eyeballing .LV mass was
calculated by Devereux’s formula using the M-mode of the
parasternal long axis view, and indexed to body surface
area. LV hypertrophy was defined as LVMI >115 g/m2 in
men and >95 g/m2 in women [8,9]. Left atrium
dimension(LAd) was measured as anteroposterior
diameter in M mode from parasternal long axis view and
also as left atrial volume using bidisc method in the apical
four and two chamber view.

LV diastolic function parameters were assessed both
conventional and through TDI. Using pulse-wave
Doppler(PW) at the tip of the mitral leaflets in the 4-
chamber view,mitral E-wave velocity, E-wave deceleration
time (DT), and late diastolic wave (A) velocity were
measured. Mitral inflow E/A ratio and DT are used to identify
the filling patterns: normal, impaired relaxation, pseudo-
normal, and restrictive filling [8,9].TDI wasperformed in
high frame rate ( =100 frames/second) from the apical
four chamber view to assess myocardial velocities. Peak
annular early diastolic velocity (E") was measured in annular
LV segments (septal and lateral). E/E2 ratio was calculated,
and significant LV diastolic dysfunction was defined as E/
E’ = 14, septal E’ velocity <7cm/s, lateral E’ velocity<10
cm/s,CW TR velocity> 2.8 m/s and LA volume
index(LAVi)>34mL/m2 [8,9].E/E’ ratio < 8 isassociated
with normal LV filling pressures (PCWP < 15 mmHg), while
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a ratio > 15 is associated with increased filling pressures
(PCWP > 15mmHg) [ 10,12,].

Statistical analysis

Statistical analysis was performed usingGraphPad
Software, Inc 3.1. To calculate the statistical significance,
we performed comparisons between the two groups using
the t-Student test and Fisher exact test. For variables with
Gaussian distribution, the values are presented as mean +
standard deviation and p was calculated using unpaired t-
Student test. Correlation has been evaluated with Pearson
test. Comparisons between baseline and next month
measurements were performed using ANOVA with the
Turkey post hoc test.Statistical significance was
considered if p<0.05.

Results and discussions

No patient died or suffered from a major cardiovascular
event. In table 1 we can see that there were no significant
differences between the group characteristics (gender,
age, etiology, dialysis period, vascular acces, BMI, BSA and
the presence of other risk factors). There was a significantly
better urine output in the furosemide group(p<0.0001),
proportionally correlated to a higher dose of furosemide.
None of the patients had normal diastolic function and all
of them had LVH withnormal EF(>55%).Also, there were
no differences between blood pressure values over time in
both groups.All patients were examinated imediatly before
dialysis, so they were overhydrated, which was
demonstrated by high E/E’ values, indicating a CPWP >12
mmHg (E/E’>15). E wave, A wave, E/A ratio, DT, LA
parameters and SPAP were higher in the control group and
it got worse through time reaching statistical
significance(p<0.05) as seen in Table 2. Regarding TDI
parameters we observe in Table 3 that E’ wave, A wave, E/
E’ ratio are direct proportional, with high PCWP and LV
filling pressures. Standard echocardiography and a more
sensitive method, TDI, showed that furosemide was able
to inducechanges in cardiac hemodynamics also
correlated with urine output. Most of the echocardiographic
parameters were significantly better in dialysis patients
receiving furosemide, as evaluated through time.
Furosemide can cause a rapid venodilatory response, which
starts before an effect on diuresis and can be notedvia
echo parameters [2,18]. Previous studies concerning
cardiovascular effects of furosemide have shown different
results, due to various methods, vascular status and studied
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Table 2
CLINICAL AND STANDARD ECHOCARDIOGRAPHY PARAMETERS IN THE STUDIED GROUP PATIENTS

Parameter Basaline 3 months & months 4 months Limonths 18 months | 24 months | P
EF (%) 61 1+11.0 62.5+13.6 613125 a0.6+14.4 5894156 | 567164  STIEIES ¢ NS
F5 (%) 3771l 371132 3535114 366+122 343+106 0 3335£131 M4E+I1E NS
Eim's) 059403 12405 114022 0.5+04 10401 11404 12405 < 001
A (ms) 07404 059402 07405 059402 08403 06405 0504 < 0001
EA 19408 1E+11 20415 2418 21420 15414 212 < 0001
Comtral DT {msz) 1702254 1 17452206 | 16732318 | 18144413 | 18525334 | 16832302 18135495 © = 0001
group LAV(ml) 68 1+17.5 62 1+16.0 T63+26.2 61 7+13.6 BEEE194 1 712+163 BO3E292 0 = 0001
LAd (em) o6 432418 45£18 47427 46423 44425 44+14 < 0001
CW TE(m/'s) 24406 23407 26405 2E408 29407 32404 33405 < 0001
LVm (g} 1815395 1 1863268 | 19332424 ¢ 19555471 ¢ 1981472 1 19862308 | 2106431 ¢ 0993
SBP (mmBbz | 45823371 VIS00L183 15155167 IR AETAE TS0 4516 T TaR 0 T IR0 NS T
DEF (momHg) | B2.0+11.0 BLO+07 B8 453 Te3+5 8 B63x10.6 756 BOSE12E THE T
EF (%) 62.1+11.6 622489 643107 604485 601186 ¢ 5924177 | 3944123 ) NS
F5 (%) 38 2+118 364454 33157 ITELRS 3624115 ) 33.7£10.1 353538350 s
Eim's) 07403 059402 0.5+0.4 114022 054022 05403 10401 0005
A (m/'s) 07402 0.8+03 06402 06403 08402 0.540.4 05401 003
EA 11403 14405 13406 14407 13406 10404 14407 W03
Forozenude | DT (ms) 16425234 18400206 | 18738318 ¢ 19144413 | 160.2£334 | 1735402 1813405 ¢ 0318
group LAV(ml) F8 1175 62 1+16.0 36.3+162 61 7+13.6 3884194 | 6124163 ¢ 603E192 1 NS
LAd (em) 29411 33410 15416 4.5+£2.0 317414 1516 35411 < 001
CW TR(m/'s) 20406 20407 24405 27408 26407 2E404 30205 < 0001
LVm (g} 18194355 Te 6206 | 10032432 | 13558484 ¢ 19918372 ¢ 180:203 201486 0545
SBP (mmPz) | 14338005 1 T4TSEEED U OTHRTENGD U L4S 3TN0 I44IENT S T4 SN0 T4 E NS
DEP (mmHg) | 76.2+7.5 TO0£11.3 78.7+10.3 73.7+13.8 T8 7£14.9 T3 7£14.9 77.5£179 | NS
Table 3

TDI PARAMETERS OF LV DIASTOLIC FUNCTION AND LV FILLING PRESSURE IN STUDIED GROUPS. PCWP WAS ESTIMATED
USING NAGUEH FORMULA (PCWP = 1.24 * (E/E’) + 1.9)

Parameter | Baszeline 3 months & months 9 months 12months 13 months | 24 months | P
E'{cm's) 5E+14 63116 55415 55417 T7.1+18 64116 TM17 < 0001
A{em=) ¢ 30424 46+23 47+18 3.1+18 36+20 5521 6.54£22 < 001
Control EVTA 059404 17412 15408 20405 14407 1610 15405 < 0001
aroup EE’ 21 1+1BE 1 2884133 220£145 ¢ 261142 ¢ 360+£16E8 1 31381 3204182 ¢ o= 0001
IVET 10855325 ¢+ 9564242 1 935£23 8 10425333 ¢ 10952193 ¢ 1071214 0 11142288 © = 0011
{ms)
PCUWE 15,8427 15041 8 16,8126 178423 154821 141125 182+£34 < 0001
{mmHz)
E'(m'=) 4E8+19 45423 51121 49+18 47423 47413 ENESE] < 0001
AT (m's) 6412 55215 5E£17 5715 6118 7.1+18 66218 < 05
Furogemide | ETVA 0.8+04 07403 09405 05402 1.1+03 0803 12404 Mg
group EE’ 1753475 122476 240£129 1 2544119 | 263L156 19.0+£4 9 201462 = 0001
IVET 1226412 0 11894323 1 124323609 ¢ 11542322 ¢ 1210447 0 117.08344 § 119082240 | <001
(ms)
=PCWE 11.7£1.6 128423 104£1.6 130425 14021 131432 132+£26 <0001
(mmFs)

Abbreviations: EF=Ejection traction, FS=Fractional shortening, E=Early distolic flow velocity, A=Late diastolic flow (atrial kick), DT =Mitral E-
velocity deceleration time, LAV=left atrial volume, LAd=left atrial antero-posterior diameter, CW TR=continuous wave Doppler tricuspid
regurgitation velocity, SBP/DBP= systolic/diastolic blood pressure, E"=Average of the lateral and septal E’ values, IVRT=isovolumetric relaxation
time, ePCWP=estimated pulmonary capillary wedge pressure.

populations. Some studies have suggested that furosemide
also has extra renal effects, some vascular effects that
may justify its use also in anuric patients [2,19]. However,
studies evaluating the vascular effects of furosemide in
ESRD patients have shown conflicting results. Schmieder
published a study in wichan iv bolus of furosemide
wasgiven to HD patients [20]. The result was a significant
decrease in central blood volume that was seen minutes
after the bolus, indicating a redistribution of blood from the
cardiopulmonary system to the periphery [20]. Other
authors demonstrated that after an intravenous dose of
furosemide left ventricular fillingpressure decreased. It's
important to understand that there is much more to an
echo exam than mere EF [5]. eGFR value alone-
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demonstrated that is a better follow-up parameter then EF,
as a marker for cardiovascular morbidity and mortality
[21].So, in this special population we have to come with
something more in orderto add more prognostic value. The
novel tissue Doppler and Speckle tracking techniques can
guide us to understand and treat the complex patient
involved in this pathophysiological relation between kidney
and heart [8-12].Also, in most studies, arterial stiffness is
assessed by carotid-femural pulse wave velocity (cfPWV),
andwould have been a useful markerbecause it is
correlated with overall mortality and cardiovascular
mortality,even in dialysis patients[22]. Furthermore, we
emphasise the need for more large-scale randomized
studies in dialysis patients and comprehensive
cardiovascular guidelines for their management [2,23].
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Conclusions

The aim of this paper was to demonstrate
whetherdiureticshould be continued on hemodialysis
patients with some residual diuresis, even after they have
been on dialysis for a period of time.For the
specifichemodialysis population, adose of furosemide, can
significantly improve echo parameters, it reduces the
weight gainbetween dialysis, may result in better blood
pressure values and possible lower the risk of heart failure
and improved symptoms. Furthermore, there may be a
favorable impact on cardiac hemodynamics, probably both
by vascular and renal effects.
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