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Abstract

Background and Objective: Adequate fluid removal may decrease the mechanical ventilation time in intensive care. Ethacrynic acid as
diuretic required comparatively in fewer dose than furosemide. The objective of the study was to compare the efficacy and safety of
ethacrynic acid with furosemide in fluid overload patients associated with cardiac intensive care. Materials and Methods: A total of
248 patients with signs of volume overload in the cardiac intensive care unit were subjected to randomize. Patients were received
0.8 mg kg~ h~" of furosemide (FR group, n = 124) or 0.5 mg kg~' h=" ethacrynic acid (EA group, n = 124) at 1 mL h=', for maximum 3 days.
Serum creatinine, urine output, body weight loss, cost of interventions and treatment-emergent adverse effects were evaluated. The
Chi-square for independence or one-way ANOVA was performed at 95% of confidence level. Results: Furosemide and ethacrynic acid,
both decreased serum creatinine and increased urine output. Patients of FR group had high weight loss than EA group at the time of
discharge (p<0.0001). Hypocalcemia and hypomagnesemia had been reported in FR group and tinnitus and hearing loss had been
reported in EA group during the follow-up period. Ethacrynic acid treatment was highly expensive treatment than frusemide (p<0.0001).
Conclusion: Ethacrynic acid is safe and effective but costly alternative of frusemide.
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INTRODUCTION

The fluid overload is the majorissue in adultsand children
associated with the cardiac intensive care unit' because
adequate fluid removal may decrease the mechanical
ventilation time of patients?. Thiazides diuretics e.g.,
metolazone, chlorothiazide and hydrochlorothiazide are less
effective than loop diuretics®. Therefore, loop diuretics are
recommended for management of the fluid overload
associated with any conditions for every age of patients*.
Generally used diuretics in adult and children are furosemide,
ethacrynic acid, bumetanide, torsemide and mannitol™. For
the fluid overload in patients associated with the cardiac
intensive care unit, loop diuretics are helpful in ventricular
failure to manage fluid accumulation>.

Intensivists using furosemide for management of the fluid
overload associated with the cardiac intensive care unit'“.
Continuous infusion of furosemide leads to a significantly
superior and gradual increase in urine output than bolus
administrationS. However, furosemide therapy has to toxicity?
and worsening of renal functions*$. Mannitol is also used for
the fluid overload associated with the cardiac intensive care
unit but the results of the study are not satisfactory’.
Ethacrynic acid is approved as a diuretic in 1967 by USFDA. It
has no sulfonamide in the structure®. Ethacrynic acid has
caused a high metabolic alkalosis than furosemide but the
comparatively fewer dose is required to increase urine
output'. Torsemide and bumetanide as first-line treatment
have limited evidence for superiority than furosemide in fluid
overload®™®, A sulfa moiety containing loop diuretics
(torsemide, bumetanide and furosemide) have chances of
sulfonamide allergies, in such conditions, ethacrynic acid is
used to maintain fluid overload'"'2. Therefore, use of diuretics
treatment in young and adult with the fluid overload
associated with the cardiac intensive care unit is required to
justify.

The primary goal of the trial was to increase urine output
in young and adult patients with the fluid overload associated
with the cardiac intensive care unit. The secondary endpoint
was to compare the efficacy and safety of ethacrynic acid with
furosemide.

MATERIALS AND METHODS

Drugsandreagents: Ethacrynicacid (Edecrin®) was purchased
from Aton Pharma, Inc., USA. Furosemide (Lasix®) was
purchased from Sanofi-Aventis Pharma Beijing Co., Ltd., China.
Normal saline was purchased from Baxter, USA.
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Ethical consideration and consent to participate: The
study had been registered in the Research registry
(www.researchregistry.com), UID No. research registry 4401
dated 12 February, 2017. The protocol (FJU/CL/25/02 dated 1
February, 2017) had been approved by the First Hospital of
Jilin University review board. The study had adhered to the law
of China, 2013 Declarations of Helsinki and consolidated
standards of reporting trials (CONSORT) guidelines. A written
informed consent had been signed by the patient or their
relative(s) (legally authorized person) before study regarding
interventions, pathology and publication of trial in all formats
(hard and/or electronics) irrespective of time and language.

Inclusion criteria: Patients age 15 years and above and below
65 years'>'* hospitalized in the First Hospital of Jilin University,
Changchun, lJilin, China and the referring hospitals from
15 February, 2017 to 31 December, 2017 for cardiac intensive
care unit having signs of volume overload were included in
the trial. Patients signed an informed consent form were only
included in the study. The estimated fluid overload was
the same in both populations (7.12+0.15% vs. 7.18 £0.31%,
p = 0.054; fluid overload was calculated? as per Eq. 1) at the
time of the enrollment and the other demographic
characteristics of the enrolled patients were reported in
Table 1.
Fluid overload = (Total fluid in-Total fluid out)x100 (M
Atotal of 338 patients with fluid overload associated with
cardiac intensive care were assessed for eligibility.

Exclusion criteria: Patients age below 15 years and above
65 years'3™, patients with cardiac issues (systolic blood
pressure <80 mm Hg) and renal instability (serum creatinine
>3.99 mg dL="), who had not signed informed consent form
were excluded from the trial. Female patients with pregnancy
and lactation period were excluded from the study. Patients
who needed dialysis or ultrafiltration at the time of enroliment
were excluded from the trial.

Design of experiment: A total of 248 patients were subjected
tosimplerandomizationina 1:1 ratio. The blinding was carried
out by prefilled envelopes. The sample size was found by
Open-Epi-English 3.01 (Epidemiologic Statistics for Public
Health, USA) and found to be 124 for both groups. Two
sided-confidence intervals were 95%, (o = 0.05), the outcome
in both groups was 95%, risk ratio detected was 1 and the
normal approximation was 1.073%. CONSORT flow diagram of
the study was presented in Fig. 1.
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Table 1: Demographic characteristics of the enrolled patients

Characteristics

Groups (n=124)

Interventions Furosemide (FR)

Comparisons between

Ethacrynic acid (EA) groups (p-value)

Age (year)

Minimum 18

Maximum 64
Mean=£SD 4512+5.14
Gender

Male 45(36)

Female 79(64)
Body weight (kg) 55+5.47
Systolic arterial pressure (mm Hg) 82.15+1.14
Hemoglobin (%) 12.15%1.45
Heart rate (beats/min) 71%6
Estimated fluid overload 7.12£0.15%
Heart disease

Ischemia 18(15)

Idiopathic cardiomyopathy 23(19)

Coronary artery disease 51(41)

Valvular disease 28(22)

Hypertrophic cardiomyopathy 4(3)
Diabetes

Present 12(90)

Absent 112(10)
Serum creatinine (mg dL~") 1.32%0.08
Urine output (mL day™') 1812x75

19 0.054
63

43.93£4.51

42(34) 0.083
82(66)

54.42+£3.89 0.337
82.45+2.12 0.166
12.45%1.35 0.093
73x10 0.057
7.18£0.31% 0.054
16(13) 0.775
21(17)

48(39)

31(25)

8(6)

8(6) 0.484
116(94)

1.29£0.15 0.051
183290 0.059

Datawere represented as Mean = SD (continuous data) and number (percentage for categorical data), The Chi-square forindependence (for constant data) and one-way
ANOVA (for continuous data) were used for statistical analysis, A p<0.05 was considered significant, all patients have Chine PR origin

Interventions: Patients in the ER group were received
0.5 mg kg~ h=" ethacrynic acid'. Patients of the FR group
were received 0.8 mg kg™' h™' of furosemide'. Both
interventions were made diluted with normal saline and
administered at T mL h=". All interventions were run for a
maximum of 3 days. Except for researchers, patients, nursing
staff and all evaluators were kept blind for interventions.

Laboratory tests: All patients were subjected to complete
blood analysis including hemoglobin value, serum creatinine,
Blood Urea Nitrogen (BUN), plasma B-type natriuretic peptide
(BNP), serum sodium and serum potassium levels at the time
of admission, each day and after 3 days of completion of
interventions. Plasma BNP evaluated by immunofluorescence
assay. About <99.99 pg mL~" was considered normal and the
analytical sensitivity was <4.99 pg mL~" for procedural assay®.

In-hospital outcomes: All patients were subjected to average
fluid overload, the estimated glomerular filtration rate (eGFR),
urine output/day and body weight loss at the time of
admission and after 3 days of completion of interventions®.
Information regarding treatment-emergent adverse
effects and cost of interventions were collected from the
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Digital Imaging and Communications in Medicine (DICOM)
files of patients and pharmacy records.

Statistical analysis: The chi-square for independence (for
constant data)' and one-way analysis of variance (ANOVA, for
continuous data)'® was used for statistical analysis at 95% of
confidence level. Tukey test (considering critical value [q]
>3.328 as significant) was used for post-hoc analysis. SPSS 22
Software (BM Analytics, Chicago, IL, USA) was used for analysis.
Intention-to-treat method of analysis was preferred.

RESULTS

Furosemide (1.32£0.08 mg dL~" vs.1.11£0.15 mg dL™,
p<0.0001, g =17.87) and ethacrynic acid (1.29£0.15 mg dL™!
vs. 1.12£0.16 mg dL~!, p<0.0001, g = 12.34) both decreased
serum creatinine after 3 days of interventions. Both had same
intensity to decrease serum creatinine level (p = 0.84, Fig. 2).
Furosemide was decreased BUN, BNP, serum sodium and
serum potassium levels. However, ethacrynic acid was failed
in maintaining laboratory data. The event of decreased serum
potassium levels and BNP were the same in both groups
(p=10.63, Table 2).



Int. J. Pharmacol, 15 (1): 129-136, 20719

Assessed for digibility (n = 338)

A

| Randomization (n = 248) |

Ly

Excluded (n = 90)

* Age<15year (n=35)

* Age>65year (n=11)

» Systolic blood pressure <80 mm Hg (n = 11)
Serum creatinine >3.99 mgdL~" (n = 8)
Pregnancy (n=1)

Lactation period (n=2)

Needed dialysis or ultrafiltration (n = 22)

Furosemide (n = 124)

Lost to follow-up (n = 0)

Analyzed (n = 124)
o Laboraory tests
« In-hospita outcomes

Fig. 1: CONSORT flow-chart of the study

Two sided-confidence intervals were 95%, (o = 0.05)
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Fig. 2: Effects ofinterventions after 3 days on serum creatinine
One-way ANOVA was used for statistical analysis, Tukey test was
used for post-hoc analysis. A p<0.05 and g>3.328 were considered
significant, BL: Baseline, EL: After 3 days of intervention

Furosemide (1812£75 mL/day vs. 2375115 mL/day,
p< 0.0001, q = 60.63) and ethacrynic acid (1832£90 mL/day
vs. 2335215 ml/day, p<0.0001, g = 37.33) both were
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Ethacrynic acid (n = 124)

Lost to follow-up (n = 0)
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Fig. 3: Effects of interventions on urine output after 3 days
One-way ANOVA was used for statistical analysis, Tukey test was used
for post-hocanalysis. A p<0.05 and g>3.328 were considered significant,
BL: Baseline, EL: After 3 days of intervention

increased urine output. However, the intensity of
improvement in urine output was the same for both
(p=0.069, Fig. 3).
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Table 2: Results of laboratory tests at the end of 3 days of intervention

Characteristics

Groups (n=124) Comparisons between groups

Interventions  Furosemide (FR) Ethacrynic acid (EA) BL EP
Level BL EP p-value g-value BL EP p-value g-value p-value g-value  p-value g-value
BUN (mgdL~") 101£8 95+7 <0.0001 9.092 103+9 102+5 0.281 N/A 0.066 N/A <0.0001 12.174
BNP (pgmL™") 781£77 741£65 <0.0001 6.083 7561120  725%132 0.054 N/A 0.052 N/A 0.227 N/A
Na(mEqL™")  131%7 125+9 <0.0001 8.65 13211 129+15 0.074 N/A 0.394 N/A <0.0001 4.095
K (mEq L") 412%051  3.99+041 0.028 334 415%+0.52 4.02%0.55 0.057 N/A 0.65 N/A 0.63 N/A
Urine pH 731£0.12  741£0.03 <0.0001 353 729%0.05 739%0.03 <0.0001 2941 0.08 N/A <0.0001 9.1

Data were represented as Mean = SD, One-way ANOVA was used for statistical analysis, Tukey test was used for post-hoc analysis, A p< 0.05 was considered significant,
Ag>3.328 was considered significant, BUN: Blood urea nitrogen, BNP: Plasma B-type natriuretic peptide, Na: Serum sodium level, K: Serum potassium level, BL: Baseline,
EP: After 3 days of intervention, N/A: Notapplicable, <2.6 mEq L~ serum potassium level was considered as hypokalemia, pH>7.5 was considered as metabolic alkalosis

Table 3: Results of in-hospital outcomes at the end of 3 days of intervention

Characteristics

Comparisons between groups

Groups (n=124) BL EP

Interventions Furosemide (FR) Ethacrynic acid (EA) p-value g-value p-value g-value

Total time of the 65.12+3.15 66.32+6.45 N/A N/A 0.064 N/A
continuous infusion (h)

Level BL EP p-value g-value BL EP p-value  g-value

eGFR

*Mild kidney dysfunction 64(52)  89(72) <0.0001 5.76 61(49) 76(61) <0.0001 3.41 0.08 N/A 0.0002 3.37
*Moderate kidney dysfunction  60(48)  35(28) 63(51) 48(39)

fUrine output (mL kg="h~") 2+05 32+06 <0.0001 235 21%£06 3.15+06 <0.0001 19.49 0.155 N/A 0512  N/A

Data were represented as Mean=£SD (continuous data) and number (percentage for categorical data), The Chi-square for independence (for constant data) and
one-way ANOVA (for continuous data) were used for statistical analysis, Tukey test was used for post-hoc analysis, A p<0.05 was considered significant, A g>3.328 was
considered significant, eGFR: The estimated glomerular filtration rate, ¥<60 mL min='/1.73 m?, *15-29 mL min~'/1.73 m? BL: Baseline, EP: After 3 days of intervention,
N/A: Not applicable, *Goal of urine output 3 mLkg="h~'

5 S 210000 -
4] = £ 180000
j=2 - b -
< - & 150000
é; 3 - ol 4
° £ 120000
< 27 © T
g ] g 60000 |
> 5

i S 30000 -
O ,—-—l
0 T 1 o 0 T 1

FR FR

Groups Groups

Fig. 4:Weight loss of patients at the time of discharge
One-way ANOVA was used for statistical analysis. A p<0.05 was

considered significant

Patients in the FR group had higher weight lossthan
EA group at the time of discharge (4.15£0.15 kg vs.
3.16£0.12 kg, p<0.0001, Fig. 4).
There was no significant difference for a total time
of the continuous infusion between groups (p = 0.064).
Furosemide and ethacrynic acid both had improved
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Fig. 5:Price of total interventions
One-way ANOVA was used for statistical analysis. A p<0.05 was
considered significant, price included for fluid over-load treatment only,
price reported per patientin ¥, 6 ¥isequal to 1 $

eGFR but furosemide had the greater intensity to
improve eGFR than ethacrynic acid (p =0.0002, q=3.37,
Table 3).

Tinnitus and hearing loss had been reported in both
groups during the follow-up period (Table 4).
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Table 4: Treatment-emergent adverse effects during the follow-up period

Effects

Groups (n=124)

Comparisons between groups

Interventions Furosemide (FR) Ethacrynic acid (EA) p-value g-value
"Hypocalcemia 8(6) 0(0) 0.0043 5.05
**Hypomagnesemia 9(7) 0(0) 0.0024 5.37
*ITinnitus and hearing loss 15(12) 23(19) 0214 N/A
Oral and gastric irritation 4(3) (1) 0.083 N/A
Cramping 3(2) (1) 0.158 N/A
Constipation 4(3) (1) 0.083 N/A
*9Blurred vision 5(4) 2(2) 0.06 N/A
*IThrombophlebitis 15(12) 16(13) 0319 N/A
*98Hypotension 7(6) 13(10) 0.014 2423

¥<4.5mgdL™",*<1.8 mg dL~',%<90/60 mm Hg, Data were represented a number (percentage), One-way ANOVA was used for statistical analysis, Tukey test was used
for post-hoc analysis, A p<0.05 was considered significant, A g>3.328 was considered significant, *Furosemide-emergent toxic effect, Y Ethacrynicacid-emergent toxic
effect, for statistical analysis, the treatment-emergent effect was considered as ‘one’ and absent of effect as considered as ‘zero’, N/A: Not applicable

Ethacrynic acid was highly expensive treatment
than  frusemide (215, 156%£1985  ¥/patient vs.
19,455+1035 ¥/patient, p< 0.0001, Fig.5).

DISCUSSION

In the present study, the patients had received
furosemide orethacrynic acid as 1 mL h~' maximum for 3 days
as a continuous infusion. Infusion had superiority to boluses
because urinary outputs were easily maintained'. The oral
low dose is not sufficient to decrease fluid overload and oral
high dose (above ceiling dose; 80 mg/day for frusemide and
150 mg/day for ethacrynic acid)'® had worsened outcomes'
because have more adverse effects'®. Continuous loop diuretic
infusion is more effective with acceptable adverse effects?.
Furosemide has significantimprovementin urinary outcomes
thantorsemide and bumetanide in fluid over-load conditions®.
Ethacrynic acid also has significant improvement in urinary
outcomes like furosemide with fewer toxic effects'2. Available
studies have also used frusemide'®'>'° and ethacrynic acid'?
in fluid overload associated with cardiac surgeries. However,
trials had used frusemide'?' and ethacrynicacid'® in neonates
and pediatric patients (age group 104-181 days) but
frusemide' and ethacrynic acid'?? were not recommended
below 15 years and above 65 years of age. There may chance
of adverse effects. With respect to objectives and selection of
research subjects of the study, authors justified continuous
loop diuretics in patients with fluid overload.

Frusemide was given satisfactory laboratory tests and
in-hospital outcomes. While ethacrynic acid only provided an
improvement in serum creatinine level and urine output. The
results were in line with an available research study' and
meta-analysis?. The half-life of frusemide is 2.8 h and that of
ethacrynic acid was 2 h in renal dysfunction, time to peak
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effect is 15-30 min for ethacrynic acid and for frusemide
30 min'*, The response of ethacrynic acid was less effective
and fewer manageable than that of furosemide.

The intensity of improvement in urine output was the
same for ethacrynic acid and frusemide (p = 0.069). The low
dose of ethacrynic acid can be given good urine output than
frusemide. These results were in line with published studies'®,
With respect to results of urine output, ethacrynic acid could
be a safe option in fluid overload.

Ethacrynic acid and frusemide both were increased
potassium and sodium excretion through urine. Metabolic
acidosis is the common adverse effect of any loop diuretic®?.
Hypokalemia is easily overcome using oral intake of
potassium?. With respect to laboratory test results, loop
diuretics used in the study had acceptable treatment-
emergent adverse effects.

Ethacrynic acid treatment had the only toxicity as
treatment-emergent adverse effects but has a high cost of
therapy than frusemide. Metabolism of ethacrynic acid has
done by liver'2 while that of frusemide has done by proximal
tubules of kidney''?” and no generic brand is available for
ethacrynic acid in China PR™2, With consideration of toxic
effects reported in the study and the cost of interventions,
ethacrynic acid is a safe but expensive alternative over to
frusemide.

There were several limitations of the trial, for examples,
rehospitalization and death during the follow-up period was
not considered in the analysis. The possible justification was
that the trial had the objective of decrease fluid overload only.
As the level of confidence at the time of the enrollment was
considered as 95%, that seems that the enrolled patients had
also put on the other medications due to cardiac critical
care. Present medications, history of the patients, the
demographical parameters, diet (soft/hard) also have effects
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on the results of the treatment. The study was not evaluated
such parameters for synergistic or inhibitory effects of
interventions. The study had performed with 1 mLh~"infusion
of interventions. The researchers have no references for the
same. The dosing regimen (1 mL h™") was selected from the
clinical experiences of the authors.

CONCLUSION

A randomized, double-blind, clinical trial concluded
that frusemide is cheap and has satisfactory laboratory and
in-hospital results with somewhat manageable treatment-
emergentadverse effects. However, ethacrynic acid is safe and
effective but costly alternative of frusemide in young and
adult patients with fluid overload associated with the cardiac
intensive care unit.

SIGNIFICANCE SENTENCE

Arandomized, double-blind, clinical trial for fluid overload
associated with the cardiac intensive care unit demonstrated
that ethacrynic acid is safe and effective alternative of
frusemide but costly. The finding will help the Intensivists to
uncover the critical areas of the loop diuretics that many
physicians are not able to explore.
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