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Abstract

Diuretic resistance is commonly found as a problem in acute heart failure (AHF). A further understanding of
diuretic response could lead to improved personal approaches for treating patients with AHF. A 48 yo male
suffered shortness of breath with a history of hypertension and DM. The patient was diagnosed as Ischemic
Cardiomyopathy with Type | Cardiorenal Syndrome. The patient was given a 40 mg continued by 80 mg
intravenous furosemide and low dose dobutamine pump. As the patient had zero urine production, a 160 mg
intravenous furosemide followed by 15 mg/hr. After high-dose furosemide was given, the urine production
was increased and the patient showed improved signs and symptoms. Deteriorating kidney function and bad
response to diuretics is a principal clinical problem in AHF. Some treatment strategies include a combination
of diuretic therapy, an increased dose of intravenous loop diuretics, and ultrafiltration. However, this patient

gave good respond only to high doses of loop diuretics.
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Introduction

Acute heart failure (AHF) is one of the main
causes of hospitalization which is associated with high
mortality, morbidity, and rehospitalization.! Excessive
fluid retention is related to most symptoms associated
with AHF. As the treatment of choice for excessive fluid
retention in AHF, loop diuretic is usually given in up to
90% of patients who are hospitalized for AHF 2

Bad response to diuretic therapy is often found in
hospitalized patients due to AHF.*# Poor decongestion is
often associated with impaired symptoms relieve, higher
risk of worsening heart failure during hospitalization,
increased post-discharge mortality, and a threefold
higher rate of rehospitalization compared to patients
who have better decongestion.”
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This case report will discuss the management
in patients with
Cardiomyopathy and Type [ Cardiorenal Syndrome with

of diuretic resistance Ischemic
type Il Diabetes Mellitus, anemia, hypoalbuminemia, left
pleural effusion, and suspicion of relapsing pulmonary
tuberculosis.

Case Illustrations

A 48-year-old Asian man came with complaints
shortness of breath since 20 days before and getting
worsein the last 2 days. [twas felt even at rest and getting
worse when lying on the bed or during activity. Swollen
legs had been felt for 7 months. In addition, patients also
complained of coughing and fever for 3 days.

Previous medical history of the patients was diabetes
mellitus for 5 years under insulin treatment, uncontrolled
hypertension, and history of pulmonary tuberculosis,
and a heavy smoker.

When being received in the ward, the patient was
weak, GCS 456, BP 120/80 mmHg, pulse 104 bpm,
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respiratory rate 28 x/min, 99% peripheral oxygen
saturation with 8 liters per minute oxygen mask.

His physical examination showed anemia, dyspnea,
increased jugular venous pressure, bilateral basal rales,
ascites, and bilateral leg swelling. ECG showed sinus
tachycardia 104 beats per minute, normal frontal and
horizontal axis, left ventricular hypertrophy. Chest
X-ray showed that the left heart border was difficult
to evaluate due to left pleural effusion, however, the
impression showed cardiomegaly and pulmonary
congestion. Echocardiography displayed LV dilatation
(LVIDd 5.9 c¢m), impaired systolic function (EF by
TEICH 30%, by Biplane 26%), LV diastolic function
showed restrictive filling, regional LV wall motion
showed akinesia of anterior (BMA) and hypokinesia
in other segments, eccentric LVH. Hemodynamic
parameters obtained PCWP 22.15 mmHg, SVR 2424 .24
dynes.sec/cm5, LVCO 2.75 L/min, LVCI 1.64 L/min.
m2, RAP 15 mmHg. Initial laboratory examination
found anemia (HB: 9.5), leucocytosis (WBC: 10.480),
impaired renal function (SC: 5.17; BUN: 73), elevated
transaminases (AST: 77, ALT: 52), hypokalemia (K:

3.7), hypoalbuminemia (Alb: 2.95), proteinuria (3+),
glucosuria (1+), leucocyturia (4+).

His diagnosis was Ischemic Cardiomyopathy with
type I Cardiorenal Syndrome, Type Il Diabetes Mellitus,
anemia, hypoalbuminemia, left pleural effusion.

Attheemergency room, the patient was administered
with 40 mg intravenous furosemide injection. After one
hour, the patient had zero urine production, so the patient
was administered with 80 mg intravenous furosemide
and dobutamine 3 mcg / KgBB / minute intravenous
pump. After one hour of evaluation again, urine still
had not come out. When in the room, the patient was
given an injection of high-dose furosemide 160 mg
intravenously and continued with furosemide pump 15
mg/hour. In addition, the patient was also given ramipril
1x5 mg, spironolactone 1x25 mg, acetylsalicylic acid
1x100mg, isosorbide dinitrate 3x5 mg, and potassium
supplementation. After high-dose furosemide was
administered, lots of urine were produced. Shortness of
breath and congestive signs began to decrease then.
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Figure 1. Fluid Balance Monitoring Each Day of Hospitalization
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Figure 2 Serial Monitoring of Kidney Function

On the third day of treatment, the dose of
furosemide was lowered and the dobutamine pump was
stopped. On the sixth day, low-dose bisoprolol therapy
was started. On serial examination of kidney function,
there was a tendency for a decrease in serum creatinine
and improvement in kidney function. After ten days
of treatment, patients could be discharged with 2x40
mg oral furosemide, ramipril 5 mg, bisoprolol 2.5 mg,
acetylsalicylic acid 100 mg, and isosorbide dinitrate 3x5
mg. The patient was planned to have an evaluation at
cardiology outpatient clinic, internal medicine outpatient
clinic, and pulmonary outpatient clinic for a workup on
suspicion of relapsed pulmonary tuberculosis

Discussion

Mechanism of water and salt retention

The regulation of total salt and body fluid in
the normal range is under atrial-renal reflex control,
renin-angiotensin aldosterone system (RAAS) and
sympathetic nervous system (SNS) which are activated
by low renal blood flow. Under normal circumstances,
RAAS acts as a protection against underperfusion.
In conditions of heart failure, salt and water retention
caused by hemodynamics and angiotensin reabsorptive
effects cause further congestion. Therefore, RAAS hasa
vital role in edema in heart failure.®

The sympatheticnervous system has a contribution to
long-term regulation of blood pressure and intravascular
volume. In congestive heart failure, the initial phase is
triggered by reflexes to provide an inotropic effect and
improve cardiac output. However, the excess activity
of SNS can increase cardiomyocyte cell death, while
catecholamines can cause myocardial hypertrophy. In
addition, aggressive diuretics administration can lead to
further neurohormonal activation and trigger systemic
and renal vasoconstriction, which causes worsening of
renal function. As a result, ¢

Pathophysiology of deteriorating kidney function
in acute heart failure is multifactorial. In many cases,
impaired renal perfusion causes a decrease in kidney
function. This may be due to hypovolemia (declined
preload), excessive neurohormonal vasoconstriction
(increased afterload), and hypotension with low output
syndrome. This can also be triggered by diuretic
resistance and kidney toxicity caused by certain
combination of drugs, for example, nonsteroidal
antiinflammatory drugs (NSAIDs), cyclosporine, ACE
inhibitors, angiotensin receptor blockers (ARBs), and
contrast agents. Congestive veins are another trigger
factor. Patients with heart failure and excess fluid will
make a combination ofhigh central venous pressure with
low systemic pressure. It can cause a decrease in renal

perfusion pressure thus causing a significant reduction in
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kidney blood flow and urine production.”

In this patient, kidney function was decreased.
When the patient arrived, SC was 5,17. After improving
general conditions and adequate diuresis, there was a
tendency to improve kidney function to SC 2.95 a day
before the patient was discharged. In addition, a history
of diabetes mellitus that had been known for 5 years with
signs of existing chronicity (anemia, hypoalbuminemia,
proteinuria), underlined the suspicion of diabetic
nephropathy. The condition of acute heart failure caused
the deterioration of kidney function. So, clinically, type |
cardiorenal syndrome was found in this patient.

Mechanism of diuretic retention

A bad response to diuretics is a principal clinical
problem in AHF in which it has various mechanisms.
First,
diuretics are given orally must first be absorbed in the

There are several mechanisms of diuretics.
intestine. If the patient has gastrointestinal edema or
intestinal hypoperfusion, oral diuretics absorption is
impaired. In this condition, intravenous administration
should be given. In patients with kidney impairment or
heart failure, higher diuretic doses are needed to obtain
a similar effect, and an increase in diuretic doses will be
less effective by time.®

Second, most diuretics are bound to albumin.
Hypoalbuminemia, which is commonly found in heart
failure, interferes with the removal and separation of
active furosemide and converts it to inactive forms. In
addition, albumin lost in the tubules can bind furosemide
and prevent it from working on ion channel transporters.
Giving furosemide and albumin together improves
decongestion in patients with liver or kidney disease,
but there is no available evidence in patients with heart
failure.®1°

Third, patients with heart failure and chronic
kidney failure have increased organic acids level which
competitively inhibits organic anion transport and
reduces the availability of diuretics at their work point.
High level of blood urea nitrogen also reflects kidney
function which actively works to maintain sodium and
water. Thus, impaired absorption, decreased renal blood
flow, azotemia, hypoalbuminemia, and proteinuria can
affect the effectiveness of diutetics. !

At the beginning of diuretic treatment, natriuretic
effect produces the desired negative sodium balance.
The homeostatic response will occur due to decreased
extracellular volume. Mediated by activation of RAAS
and the SNS, it will cause increased tubular sodium
retention. This condition works as a suitable response
that inhibits excessive volume reduction during advanced
diuretic administration. However, in patients with heart
failure.it can cause rapid and large sodium reabsorption
which contributes to diuretic resistance.'*Moreover,
continuous channeling of sodium or diuretics causes
distal tubular cells hypertrophy, which passes through
the proximal effect of loop diuretics causing increased
sodium retention. Other mechanisms that result in
reduced response to diuretics, such as decreased renal
blood flow due tostenosis of the renal artery or drug
interactions, must also be taken into consideration when
giving loop diuretics.®

In this patient, acute heart failure was present, which
causes decreased blood flow to the kidneys. In addition,
this patient also had azotemia, hypoalbuminemia, and
proteinuria so that they could cause a decrease in active
diuretics in the tubular lumen and result in decreased
effectiveness of the diuretics given. This would cause
diuretic resistance.

Evaluation of diuretic response

Diuretic resistance is the failure to decongestants
even with adequate diuretic doses and increased by
more than 80 mg per day."’ Some researchers have
tried to quantify the diuretic response by combining
decongestive effects and diuretic doses. In present study,
a diuretic response was defined as a decrease in body
weight from entry into the 4th day of treatment / 40 mg
of furosemide (or equivalent). A bad diuretic response
independently predicts repeated rehospitalization and
increases the mortality of heart failure patients.’

In this patient, at the time of arrival, the injection
of furosemide 40 mg was administered, followed by
furosemide 80 mg intravenously. But for two hours of
observation, urine production did not come out. The
administration of dobutamine continuous pump at low
dose also could not help. For this reason, the patient was
concluded as resistant to diuretics.
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Management of diuretic resistance
Noncompliance of the patients

If diuretic resistance occurs, the possibility of
noncompliance with salt restriction or drug use should
be excluded. Postdiureticsodium retention can fully
compensate for lost sodium during periods where
diuretics reach effective tubular concentrations if sodium
intake > 100 mmol/day.® Compliance to diuretics can be
assessed by measuring the amount of diuretics in the

urine. '

The use of NSAIDs is an important cause of poor
decongestion. This drug interferes with prostaglandin
synthesis by inhibiting cyclooxygenase and thus
opposing response to loop diuretics. Consumption
of NSAIDs is associated with an increased risk of
hospitalization due to heart failure in patients with a

history of previous heart failure.'”
Adjustment of Diuretic Dose

Increased dosage is considered an effective
strategy as it can compensate for pharmacokinetic and
pharmacodynamic shifts in loop diuretics that occur
in patients with acute heart failure. As patients show
different levels of kidney damage, an increase in dosage
is needed to provide the appropriate amount of diuretics
at the urinary tract. Giving more frequent diuretics (2-3
times/day) will overcome the effects of postdiuretic

sodium retention by limiting drug-free intervals.'®

Intravenous Injection or Continuous Infusion on

Loop Diuretics

Disruption of loop diuretics absorption in patients
with heart failure will cause reduction and slowdown
in peak concentration in urine, eventhough its absolute
bioavailability does not change significantly compared
to healthy persons. Moderately increased dose or
switching into intravenous injection can overcome this
problem!”. Several studies have compared the efficacy
of intermittent loop diuretics injection with continuous
infusion in advanced heart failure patients. The same
daily dose will cause higher urinary and electrolyte
volume excretion if being administered as a continuous
concentration on

infusion. Maximum furosemide

3633

plasma is significantly lower and this results in reduced
ototoxicity. '

Combination of Diuretics

Refractory heart failure patients will usually give
respond to high-dose furosemide, either given orally or
in the continuous infusion. However, in some patients, it
doesnotovercomediureticresistance. Some combinations
with loop diuretics are practicable. In patients with heart
failure, proximal diuretics should be avoided as there
can be a risk of metabolic acidosis. ' Thiazide diuretics
block reabsorption only 5% -10% sodium is filtered,
while loop diuretics can inhibit it up to 25%. As a result,
thiazide diuretics have a weak natriuretic effect, thusitis
not effective as a monotherapy in advanced heart failure.
However, in the chronic condition when sodium load in
the distal tubule increases, it can increase its salt carrying
capacity. Combination of the loop and thiazide diuretics
in congestive heart failure and diuretic resistance is a
reasonable choice considering this pathophysiological

mechanism.'*

Vasopressin Antagonists

Antidiuretic hormone or vasopressin is produced in
responseto decreased blood volume or hyperosmolality. '®
Some studies showed that tolvaptan has strong aquaretic
effects without kidney disorder in patients with AHF.
When vaptans are administered in AHF patients, it can
modify the renal response to water retention. However,
vaptans do not affect liver and kidney remodeling well
and have no effect on long-term mortality.'?

Dopamine

Administration of low-dose dopamine (<3 pg /kg/
min) has been recommended to increase kidney blood
flow, thereby improving renal function and diuresis
as well. However, Research on Renal Optimization
Strategies Evaluation showed that dopamine and
nesiritide do not have a notable effect on urine volume,
suggesting no additional benefit on diuretic therapy.?’
Despite lacking evidence, low dose dopamine is
practically still often used as it is expected to stimulate
a diuretic response by improving kidney function, and
may be useful in patients who fail with other therapeutic
agents.’
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Hypertonic Saline

Hypertonic saline together with diuretics can
improve diuresis by mobilizing extravascular fluid
to intravascular. In some small studies, increased
diuresis and clinical improvement were found in acute
heart failure patients who were given the addition
of hypertonic saline. In a large scale study (trial of
SMAC-HF), consisting of 1,771 patients, there was
an increase in diuresis and natriuresis, and reduced
rates of rehospitalization in patients given intravenous
furosemide and hypertonic saline, compared to patients
with furosemide only. It shows that hypertonic salt could
be a safe alternative strategy for improving diuretic

responses in AHF.?!
Ultrafiltration

Ultrafiltration is an effective method for removing
fluid by filtering plasma water directly across a
semipermeable membrane using a pressure gradient,
which results in isoosmotic ultrafiltration compared to
plasma. In two randomized controlled trials (RAPID
CHF and UNLOAD) which compared diuretic and
ultrafiltration therapy, higher fluid secretion was present
in the ultrafiltration group. 2223 Current knowledge
regarding the effectiveness and safety of ultrafiltration
in acute heart failure patients is still inconclusive, where
studies are published on a small scale and reporting the
relevant outcome measures is not optimal.*

In this patient, the therapeutic strategy used to
overcome diuretic resistance is to use high-dose loop
diuretics. After giving a loading dose which was raised
regularly, it was followed by maintenance in the form of
continuous infusion of high-dose loop diuretics as well.
In addition, the patient was also given an additional 25
mg of spironolactone per day.

Conclusion

A 48-year-old man with Ischemic Cardiomyopathy
was reported with type [ Cardiorenal Syndrome, Type
I Diabetes Mellitus, anemia, hypoalbuminemia, left
pleural effusion which was resistant to initial diuretic
therapy. Diuretic resistance was based on persistent
congestive conditions even though furosemide diuretics
had been administered with adequate doses. Conditions

that cause resistance to initial diuretic therapy are
decreased renal perfusion due to acute heart failure,
azotemia due to diabetic nephropathy, worsening renal
function, hypoalbuminemia, and proteinuria. As a
decongestion effort, the patient was given a bolus of
high-dose loop diuretics continued with continuous
infusion. After a high-dose furosemide administration,
lots of urine were produced. Shortness of breath and
congestive signs began to decrease then.

Ethical approval: Not Applicable

Patient’ Informed Consent: Patient’s informed
consent hasbeen obtained.

Conflict of Interest: Nil

Funding: Not applicable

References

1.  McMurray JJ V, Adamopoulos S, Anker SD,
Auricchio A, Béhm M, Dickstein K, et al. ESC
Guidelines for the diagnosis and treatment of
acute and chronic heart failure 2012. Eur Heart J.
2012:33(14):1787-847.

2. Adams
Lelemtel

KF, Fonarow GC, Emerman CL,

TH, Costanzo MR, Abraham WT,
et al. Characteristics and outcomes of patients
hospitalized for heart failure in the United States:
Rationale, design, and preliminary observations
from the first 100,000 cases in the Acute
Decompensated Heart Failure National Registry
(ADHERE). Am Heart J. 2005;149(2):209-16.

3. Valente MAE, Voors AA, Damman K, Van
Veldhuisen DJ, Massie BM, O’Connor CM, et al.
Diuretic response in acute heart failure: Clinical
characteristics and prognostic significance. Eur
Heart J. 2014;35(19):1284-93.

4. Testani JM, Brisco MA, Turner JM, Spatz ES,
Bellumkonda L, Parikh CR, et al. Loop diuretic
efficiency a metric of diuretic responsiveness with
prognostic importance in acute decompensated
heart failure. Circ Hear Fail. 2014;7(2):261-70.

5. ter Maaten JM, Valente MAE, Damman K, Hillege
HL, Navis G, Voors AA. Diuretic response in acute
heart failure—pathophysiology, evaluation, and
therapy. Nat Rev Cardiol. 2015;12(3):184-92.

6. Brewster UC, Perazella MA. The renin-angiotensin-
aldosterone system and the kidney: Effects on




10.

11.

12.

13.

14.

15.

16.

17.

18.

Indian Journal of Forensic Medicine & Toxicology, July-September 2021, Vol. 15, No. 3

kidney disease. Vol. 116, American Journal of
Medicine. 2004. p. 263-72.

Liu PP. Cardiorenal syndrome in heart failure: a
cardiologist’s perspective. Can J Cardiol. 2008;24
Suppl B:25B-9B.

Ellison DH. The physiologic basis of diuretic
synergism: Its role in treating diuretic resistance.
Ann Intern Med. 1991;114(10):886-94.

Uwai Y, Saito H, Hashimoto Y, Inui KI. Interaction
and transport of thiazide diuretics, loop diuretics,
and acetazolamide via rat renal organic anion
transporter rOATI1. J Pharmacol Exp Ther.
2000;295(1):261-5.

Ghafari A, Mehdizadeh A, Alavi-Darazam
I, Rahimi E, Kargar C, Sepehrvand N. Co-
administration of albumin-furosemide in patients
with the nephrotic syndrome. Saudi J Kidney Dis
Transpl. 2011;22(3):471-5.

Sweet DH, Bush KT, Nigam SK. The organic anion
transporter family: from physilogy to ontogeny
and the clinic. Am J Physiol Renal Physiol.
2001;281:197-205.

Brater DC. Diuretic therapy. N Engl J Med.
1998;339(6):387-95.
Ellison DH. Diuretic therapy and resistance in

congestive heart failure. Cardiology. 2001;96(3—
4):132-43.

De Bruyne LKM. Mechanisms and management
of diuretic resistance in congestive heart failure.
Postgrad Med J. 2003;79(>931):268-71.

Feenstra J, Heerdink ER, Grobbee DE, Stricker
BHC. Association of Nonsteroidal Anti-
inflammatory Drugs With First Occurrence of
Heart Failure and With Relapsing Heart Failure.
Arch Intern Med. 2002;162(3):265.

Gerlag PGG. High-Dose Furosemide in the
Treatment of Refractory Congestive Heart Failure.
Arch Intern Med. 1988;148(2):286.

Raftery EB. Haemodynamic effects of diuretics in
heart failure. Br Heart J. 1994;72(2 Suppl):S44-7.

Nielsen S, Chou CL, Marples D, Christensen EI,

19.

20.

21.

22,

23.

24,

3635

Kishore BK, Knepper MA. Vasopressin increases
water permeability of kidney collecting duct by
inducing translocation of aquaporin-CD water
channels to plasma membrane. Proc Natl Acad Sci
US A. 1995;92(4):1013-7.

Udelson JE, Bilsker M, Hauptman PJ, Sequeira
R, Thomas I, O'Brien T, et al. A multicenter,
randomized, double-blind, placebo-controlled study
of tolvaptan monotherapy compared to furosemide
and the combination of tolvaptan and furosemide in

patients with heart failure and systolic dysfunction.
J Card Fail. 2011;17(12):973-81.

Chen HH, Anstrom KIJ, Givertz MM, Stevenson
LW, Semigran MJ, Goldsmith SR, et al. Low-
Dose Dopamine or Low-Dose Nesiritide in Acute
Heart Failure With Renal Dysfunction. JAMA.
2013:;310(23):2533.

Paterna S, Fasullo S, Cannizzaro S, Vitrano G,
Terrazzino G, Maringhini G, et al. Short-Term
Effects of Hypertonic Saline Solution in Acute
Heart Failure and Long-Term Effects of a Moderate
Sodium Restriction in Patients With Compensated
Heart Failure With New York Heart Association
Class III (Class C) (SMAC-HF Study). Am J Med
Sei. 2011;342(1):27-37.

Bart BA, Boyle A, Bank AJ, Anand I, Olivari MT,
Kraemer M, et al. Ultrafiltration versus usual care
for hospitalized patients with heart failure: The
relief for acutely fluid-overloaded patients with
decompensated congestive heart failure (RAPID-
CHF) trial. J Am Coll Cardiol. 2005;46(11):2043—
6.

Costanzo MR, Guglin ME, Saltzberg MT, Jessup
ML, Bart BA, Teerlink JR, et al. Ultrafiltration
Versus Intravenous Diuretics for Patients
Hospitalized for Acute Decompensated Heart
Failure. ] Am Coll Cardiol. 2007;49(6):675-83.

Kwong JSW, Yu C-M. Ultrafiltration for acute
decompensated heart failure: a systematic review

and meta-analysis of randomized controlled trials.
Int J Cardiol. 2014;172(2):395-402.




Diuretic Resistance Management in a Patient with Type |

Cardiorenal Syndrome

ORIGINALITY REPORT

12, 2. 126 O

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

"Ventricular-Assist Devices and Kidney
Disease", Springer Science and Business
Media LLC, 2018

Publication

T

Danielle A. Wallace, Jayden Pace Gallagher,
Shenita R. Peterson, Seyni Ndiaye-Gueye et al.
"Is exposure to chemical pollutants associated
with sleep outcomes? A systematic review",
Cold Spring Harbor Laboratory, 2022

Publication

T

o

inabj.org

Internet Source

T

-~

"Cardiorenal Syndrome in Heart Failure",
Springer Science and Business Media LLC,
2020

Publication

T

o

www.researchgate.net

Internet Source

T

"Therapeutic Strategies for Heart Failure",
Springer Science and Business Media LLC,

T



2018

Publication

"Kidney Disease in the Cardiac Catheterization
Laboratory", Springer Science and Business
Media LLC, 2020

Publication

<1%

Patrick Kennelly, Rajju Sapkota, Maimoona
Azhar, Faisal Habib Cheema, Claire Conway,
Aamir Hameed. "Diuretic therapy in
congestive heart failure", Acta Cardiologica,
2021

Publication

<1%

Management of Heart Failure, 2015.

Publication

<1%

RN
()

hdl.handle.net

Internet Source

<1%

—_—
—

Adrian Covic, Sidar Copur, Laura Tapoi, Baris
Afsar, Carina Ureche, Dimitrie Siriopol, lonut
Nistor, Mehmet Kanbay. "Efficiency of
Hypertonic Saline in the Management of
Decompensated Heart Failure: A Systematic
Review and Meta-Analysis of Clinical Studies",
American Journal of Cardiovascular Drugs,
2020

Publication

<1%

12

Mori, Takefumi, Yusuke Osaki, Ikuko Oba-
Yabana, and Sadayoshi Ito. "Diuretic Usage

<1%



for Protection against End-Organ Damage in
Liver Cirrhosis and Heart Failure : Diuretic
Usage in Volume Overload Diseases",
Hepatology Research, 2016.

Publication

www.blackwellpublishing.com
Internet Source p g <1 %
"Cardiac Biomarkers", Springer Science and <1 o
Business Media LLC, 2016 °
Publication
Barry E. Bleske, Megan M. Clark, Audrey H. <1 y
Wu, Michael P. Dorsch. "The Effect of ’
Continuous Infusion Loop Diuretics in Patients
With Acute Decompensated Heart Failure
With Hypoalbuminemia", Journal of
Cardiovascular Pharmacology and
Therapeutics, 2013
Publication
G. Michael Felker. "Diuretic Management in <'I o
Heart Failure : diuretic management in heart ’
failure", Congestive Heart Failure, 07/23/2010
Publication
Joan-Carles Trullas, Jesus Casado, Jose-Luis <'I o
0

Morales-Rull, Francesc Formiga et al.
"Prevalence and outcome of diuretic
resistance in heart failure", Internal and
Emergency Medicine, 2019

Publication




18 bmccardiovascdisord.biomedcentral.com 1
Internet Source < %
M Mohammad Sarraf, Amirali Masoumi, Robert <'I o
W. Schrier. "Cardiorenal Syndrome in Acute ’
Decompensated Heart Failure", Clinical
Journal of the American Society of
Nephrology, 2009
Publication
ure.rug.nl
IEw)ternetSour%e <1 %
ter Maaten, Jozine M., Allison M. Dunning, <1 y
Mattia A.E. Valente, Kevin Damman, Justin A. °
Ezekowitz, Robert M. Califf, Randall C. Starling,
Peter van der Meer, Christopher M. O'Connor,
Phillip J. Schulte, Jeffrey M. Testani, Adrian F.
Hernandez, W.H. Wilson Tang, and Adriaan A.
Voors. "Diuretic response in acute heart
failure—an analysis from ASCEND-HF",
American Heart Journal, 2015.
Publication
www.physiology.or
Internet SEurc)e/ gy g <1 %
Abstracts", European Journal of Heart Failure, <1 o
2018
Publication
"Heart Failure", Springer Science and Business <1 o

Media LLC, 2017



Publication

Cardio-Renal Clinical Challenges, 2015. <1 o

Publication

Yu Horiuchi, Yuya Matsue, Kazutaka Nogi, Ken <1 o
Onitsuka et al. "Early treatment with a ’
sodium-glucose co-transporter 2 inhibitor in

high-risk patients with acute heart failure:

rationale for and design of the EMPA-AHF

trial", American Heart Journal, 2022

Publication

E
(0))

"Congestive Heart Failure and Cardiac

. . . <l%
Transplantation", Springer Science and
Business Media LLC, 2017

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



Diuretic Resistance Management in a Patient with Type |
Cardiorenal Syndrome

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ ’I OO Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7




