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ABSTRACT

Objective: The current study aimed to identify the features of diuretic resistance (DR) in patients with heart failure who were hospitalized in a
tertiary care hospital’s cardiology department.

Materials & Methods: Between January 1, 2014, and December 31, 2014, retrospective observational research was carried out in the Khyber
Teaching Hospital cardiology department in Peshawar. There were 560 adult patients diagnosed with heart failure who were hospitalized within
a year. Excluded patients were 152 who were released in less than 24 hours and 113 whose full data was not accessible. Thus, the research
comprised the remaining patients (560-152-113= 295) whose records were examined. A cutoff point of 160 mg of furosemide per day was
established for patients I/V, who were classified as diuretic responders (using < 160 mg/day; group 1) and diuretic resistant (using > 160 mg/day;

group I1).

Results: There were 295 patients, of whom 175 (59.32%) were male and 120 (40.67%) were female. The patients’ average age was 65+7 years.
Group | consisted of 190 patients (64.4%) who responded to diuretics, whereas group Il consisted of 105 patients (35.9%) who were resistant
to diuretics. In group I, there were 114 (60%) males and 76 (40%) females; in group Il, there were 61 (58%) males and 44 (41%) females.
Clinical and laboratory parameters, comorbidities, and the kind of therapy each group got were compared. Compared to group I, patients with
DR (group II) had noticeably greater rates of CAD, diabetes, and asthma. DR patients (Group Il) had lower heart rates and blood pressure
systolic and diastolic than those in Group I. However, group | had a higher JVP and more noticeable edema in the foot. Compared to group I,
patients with DR (group I1) had higher rates of anemia, hypokalemic, and hyponatremic conditions. In addition, their creatinine, glucose, and
cholesterol levels were higher than those of group I. Those with DR (Group 1) used B Blockers, spironolactone, and inotropes at much greater
rates than those in Group I. Conclusion: Patients with heart failure often struggle with diuretic resistance. Patients with DR have substantially
distinct characteristics from those who react well to diuretics. When such patients are identified early on, doctors can adopt more aggressive
treatment plans, which promotes quicker healing and shorter hospital stays.

Keywords: Diuretic Resistance, heart failure efficient and quick-acting medications for reducing
acute heart failure symptoms and signs +>¢. Even with
increased dosages of diuretics, many individuals do

not react right away. Poor clinical outcomes for these
individuals include increased mortality and repeated
hospitalisation 7 .Early identification may enable
doctors to implement aggressive treatment plans from

INTRODUCTION
One prevalent cause of morbidity and death is

heart failure . Acutely decompensated heart
failure is a potentially fatal condition that

requires hospitalization right away 2 4. Up to 90% of
patients who are hospitalized are given loop diuretics,
which are the most
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the outset, resulting in eatly symptom alleviation and
a shorter hospital stay. Because different individuals
have distinct pathophysiologic causes and various
studies have employed different definitions of diuretic
resistance, the precise prevalence of diuretic
resistance is uncertain.It is still unclear exactly what
pathophysiology underlies diuretic resistance. Due to
the breaking phenomenon, the quantity of diuresis in
normal persons decreases with time after a given
diuretic dosage. The primary cause of this is
neurohormonal activation, brought on by the first
diuretic effect’s lowering of the extracellular fluid
amount. Delayed absorption of diuretics leads to
lower peak drug levels in the ascending loop of Henle,
which are inadequate to elicit maximal natriuresis and
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are another cause of diuretic resistance in heart failure.
The renal response to endogenous natriuretic
peptides decreases as heart failure worsens.

Laur O et al. have also shown that the main
mechanism of DR is distal tubular compensation.8
Chronic diuretic usage increases the amount of solute
delivered to the distal regions of the nephron, which
results in hyperplasia and hypertrophy of the distal
nephron’s epithelial cells.

This counteracts diuretics’ effects by increasing the
kidney’s solute resorption capacity by up to three
times. A decrease in cardiac or renal function,
noncompliance  with  diuretic  dosages, and
concomitant use of medications such as NSAIDs,
COX inhibitors, and thiazolidinediones may also
result in a reduced diuretic response in addition to
these reasons. These may also lead to a decline in renal

function and the emergence of cardiorenal syndrome
10, 11

By identifying the clinical characteristics of DR
patients, we can quickly identify these individuals after
their hospital stay and implement aggressive
treatment plans that may alleviate symptoms sooner
and reduce hospital stays. Scientists have looked for
biochemical and clinical indicators to forecast the
diuretic response.

The poorer diuretic response has been linked to more
advanced heart failure, renal impairment, metabolic
disorders, and atherosclerotic disease, according to
research by Valente MA 12 et al. Mortality and eatly
rehospitalization have also been shown to be
predicted with poor diuretic response 12 13.

Additionally, Djenamba K et al. discovered a
substantial difference between the features of
individuals who responded to diuretics and those who
did not . However, Elizabeth J. et al. discovered that
DR incidence cannot be predicted by baseline
characteristics 15.

We were unable to locate any local research on this
topic. The current study’s objective was to identify the
features of DR patients with heart failure who were
hospitalized in a tertiary care hospital’s cardiology
department.

MATERIALS & METHODS

Reviewing the medical records of patients diagnosed
with heart failure hospitalized in the cardiology
department of Khyber Teaching Hospital in Peshawar
between January 1 and December 31, 2014, was
retrospective observational research.

There were 560 adult patients diagnosed with heart
failure who were hospitalized within a year. Fifty-two
patients were disqualified after being released in less
than 24 hours. Eleven3 patients had their entire data
unavailable, and they were therefore omitted. Thus,
the research included the remaining patients (560-
152-113= 295). Every patient’s document was
examined for clinical, laboratory, and demographic
information in addition to the care they were getting.

The furosemide dosage administered to Patients I/V
on Day 2 (after 48 hours of admission) was
determined to be the cutoff point between diuretic
responders (using < 160 mg/day; Group I) and
diuretic resistive (using > 160 mg/day; Group II).

SPSS vs. 14 was used to input and analyze all of the
data. The mean plus standard deviation was computed
for continuous data, and the student’s T-test was used
for comparison. The chi-square test was used to
compare categorical variables, which were reported as
frequencies or percentages. A difference between the
groups was deemed significant if the P value was less
than 05.

RESULTS

There were 295 patients, of whom 175 (59.32%) were
male and 120 (40.67%) were female. The patients’
average age was 65+7 years.

Group I consisted of 190 patients (64.4%) who
responded to diuretics, whereas group II consisted of
105 patients (35.9%) who were resistant to diuretics.
In group I, there were 114 (60%) males and 76 (40%)
females; in group 11, there were 61 (58%) males and
44 (42%) females.

The two groups’ various comorbidities are shown in
Table 1. Compared to group I, patients with DR
(group 1I) had noticeably greater rates of CAD,
diabetes, and asthma.

A variety of clinical signs in heart failure patients are
shown in Table II. DR patients (Group 1I) had lower
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heart rates and blood pressure systolic and diastolic
than those in Group 1. However, group I had a higher
prevalence of edematous feet and elevated JVP.

Table III lists the results of many laboratory tests
performed on heart failure patients. Compared to
group I, patients with DR (group II) had higher rates
of anemia, hypokalemic, and hyponatremic
conditions. In addition, their creatinine, glucose, and
cholesterol levels were higher than those of group 1.

Patients with heart failure utilize several drugs, as
shown in Table IV. those with DR (Group II) used B
Blockers, spironolactone, and inotropes at much
greater rates than those in Group 1.

Table 1: Comorbidities in Patients with Heart Failure

CAD n(%) 81 (43.15) | 58 (55.23) 0.019
HTN n(%) 155 (81.57) | 88 (83.80) 0.183
DM n(%) 76 (40) 51 (48.57) 0.027
Tobacco Smoking | 21 (11.05) | 12 (11.42) 0.793
n(%)

Past Stroke n(%) 22 (11.57) | 13(12.38) 0.413
Asthma / COPD n(%) | 22 (11.57) | 16 (15.23) 0.017

Table 2: Clinical Findings in Patients with Heart Failure.

Systolic Blood Pressure 148 £ 15 1405+ | 0.006

(mmbhg) 14.9

Diastolic Blood Pressure | 81.2+ 13 759 £ 0.008

(mmhg) 12.8

Heart Rate (beat/m) 826+15 | 78.1£13 | 0.009

Resp. Rate (breath/m) 20.8+39 | 219 % 0.072
4.8

JVP 2 10 cm n(%) 150 (78.9) | 73 (69.52 | 0.009
)

Edema 2 + 2 n(%) 155 73 0.007

(81.57) (69.52)

Rales > 1/3 Lungs 68 (35.78) | 39 0.065
fields n(%) (37.14)

Table 4: Medications used by Patients with Heart Failure.

ACE n(%) 104 (54 73) 5 (52. 38) 0.305
ARB n(%) 36 (18.94) 17 (16.19) | 0.190
BB n(%) 115 (60.52) | 74 (70.47) | 0.018
Spironolactone n(%o) 66 (34.73) 29 (27.61) 0.029
Loop Diuretic n(%) 190 (100) 105 (100) NA
Digoxin n(%) 43 (22.63) 21 (20) 0.184
Nitrates n(%o) 18 (9.4) 9(8.5) 0.312
Inotropes n(%0) 24 (12.63) 23 (21.90) | 0.009

Table 3: Laboratory Investigations of Patients with Heart

Failure.
\

TR T e

HB gm/dl 12.20 (£ 1.4) | 11.92 (£ 1.5) | 0.029

Sodium mmole/L 140 (£ 3.5) | 137.0 (£ 3.9) | 0.045

Potassium 4.39 (£ 0.69) | 4.07 (£ 0.53) | 0.008

mmole/L

Chloride mmole/L 108 = 7 105+ 8 0.064

Urea mg/dl 51+38 5519 0.040

Creatinine mg/dl 1.2+ (0.3) 15+04 0.000

Glucose mg/dl 138 £13 159 £ 21 0.009

Cholesterol mg/dl 168 £ 13 182 + 17 0.012
DISCUSSION

Hospitalized acute heart failure patients get diuretics.
An inadequate diuretic response increases morbidity
and mortality. Identifying diuretic nonresponders’
clinical and biochemical features and applying this
knowledge in clinical practice may help predict DR
shortly after hospitalization '6. Once these persons are
identified, more aggressive and other treatments may
be tried. We found that diuretic responders had lower
incidences of CAD, diabetes, asthma, and COPD
than DR patients. Our DR patients showed lower
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diastolic and systolic blood pressure. Our test findings
showed that DR patients had lower hemoglobin,
sodium, and potassium and higher glucose, creatinine,
and urea.

Djenamba K et al. found hyponatremia, lower LVEF,

higher inotrope use, and poorer renal function in DR
patients. A severe heart failure profile and a poor
prognosis were associated with higher diuretic
dosages '*. Our study outcomes were comparable,
except for prognosis, which was not our purpose.
Elizabeth J. et al. compared diuretic responders and
DR by gender, blood pressure, renal function,
diabetes, HTN, CAD, and ACE use. It’s surprising
that they found none and concluded these features
cannot predict DR 5.

Our study found that DR patients utilized beta-
blockers more, spironolactone, and inotropes. DR
medicine use increased significantly, according to
Voors AA etal. 7 Our findings are similar to an earlier
study showing lower edema and JVP and increased
CAD, DM, hypetlipidemia, and COPD/asthma in
DR. The study’s test results showed higher glucose,
creatinine, and urea but neither hypernatremia nor
hypokalemia '".

With the same aims, Valente MAE et al. 12 showed
that DR patients were more likely to have diabetes,
CAD, and renal impairment. Multivariable regression
analysis showed that systolic blood pressure and
serum potassium were negatively linked with poor
diuretic response. Beta-blockers, smoking, high
cholesterol, and diabetes were also linked 2. Olinger
CC et al. found that IV loop diuretics’ natriuretic
response was unpredictable depending on the diuretic
dose or creatinine level 18,

Oneyebeke C et al. found a minimal impact of renal
impairment on DR. They advised more research to
understand DR’s core mechanism 1°.

In addition, Aronson D et al. 20 examined the
hemodynamic profile and clinical variables that affect
loop diuretic response in abruptly decompensated
heart failure. They found that loop diuretic dose, renal
functioning, lowered systolic blood pressure, fluid
intake, and male sex independently predicted urine
output.

Ter Maaten JM et al. 2! examined 26 biochemical and
clinical markers at baseline and throughout 24hour

heart failure diuretic treatment. They found a strong
link between renal and atherosclerosis biomarkers and
poor diuretic responsiveness. In addition to creatinine
and urea, they found that novel renal markers,
including neutrophil gelatinize-associated lipocalin,
correlated with disease-related kidney impairment.
They also found that baseline and deteriorating renal
function affect diuretic responsiveness. DR patients
also showed much lower potassium, salt, and chloride
levels.

Both high TG and low HB predicted DR. Finally, the
clinical baseline model showed that high systolic
blood pressure, increased weight and JVP, less
frequent diabetes, PCI, COPD, BB, and metolazone
use, and higher spironolactone use were associated
with a positive response. They found that although
the above markers may assist in identifying individuals
at risk of diuretic response (DR) after 24 hours, their
therapeutic value in predicting DR at the time of acute
heart failure hospital admission is limited.
Understanding pathophysiology ~ We mentioned
several diuretic resistance pathways in the beginning.

Diuretics reach a therapeutic concentration in the
tubule by renal secretion and, to a lesser degree,
glomerular filtration. Diabetes and atherosclerosis
may cause glomerulus closis and reduce GIR. Both
illnesses may reduce responsiveness due to
inflammation and RAS activation 2 2 24 Our
investigation supported earlier findings that DR
patients had a greater frequency of CAD and DM.

Hypotension in heart failure reduces renal perfusion
and increases congestion, while the feedback loop to
regulate renal blood flow, GFR, and salt level worsens
renal function 22. DR patients in our study showed
greater hypotension than group I, which may have
contributed to their illness.

Chronic diuretics may structurally modify the tubular
epithelium, causing salt retention, congestion, and
neurohormonal  activation.  Because  diuretics
temporarily reduce neurohormone levels 2> and
alleviate congestion, greater dosages may be needed 2.

Similar to our results, most studies have
demonstrated that DR patients have reduced renal
function, but this does not mean this is the major
cause.
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DR is partially caused by renal impairment, according
to Valente MA 2 et al. and Testani et al 3. Many things
might cause this. Ischemic heart failure and
atherosclerosis-related symptoms such as
dyslipidemia, DM, and prior MI were more common
in DR patients, according to our and other research
12, Diuretics may not work for some people due to
atherosclerotic kidneys. Ischemic heart disease may
also increase renal artery stenosis %7, lowering DR.

DR patients exhibited reduced congestion indications
(JVP and edoema), as did our study '7. Diuretics may
not work since fluid redistribution may worsen their
heart failure instead of fluid accumulation. Loop
diuretics are not volume-overloaded and may cause
dehydration and renal function loss. Therefore, they
may not be the best treatment for these patients.
Therefore, diuretics work better for people with
greater peripheral edema and congestion.

Many treatments for DR have been suggested,
including combining diuretic groups, continuously
infused furosemide, ionotropic hypotension support,
and ultra filtration22. To improve diuretic
responsiveness in acute decompensated heart failure,
Zachari LC et al. proposed resistance-based
treatments 2. Kissling KT et al. found that oral HCTZ
and IV CTZ increased diuresis in hospitalized heart
failure patients with loop DR. CTZ increased urine
output but not length of stay or mortality 2.

CONCLUSION

Patients with heart failure often struggle with diuretic

resistance. Patients with DR have substantially
distinct characteristics from those who react well to
diuretics. When such patients are identified eatly on,
doctors may be able to adopt more aggressive
treatment plans, which might promote quicker
healing and shorter hospital stays.

REFERENCES

1. Gheorghiade M, Pang PS; Acute Heart
Syndromes. ] Am Coll Cardiol 2009; 53:557.

Failure

McMurray JJ, Adamopoulos S, Anker SD, Auricchio A,
Bohm M, Dickstein K, et al. ESC guidelines for
diagnosing and treating acute and chronic heart failure
2012: the Task Force for the Diagnosis and Treatment of
Acute and Chronic Heart Failure 2012 of the European
Society of Cardiology. Developed in collaboration with
the Heart Failure Association (HFA) of the ESC. Eur ]
Heart Fail. 2012;14:803-869.

10.

11.

12.

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Jr,
Drazner MH et al. American College of Cardiology
Foundation; American Heart Association Task Force on
Practice Guidelines 2013 ACCF/AHA guideline for
managing heart failure: a report of the American College
of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines. ] Am Coll Cardiol.
2013;62:e147—e239.

Adams KF Jr, Fonarow GC, Emerman CL.
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
(ADHERE). Am Heart J. 2005;149;209—16

Registry

Cleland ]G, Swedberg K, Follath F, Komajda M, Cohen-
Solal A, Aguilar JC, et al. Study Group on Diagnosis of
the Working Group on Heart Failure of the European
Society of CardiologyThe EuroHeart Failure survey
program: a survey on the quality of care among patients
with heart failure in Europe. Part 1: patient characteristics
and diagnosis, Eur Heart J, 2003;24:442-463.

Sato N, Kajimoto K, Asai K, Mizuno M, Minami Y,
Nagashima M, et al. ATTEND InvestigatorsAcute
decompensated heart failure syndromes (ATTEND)
registry. A prospective observational multicenter cohort
study: rationale, design, and preliminary data, Am Heart
J,2010;159:949-955.¢1.

Ronco C, McCullough P, Anker SD, Anand I,
Aspromonte N, Bagshaw SM, et al. Acute Dialysis
Quality (ADQI) consensus group (2010) Cardio-renal
syndromes: report from the consensus conference of the
acute dialysis quality initiative. Eur Heart | 31:703-711

Laur O, Rao VS, Cheng ST, Kula AJ, Bellumkonda L,
Tang WWH, et al. Distal Tubular Compensation as an
Important Mechanistic Site of Diuretic Resistance in
Heart Failure. Journal of Cardiac Failure, 2014;20(8):
S14-S15.

Ronco C, Cicoitra M, McCullough PA. Cardiorenal
syndrome type 1: pathophysiological crosstalk leading to
combined heart and kidney dysfunction in the setting of
acutely decompensated heart failure, ] Am Coll Cardiol,
2012;60:1031-1042.

Stevenson LW, Nohria A, Mielniczuk L. Torrent or
torment from the tubule? Challenge of the cardiorenal
connections. ] Am Coll Card. 2005;45:2004—7.

Damman K, Valente MA, Voors AA, O’Connor CM, van
Veldhuisen DJ, Hillege HL. Renal impairment, worsening
renal function, and outcome in patients with heart failure:
an updated meta-analysis, Eur Heart J, 2013https://doi.
org/10.1093/eurheartj/cht386

Valente MA, Voors AA, Damman K, van Veldhuisen D],
Massie BM, O’Conner CM et al. Diuretic response in

121



Features of Patients Admitted with Heart.....

JBKMUC July-December 2021, Vol. 2, No. 2

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

acute heart failure: clinical characteristics and prognostic

significance. Eur Heart J. 2014;35:1284—1293.

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

Heart Fail. 2014;7:261-270.

Djénamba K, Traoré F, Soya I, Iklo C. Diuretics
resistance: characteristics and outcome at the institute of
cardiology at Abidjan. Archives of Cardiovascular
Diseases Supplements 2015:7(1):25.
http://dx.doi.org/10.1016/S18786480(15)71559-4.

Elizabeth ]. Greenhalgh, Robert J. DiDomenicol;
Predictors  of  Diuretic  Resistance in  Acute
Decompensated Heart Failure. Journal of Cardiac
Failure. 2016;22(3):193-200

Ter Maaten JM, Valente MA, Damman K, Hillege HL,
Navis G, Voors AA Diuretic response in acute heart
failure-pathophysiology, evaluation, and therapy. Nat
Rev

Cardiol (2015) 12:184-192

Voors AA, Davison BA, Teerlink JR, Felker GM, Cotter
G, Filippatos G,et al.Diuretic response in patients with
acute decompensated heart failure: characteristics and
clinical outcome-an analysis from RELAX-AHF. Eur ]
Heart Fail (2014);11:1230-1240

Olinger CC, Sobotka PA, Ali SS, Dahle TG, Blake D,
Bunte MC, Boyle AJ et al. Variability of Natriuretic
Resistance to Loop Diuretics in Acute Decompensated
Heart  Failure.  Journal of  Cardiac  Failure,
2007;1:13(6)S187.

Onyebeke C, Simon J, Cheng SJ, Testani JM. Renal
Dysfunction Has Limited Role in the Genesis of Diuretic
Resistance in Heart Failure. Journal of Cardiac Failure.

2015;21(8)S80.

Aronson D, Burger AJ. Diuretic Response: Clinical and
Hemodynamic Predictors and Relation to Clinical
Outcome. Journal of Cardiac Failure, 2015;22(3):193-200

Ter Maaten, J.M., Valente, M.AE., Metra, M,
Christopher B M, PonikowskiJohn CP, et al. A combined
clinical and biomarker approach to predict diuretic
response in acute heart failure. Clin Res Cardiol (20106)
105;2:145-153.

Damman K, Kalra PR, Hillege H. Pathophysiological
mechanisms contributing to renal dysfunction in chronic
heart failure, ] Ren Care, 2010;36(1):18-26.

Libby P. Inflammation in atherosclerosis, Nature, 2002,
vol. 420 (pg. 868-874)

Romeo GR, Lee J, Shoelson SE. Metabolic syndrome,
insulin  resistance, and roles of inflammation

mechanisms and therapeutic targets, Arterioscler
Thromb Vasc Biol, 2012;32:1771-1776.

25.

26.

27.

28.

29.

Bayliss ], Norell M, Canepa-Anson R, Sutton G, Poole-
Wilson P. Untreated heart failure: clinical and
neuroendocrine effects of introducing diuretics, Br Heart
J, 1987;57:17-22.

Ellison DH. Diuretic therapy and resistance in congestive
heart failure, Cardiology, 2001;96:132-143.

De Silva R, Loh H, Rigby AS, Nikitin NP, Witte KI,
Goode K et al. Epidemiology, associated factors, and
prognostic outcomes of renal artery stenosis in chronic
heart failure assessed by magnetic resonance

angiography. Am ] Cardiol. 2007;100:273-279.

Cox ZL, Lenihan D]J. Loop Diuretic Resistance in Heart
Failure: Resistance Etiology—Based Strategies to
Restoring Diuretic Efficacy. Journal of Cardiac Failure,
2014;20(8):611-622.

Kissling KT, Pickworth KK. Synergistic Blockade for
Diuretic Resistance in Heart Failure: Comparable
Outcomes  with  Oral  Hydrochlorothiazide — or
Intravenous Chlorothiazide. Journal of Cardiac Failure,
2013;19(8):549

Disclaimer: Nil
Conflict of Interest: There is no conflict of nterest.
Funding Disclosure: Nil

Authors Contribution

Concept & Design of Study: Muhammad Faheem
Data Analysis: , , M Rehanul Haq, Habil Dar, Amber Ashraf
Critical Review: Sadiq Shah, Farooq Ahmad

Final Approval of version: Muhammad Faheem

@ °

Open Access: This article is licensed under a Creative
Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format,as long as you give appropriate credit to the
original author(s) andthe source, provide a link to the Creative
Commons license, and indicate if changes were made. The
images or other third party material in this article are included in
the article’s Creative Commonslicense, unless indicated otherwise
in a credit line to the material. If material is not included in the
article’s Creative Commons licenseand your intended use is not
permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright
holder. To view a copy of this
license,visithttp: creativecommons.org/licen ses /by /4.0/.
©  The Author(s) 2021

122


http://creativecommons.org/licen%20%20ses/by/4.0/
http://creativecommons.org/licen%20%20ses/by/4.0/

