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Materials and Methods 

	 Heart failure (HF) is a complex clinical syndrome that results from structural (e.g. cardiac remodeling) or functional (e.g. 
decreased ventricular compliance) impairment of ventricular filling or ejection of blood[1]. The clinical hallmark of HF is a weakened 
heart, which is unable to efficiently pump and supply blood to tissues and vital organs of the human body. Consequently, patients 
commonly present with symptoms including shortness of breath, dyspnea, weakness, fatigue, and edema, which in severe cases 
requires hospitalization. According to the American Heart Association (AHA), the prevalence of heart failure in the United States 
in 2006 is approximately 5.1 million people, and is expected to rise over the next four decades with an estimated 772,000 new HF 
cases by the year 2040[2,3]. HF is a disease state that frequently affects the elderly and with the increase in the elderly population there 
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Abstract

	 Loop diuretics are the diuretic of choice in chronic heart failure (CHF). By 
prohibiting the reabsorption of sodium and chloride in the thick ascending loop of 
Henle, they create a hypertonic environment in the lumen, thereby keeping water 
from being reabsorbed in the distal convoluted tubule (DCT) or collecting duct and 
promoting diuresis. Loop diuretics are very effective for symptomatic relief in CHF, 
however there is a maximum effective dose by which higher doses will no longer 
improve diuresis but rather only subject the patient to side effects. Additionally, 
patients may also experience furosemide resistance by different mechanisms. While 
the true incidence of furosemide resistance is unknown, the phenomenon is a per-
tinent problem, which needs to be addressed to improve patient symptomatology. 
Focusing on the pharmacokinetic profile of furosemide, the half-life of furosemide 
is short. As a result, sodium retention can occur after furosemide administration, 
which is known as post diuretic salt retention. Furthermore, other parts of the tubule 
may play a role in the reabsorption and reuptake of sodium, specifically in the DCT 
or collecting duct, which offsets the effect of furosemide. Lastly, the concentration 
of furosemide at the site of action may be significantly reduced as the patient’s CHF 
worsens. Limiting salt intake and avoiding the use of non-steroidal anti-inflammato-
ry drugs (NSAIDs) should always be recommended before declaring a patient to be 
resistant to furosemide. The clinician should consider increasing furosemide dosing 
frequency and/or adding another diuretic (thiazide-like); depending on the physio-
logic mechanism of furosemide resistance, one strategy may take preference over 
the other.
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will be a noticeable increase in rate of hospitalization due to HF 
in the future. Current AHA guidelines recommend the use of an-
giotensin-converting enzyme (ACE) inhibitors or angiotensin II 
receptor blockers (ARB) and a beta-blocker with loop diuretics, 
hydral-nitrates, and aldosterone antagonists as adjunctive ther-
apy, for the maintenance of heart failure[1]. The scope of this 
article will emphasize on the placement, clinical use, and issues 
associated with loop diuretic use. Diuretics play a major role 
in the symptomatic treatment of HF in patients with evidence 
of fluid retention. Diuretics inhibit the reabsorption of sodium 
or chloride at specific sites in the renal tubules, resulting in an 
increase production or urine and fluid excretion. Loop diuretics 
such as furosemide, torsemide, and bumetanide act on the thick 
ascending limb of the loop of Henle resulting in more diuresis as 
compared with thiazide diuretics that act on the distal tubules of 
the kidney. Loop diuretics tend to work faster and have a great-
er effect in the inhibition of sodium reabsorption than thiazide 
diuretics making loop diuretics such as furosemide the drug of 
choice in HF associated edema. However, loop diuretics, like 
furosemide have a dose dependent effect on the degree of natri-
uresis and diuresis. When a maximum threshold concentration 
of the diuretic is reached any further increase in drug concen-
tration will yield no change in natriuresis and dieresis[4]. This 
phenomenon is known as the ceiling dose, which is problematic 
for heart failure patients that require aggressive diuresis and be-
come refractory to high doses of furosemide.

Frank starling mechanism
	 When using loop diuretics, such as furosemide, it is 
important to note that the diuretic effect is dose-dependent[5]. At 
low doses, little to no diuresis is seen. However, as you increase 
the dose of the diuretic, the extent of diuresis progressively in-
creases. Eventually, after gradually increasing the diuretic dose, 
a plateau is reached; higher doses will not produce any further 
diuresis. This dose is known as the maximum effective dose, 
commonly referred to as the “ceiling effect”[6].
	 Understanding the Frank-Starling mechanism is para-
mount in order to appreciate the practical and clinical use of 
diuretics in heart failure patients. In the early 20th century, Er-
nest starling and colleagues discovered that increased venous 
return to the heart (increasing the pre-load), led to increased 
filling pressures (LVEDP) of the ventricle, which resulted in an 
increase in stroke volume (SV)[7]. Ejection fraction (EF), mea-
sured via an echocardiogram, remains a vital component in the 
diagnosis and differentiation of patients with systolic heart fail-
ure. Patients with systolic heart failure have EF ≤ 40% (Normal 
EF is approximately ≥ 60%), indicating a classic characteristic 
of heart failure; the inability of the heart to pump efficiently to 
meets the metabolic needs of the body (i.e. pump failure). The 
relationship between EF and SV is important to understand as 
cardiac output (or cardiac index, which takes BMI into consid-
eration) is fundamental to the principles of Frank Starling mech-
anism[8]. EF is defined as the fraction of blood ejected from the 
left ventricle relative to end diastolic volume; therefore EF is 
simply a ratio of SV to EDV[9]. To apply this ratio, many patients 
with systolic heart failure have increased EDV as a result of 
compensatory mechanisms to increase preload and decrease SV 
due to left ventricular hypertrophy, consistent with eccentric hy-
pertrophy. This essentially will cause the EDV to increase with 
a reduction in the SV resulting in decreased ejection fraction. 
In comparison, patients with diastolic failure, characterized by 

concentric hypertrophy, have preserved EF as a result of both the 
EDV and the SV to be decreased simultaneously such that EF 
does not change appreciably. Although diuretics do not intrinsi-
cally modify cardiac remodeling, diuretics can reduce conges-
tion symptomatology by reducing EDV once these patients have 
reached a plateau on Starlings curve. Is important to not reduce 
preload excessively in patients with systolic heart failure as this 
can trigger cardiac decompensation. Therefore, it is important 
to utilize diuretics once the patient has reached a point where 
reduction in EDV will correspond to symptomatic relief. 
	 In regards to furosemide, a ceiling effect is usually seen 
when it is administered as 40 mg intravenously, or 80 mg orally 
(oral bioavailability of furosemide is ~50%)[6]. In general, doses 
greater than these, via their respective routes, will not provide 
any extra diuretic effect. Instead, exceeding furosemide’s maxi-
mum effective dose will increase an individual’s risk of adverse 
events, such as electrolyte imbalances and ototoxicity, and also 
increase the individual’s risk of developing resistance to furose-
mide[10].
	 In order to comprehend the reason as to why furosemide 
has a ceiling effect, it is essential to understand the Frank-Star-
ling Law. The Frank-Starling Law states that there is a relation-
ship between cardiac output (CO), or stroke volume (SV), and 
left ventricular end diastolic pressure (LVEDP), or end diastolic 
volume (EDV). EDV represents the volume of blood that re-
mains in the ventricles after diastole (ventricular relaxation). 
This opposes end systolic volume (ESV), in that ESV represents 
the volume of blood that remains in the ventricles after systole 
(ventricular contraction). SV represents the volume of blood that 
is ejected from the heart with each heartbeat, which is the dif-
ference between EDV and ESV. By multiplying the SV by heart 
rate (HR), you are able to determine CO. The LVEDP is depen-
dent on the EDV, and aids in determining preload. Preload is 
known as a “filling pressure”. In other words, preload represents 
the extent to which the left ventricle stretches at the end of di-
astole, as a result of the left ventricular EDV. This differs from 
after load, in that after load represents an “ejection pressure”. 
In other words, after load represents the arterial resistance that 
the heart must overcome in order to eject the contents of the left 
ventricle during systole. As your EDV increases, your preload 
increases. This allows for a stronger contraction, which leads to 
greater SV and, ultimately, a higher CO. However, if your pre-
load is low, or if your after load is high, your SV and CO will be 
relatively lower. In such a scenario, fluid may accumulate in the 
heart, causing congestive heart failure  (CHF)[11] (Figure 1). In 
order to relieve fluid accumulation during CHF, loop diuretics, 
such as furosemide, are used[6].

	 Ultimately, the Frank-Starling Law states that, as your 
preload increases, your cardiac output increases[11]. Since furo-
semide will decrease cardiac filling, it will decrease preload, 
subsequently decreasing SV and CO. After a certain dose, fu-
rosemide may diuresis an individual to a point when preload 
can no longer decrease. This is known as the “ceiling effect” or 
“maximum effective dose” of diuretics.

www.ommegaonline.org

Furosemide in Systolic Heart Failure

J Pharm Pharmaceutics   |  volume 3: issue 284

http://www.ommegaonline.org


85Heuser, W., et al.

Furosemide in Systolic Heart Failure

J Pharm Pharmaceutics   |  volume 3: issue 2

Figure 1: Strategies for managing diuretic resistance in congestive Heart failure.

Table 1: Pharmacodynamic/Pharmacokinetics of commonly used Loop Diuretics in systolic Heart failure.
Loop Diuretics*

Drug name Mechanism 
of Action

Site of Action Onset of 
action

Duration 
of  action

% Oral 
Bioavaliability

% Natriuresis Dosing ¥

Furosemide 
(Lasix)

Inhibits 
reabsorption of 
sodium thus 
causing 
increased 
excretion of 
water

Ascending 
loop of Henle 
& distal renal 
tubule

Oral: 0.5 - 1 
hour 

IV: ~5 min

Oral: 6 - 8 
hours

IV: 2 hours

47% - 64% 25% Oral: 20 - 40 mg once or 
twice daily
(MTDD: 600 mg)

IV: 20 - 40 mg/dose
(Max dose: 200 mg/dose)

Torsemide 
(Demadex)

Ascending 
loop of Henle 
& distal renal 
tubule

Oral: With-
in 1 hour

Oral ~6 - 8 
hours

~80% Oral: 10 - 20 mg once 
daily
(MTDD: 200 mg)

Bumetanide 
(Bumex)

Ascending loop 
of Henle & 
proximal renal 
tubule

Oral: 0.5 - 1 
hour
IV: 2 - 3 
mins

Oral: 4 - 6 
hours
IV: 2 - 3 
hours

59% - 89% Oral: 0.5 – 1 mg once or 
twice daily

IV: 0.5 - 1 mg/dose
(MTDD: 10 mg)

*Potency/dose conversion of Furosemide:Torsemide:Bumetanide --> 40  mg: 20 mg: 1 mg
¥Dosing is based off 2013 ACCF/AHA 2013 Heart Failure Guidelines
MTDD = Maximum total daily dose

Mechanisms and management of diuretic resistance in chronic refractory heart failure patients
	 Volume overload and congestion is an important clinical target in chronic heart failure patients and often indicates inad-
equate symptom control or resistance to standard therapy with loop diuretics (Table 1). The subset of heart failure patients with 
loop diuretic resistance remain an important clinical challenge for many health care providers as multiple mechanisms account for 
diuretic resistance. There are several mechanisms in which maximally dosed furosemide fails to adequately control salt and water 
retention in chronic heart failure (CHF). The reason this phenomenon is important to clinical practice is supported by a retrospective 
analysis, which established a correlation between heart failure patients and loop diuretic resistance. These patients were associated 
with an increase in mortality, sudden death, and pump failure death[12]. In addition, resistance to loop diuretics is a major concern 
for chronic heart failure patients because of the correlation between the use of exceedingly high diuretic doses and increased 
mortality, which suggests that loop diuretic resistance should be considered as an indicator of prognosis in patients with CHF. Be-
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cause of this association, there is a great need to understand the 
mechanisms of furosemide resistance in order to optimize treat-
ment in CHF. Despite their unproven effect on mortality, loop 
diuretics undeniably provide symptomatic relief of congestive 
symptoms, making them an adjunctive therapy in combination 
with ace inhibitors and beta blockers in most patients[13]. Often 
times in the more advanced stages of heart failure, diuretic resis-
tance develops as a result of multiple mechanisms, blunting the 
diuretic effect and increasing the rates of readmission as a result 
of decompensation secondary to fluid overload. There are many 
strategies to overcome diuretic resistance including alterations 
in dose frequency, restriction of sodium intake, and utilization 
of combination drug therapy. This section will focus and high-
light on the mechanisms of diuretic resistance and the treatment 
strategies and their considerations in clinical practice, used to 
manage this problem. 
	 The half-life of furosemide is short, at approximately 6 
hours, so when the concentration of the drug at the site of action 
is no longer sufficient to block the Na+/K+/2Cl- cotransporter, a 
compensatory increase in sodium retention occurs until the next 
dose of drug is administered; this is known as post-diuretic salt 
retention. Reducing the drug-free interval in patients with chron-
ic heart failure is an important clinical consideration, as keeping 
a constant exposure of the drug at the site of action in the renal 
tubules will effectively elicit a constant and adequate diuretic 
response. Continuous intravenous infusion of a loop diuretic 
may obviate this post-diuretic salt retention and represents an 
additional mechanism to overcome diuretic resistance if other 
treatment modalities have failed. To date there are many con-
trolled studies which have effectively compared the efficacy of 
intermittent intravenous bolus administration of a loop diuretic 
with continuous infusion in patients with advanced heart failure. 
Many of these studies have demonstrated that continuous infu-
sion of a loop diuretic essentially eliminates post-diuretic salt re-
tention and allows for an additional safe and effective treatment 
in patients refractory to oral loop diuretics[14-17] Post-diuretic salt 
retention is an essential mechanism contributing to diuretic re-
sistance especially when the diuretic is not dosed properly and 
can be compounded with poor sodium intake control. More fre-
quent administration of the drug (i.e., two to three times daily) 
can potentially overcome the effect of post diuretic salt retention 
by limiting the amount of time that the body is free of drug. 
Other options that clinicians have looked into was the utilization 
of more potent diuretics like bumetanide which is 40 times more 
potent than furosemide in addition to its better bioavailability 
(80% vs. 40% for bumetanide and furosemide respectively)[18]. 
Despite bumetanide’s increased potency and bioavailability, 
both drugs are equally effective when equipotent doses are ad-
ministered[19,20].
	 The braking phenomenon is another mechanism of re-
sistance in which long-term use of furosemide may be associ-
ated with increased sodium reabsorption in other parts of the 
nephrons (i.e., collecting duct, proximal and distal convoluted 
tubules). Hypertrophy and hyperplasia in epithelial cells of the 
distal convoluted tubule (DCT) due to increased solute load and 
flow rate is one proposed mechanism. In the DCT, there are Na+/
Cl- cotransporters responsible for about 5% of salt reabsorption. 
Due to furosemide blockade at the thick ascending loop of Hen-
le, sodium travels downstream where there is the potential for 
hyper functioning of the contransporters in the DCT to reabsorb 
sodium[21]. The support for this mechanism of furosemide resis-

tance first comes from a rat study performed by Kaissling, et al. 
After rats were continuously exposed to furosemide treatment 
coupled with high salt intake, both the basolateral cell mem-
brane of the DCT cells and the number of DCT cells significant-
ly increased compared to control rats[22] Supporting this finding, 
a small human trial found that previous exposure to furosemide 
resulted in less fractional excretion of sodium compared to pa-
tients not exposed to furosemide, presumably from the braking 
effect; when these same patients were treated with furosemide 
plus chlorothiazide, a greater natruiretic effect was seen[23]. In 
order to alleviate this potential mechanism of resistance, combi-
nation drug therapy with an agent that works to inhibit the hyper 
functioning of the DCT proves to be beneficial. 
	 Combination drug therapy (CDT) with thiazide-type 
diuretics is a novel therapeutic approach to overcoming many of 
the resistance mechanisms present in diuretic resistance. There 
are potential benefits of combination diuretic therapy such as 
fluid removal with resolution of volume overload and conges-
tion in patients with impaired renal function refractory to loop 
diuretics[24]. Although CDT has not yet been proven to show a 
decrease in mortality in refractory CHF patients, improved di-
uresis could prevent prolonged hospital stay and facilitate earli-
er hospital discharge. Contemporary literature shows that it has 
been difficult to correlate weight loss or net fluid loss during 
heart failure hospitalization with subsequent outcomes[25]. De-
spite increasing the frequency of furosemide dosing and/or 
changing route of administration (e.g. oral, intravenous bolus 
or continuous infusion), many patients with chronic advanced 
heart failure often reach a point where high dose furosemide is 
unable to overcome diuretic resistance. The addition of a thia-
zide or thiazide-like diuretic with loop diuretics has been shown 
to be effective in establishing a diuresis in patients refractory 
to monotherapy with a loop diuretic. It is important to note that 
according to the RALES study, spironolactone, which is a po-
tassium-sparing diuretic has shown mortality benefit due to its 
ability to prevent cardiac remodeling[26]. The study did not as-
sess the effects of combination diuretic therapy with furosemide 
on mortality. There have been many studies that have assessed 
the efficacy of combination therapy with thiazide diuretics with 
loop diuretics in CHF. One particular study by Rosenberg, et al. 
looked at the efficacy and safety of combination therapy with 
metolazone and loop diuretics in outpatients with refractory 
heart failure. This study showed that low dose metolazone (≤ 
5 mg) in combination with loop diuretics, is an effective and 
relatively safe treatment in contemporary outpatients with re-
fractory HF[27]. Another study looked at the administration of 25 
to 100 mg of hydrochlorothiazide in fluid overloaded patients 
refractory to monotherapy of loop diuretics and results suggest 
hydrochlorothiazide to be very effective in patients with severe 
CHF and impaired renal function[28]. Based on the available lit-
erature to date, there does not seem to be a theoretical benefit or 
advantage of using metolazone over any other thiazide diuretic, 
despite metolazone’s possible inhibition of proximal convoluted 
tubule that may add additive diuretic effect[29].
	 In order to appreciate the benefits of CDT with thia-
zides, it is important to understand that thiazide diuretics work 
synergistically to inhibit the compensatory hypertrophy of the 
DCT through its ability to block reabsorption in this part of the 
nephron. In comparison to loop diuretics, which inhibit the re-
absorption of approximately 25% of filtered sodium, thiazide di-
uretics block the reabsorption of 5 to 10% of filtered sodium[30]. 
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Although considered first line therapy according to the JNC8 
guidelines for hypertension, there use as monotherapy in heart 
failure is limited primarily due to their weak natriuretic effect. 
CDT provides a logical treatment for clinicians in patients with 
refractory fluid overload based on the pathophysiological mech-
anisms that account for the hypertrophy but, clinical adverse ef-
fects of CDT are common and must be taken into consideration. 
Consistent with the mechanism of action of both loop and thi-
azide diuretics, electrolyte disturbances are common and if not 
treated it can lead to serious and life threatening arrhythmias[31]. 
Hypokalemia is very common with CDT despite aggressive po-
tassium supplementation. Spironolactone may provide benefit in 
these patients not only due to their mortality benefit, but due to 
their intrinsic potassium sparing effects that can offset the hypo-
kalemia. Hypokalemia is often associated with hypochloremic 
metabolic alkalosis because bicarbonate ions are retained and 
chloride urine excretion typically exceeds sodium urine excre-
tion. In addition, hypomagnesia that is usually present with these 
agents can worsen the extent of hypokalemia and supplemen-
tation of magnesium can aide in correcting the potassium im-
balance as magnesium is correlated with potassium. Although 
hyponatremia is less common than hypokalemia, hyponatremia 
has been used as a negative prognostic indicator in heart failure 
patients and vigilance should be used to monitor this electrolyte 
imbalance[32].
	 Weighing the risks and benefits of CDT is an important 
clinical consideration and current recommendations suggest the 
use of combined loops and thiaizde diuretic combination as an 
appropriate approach in fluid refractory patients. Optimization 
of the loop diuretic therapy is essential and an adequate trial of 
a loop diuretic with doses between 160 - 320 mg/day of intra-
venous furosemide should be utilized. Thiazide diuretic dosing 
is available through the American College of Cardiology/Amer-
ican Heart Association guidelines and include oral metolazone 
2.5 to 10 mg once daily (or 2.5 mg to 5 mg once or twice daily), 
oral hydrochlorothiazide 25 to 100 mg once or twice daily, or 
intravenous chlorothiazide 500 to 1,000 mg once or twice dai-
ly[33]. Should CDT therapy be initiated careful observation and 
frequent monitoring of renal function and electrolytes should be 
done attentively. CDT offers a potential benefit of symptomatic 
relief for HF patients with fluid overload refractory to furose-
mide treatment. However, studies focusing on using morbidity, 
mortality and/or safety endpoints are necessary to resolve the 
uncertainties regarding the balance between safety and clinical 
benefit of CDT. 
	 Furosemide is 91 to 99% protein bound to albumin and 
reaches the tubular lumen primarily via active secretion and not 
by glomelular filtration or passive diffusion[34]. Dosing of furose-
mide in patients with renal insufficiency has been a major topic 
of discussion among clinicians as many question as to whether 
or not the drug is actually reaching the site of action to be able 
to elicit an appropriate diuretic response. In renal insufficiency, 
secretion of many of the loops diuretics (including furosemide) 
is reduced to a significant extent predominantly due to accumu-
lation of endogenous organic anions competing with the loop 
diuretics for the receptor sites of the organic anion transporter[35]. 
In essence, in order to overcome this competitive inhibition and 
to obtain therapeutic doses for diuresis higher doses are often 
warranted in heart failure patients with renal impairment. Furo-
semide is a highly albumin bound drug and needs to get secreted 

by the organic anion transporter (OAT3) pump into the lumen of 
proximal tubule of the kidney; otherwise, it does not get to the 
site of action since it is not dependent on glomerular filtration 
or passive diffusion. In CHF, there is usually some impairment 
in the kidneys and in renal blood flow. This can translate into a 
build-up of other substrates (both endogenous and exogenous) 
for the OAT3 pump, thus leading to less drug delivery and less 
effective dieresis[30]. Supporting this, Brater, et al. conducted a 
small study, which showed that CHF patients experienced pro-
longed absorption of furosemide, which translated into decreased 
concentrations of the drug at the site of action compared to con-
trols. Additionally, the dose response curve of furosemide (40 
mg orally) was shifted down and right in patients with chronic 
heart failure compared to healthy controls. Heart failure patients 
secreted significantly less sodium in the urine (downward shift) 
and fewer drugs got to the site of action (rightward shift)[36,37]. 
Despite the requirement for higher diuretic doses it is important 
to realize that furosemide is dose dependent and a recent study 
done by Eshaghian, et al. involving 1354 patients with advanced 
systolic heart failure showed that there was a decrease in surviv-
al with increasing diuretic dose; there must a balance between 
clinical benefit and overdiuresis[38].
	 Pharmacodynamic and pharmacokinetic effects of 
diuretic resistance include delayed absorption of the diuretic, 
reduced secretion of the diuretic into the tubular lumen, com-
pensatory retention of sodium after the effective period of the di-
uretic and finally hypertrophy and hyperplasia of epithelial cells 
of the distal convoluted tubule (DCT)[30]. Prior to altering these 
mechanisms it is important to rule out non-compliance by ensur-
ing salt restriction < 100mmol/day or concomitant medication 
intake (i.e. NSAIDs). In those patients that are exceeding great-
er than the daily-recommended amount of sodium for a CHF 
patient (> 100 mmol/day) will in essence alter the balance be-
tween naturiesis afforded by the LD and the compensatory post 
diuretic salt retention. By limiting the amount of sodium intake 
to < 100 mmol/day the LD is able to effectively induce enough 
natriuresis without a compensatory increase in sodium retention 
that is enough to “wash out” the effect of the diuretic per sec[39]. 
Utilizing a 24 hour salt excretion test in addition to measuring 
the amount of diuretic in the urine may have some utility in ver-
ifying compliance and may provide useful information to the 
clinician in a limited number of patients[39].
	 Non-steroidal anti-inflammatory drugs (NSAIDs), 
which have been effectively used in patients for relief of inflam-
mation and pain, can in fact contribute significantly to appar-
ent diuretic resistance as a direct result of their mechanism of 
action. In the ACCF/AHA HF guidelines, NSAIDs are labeled 
as a harmful class of drugs with a recommendation to avoid in 
HFrEF[1]. First of all; NSAIDs have a vasoconstricting effect 
on the afferent arteriole, thus decreasing blood flow and furo-
semide’s ability to get to the nephrons and ultimately the site of 
action. More importantly, prostaglandins in the kidney vasodi-
late and inhibit the reabsorption of sodium in the thick ascending 
loop of Henle. By their mechanism of action as cyclooxygenase 
inhibitors (COX-1 and 2), NSAIDs inhibit prostaglandin syn-
thesis and thereby add to water and salt retention[1,40]. A study in 
1986 looked at the administration of prostaglandin E2 in indo-
methacin treated rats and the results showed a restorative natri-
uretic response to furosemide, verifying the blunted effects on 
natriuresis induced by NSAIDs[41]. By blunting the natriuretic 
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effect and causing sodium retentive effects increases the risk of 
hospitalization in heart failure patients as indexed by the FDA 
labeling on NSAIDs. Because inhibiting the production of pros-
taglandins in effect diminishes their renal protectiveness in heart 
failure patients, discontinuing NSAIDS will result in countless 
advantages.

Conclusion

	 The ceiling effect is pertinent phenomenon that is im-
portant in clinical practice, as studies have shown increase in 
mortality, sudden death, and pump failure death in heart fail-
ure patients who have developed diuretic resistance that would 
only be amenable with higher diuretic doses. In addition, diuret-
ic resistance has also contributed to the increasing rates of re-
hospitalizations as diuretics fail to provide symptomatic relief 
and prevent cardiac decompensation. Individuals who develop 
or suffer from diuretic resistance require higher diuretic doses 
predisposing them to adverse effects such as worsening renal 
failure, electrolyte imbalances, and ototoxicity without any ad-
ditional benefits and increase in diuresis. Therefore, it is cru-
cial that healthcare providers are aware of this phenomenon and 
the available options to manage it, as diuretic resistance and the 
ceiling effect are drawbacks in the management of heart failure 
patients. Patients with refractory heart failure with high oral or 
intravenous bolus doses of diuretics may be candidates to con-
tinuous infusion diuresis as it seems to produce constant plasma 
drug concentration with a more uniform diuretic and natriuretic 
effect and greater safety profile[42]. More importantly, available 
studies support the use of CDT; combining loop diuretics like 
furosemide with thiazide-type diuretics like metolazone is effec-
tive and relatively safe option when fluid overload is refractory 
to conventional therapy. Conclusively, heart failure patients suf-
fering from fluid overload and decompensation who are refrac-
tory to conventional high dose furosemide due to diuretic resis-
tance and the ceiling effect is a clinical problem that healthcare 
providers should be conscious of and know how to manage with 
the available treatment options, specifically CDT.
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