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Creatinine-Guided Furosemide Therapy: A Pathophysiological Frame-
work for Precision Diuretic Use in Critically I1l Patients

Santiago M. Herrero'

Abstract

Objective: To propose a physiology-based, creati-
nine-guided dosing strategy for furosemide admi-
nistration in critically ill patients with acute decom-
pensated heart failure (ADHF), acute kidney injury
(AKI), or chronic kidney disease (CKD), integra-
ting renal function into diuretic decision-making to
optimize safety and efficacy.

Data Sources: Relevant literature was identified
through searches of PubMed, Embase, and Scopus
using the terms furosemide, loop diuretics, diuretic
resistance, organic anion transporters, creatinine,
and renal dysfunction. Key randomized and mecha-
nistic studies, including the DOSE, Furosemide
Stress Test, ADVOR, PUSH-AHF, and ENACT-
HF trials, were reviewed.

Data Synthesis: Furosemide efficacy depends on its
active tubular secretion via organic anion transport-

ers (OAT1/3). In renal dysfunction, secretion is re-
duced, uremic toxins compete for transport, and diu-
retic resistance ensues. Empiric high-dose bolus
therapy, common in practice, often leads to subop-
timal response or toxicity. A physiologically deri-
ved dosing framework is proposed in which the ma-
ximum daily dose of furosemide (mg) equals serum
creatinine (mg/dL x 88), applicable up to 5 mg/dL.
This rule reflects the relationship between creati-
nine, tubular drug delivery, and the pharmacodyna-
mic threshold for natriuresis.

Conclusions: Serum creatinine serves as a practical
surrogate for furosemide delivery to its site of ac-
tion. The proposed creatinine-guided ceiling rule
provides a rational, individualized approach to diu-
retic therapy that may improve decongestion effi-
cacy while reducing risk of renal and electrolyte
complications in critically ill patients.

Keywords: Furosemide, Loop diuretics, Acute decompensated heart failure, Acute kidney injury, Chronic
kidney disease, Diuretic resistance, Organic anion transporters, Creatinine-guided dosing, Critical care

Introduction

Congestion is the leading cause of hospital admis-
sion in heart failure. Volume overload is also central
in advanced CKD and many cases of AKI, where
impaired clearance promotes sodium and water re-
tention. The consequences include pulmonary
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edema, systemic venous hypertension, and impaired
organ perfusion. (1)

Loop diuretics are indispensable. Furosemide, in
use for over 50 years, is often given empirically in
escalating boluses based on crepitations or weight
changes, without considering renal function or phar-
macokinetics. This practice risks under-dosing, with
refractory congestion, or over-dosing, with elec-
trolyte imbalance and toxicity. (2)

There is a need for physiology-based dosing. Serum
creatinine, while imperfect, is practical and accessi-
ble, and may serve as the basis for structured proto-
cols that improve both safety and efficacy.

Pharmacology of Furosemide
Furosemide blocks NKCC2 in the thick ascending
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limb, abolishing the lumen-positive potential and
reducing sodium reabsorption. (1) Because >95% of
the drug is protein-bound, it is not filtered but must
be secreted into the proximal tubule via OAT1 and
OAT3. (3) Reduced renal blood flow, competing
uremic toxins, or drug interactions limit this secre-
tion and blunt efficacy. (4)

Hypoalbuminemia further reduces delivery, and in-
flammation modifies transporter activity. Albumin—
furosemide co-administration may transiently im-
prove efficiency in hypoalbuminemia, but evidence
remains inconsistent. (5)

Creatinine as a Surrogate Marker

Serum creatinine correlates with glomerular filtra-
tion rate and, indirectly, with tubular secretory func-
tion. (6) In CKD and AKI, impaired clearance leads
to accumulation of endogenous organic anions such
as indoxyl sulfate and p-cresyl sulfate, which com-
pete with furosemide for OAT1/3 transport. (3)
Thus, as creatinine rises, less drug reaches the lu-
men, shifting the threshold for diuretic response up-
ward. (7)

Creatinine is influenced by muscle mass, diet, and
secretion, but remains the most practical bedside
marker. (8) In acute illness it is quickly available,
reproducible, and already integrated into decision-
making for dosing many renally cleared medica-
tions. (9) While not perfect, it provides a clinically
useful surrogate for predicting diuretic resistance.

Pharmacodynamics of Loop Diuretics

Loop diuretics display a steep, sigmoid dose—re-
sponse curve. Below a certain threshold concentra-
tion in the tubular lumen, there is negligible effect;
once exceeded, natriuresis increases rapidly until a
ceiling is reached. In renal dysfunction, the curve
shifts rightward, meaning that higher plasma doses
are needed to achieve effective concentrations. (10)

Continuous infusion offers theoretical advantages
by prolonging time above threshold and reducing
post-diuretic sodium retention. The DOSE trial
compared bolus versus infusion and high versus low
dose strategies in ADHF. (11) High-dose therapy
improved dyspnea and net fluid loss, though at the
expense of transient creatinine elevations, whereas
bolus and infusion strategies were broadly similar in
efficacy.

Diuretic Resistance

Diuretic resistance refers to a diminished natriuretic
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or diuretic effect despite administration of suffi-
ciently high doses of loop diuretics. (12) Diuretic
resistance arises from multiple interacting mecha-
nisms. Impaired secretion of furosemide through or-
ganic anion transporters (OAT1/3) limits drug de-
livery to its tubular site of action, while chronic loop
diuretic exposure induces structural and functional
adaptation in the distal nephron—commonly termed
the braking phenomenon. (2,13) Clinically, this
manifests as persistent congestion and poor diuretic
response despite progressive dose escalation.

Clinically, resistance manifests as poor urine output
despite escalating doses, refractory edema, and re-
current hospitalizations. Observational studies such
as PROTECT confirmed that impaired diuretic re-
sponse strongly predicts worse prognosis in ADHF.

(14)

The Creatinine-Guided Ceiling Rule

To translate physiology into practice, a creatinine-
based ceiling rule has been proposed:

Maximum daily dose of furosemide (mg) = serum
creatinine (mg/dL) x 88, applicable only if creati-
nine < 5 mg/dL.

This rule acknowledges that as creatinine rises,
higher exposure is needed, but also enforces an up-
per boundary beyond which additional drug is un-
likely to achieve benefit and risks toxicity. (15) For
instance, a patient with a serum creatinine of 2.0
mg/dL. would have a calculated 24-hour maximum
of approximately 176 mg (2.0 x 88), which can be
rounded to 180 mg — typically administered as 90
mg (half) in an initial bolus followed by 90 mg via
continuous infusion or divided intermittent doses
(60 mg g8hours). Above creatinine 5 mg/dL, the
chance of overcoming resistance is low, and renal
replacement therapy should be considered.

This approach introduces discipline to loop diuretic
use, avoiding both blind under-dosing and futile es-
calation (Table 1).

Furosemide’s pharmacologic efficacy depends on
its active secretion via OAT1/3 and delivery to the
luminal NKCC2 target. In renal dysfunction, im-
paired secretion and increased threshold require-
ments justify a creatinine-guided dosing ceiling that
balances efficacy and safety (Figures 1 and 2).

Hemodynamic Considerations

Diuretic efficacy depends on renal perfusion. In nor-
motensive or hypertensive patients, venodilators
such as intravenous nitroglycerin or nitroprusside
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reduce filling pressures and rapidly relieve pulmo-
nary congestion while allowing time for laboratory
confirmation of creatinine.

In contrast, hypotensive patients require stabiliza-
tion before loop diuretics. When mean arterial pres-
sure falls below 65 mmHg, vasopressors (norepi-
nephrine) and inotropes (dobutamine or levosi-
mendan) should be initiated to restore renal perfu-
sion. Only after achieving adequate pressure should
furosemide be administered within creatinine-
guided limits.

Monitoring and Response Assessment

Response to furosemide should be evaluated dy-
namically. Urine output greater than 100—-150 mL/h
in the two hours following a diuretic challenge indi-
cates responsiveness, while low output signals re-
sistance. Spot urinary sodium at 2 h is an even better
predictor: values >70 mmol/L correlate with effec-
tive natriuresis.

Recent pragmatic trials support natriuresis-guided
therapy, PUSH-AHF and ENACT-HF showed that
early measurement of urinary sodium can guide
timely intensification of therapy and improve de-
congestion. (19) Such strategies integrate seam-
lessly with a creatinine-based ceiling, ensuring that
drug exposure is physiologically adequate without
exceeding safe limits.

Safety requires close laboratory monitoring. Elec-
trolytes—especially sodium, potassium, and mag-
nesium—should be checked every 6—12 h. Infusion
rates must remain below 4 mg/min (2.5 mg/min in
severe renal impairment) to reduce the risk of oto-
toxicity.

Clinical Trial Evidence

Several trials have shaped modern diuretic strategy
(Table 2).

These trials collectively demonstrate that loop diu-
retic therapy should be guided by physiological pa-
rameters—renal function, tubular response, and na-
triuresis—rather than empirical dose escalation
alone.

Safety Concerns

Loop diuretics are associated with predictable risks:
hypokalemia, hyponatremia, hypomagnesemia,
metabolic alkalosis, and volume depletion. (1) Oto-
toxicity may occur with rapid high-dose boluses, es-
pecially in severe renal dysfunction or with concur-
rent aminoglycosides. (2)
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These complications underline the importance of
both careful monitoring and adherence to infusion
limits.

By anchoring dosing to serum creatinine, the pro-
posed ceiling rule mitigates the tendency to escalate
doses beyond physiologic plausibility, thereby re-
ducing the risk of harm.

Future Directions

Further work is needed to validate creatinine-guided
dosing in prospective randomized trials. A double-
blind RCT comparing the rule with standard empiric
care could clarify whether this approach improves
decongestion, diuretic efficiency, and safety out-
comes.

Integration with natriuresis-guided strategies offers
additional promise: creatinine provides the ceiling,
while urinary sodium provides the steering. Future
protocols may combine both tools in adaptive algo-
rithms.

Finally, advances in transporter biology suggest the
possibility of individualized therapy. Genetic varia-
tion in OAT transporters, or assays of uremic toxin
burden, may one day allow personalized predictions
of furosemide response. (21,22)

Conclusion

Furosemide remains essential in the management of
fluid overload, but its efficacy is constrained by re-
nal physiology. Serum creatinine provides a practi-
cal surrogate for tubular drug delivery and a rational
basis for setting dose ceilings. A simple rule—daily
dose in milligrams equals creatinine in mg/dL. mul-
tiplied by 88, applied up to 5 mg/dL—offers a struc-
tured, physiologically coherent approach. When in-
tegrated with hemodynamic stabilization, sequential
nephron blockade, and natriuresis-guided monitor-
ing, creatinine-guided furosemide therapy may
transform diuretic use from empiricism to precision.

Key Points

¢ Question: Can serum creatinine serve as a phy-
siologic guide for determining optimal furose-
mide dosing in patients with heart failure and
renal dysfunction?

¢ Findings: Furosemide efficacy depends on ac-
tive secretion through renal organic anion trans-
porters (OAT1/3), a process impaired in kidney
injury. A dosing ceiling proportional to serum
creatinine (mg/dL x 88, up to 5 mg/dL) aligns
diuretic exposure with renal drug-handling ca-
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pacity.
Meaning: A creatinine-guided dosing rule inte-
grates renal function directly into diuretic the-

rapy, potentially preventing both under-dosing
and toxicity in critically ill patients.

Implication for Practice: Applying a physio-
logically informed ceiling for furosemide
administration may improve decongestion
efficiency and safety compared with con-

ventional empiric dosing strategies.
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Table 1. Physiological and Clinical Implication

Mechanistic As- |Physiological Context Key Pathophysiology | Clinical Implica- Supporting
pect in Renal Dysfunction | tion/Relevance References
Site of Action Thick ascending limb of |Reduced delivery of ac- | High luminal con- (1,2)
(NKCC2 inhibi- |Henle’s loop; inhibition |tive drug to tubular lu- |centrations are es-
tion) of Na*-K*-2Cl~ cotrans- |men limits inhibition |sential for natriure-
porter (NKCC2) blocks | efficiency sis; inadequate deli-
solute reabsorption and very — diuretic re-
disrupts medullary gra- sistance
dient
Protein Binding |>95% plasma protein Reduced renal perfu- | Diminished tubular |(1,3-6)
and Tubular Se- |binding; furosemide se- |sion, hypoalbumi- secretion lowers in-
cretion creted via proximal tubu- |nemia, or OAT compe- |traluminal concentra-
lar transporters OAT1/3  |tition (by uremic solu- |tion and response;
tes) decreases secretion |justifies higher do-
sing in renal dysfun-
ction
Serum Creatinine | Creatinine reflects GFR | Elevated creatinine sig- | Provides a pragmatic | (3,6-9)
as Surrogate and correlates with tubu- |nifies reduced OAT- measure to guide fu-
Marker lar secretory function mediated secretion and |rosemide dosing in
impaired drug delivery |the absence of direct
transport assessment
Dose—Response | Sigmoid relationship Curve shifts rightward | Continuous infusion |(10,11)
Curve Characte- |with steep threshold and |with renal impairment; |prolongs time above
ristics defined ceiling threshold and ceiling | threshold, reducing
doses increase rebound sodium re-
tention
Braking Pheno- |Chronic loop use causes |Persistent congestion | Sequential nephron |(2,13)
menon (Distal distal nephron hyper- despite escalating doses | blockade (e.g., aceta-
Adaptation) trophy and enhanced so- zolamide, thiazide)
dium reabsorption helps overcome re-
sistance
Hemodynamic | Effective diuresis requi- |Hypotension or low Stabilization with (10,11)
Dependence res adequate renal perfu- |cardiac output impairs | vasopressors/inotro-
sion (MAP > 65 mmHg) |delivery to OAT1/3 si- |pes precedes furose-
tes mide use in shock
states
Creatinine-Gui- |Integrates serum creati- | Applies physiologic Prevents excessive | (15)
ded Dosing Rule |nine as a proxy for tubu- |ceiling: Maximum daily | dosing beyond tubu-
lar function dose = Creatinine lar capacity; promo-
(mg/dL) x 88 (if Cr <5 |tes safe, individuali-
mg/dL) zed therapy
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Table 2. Clinical Trials Evidence

al., NEJM (11)

with acute de-
compensated
heart failure
(ADHF)

nuous infusion;
high-dose (2.5x
home dose) vs
low-dose furose-
mide

proved symptoms and
fluid loss but caused
transient rises in creati-
nine. No major diffe-
rence between bolus and
infusion

Trial (Year) Study Popula- |Intervention/Com- |Main Findings Key Implications
tion/Design parison
DOSE (2011)Felker et |308 patients | Bolus vs conti- High-dose therapy im- | Supports aggres-

sive dosing for
rapid deconges-
tion with accep-
table renal tole-
rance

Furosemide Stress Test

Patients at risk

Standardized IV

Urine output response

Establishes furo-

(20)

retic therapy

events

(2013)Chawla et al., for or with furosemide dose; |predicted progression of | semide response
Crit Care (16) early AKI urine output AKI and need for renal |as a dynamic
measured over 2 |replacement therapy marker of tubular
hours (RRT) function and
prognosis
ADVOR (2022)Mu- 519 patients | Acetazolamide + | Combination therapy ac- | Highlights bene-
llens et al., NEJM (17) |with ADHF loop diuretic vs celerated decongestion | fit of sequential
and volume loop diuretic alone |and improved diuretic | nephron blo-
overload efficiency ckade to enhance
loop diuretic res-
ponse
PUSH-AHF Hospitalized |Natriuresis-guided | Natriuresis-guided do- | Demonstrates
(2023)Schouten et al., |patients with | diuretic adjustment |sing improved effi- feasibility and
Nat Med (18) ADHF vs standard care ciency and early decon- |benefit of natriu-
gestion resis-based titra-
tion
ENACT-HF (2022- Multicenter, Standardized na- | Improved 24-hour na- | Confirms clinical
24)ter Maaten et al., randomized triuresis-guided al- | triuresis and deconges- | value of integra-
Eur J Heart Fail; Dauw | pragmatic trial |gorithm vs clini-  |tion efficiency without |ting natriuresis
et al., Circ Heart Fail |in ADHF cian-directed diu- | excess renal adverse monitoring into

diuretic protocols
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Figure 1. Creatinine-Guided Furosemide Mechanism and Dosing Framework
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Figure 2. Stepwise Algorithm

Creatinine-Guided Furosemide Dosing
in the Critically lll: Stepwise Algorithm
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The calculated dose can be administered as an initial half intravenous bolus followed either by continuous
infusion or by intermittent doses every 8 to 12 hours, depending on hemodynamic stability and urine output
response.
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