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Abstract: Background: Congestion-driven hospitalization remains a major cause of morbidity and mortality in 

patients with acute decompensated heart failure (ADHF). Diuretic resistance frequently limits the effectiveness of 

loop diuretics, prompting the use of sequential nephron blockade with thiazide-like diuretics such as metolazone. 

Objective assessment of decongestion using radiographic markers may improve evaluation of treatment response. 

Objectives: To compare diuretic response, radiographic and clinical decongestion, renal safety, and short-term clinical 

outcomes in patients with advanced decompensated heart failure treated with intravenous loop diuretics alone versus 

loop diuretics plus metolazone. Methods: This retrospective observational cohort study included 43 patients with 

chronic heart failure with reduced ejection fraction hospitalized for ADHF. Patients were treated with intravenous 

Frusemide alone (n = 23) or in combination with metolazone (n = 20). Diuretic efficiency, urine output, weight change, 

congestion score index (CSI) derived from chest radiography, renal function, electrolyte changes, loop diuretic dose 

at discharge, and survival were evaluated. Results: Patients receiving metolazone demonstrated significantly greater 

diuretic efficiency (958.00 ± 156.46 mL/40 mg Frusemide vs, 614.35 ± 281.66 mL/40 mg; p < 0.05), higher urine 

output (2950.00 ± 591.61 mL vs 2165.22 ± 939.83 mL; p < 0.05), and larger reductions in body weight compared with 

Frusemide alone (−5.96 ± 2.20 kg) vs., −3.65 ± 1.38 kg; p < 0.05).(all p < 0.05). Radiographic decongestion was more 

pronounced in the metolazone group, with a significantly greater reduction in CSI at discharge (1.15 ± 0.37 vs 0.74 ± 

0.54; p < 0.05). The metolazone group required a significantly lower loop diuretic dose at discharge (252.39 ± 137.05 

mg; p < 0.05), without an increase in renal dysfunction or electrolyte disturbances. Although survival was numerically 

longer in the metolazone group, the difference was not statistically significant. Conclusion: In patients with advanced 

ADHF, adjunctive metolazone therapy was associated with improved diuretic efficiency, more effective radiographic 

and clinical decongestion, and lower loop diuretic requirements at discharge, without compromising renal safety. 
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1. Introduction 

Acute decompensated heart failure (ADHF) 

remains a leading cause of hospitalization among 

patients with chronic heart failure with reduced 

ejection fraction (HFrEF) and is associated with 

substantial morbidity and mortality. The predominant 

driver of hospital admission is worsening congestion 

resulting from pulmonary and systemic volume 

overload, which contributes to severe symptoms, 

prolonged length of stay, frequent rehospitalization, 

and adverse short- and mid-term outcomes. 

Consequently, effective decongestion during 

hospitalization represents a cornerstone of ADHF 

management and a critical determinant of prognosis 

(1-3).  

Intravenous loop diuretics constitute the first-line 

therapy for volume removal in ADHF; however, an 

inadequate diuretic response is frequently encountered, 

particularly in patients with advanced HFrEF. Diuretic 

resistance, characterized by impaired natriuresis and 

insufficient decongestion despite appropriate loop 

diuretic dosing, poses a significant clinical challenge. 

Its pathophysiology is multifactorial, involving 

reduced renal perfusion, neurohormonal activation, 

altered drug pharmacokinetics, and enhanced distal 

tubular sodium reabsorption.(4-6).  In clinical practice, 

management often requires escalation of loop diuretic 

doses or implementation of sequential nephron 

blockade using thiazide-like diuretics, most 

commonly metolazone. While this strategy may 

augment diuresis and symptom relief, it carries a 

heightened risk of worsening renal function and 

electrolyte disturbances, particularly in patients with 

pre-existing renal dysfunction (7-9). 

Accurate assessment of congestion remains 

challenging, as clinical signs and symptoms may 

underestimate residual volume overload. Persistent 

subclinical congestion at discharge is common and 

strongly associated with early readmission and adverse 

outcomes.(10)  Chest radiography is routinely 
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performed in hospitalized heart failure patients and 

provides objective information on pulmonary 

congestion. The congestion score index (CSI) offers a 

standardized and reproducible method for quantifying 

radiographic congestion and has demonstrated 

independent prognostic value beyond conventional 

clinical assessment (3). 

In this context, objective markers of diuretic 

response are increasingly recognized as valuable tools 

to guide therapy. Diuretic efficiency, defined as urine 

output relative to loop diuretic dose, has emerged as a 

practical indicator of treatment response and may help 

identify patients at risk of poor decongestion or 

treatment-related complications (3). 

Accordingly, the present study aimed to evaluate 

diuretic response, radiographic and clinical 

decongestion, renal safety, and short-term clinical 

outcomes in patients hospitalized with advanced 

decompensated HFrEF in a real-world tertiary care 

setting. By integrating measures of diuretic efficiency 

and radiographic congestion, this study seeks to 

provide clinically relevant insights to optimize 

decongestive strategies and improve outcomes in this 

high-risk population. 

 

2. Patients and Methods 

This was a retrospective observational cohort 

study conducted at heart failure unit in a tertiary health 

care center. All consecutive adult patients admitted 

with advanced decompensated heart failure and 

evidence of significant volume overload were enrolled 

between November 2024 and April 2025 

Inclusion criteria were: any patient aged ≥ 18 

years know to be chronic heart failure with reduced 

ejection fraction (< 40%) presented with acute 

decompensated heart failure with clinical signs of 

congestion (NYHA class III or IV) with requirement 

for intravenous loop diuretic therapy. 

Patients were excluded from the study if they 

developed acute coronary syndrome during admission, 

had end-stage renal disease requiring dialysis, or 

presented with severe baseline electrolyte imbalances. 

Additional exclusion criteria included cardiogenic 

shock, the need for high-dose inotropic support, 

incomplete clinical or laboratory data, and pregnancy 

Demographic, clinical, laboratory, and 

echocardiographic data were extracted from medical 

records. Collected variables included age, sex, body 

mass index (BMI), heart failure etiology, comorbid 

conditions (hypertension, diabetes mellitus, 

dyslipidemia, ischemic heart disease, atrial fibrillation, 

valvular disease, cardiomyopathy, and chronic kidney 

disease), and baseline heart failure medications. 

Baseline laboratory assessments included serum 

creatinine, blood urea, estimated glomerular filtration 

rate (eGFR), serum sodium, and potassium. Left 

ventricular ejection fraction (LVEF) was obtained 

from transthoracic echocardiography performed 

during hospitalization. 

All patients received intravenous Frusemide 

upon admission. The choice to add metolazone 

(typical dose 2.5–10 mg daily) was at the discretion of 

the treating physician, typically in cases of inadequate 

diuretic response or persistent congestion. 

Diuretic doses were recorded daily. Diuretic 

efficiency was calculated as urine output per 40 mg of 

Frusemide equivalent. Total urine output, body weight 

change during hospitalization, and loop diuretic dose 

at discharge were documented. 

Clinical congestion was assessed using the 

congestion score index (CSI) at admission and at 

discharge. The change in CSI (ΔCSI) was calculated 

to quantify decongestion during hospitalization. 

Higher CSI values indicate more severe congestion.  

Radiographic CSI was used to quantify the 

severity of pulmonary congestion in CXR as 

previously published [18,19]. Each lung field os 

divided into 6 zones. A score of 0-3 is assigned for 

each area where; Score 0, no congestion sign; Score 1, 

cephalization (superior area), perihilar haze or 

perivascular/peri-bronchial cuffing, or Kerley A lines 

(middle area), Kerley B, or C lines (inferior area); 

Score 2, interstitial or localized/mild alveolar 

pulmonary edema; Score 3, intense alveolar 

pulmonary edema. To enhance the reproducibility of 

the severity of confluent edema, a portion of the 

divided lung fields which was visually similar to the 

cardiac silhouette was regarded as an intense zone, 

whereas the field with weaker density was regarded as 

a mildly intense zone. Lung areas were not scored 

when more than one-third of the divided lung fields 

were occupied by pleural effusion (including 

vanishing tumor), atelectasis, or cardiac silhouette. 

CSI was calculated as the sum of the scores in each 

zone divided by the number of available zones (11-13). 

Diuretic efficiency was calculated as net urine 

output (mL) per 40 mg of Frusemide equivalent. Daily 

diuresis volume, body weight change, and loop 

diuretic requirements were recorded during 

hospitalization. Renal function (serum creatinine, 

eGFR, blood urea) and electrolytes were monitored at 

admission and discharge. 

All Patients were followed after discharge for 

recurrent hospital admission up to 6 months. 

The primary outcome of the study was to assess 

the diuretic response, which was measured through 

three key parameters: diuretic efficiency, total urine 

output, and the change in body weight. Additionally, 

the study aimed to evaluate secondary outcomes, 

including changes in renal function and electrolytes at 
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discharge, the optimal loop diuretic dose at discharge, 

the severity of congestion, and overall survival during 

follow-up. 

 

Statistical Analysis 

Continuous variables are presented as mean ± 

standard deviation or median with interquartile range, 

as appropriate. Categorical variables are expressed as 

frequencies and percentages. Comparisons between 

groups were performed using: student’s t-test or 

Mann–Whitney U test for continuous variables and 

Chi-square or Fisher’s exact test for categorical 

variables. Survival outcomes were analyzed using 

Kaplan–Meier curves. A p-value < 0.05 was 

considered statistically significant. Statistical analyses 

were performed using standard statistical software. 

SPSS version 26 was used for al statistical analysis. 

 

3. Results 

Baseline Characteristics 

A total of 43 patients were included in the 

analysis, with 23 patients in the Frusemide group and 

20 patients in the metolazone group. Baseline 

demographic and clinical characteristics were well 

comparable between the two groups, with no 

statistically significant differences observed (Table 1). 

The mean age of the study population was 71.67 

± 8.12 years, and the majority of patients were male 

(79.1%). Mean body mass index was comparable 

between groups (27.74 ± 3.82 kg/m² in the Frusemide 

group vs 28.00 ± 3.74 kg/m² in the metolazone group; 

p = 0.823). 

The prevalence of comorbidities, including 

hypertension (76.7%), dyslipidemia (46.5%), diabetes 

mellitus (27.9%), cardiomyopathy (51.2%), ischemic 

heart disease (39.5%), atrial fibrillation (32.6%), 

valvular heart disease (9.3%), and chronic kidney 

disease (53.5%), was similar between groups (all p > 

0.05). 

Baseline renal function and electrolyte 

parameters did not differ significantly between groups. 

Mean serum creatinine on admission was 1.93 ± 0.53 

mg/dL in the Frusemide group and 1.90 ± 0.54 mg/dL 

in the metolazone group (p = 0.849), with comparable 

estimated glomerular filtration rate (eGFR) values 

(39.57 ± 10.95 vs 40.50 ± 10.81 mL/min/1.73 m²; p = 

0.78). Baseline serum sodium and potassium levels 

were also similar. 

Cardiac function and clinical status at 

presentation were comparable, with mean ejection 

fraction of 34.86 ± 4.90% overall (p = 0.235). Most 

patients presented with advanced heart failure 

symptoms, with 46.5% classified as NYHA class III 

and 53.5% as NYHA class IV, without significant 

intergroup differences (p = 0.425). 

All patients were on anti-heart failure therapies, 

including ACE inhibitors, ARBs, beta-blockers, 

mineralocorticoid receptor antagonists, digoxin, and 

ARNI, were evenly distributed between the two 

groups (all p > 0.05). The loop diuretic dose at 

admission was also similar (266.74 ± 109.81 mg vs 

268.25 ± 107.95 mg; P = 0.964). 

Patients treated with metolazone demonstrated a 

significantly greater diuretic efficiency compared with 

those receiving Frusemide alone (958.00 ± 156.46 

mL/40 mg Frusemide vs, 614.35 ± 281.66 mL/40 mg; 

p < 0.05) (Fig. 1A).  

Similarly, the mean diuresis volume was 

significantly greater in the metolazone group (2950.00 

± 591.61 mL vs 2165.22 ± 939.83 mL; p < 0.05) (Fig. 

1B). 

Weight reduction during hospitalization was 

significantly dropped in the metolazone group (−5.96 

± 2.20 kg) compared with the Frusemide group (−3.65 

± 1.38 kg; p < 0.05) (Fig. 1D). 

 

Renal Function and Electrolytes at Discharge 

At discharge Blood urea levels were significantly 

lower in the metolazone group (64.75 ± 13.76 mg/dL) 

compared with the Frusemide group (85.22 ± 25.12 

mg/dL; p < 0.05). However, there were no significant 

differences between groups in serum creatinine (p = 

0.405) or eGFR (p = 0.618). 

Serum potassium and sodium levels at discharge 

remained comparable between groups, with no 

statistically significant differences observed (Table 2). 

 

Loop Diuretic Dose and Congestion Score 

At discharge, patients in the metolazone group 

required a significantly lower loop diuretic dose 

(155.00 ± 59.16 mg) compared with those in the 

Frusemide group (252.39 ± 137.05 mg; p < 0.05) 

(Table 2). 

Congestion Severity Index (CSI) at admission 

did not differ significantly between groups (p = 0.120). 

However, at discharge, CSI was significantly lower in 

the metolazone group (0.55 ± 0.69) compared with the 

Frusemide group (1.35 ± 0.93; p < 0.05). The reduction 

in CSI (ΔCSI) was significantly greater in the 

metolazone group (1.15 ± 0.37 vs 0.74 ± 0.54; p< 0.05), 

indicating more effective decongestion (Fig.1 C). 

Kaplan–Meier estimates demonstrated longer 

survival in metolazone compared with Frusemide 

Group. The mean survival time in Frusemide group 

was 99.8 months (SE 11.0; 95% CI 78.2–121.4), In 

contrast, metolazone group had a mean survival time 

of 133.0 months (SE 13.8; 95% CI 105.9–160.1). 

Although Group 2 exhibited numerically longer 

survival times, these differences did not reach 

statistical significance (p = 0.26) (Fig. 2). 
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Table (1): Patient characteristics OF Frusemide and Metolazone Groups. 

 
Frusemide group 

(23 patients) 

Metolazone group 

(20 patients) 

Total 

(43 patients) 

P 

value 

Age 72.04±8.28 71.25±8.12 71.67±8.12 0.753 

GENDER 
Males 18 (78.3%) 16 (80%) 34 (79.1%) 

0.889 
Females 5 (21.7%) 4 (20%) 9 (20.9%) 

BMI (kg/m2) 27.74±3.82 28.00±3.74 27.86±3.74 0.823 

Hypertension 18 (78.3%) 15 (75%) 33 (76.7%) 0.801 

Dyslipidemia 11 (47.8%) 9 (45%) 20 (46.5) 0.853 

Diabetes mellitus 7 (30.4%) 5 (25%) 12 (27.9) 0.692 

Cardiomyopathy 12 (52.2%) 10 (50%) 22 (51.2%) 0.887 

IHD 9 (39.1%) 8 (40%) 17 (39.5) 0.954 

Valvular 2 (8.7%) 2 (10%) 4 (9.3%) 0.883 

Atrial Fibrillation 7 (30.4%) 7 (35%) 14 (32.6%) 0.750 

CKD 13 (56.5%) 10 (50%) 23 (53.5%) 0.669 

EF% 35.70±4.85 33.90±4.91 34.86±4.90 0.235 

Creatinine (On Admission) 1.93±0.53 1.90±0.54 1.91±0.52 0.849 

eGFR (mL/min) 39.57±10.95 40.50±10.81 40±10.77 0.78 

Urea (mg/dL) 82.35±24.70 73.35±16.59 78.16±21.56 0.175 

K (mEq/L) 4.36±0.36 4.25±0.37 4.31±0.37 0.307 

Na (mEq/L) 140.17±4.78 140.50±3.59 140.33±4.22 0.804 

Systolic BP (mmHg) 146.83±13.70 141.95±12.61 144.56±13.28 0.234 

Diastolic BP (mmHg) 80.57±7.66 79±6.91 79.84±7.28 0.489 

NYHA 
Class III 12 (52.2%) 8 (40%) 20 (46.5%) 

0.425 
Class IV 11 (47.8%) 12 (60%) 23 (53.5%) 

Loop Diuretic Dose at Admission 

(mg/day) 
266.74±109.81 268.25±107.95 267.44±107.65 0.964 

ACEi 13 (56.5%) 11 (55%) 24 (55.8%) 0.920 

ARBs 7 (30.4%) 6 (30%) 13 (30.2%) 0.975 

Beta Blockers 14 (60.9%) 13 (65%) 27 (62.8%) 0.780 

Digoxin 7 (30.4%) 5 (25%) 12 (27.9%) 0.692 

MRA 10 (43.5%) 8 (40%) 18 (41.9%) 0.818 

ARNI 3 (13%) 3 (13%) 6 (14%) 0853 

 

Table (2): Decongestion effect in both Frusemide and Metolazone Groups. 

 
Frusemide group 

(23 patients) 

(Mean ± SD) 

Metolazone group 

(20 patients) 

(Mean ± SD) 

T test 

Diuretic Efficiency (mL/40 mg Frusemide) 614.35 ± 281.66 958.00 ± 156.46 P< 0.05 

Urea (mg/dL) 85.22 ± 25.12 64.75 ± 13.76 P < 0.05 

eGFR (mL/min) 44.13 ± 18.37 41.40 ± 17.09 0.618 

Creatinine (mg/dL) 1.83 ± 0.57 1.69 ± 0.56 0.405 

K_at Discharge (mEq/L) 4.04 ± 0.59 4.08 ± 0.56 0.817 

Na_at Discharge (mEq/L) 139.91 ± 5.28 138.65 ± 4.38 0.403 

Mean_Diuresis Volume (mL) 2165.22 ± 939.83 2950.00 ± 591.61 P < 0.05 

Δ_Weight  -3.65 ± 1.38 -5.96 ± 2.20 P < 0.05 

Loop_Diuretic_ Dose at discharge (mg/day) 252.39 ± 137.05 155.00 ± 59.16 P < 0.05 

CSI at Admission 2.09 ± 0.79 1.70 ± 0.80 0.120 

CSI at Discharge 1.35 ± 0.93 0.55 ± 0.69 P < 0.05 

ΔCSI  0.74 ± 0.54 1.15 ± 0.37 P < 0.05 
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Fig. (1): Box plot of diuresis efficiency (A), mean diuresis volume (B), congestion score index (C),  and delta weight 

reduction (D) between the frusemide and metolazone groups.  

 

 
Fig. (2): kaplan Meier Curve for survival over 180 days. 

 

 

4. Discussion 

Loop diuretics remain the cornerstone and first-

line therapy for the management of congestion in 

patients with acute decompensated heart failure. 

However, in patients with chronic heart failure 

receiving long-term loop diuretic therapy, diuretic 

resistance frequently develops, leading to a diminished 

natriuretic and diuretic response. This often 

necessitates progressive escalation of loop diuretic 

doses, which is associated with an increased risk of 

adverse effects, including worsening renal function, 
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electrolyte disturbances, and neurohormonal 

activation. 

The sequential nephron blockade, achieved by 

the addition of a thiazide-like diuretic such as 

metolazone to loop diuretic therapy, augments 

natriuresis by inhibiting distal tubular sodium 

reabsorption and represents an effective strategy to 

overcome loop diuretic resistance in patients with 

acute decompensated heart failure (ADHF). With 

benefits of lowering the loop diuretics doses used. 

In this study, the addition of metolazone to loop 

diuretic therapy was associated with a significantly 

improved diuretic efficiency (958.00 ± 156.46 mL/40 

mg Frusemide vs, 614.35 ± 281.66 mL/40 mg; p < 0.05) 

and more effective decongestion (1.15 ± 0.37 vs 0.74 

± 0.54; p < 0.05) compared with Frusemide alone in 

patients with advanced heart failure. This aligns with 

prior studies indicating that sequential nephron 

blockade, using a thiazide-like diuretic such as 

metolazone in combination with a loop diuretic, 

enhances overall natriuresis and can overcome loop 

diuretic resistance in acute decompensated heart 

failure (ADHF) settings.(14-16) 

Severe pulmonary congestion, whether 

quantified by CXR or lung ultrasound at admission, 

was associated with elevated pulmonary artery systolic 

pressure, supporting the mechanistic plausibility of 

CSI as a marker of hemodynamic burden.(13, 17-19) 

The diagnostic value of chest radiography (CXR) 

demonstrated higher diagnostic performance for acute 

heart failure (AHF) was studied in previous studies (12, 

20-22). CSI have a consistent diagnostic performance 

across age, BMI, and coexisting pulmonary conditions. 

The only factor that appeared to reduce CSI’s 

diagnostic accuracy was cardiomegaly, likely due to 

overlap between the cardiac silhouette and relevant 

lung fields.(12) 

In line with previous studies (13, 23), patients 

with more severe pulmonary congestion in our study 

were predominantly elderly, had higher BMI, a greater 

burden of cardiovascular risk factors and 

comorbidities, more severe congestion, impaired renal 

function, and elevated inflammatory markers. 

Despite the recommended use of natriuretic 

peptides for the diagnosis of acute heart failure 

(AHF)(24), and their value for ruling out non-heart 

failure causes of acute dyspnea(24, 25), comorbidities 

such as advanced age and renal dysfunction may limit 

their diagnostic utility in a substantial proportion of 

patients (26, 27).  

Clinical scores such as the Brest score showed a 

good diagnostic accuracy for heart failure (28). 

However, a lot of dyspneic patients lies in   the 

intermediate “grey zone” highlighting the limitations 

of clinical scoring alone and the need for 

complementary diagnostic strategies.(29) 

Additionally, BNP measurement requires time 

and may not be readily available in all clinical settings, 

compared to feasible and scalable CXR. Even in cases 

where the clinical diagnosis of AHF is clear, guidelines 

recommend prompt initiation of therapy rather than 

waiting for natriuretic peptide results(1, 30). 

Kobayashi et al.(13) demonstrated that the 

Congestion Score Index (CSI) improves 

reclassification of acute heart failure (AHF) diagnosis 

beyond the Brest score and BNP. The combination of 

CSI and the Brest score yielded an AUC of 0.81, 

comparable to the combination of BNP and the Brest 

score (AUC 0.82). 

Our study showed improved decongestion 

reflected by a more substantial reduction in CSI at 

discharge. Effective decongestion is clinically 

important because persistent congestion at discharge is 

associated with higher readmission rates and adverse 

outcomes in heart failure (31). 

Notably, patients treated with metolazone 

demonstrated greater reductions in weight (−5.96 ± 

2.20 kg vs, −3.65 ± 1.38 kg; p < 0.05) and congestion 

score (0.74 ± 0.54 vs.,1.15 ± 0.37; p < 0.05). That 

finding is consistent with larger retrospective analyses 

where metolazone addition improved congestion 

metrics and urine output without a significant increase 

in adverse events when carefully monitored.(32-34). 

Another important finding was the significantly 

lower loop diuretic dose required at discharge in the 

metolazone group (155.00 ± 59.16 mg vs, 252.39 ± 

137.05 mg; p < 0.05). These findings are consistent 

with the results of a recent systematic review and 

meta-analysis by Shrestha et al.,(35) which 

demonstrated that adjunctive metolazone in diuretic-

resistant acute decompensated heart failure 

significantly improved diuretic response and net fluid 

removal when compared with loop diuretics alone. 

Improved natriuresis and volume control may 

facilitate earlier stabilization and enable clinicians to 

down-titrate loop diuretic doses prior to discharge, 

potentially mitigating the adverse neurohormonal 

activation and renal dysfunction associated with high-

dose loop diuretic exposure. Collectively, these data 

support the role of metolazone as an effective loop-

diuretic–sparing strategy in carefully selected patients 

with diuretic resistance. 

In the present study, Kaplan–Meier survival 

analysis demonstrated a numerically longer mean 

survival time in patients treated with metolazone 

compared with those receiving Frusemide alone. 

Although the observed difference favored the 

metolazone group, it did not reach statistical 
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significance (SE 11.0; 95% CI 78.2–121.4 vs, SE 13.8; 

95% CI 105.9–160.1; P = 0.37). 

This finding suggests that while sequential 

nephron blockade may be associated with a trend 

toward improved long-term outcomes, the survival 

benefit could not be conclusively demonstrated within 

the current cohort. 

The absence of statistical significance may be 

attributed to survival in patients with advanced heart 

failure is influenced by multiple competing factors, 

such as baseline disease severity, comorbid conditions, 

renal function, and adherence to guideline-directed 

medical therapy, which may attenuate the independent 

effect of diuretic strategy on long-term survival. 

Importantly, diuretics primarily serve a symptomatic 

and decongestive role rather than directly modifying 

disease progression, which may explain why 

improvements in congestion and diuretic efficiency do 

not necessarily translate into a measurable survival 

advantage.(36) 

Nevertheless, the numerically longer survival 

observed in the metolazone group is clinically 

noteworthy and consistent with the hypothesis that 

more effective and sustained decongestion, achieved 

through sequential nephron blockade, may indirectly 

influence prognosis by reducing residual congestion, 

rehospitalization, and neurohormonal activation 

associated with high-dose loop diuretic exposure. 

Persistent congestion and diuretic resistance have been 

consistently identified as strong predictors of adverse 

outcomes in heart failure, including increased 

mortality and readmission rates, supporting the 

biological plausibility of this observed trend.(37) 

 

Study Limitations 

Several limitations should be acknowledged. 

First, this was a single-center, retrospective 

observational study, which inherently limits causal 

inference and is subject to selection bias and 

unmeasured confounding. Second, the relatively small 

sample size reduced statistical power, particularly for 

survival and rehospitalization outcomes, and may have 

contributed to the lack of statistically significant 

differences in long-term prognosis. Third, the decision 

to initiate metolazone was at the discretion of the 

treating physician, introducing potential treatment 

selection bias. Fourth, radiographic assessment of 

congestion, although standardized using the 

congestion score index, may be influenced by 

interobserver variability and technical limitations such 

as cardiomegaly or pleural effusion. Finally, follow-up 

data were limited to short- and mid-term outcomes, 

precluding definitive conclusions regarding long-term 

mortality or disease-modifying effects. 

 

Conclusion 

In patients with advanced ADHF, adjunctive 

metolazone therapy was associated with improved 

diuretic efficiency, more effective radiographic and 

clinical decongestion, and lower loop diuretic 

requirements at discharge, without compromising 

renal safety. While no statistically significant survival 

benefit was demonstrated, the observed trend toward 

improved outcomes underscores the clinical 

importance of achieving effective decongestion. 

Sequential nephron blockade with metolazone 

represents a valuable therapeutic option for managing 

diuretic resistance in selected patients with ADHF. 

Prospective, adequately powered randomized trials are 

warranted to further define its impact on long-term 

clinical outcomes and safety. 
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