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Statistic S1: Choice of non-inferiority boundary and sample size calculation 

 

The non-inferiority cut-off was based on daily minimal weight loss under diuretic therapy of 500 grams 

(=1Kg in 2 days), acknowledge by guidelines on HF management.[1] Thus, a therapy achieving less than 

this target of weight loss would be considerate to have no or only minimal effect and would be 

increased (or changed). Similarly, two treatments resulting in weight loss difference under this 

minimal daily significant weight loss would be considerate to have “no clinically relevant difference”.   
 

The sample size was calculated based on an expected mean weight loss during the first days of 4.2 

litters (SD 3.2) under diuretic therapy [2], and a clinically relevant difference of 1 litter between groups 

(for the UC group). This resulted in 376 patients (one third with an UC) needed to demonstrate non-

inferiority with a one-sided significant level of 0.05 and a power of 90%. 
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Table S1: The variables associated with diuretics effectiveness in three studies (ASCEND-HF; RELAX-AHF; DOSE-AHF) compared to the variables included as 

adjustments in the multivariable models of our study. 

Factors Studies 

Category Variable ASCEND-HF [6] RELAX-AHF [7] DOSE-AHF [8] Our study1 

Diuretics Home loop diuretics Home loop diuretics 

(chronic use) use 

- Home loop diuretics 

(dose) 

Home loop diuretics (dose) 

use 

Continuous vs 

intermittent 

- - Type of therapy 

(continuous vs 

intermittent) 

Type of therapy (continuous 

vs intermittent) 

Initial IV diuretic dose Loop diuretic - Initial IV diuretic dose Initial IV diuretic dose 

Bumetanide use Bumetanide use - - NA2  

General 

characteristics 

Sex Female sex - - Female sex 

Age - - - Age 

Ethnicity Ethnicity Ethnicity - NA3 

Weight and 

oedema 

Oedema Oedema Oedema - NA4 

Baseline weight Baseline weight Baseline weight Baseline weight Baseline weight 

Vital signs/ 

Haemodynamics 

Blood pressure Systolic and diastolic 

blood pressure 

Diastolic blood pressure - Systolic blood pressure 

Heart rate - - - Heart rate 

Body temperature - Body temperature - NA 

Respiratory rate - Respiratory rate - Respiratory failure 

(hypoxemia and/or non-

invasive respiratory therapy) 

Heart failure 

severity 

Dyspnoea Orthopnoea Dyspnoea - 

HF hospitalisation last 

year 

- HF hospitalisation last 

year 

- NA 

NT-proBNP - NT-proBNP (median vs 

< median) 

- Not included 

LVEF - LVEF (no effect) - LVEF (> 50% vs < 50% vs 

unknown) 

 Mode of hospital 

admission 

- - - Admission through ER 

Diabetes Diabetes - - Charlson comorbidities index 
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Comorbid 

conditions 

Hyperlipidaemia Hyperlipidaemia - -  

Atrial Fibrillation - Atrial Fibrillation - 

Percutaneous 

intervention 

- Percutaneous 

intervention 

- 

Hyperthyroid - Hyperthyroid - 

Laboratory Renal function baseline (at admission) 

creatininemia  

BUN baseline (at admission) 

creatininemia 

Grade of acute renal injury 

at admission  

(0–3) 

Baseline potassium Baseline potassium Baseline potassium - NA 

Baseline sodium at 

admission 

Baseline sodium at 

admission 

Baseline sodium at 

admission 

- Not included 

Uric acid - Uric acid - NA 

Aspartate 

aminotransferase 

- Aspartate 

aminotransferase 

- NA 

Total protein (g/l) - Total protein (g/l) - NA 

1) The model was adjusted for age (continuous), sex (binary), Charlson index score (continuous), pre-admission diuretic dose (continuous), HF type 

(categorical), admission heart rate and blood pressure (continuous), respiratory failure (binary), weight excess at diuretic therapy (continuous), first diuretic 

dose (continuous), use of continuous intravenous diuretics (binary), AKI (categorical) and admission through the emergency room (binary). Adjustment 

factors were chosen based on clinical expertise. To reach non-inferiority, the upper confidence interval of a between-group difference had to be less than 

1 kg (in favour of UC). Unilateral T-test served to test non-inferiority; 2) No Bumetanide use during the study; 3) Database did not collect ethnicity; 

proportion of patients of African or Asian origin is relatively small in Geneva, most being Caucasian; 4) Although the presence of oedema was not collected 

in the database, the analysis of diuretic responsiveness was restricted to patients with weight excess (compared to their target weight) and thus most of 

them would have had oedema. 

NA: not assessed (not collected during the study) 
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Statistic S2: Sensitive analyses: 

We performed several sensitivity analyses for the main outcome. Firstly, multiple imputation method 

was used to replace missing values. Missing data, which were all 5% or less, were inspected to ensure 

that the missing at random assumption was reasonable. Imputation involved all baseline responders 

and utilised the variables in the adjusted models. Missing data were imputed using chained equations. 

Twenty imputed datasets were generated and parameter estimates were combined using Rubin’s 
rules. The second sensitivity analysis excluded patients with urinary retention. The third matched 

catheterised patients 1:1 to non-catheterised patients according to sex and the closest value (< 10%) 

of a propensity score. The score included all the variables mentioned above except sex. A paired t-test 

was used to test mean differences.  

The fourth replaced AKI at admission by creatininemia and blood sodium. In the last analysis the 

continuous confounding variables were split in the median (results in Table S2). 

 

It could be hypothesized that the “no difference” observed in the time to reach target weight could 

come from a wrong estimation of the weight to “target”. Patients could die before to reach their 
“true” target weight, and the lowest weight (close to death) would be retained as the “study target 
weight”. We decided to add a sensitive analysis, excluding patients that died within the first week of 

hospital admission, or patients that attaint the target weight less than 5 days before to die (16 

patients in total). The results of this sensitive analysis was in line with the main result: adjusted HR for 

time to reach target weight was 0.97 (95%CI: 0.64-1.44, p=0.87).  

 

For readmission and mortality, we performed one sensitivity analysis adding haemoglobin and 

natremia at admission, chronic renal function, LVEF, and systolic blood pressur to age, comorbidities 

and sex. [3 4]  The adjusted hazard ratios for one-year readmission and one-year mortality were 1.02 

(95% CI: 0.65–1.61; p = 0.93) and 1.27 (95% CI: 0.87–1.86; p = 0.22), respectively. The difference was 

not statistically significant and comforted the analyses in the main manuscript. 
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Table S2: Sensitive analysis for the main outcome. Numbers are coefficient of the linear regression (95%CI). 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Urinary catheter 0.43 (-0.03-0.88)* 0.42 (-0.04-0.88)* 0.43 (-0.03-0.87)* 0.38 (-0.08-0.83)* 0.36 (-0.08-0.80)* 

age -0.01 (-0.02-0.01) -0.06 (-0.02-0.01) -0.23 (-0.60-0.15) -0.05 (-0.02-0.01) -0.01 (-0.02-0.01) 

sex -0.32 (-0.73-0.08) -0.32 (-0.73-0.08) -0.35 (-0.76-0.07) -0.39 (-0.81-0.02) -0.35 (-0.74-0.03) 

Charlson index 0.04 (-0.07-0.14) 0.04 (-0.06-0.14) -0.01 (-0.41-0.38) 0.04 (-0.07-0.14) 0.02 (-0.08-0.12) 

Chronic diuretic dose -0.003 (-0.008-0.003) -0.002 (-0.008-0.003) 0.16 (-0.22-0.55) -0.002 (-0.007-0.004) -0.003 (-0.007-0.003) 

LVEF<50% (vs LVEF>50%) 

Unassessed FEVG 

-0.32 (-0.76-0.11) 

-0.23 (-0.67-0.29) 

-0.31 (-0.75-0.13) 

-0.25 (-0.75-0.25) 

-0.29 (-0.73-0.15) 

-0.26 (-0.76-0.24) 

-0.33 (-0.77-0.11) 

-0.27 (-0.76-0.23) 

-0.31 (-0.73-0.11) 

-0.25 (-0.74-0.23) 

admission heart rate 0.005 (-0.005-0.015) 0.005 (-0.005-0.015) 0.10 (-0.28-0.48) 0.004 (-0.006-0.014) 0.005 (-0.005-0.015) 

Systolic blood pressure 0.006 (-0.002-0.015) 0.006 (-0.002-0.015) 0.09 (-0.28-0.45) 0.007 (-0.001-0.016) 0.005 (-0.004-0.013) 

respiratory failure -0.19 (-0.67-0.29) -0.19 (-0.67-0.29) -0.12 (-0.60-0.37) -0.19 (-0.67-0.30) -0.12 (-0.58-0.35) 

weight excess at diuretic 

therapy 

0.18 (0.12-0.24) 0.18 (0.12-0.24) 1.09 (0.71-1.47) 0.18 (0.12-0.24) 0.18 (0.12-0.23) 

first diuretic dose 0.001 (-0.004-0.004) 0.001 (-0.004-0.004) -0.18 (-0.62-0.25) 0.001 (-0.003-0.005) 0.001 (-0.003-0.004) 

use of continuous 

intravenous diuretics 

0.20 (-0.41-0.80) 0.19 (-0.41-0.79) 0.16 (-0.45-0.77) 0.05 (-0.55-0.64) 0.09 (-0.48-0.68) 

AKI 1 

AKI 2 

AKI 3 

-0.51 (-0.91—0.10) 

-0.83 (-1.76-0.09) 

-1.40 (-3.0-0.22) 

-0.55 (-0.95—0.14)  

-0.85 (-1.77-0.08) 

-0.74 (-2.6-1.09) 

-0.59 (-0.99—0.18) 

-0.82 (-1.72-0.07) 

-1.20 (-2.83-0.42) 

- -0.50 (-0.89—0.11) 

-0.69 (-1.62-0.23) 

-1.35 (-2.9-0.20) 

admission through the 

emergency room 

-0.02 (-0.58-0.54) -0.001 (-0.56-0.56) 0.16 (-0.39-0.71) -0.08 (-0.64-0.48) 0.02 (-0.51-0.56) 

Admission blood sodium - - - -0.03 (-0.01-0.06) - 

Admission creatininemia - - - -0.003 (-0.005--0.0005) - 

*p value for non-inferiority <0.05 

Model 1: main analysis diuretic chronic dose, diuretic first admission dose, age, Charlson index, systolic blood pressure, heart rate, weight excess at diuretic 

therapy as continuous variables in the model; Model 2: same as Model 1, but excluding the patients with urinary retention; Model 3: Continuous variables 

dichotomized (less vs mediane or more); Model 4: same as Model 1 but, admission blood sodium (continuous) and creatininemia (continuous)  instead of 

AKI; Model 5: same as Model 1 but with multiple imputation of missing values. 

AKI: acute kidney injury; LVEF: Left ventricular ejection fraction 
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Figure S1: Study flow-chart. D=days; H = hours; CPAP= continuous positive pressure  
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Table S3: List of indications for urinary catheter insertion per the Swiss ‘Progress! Safe urinary 
catheterization’ programme, adapted with permission from A. Schweiger et al. / Journal of Hospital 
Infection 106 (2020) 364e371 [9] 

Indication Specification Examples 

Urinary retention _ Acute urinary retention regardless of 

aetiology 

_ Symptomatic chronic outlet obstruction 

plus >300 mL residual urine 

_ Benign hyperplasia of prostate 

gland, urethral strictures, 

bladderstones 

_ Drug induced (anticholinergics, 

opioids, antidepressants) 

Measurement of 

urine volume/fluid 

balance 

_ At regular intervals (hourly or as 

defined by hospitals) plus direct 

consequence on treatment of patients 

_ Fluid balance if patient weight not 

measurable on a daily basis 

_ Haemodynamic instability, 

severe rhabdomyolysis 

_ Coma, sedated and ventilated 

patient 

Surgery _ Long surgery (>4 h) 

_ Peri-interventional: need for empty 

bladder during surgery, removal of 

catheter after surgery necessary if no 

other indication present 

_ Surgery in urogenital or pelvic floor 

region 

_ Epidural/peridural anaesthesia 

 

Pressure ulcers plus 

urinary 

incontinence 

_ Stage III or IV pressure ulcers or skin 

transplants in sacral/ perineal region plus 

urinary incontinence after exhaustion of 

alternative strategies for urinary 

management 

 

Prolonged 

immobilization 

_ Immobilization for medical reasons, 

especially for pain management, after 

exhaustion of alternative strategies for 

urinary management 

_ Acute fractures with severe 

pain due to patient movement 

(pelvic fractures, fracture of the 

neck of the femur) 

_ Haemodynamic instability 

possibly caused by movement of 

the patient 

_ Transient immobility after 

specific interventions 

Palliative care plus 

comfort 

_ Palliative care plus abnormal bladder 

function plus/or inability for regular 

voiding after exhaustion of alternative 

strategies for urinary management 

_ High burden of suffering plus wish of 

informed patient (or relatives) 
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Statistic S3: Proportional hazard assumption for univariate and multivariate models: 

The log-minus-log plots are shown in the Figure S2 for all the univariate association between “urinary 
catheter” and time to event analyses (target weight, discontinuation of intravenous diuretic therapy, 

discontinuous of CPAP therapy, discontinuation of oxygen supply, time to hospital readmission, time 

to first urinary tract infection, and time to death. We also performed the Schoenfled residuals test and 

tested the interaction between “urinary catheter” and Time in a time-varying covariate cox model. For 

both test, proportional assumption is plausible when the p value is more than 0.05. We added the 

results of the test in each individual graphs. Based on the three tests, proportional assumption 

seemed to be reasonable for all the univariate cox regressions. 

 

The slopes of the Schoenfeld residuals and p values of all covariates for the seven models can be 

found in Table S4. For the test, a p value of <0.05 excludes proportional hazard assumption. Because 

appreciation of the proportional assumption on the test only can be difficult, we also provided 

Schoenfeld residuals plots with their fitted line for all the models, and all the covariates (Figure S3-9).  

 

Urinary catheter showed proportional hazard in all the multivariable models. However, in the model 

on time to target-weight, three covariates violated the proportional hazard assumption (weight excess 

at beginning of diuretic therapy, reduced left ventricular ejection fraction, and continuous intravenous 

therapy). Since, these variables were only used for adjustment, and the association between main 

variable (urinary catheter and time to reach target weight) were not statistically significant in 

unadjusted and adjusted analysis, we left these adjusting variables unchanged in the model assuming 

a mean effect over time of these variables as proposed by Allison.[5] Nevertheless, we also performed 

a sensitivity analysis taking into account the time variation effect of the 3 variables in a time-varying 

covariates Cox model, (tvc option in Stata). The model confirmed the interaction between the three 

covariates and time (p < 0.05), but did not change the effect of Urinary catheter on the outcome 

(Table S5).   

 

For the “time to discontinue CPAP therapy” model, Charlson comorbid index score violated the 
proportional hazard. In the time-dependant covariate model, the interaction term (time*CCI), was not 

statistically significant (Table S5).  

 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-053632:e053632. 12 2022;BMJ Open, et al. John G



10 

V2, 13.06.2022 

 

Table S4: Proportional-hazards assumption based on Schoenfeld residuals (P value of the phtest in Stata,) and slop of the regression line (rho). 

 Target weight I.V. diuretics CPAP Oxygen UTI Readmission Death 

 rho P 

value 

rho P 

value 

rho P 

value 

rho P 

value 

rho P 

value 

rho P value rho P value 

 0.06 0.43 0.01 0.77 0.17 0.25 0.02 0.68 0.04 0.73 0.02 0.70 -0.02 0.85 

Urinary catheter 0.04 0.57 0.02 0.60 0.14 0.28 -0.002 0.97 0.09 0.44 0.02 0.69 -0.01 0.87 

age 0.01 0.87 0.01 0.86 -0.16 0.27 0.04 0.45 -0.01 0.92 0.11 0.08 -0.08 0.31 

sex -0.04 0.57 -0.02 0.63 -0.15 0.28 -0.06 0.28 -0.24 0.05 -0.12 0.07 0.09 0.25 

Charlson index 0.11 0.12 0.06 0.19 -0.41 0.01* -0.02 0.69 -0.09 0.43 0.001 0.98 0.07 0.46 

Chronic diuretic dose -0.11 0.16 0.03 0.41 0.17 0.32 -0.04 0.34 - - - - - - 

LVEF<50% (vs LVEF>50%) 

Unassessed LVEF 

-0.16 

-0.005 

0.02* 

0.94 

0.02 

0.02 

 

0.71 

0.66 

0.07 

0.05 

0.62 

0.73 

0.03 

0.03 

0.63 

0.65 

- - - - - - 

admission heart rate 0.05 0.49 0.02 0.73 -0.17 0.23 0.003 0.34 - - - - - - 

Systolic blood pressure 0.01 0.87 0.10 0.05 0.26 0.06 0.06 0.95 - - - - - - 

respiratory failure -0.06 0.40 -0.06 0.25 - - - - - - - - - - 

weight excess at diuretic 

therapy 

0.24 0.001* 0.16 0.16 0.07 0.62 0.06 0.30 - - - - - - 

first diuretic dose 0.003 0.61 0.04 0.35 -0.22 0.12 0.02 0.76 - - - - - - 

use of continuous 

intravenous diuretics 

-0.16 0.02* 0.09 0.08 0.09 0.61 0.01 0.84 - - - - - - 

AKI 1 

AKI 2 

AKI 3 

-0.07 

0.04 

-0.02 

0.31 

0.57 

0.73 

-0.02 

0.04 

0.01 

0.70 

0.43 

0.77 

0.13 

-

0.003 

- 

0.37 

0.98 

- 

0.10 

0.04 

0.05 

0.10 

0.53 

0.39 

- - - - - - 

admission through the 

emergency room 

-0.12 0.08 -0.04 0.42 0.07 0.61 0.08 0.17 - - - - - - 

* violation of the proportional hazard assumption (p value <0.05). AKI: acute kidney injury; CPAP: continuous positive airways pressure therapy; I.V.: 

intravenous; LVEF: Left ventricular ejection fraction; UTI: urinary tract infection.  
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Table S5: Sensitive analysis for the model on time to reach target weight and CPAP, including time-

varying covariates. Number are HR (95%CI) 

 Time to target weight Time to discontinue CPAP 

 Standard Cox 

regression model 

Cox with time-

varying covariates 

model 

Standard Cox 

regression model,  

Cox with time-

varying covariates 

model 

Urinary catheter 1.0 (0.7-1.5) 1.0 (0.7-1.4) 1.1 (0.5-2.4) 1.1 (0.5-2.3) 

Age 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (0.9-1.0) 1.0 (0.9-1.0) 

Sex 0.7 (0.5-1.0) 0.7 (0.5-1.0) 1.4 (0.7-2.8) 1.4 (0.7-2.8) 

Systolic blood 

pressure 

1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 

Heart rate 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 

Respiratory 

failure 

0.9 (0.6-1.4) 0.9 (0.6-1.4) - - 

Reduced LVEF 

Severity not 

assessed 

1.0 (0.6-1.4) 

1.9 (1.2-2.8)* 

1.8 (0.9-3.6) 

1.8 (1.2-2.7) 

0.7 (0.3-1.5) 

0.8 (0.3-2.2) 

0.7 (0.3-1.5) 

0.9 (0.3-2.3) 

Charlson 1.0 (0.9-1.1) 1.0 (0.9-1.1) 1.0 (0.8-1.3) 1.4 (0.9-2.1) 

Weight excess 0.6 (0.5-0.6)* 0.4 (0.3-0.5)* 1.0 (0.9-1.1) 1.0 (0.9-1.1) 

Chronic diuretic 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 

Initial diuretic 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 

Continuous IV 1.7 (0.9-3.2) 5.1 (1.7-15.7)* 0.3 (0.1-2.1) 0.3 (0.1-2.4) 

Elective 

admission 

1.0 (0.6-1.8) 1.0 (0.5-1.6) 0.6 (0.1-2.7) 0.7 (0.1-3.1) 

AKIN 1 

AKIN 2 

AKIN 3 

0.9 (0.6-1.3) 

1.1 (0.5-2.6) 

1.1 (0.4-3.4) 

0.9 (0.6-1.3) 

1.0 (0.5-2.3) 

1.2 (0.4-3.6) 

1.7 (0.8-3.9) 

1.6 (0.6-4.7) 

- 

1.6 (0.7-3.7) 

1.4 (0.5-4.2) 

- 

Time varying 

covariates 

    

Reduced LVEF   0.8 (0.7-0.9)*  - 

Weight excess  1.1 (1.0-1.2)*  - 

Continuous IV  0.7 (0.5-0.9)*  - 

Charlson  -  0.9 (0.8-1.0) 

*p value <0.05 

AKI: acute kidney injury; CPAP: continuous positive airways pressure therapy; I.V.: intravenous; LVEF: Left 

ventricular ejection fraction; UTI: urinary tract infection. 
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Figure S2:. log-minus-log plots for urinary catheter (UC) and the different time to event outcomes. 

Two tests were also used to assess the proportional hazard assumption: first the Schoenfeld residuals 

(p value1) and, second, the interaction between “urinary catheter” and time in a time-varying 

covariate cox regression (p value2). For the tow tests the p value need to be more than 0.05. Panel A: 

time to stop intravenous diuretic therapy; Panel B: time to stop oxygen supply; Panel C: time to reach 

target weight; Panel D: time to stop CPAP therapy; Panel E: time to death; Panel F: time to first hospital 

readmission; Panel G: time to first urinary tract infection. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-053632:e053632. 12 2022;BMJ Open, et al. John G



13 

V2, 13.06.2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3: Schoenfeld residuals plots over Time for urinary catheterisation (UC) and covariates in the model for time to reach target weight. 
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Figure S4: Schoenfeld residuals plots over Time for urinary catheter (UC) and covariates in the model of time for discontinue intravenous diuretic therapy. 
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Figure S5: Schoenfeld residuals plots over Time for urinary catheter (UC) and covariates in the model of time to discontinue CPAP. 
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Figure S6: Schoenfeld residuals plots over Time for urinary catheter (UC) and covariates in the model for time until oxygen supply discontinuatione.
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Figure S7: Schoenfeld residuals plots over Time for urinary catheter (UC) and covariates in the model 

for time to death. 

 

 

 

Figure S8: Schoenfeld residuals plots over Time for urinary catheter (UC) and covariates in the model 

for time to first urinary tract infection. 
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Figure S9: Schoenfeld residuals plots over Time for urinary catheter (UC) and covariates in the model 

for time to first hospital readmission.  
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