Diuretics and mortality in acute renal failure*
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Objective: According to recent research, diuretics may in-
crease mortality in acute renal failure patients. The administration
of diuretics in such patients has been discouraged. Our objective
was to determine the impact of diuretics on the mortality rate of
critically ill patients with acute renal failure.

Design: Prospective, multiple-center, multinational epidemio-
logic study.

Setting: Intensive care units from 54 centers and 23 countries.

Patients: Patients were 1,743 consecutive patients who either
were treated with renal replacement therapy or fulfilled pre-
defined criteria for acute renal failure.

Interventions: Three distinct multivariate models were devel-
oped to assess the relationship between diuretic use and subse-
quent mortality: a) a propensity score adjusted multivariate model
containing terms previously identified to be important predictors
of outcome; b) a new propensity score adjusted multivariate
model; and c¢) a multivariate model developed using standard

Measurements and Main Results: Approximately 70% of pa-
tients were treated with diuretics at study inclusion. Mean age
was 68 and mean Simplified Acute Physiology Score Il was 47.
Severe sepsis/septic shock (43.8%), major surgery (39.1), low
cardiac output (29.7), and hypovolemia (28.2%) were the most
common conditions associated with the development of acute
renal failure. Furosemide was the most common diuretic used
(98.3%). Combination therapy was used in 98 patients only. In all
three models, diuretic use was not associated with a significantly
increased risk of mortality.

Conclusions: Diuretics are commonly prescribed in critically ill
patients with acute renal failure, and their use is not associated
with higher mortality. There is full equipoise for a randomized
controlled trial of diuretics in critically ill patients with renal
dysfunction. (Crit Care Med 2004; 32:1669-1677)

Kev Worbs: acute kidney failure; critical illness; furosemide;
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methods, compensating for collinearity.

ontroversy exists over appro-

priate fluid management for

acute renal failure patients

(1-8). In the acute care set-

ting, loop diuretics are often prescribed
to maintain or increase urine output.

Furosemide and other loop diuretics

reduce oxygen demand in the medullary

thick ascending limb and attenuate the

severity of acute renal failure (ARF) in

animal models (4, 5). They may protect

the human kidney from ischemic injury.

There have been several small, random-

ized, controlled trials of diuretics for the

gression modeling; multicollinearity; propensity scores

treatment or prevention of ARF in vari-
ous clinical settings (8—20). Some studies
showed a reduction in dialysis require-
ment (15), reduced urinary albumin and
N-acetyl glucosaminidase concentration
(17), or improved dialysis free survival in
oliguric patients (18). Others, however,
showed either worsened renal function
(10, 12, 14, 16) or no difference in various
measured outcomes (8, 9, 11, 13, 19, 20).

Recently, Mehta et al. (21) published
an observational study of diuretic use in
patients with ARF in the setting of critical
illness and showed that, using multivar-

*See also p. 1794.
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iate analysis and propensity scores, the
use of diuretics was associated with an
increased risk of death. The methodology
used by Mehta et al. (21) was similar to a
propensity score adjusted assessment of
pulmonary artery catheter use in the crit-
ically ill (22). The use of propensity score
models, however, has significant poten-
tial shortcomings (23, 24), which, to-
gether with the limited sample size and
the use of only three centers, may have
resulted in misleading conclusions.

The statistics used in this study might
have also led to incorrect conclusions be-
cause of the phenomenon of collinearity:
using physiological variables that are of-
ten highly correlated (collinear) with
each other (e.g., blood urea nitrogen and
serum creatinine) can lead to nonsensical
results in multivariate analyses (24).
When collinearity is detected, there are
two main approaches that can be used to
ensure that results are reliable: a) Reduce
the number of variables considered be-
fore undertaking multiple regression; or
b) use appropriate statistical techniques
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to investigate and address potential cor-
relations between variables. This was not
done in Mehta et al.’s (21) study.

Given the importance of understand-
ing the complex relationship between di-
uretics and mortality in critically ill pa-
tients, we used a comprehensive analytic
approach to test the hypothesis that di-
uretic use affects mortality. Using a large,
multinational, multiple-center, prospec-
tive database, we investigated the associ-
ation between diuretic use and outcome
using a) a propensity score adjusted mul-
tivariate model containing terms previ-
ously identified to be important predic-
tors of outcome; b) a new propensity
score adjusted multivariate model; and c)
a multivariate model developed using
standard methods, compensating for col-
linearity.

MATERIALS AND METHODS

Fifty-four study sites in 23 countries were
contacted and invited to participate. A delib-
erate attempt was made to have a wide variety
of countries, continents, and hospital types
(academic centers, private hospitals, nonaca-
demic urban hospitals, etc.) participate in the
study (see the appendix for complete details).
Because of the anonymous and noninterven-
tional fashion of this study, ethical commit-
tees in most centers waived the need for in-
formed consent. Where ethics committees or
investigational review boards required in-
formed consent, this was obtained.

Study Population. All patients who were
admitted to any of the participating intensive
care units (ICUs) during the observational pe-
riod were considered. From this population,
only patients who had at least one of the
predefined criteria for ARF were included in
the study. The criteria for ARF were as follows:

1. Requirement for renal replacement therapy
(RRT), and/or

2. Oliguria defined as urine output <200 mL
in 12 hrs

3. Anuria defined as urine output <50 mL in
12 hrs

4. Marked acute azotemia defined as a plasma
urea >30 mmol/L or blood urea nitrogen
>86 mg/dL

5. Hyperkalemia defined as serum potassium
>6.5 mmol/L

These criteria were chosen because they
are simple, objective, numerically identifiable,
and clinically relevant. Patients with any dial-
ysis treatment before admission to the ICU or
patients with end-stage renal failure on
chronic dialysis were excluded.

Data Collection. A case report form was
developed for the purpose of the study, and
relevant demographic, clinical, illness severity
related (25), renal function specific (26), bio-
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chemical, and therapeutic intervention data
were recorded.

Rationale and Methodology of Statistical
Analysis. The evaluation of data from observa-
tional studies often reveals that physiological
variables are highly correlated with each other
(e.g., serum sodium with serum chloride lev-
els). When the degree of correlation between
variables entered in multiple regression equa-
tion exceeds a certain level, regression models
can lead to unstable variable estimates, incor-
rect variance estimates, and difficulties in the
numerical calculations involved in fitting the
model (24). One of the most widely accepted
ways of detecting multicollinearity is to calcu-
late the eigenvalues associated with the pre-
dictor variable correlation matrix to deter-
mine the condition number (27-30). The
condition number is the ratio of the largest
eigenvalue to the smallest eigenvalue (30).

When multicollinearity is detected, simple
linear transformations of the data that do not
result in information loss can often be used to
improve model performance (27).

Given the need to address the problems
associated with multicollinearity, three dis-
tinct multivariate models were used to explore
the relationship between diuretic use and
mortality: method 1, a propensity score ad-
justed multivariate model containing the
same terms found to be important in Mehta et
al.’s study (21); method 2, a propensity score
adjusted multivariate model containing terms
identified using the same analytic technique
as used by Mehta et al. (21); and method 3, a
multivariate model considering all available
covariates, which involved a formal assess-
ment of multicollinearity using eigenanalysis
and linear transformations.

Method 1: Confirmatory Propensity Ad-
Justed Mortality Model. Method 1 involved two
distinct logistic regression models. Step 1 re-
quired the development of a logistic regres-
sion model, predicting diuretic use, to calcu-
late a propensity score for treatment with
diuretics. This score represents the probability
of treatment with diuretics and was then in-
cluded in a subsequent logistic regression
model predicting mortality. The propensity
score logistic regression model developed in
step 1 contained the following variables previ-
ously identified to be important predictors of
diuretic use: patient age, nephrotoxic etiology
of ARF, blood urea nitrogen, and presence of
acute respiratory failure (21).

In step 2, a model predicting mortality was
developed. This second logistic regression
model contained the following terms previ-
ously identified to be important predictors of
mortality: diuretic use, propensity score, pa-
tient age, gender and first consultation day
values for heart rate, blood urea nitrogen, cre-
atinine, urine output, and respiratory, hema-
tologic, and liver failure (21, 25)

Method 2: New Propensity Adjusted Mor-
tality Model. Method 2 involved the develop-
ment of a propensity adjusted mortality model
using the same methodology, inclusion crite-

ria, and p value thresholds as Mehta et al. (21),
which required a two-step process as described
in method 1. However, all possible predictors
of outcome were screened for inclusion in the
maximum models using univariate logistic re-
gression. In step 1, the maximum model con-
tained all univariate predictors of diuretic use
with p < .25. A backward stepwise elimination
process was then used to remove covariates
whose multivariate p value was >.25. The final
new propensity score model contained all pre-
dictors of diuretic use with a multivariate p <
.25 (21).

In step 2, the new propensity adjusted
mortality model contained all eligible univar-
iate predictors of mortality along with terms
for diuretic use and the new propensity score
developed in step 1. Logistic regression was
used to identify predictors of mortality, and a
univariate p < .25 qualified the variable for
consideration in the maximum model. The
terms diuretic use and new propensity score
were forced to remain in the model, and a
backward stepwise elimination process was
used to remove any other covariates whose
multivariate p value was >.10 (26). The final
model contained the terms diuretic use, new
propensity score, and all other predictors of
mortality with a multivariate p < .10.

Method 3: Multicollinearity Adjusted
Model. Logistic regression was used to identify
all potential confounding variables associated
with either diuretic use or mortality. A uni-
variate p < .25 qualified the variable for in-
clusion in the maximum model (28).

The maximum model was formally as-
sessed for the presence of multicollinearity
using eigenanalysis, with a condition number
=30 considered to be indicative of moderate
to severe collinearity (29). The presence of
moderate to severe collinearity was addressed
by standardizing (transforming to the z-scale)
all continuous independent variables (31), the
success of which was again assessed using
eigenanalysis.

After we investigated the presence of, and
adjusted for, multicollinearity, the maximum
model was entered into a stepwise backward
elimination model selection process. All co-
variates with a multivariate p > .10 were re-
moved from the model (31, 28, 29).

Method Comparisons. After generation of
the final predictive models, overall perfor-
mance was assessed using measures of calibra-
tion and discrimination. Calibration was as-
sessed with the Hosmer-Lemeshow goodness-
of-fit statistic (30), and discrimination was
reported using the c-statistic (28), which is
numerically equivalent to the area under the
receiver operating characteristic curve (32,
33)

Each final model was assessed for the pres-
ence of multicollinearity, using eigenanalysis
with a condition number =30 considered to
be indicative of moderate to severe collinearity
(29, 33). Final models were also assessed for
potential bias arising from the conjoint distri-
bution of missing values.
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For propensity score models, the outcome
event of diuretic use was modeled as a binary
variable, with diuretic use equal to one. For
mortality models, the outcome of mortality
was modeled as a binary variable with death in
hospital equal to one. A marker variable,
named count, was set equal to one for all
cases. All analysis was conducted in PC SAS
(version 6.12, SAS Institute, Cary, NC). Logis-
tic regression analysis was carried out using
the events/count model specification in PROC
Logist. Eigenanalysis was conducted with Proc
Reg, with the collin option specified. We as-
sessed p values for multivariate models using
likelihood ratio tests.

RESULTS

We screened 29,269 patients, and
1,758 patients met the eligibility criteria
for this study. Among these, 15 patients
(0.9%) were excluded because no infor-
mation about diuretic use was available
and 12 patients because of missing hos-
pital outcome information. Diuretics
were given to 1,117 (60.8%) patients,
with furosemide as the most common
choice (1,098 patients, 98.3%). Other di-
uretics used were various types of loop
diuretics in 29 patients, mannitol in 22,
metolazone in 19, spironolactone in 18,
thiazides in 14, atrial natriuretic peptide
in 10, and others in 4. Furosemide and
other diuretics were given in combina-
tion to 92 patients.

Demographics and admission diag-

use and hospital outcome information,
due to missing values in at least one
variable required for the logistic regres-
sion model, 64 cases could not be in-
cluded in the final mortality model. The
mortality rate in these 64 cases was
48.4% (31 of 64), which was significantly
different than the 60.9% (1,016 of 1,667)
mortality rate experienced by the cases
that could be included in the model (p =
.045).

Method 2: New Propensity Adjusted
Mortality Model. Variables that demon-
strated a univariate p value associated
with diuretic use <.25 and thus qualified
for entry into the new propensity score
maximum model are listed in Tables 1
and 3. However, the final propensity
score model contained the following vari-
ables: patient age, Simplified Acute Phys-
iology Score II score, creatinine at ICU
admission, requirement of renal replace-
ment therapy, time from ICU admission
to study inclusion, and the following vari-
ables measured at study inclusion; cen-
tral venous pressure, Glasgow Coma
Scale score, vasopressor use, urine vol-
ume for the 6 hrs preceding inclusion,
platelet count, creatinine, arterial pH,
septic etiology, low cardiac output etiol-
ogy, and other etiology.

Variables that demonstrated a univar-
iate p value associated with mortality
<.25 and thus qualified for entry into the
final model are listed in Tables 1 and 3.

After we controlled for propensity
score and other variables found to be
significant predictors of mortality, di-
uretic use was not found to be signifi-
cantly related to increased mortality rate
(OR 1.21, p = .18). Regression variables,
ORs, and p values for the final model are
presented in Table 7.

Table 8 presents an in-depth compar-
ison of all cases that could not be in-
cluded in this model due to missing val-
ues. Of all cases with available diuretic
use and hospital outcome information,
due to missing values in at least one
variable required for the final logistic re-
gression model, 346 cases could not be
included in the mortality model. The
mortality rate in these 346 cases was
51.1% (177 of 346), which was signifi-
cantly different than the 62.8% (870 of
1,385) mortality rate experienced by the
cases that could be included in the model
(» = .001).

Method 3: Multicollinearity Adjusted
Model. Variables that demonstrated a
univariate p value associated with mor-
tality and/or diuretic =.25 and thus qual-

Table 1. Baseline patient characteristics at the time of study inclusion

noses of patients with ARF are shown in Total No Diuretics Diuretics
Tables 1 and 2. Table 3 contains physio- .
logical and laboratory variables at study ~No- of patients 1,743 626 1117
oglcal ry U patient age, yrs*® 67 (53-75) 64 (50-74) 68 (55-75)
inclusion, and Table 4 presents patient 0
. ) Male gender, % 63.9 65.2 63.1

outcomes. Of note, unadjusted hospital Body weight, kg 74 (63-85) 74 (60-85) 74 (64-84)
mortality rates were higher for patients Premorbid renal function, %
receiving diuretics compared with those Normal , 55.9 51.6 58.4
who did not (62.4% vs. 57.1%; odds ratio Chronic impairment 29.7 28.8 30.3

RN . le 4). However Unknown 14.3 19.6 11.4
[OR],'1.25, p = .03; Tgbe - R » Premorbid Cr, wmol/L 97 (79-150) 99 (78 167) 97 (79 147)
the difference in hospital mortality rate  Hospital to ICU, days 1 (0-6) 1 (0— 2 (0~
between groups was no longer significant  ICU to stgdy inclusion, days*” 1.1(0.3-3.8) 7(0. 1 2 6) 7(0. 54 6)
after we controlled for other variables us- ~ SAPS I~ s 48 (38-61) 50 (40-63) 47 (37-60)
. 1l three statistical methods Cr at ICU admission, pmol/L% 180 (110-310) 211 (117-383) 163 (106-283)
ing a : _ Ureaat ICU admission, mmol/L* 14.9 (8.8-27.0) 165 (9.2-31.1) 14 (8.6-24.6)

Method 1: Confirmatory Propensity  Estimated Cr clearance, mL/min 35 (20-59) 31 (17-57) 37 (21-60)
Adjusted Mortality Model. After we con-  Contributing factors to ARF, %
trolled for propensity score and other I%Iepsis/septic Shl?ck"”’ ggg gzg gg?

: : csnif ajor surgery® . R .
Va“ablesdpre‘”ou?ly fou?.d tod.be signifi Low cardiac output®? 26.7 213 29.7
cant predictors o m01fta 1_ty, iuretic use Hypovolemia® 26.3 25.1 28.2
was not found to be significantly related Drug induced®® 19.0 18.2 19.4
to increased mortality (OR 1.21, p = Hepatorenal Syndrome: 5.7 8.0 4.4
0.10). Table 5 presents the regression ~ Obstructive uropathy® 28 8.5 23

variables, ORs, and p values for all model
covariates.

Table 6 presents an in-depth compar-
ison of all cases that could not be in-
cluded in this model due to missing val-
ues. Of all cases with available diuretic

Cr, creatinine; hospital to ICU, duration between hospital admission and intensive care unit
admission; ICU to study inclusion, duration between ICU admission and study inclusion; SAPS,
Simplified Acute Physiology Score; ARF, acute renal failure.

“?Variable was associated with diuretic use and qualified for consideration in new propensity score
(univariate logistic regression p = .25); ®variable was associated with mortality (univariate logistic
regression p =< .25). Data are presented as median (interquartile range) or percentage.
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Table 2. Diagnostic group at intensive care unit admission for patients with acute renal failure

Total, % No Diuretics, % Diuretics, %
Medical admission
Cardiovascular 11.1 10.5 115
Respiratory 13.3 13.6 13.1
Gastrointestinal 9.9 14.2 7.5
Neurologic 2.0 2.2 1.9
Sepsis 10.0 13.4 8.1
Trauma 2.0 3.2 1.3
Metabolic 3.7 5.3 2.8
Hematologic 4.6 5.1 4.4
Renal 2.2 3.0 1.7
Surgical admission
Cardiovascular 23.2 9.4 30.9
Respiratory 1.8 2.6 1.4
Gastrointestinal 11.4 12.1 10.9
Neurologic 0.6 0.6 0.6
Trauma 2.3 2.1 2.4
Renal 0.9 1.0 0.9
Gynecologic 0.3 0.3 0.4
Orthopedic 0.6 1.3 0.3
Table 3. Physiologic and laboratory variables for patients with acute renal failure
Total No Diuretics Diuretics
Heart rate, beats/min® 98  (84-112) 99  (84-115) 98  (84-112)
Respiratory rate, breaths/min® 18 (15-24) 20 (15-24) 18 (15-23)
Systolic AP, mm Hg®® 112 (100-130) 111 (97-130) 114 (100-130)
Diastolic AP, mm Hg* 57  (50-66) 56  (49-66) 59  (50-66)
Mean AP, mm Hg®? 75  (66-86) 75 (65-85) 75 (67-87)
SBP <100 mm Hg, %% 37.7 39.9 36.5
CVP, mm Hg®*® 13 (10-18) 13 (9-17) 14 (10-18)
PAC usage’ 24.9% 23.0% 26.0%
PAOP, mm Hg 18 (15-22) 17 (14-21) 18 (15-22)
Glasgow Coma Scale score? 14 (10-15) 13 (8-15) 14 (11-15)
Mechanical ventilation, %%° 75.4 72.4 77.1
Vasopressors/inotropes, %%® 68.8 63.4 71.9
Urine output
mL/6 hrs®® 120 (40-379) 100 (25-350) 140 (50-400)
mL/24 hrs 675  (250-1509) 475 (189-1343) 756 (290-1638)
Furosemide
mg/6 hrs — — 80  (20-200)
mg/24 hrs — — 240 (80-500)
RRT requirement, %° 715 66.8 74.2
WCC, X10%/uL? 13.2 (8.9-19.3) 135 (8.2-20.3) 13.0 (9.1-19.0)
Platelet count, X10%/uL%® 127 (69-204) 136 (66-214) 126 (71-200)
Creatinine, wmol/L%? 283 (187-407) 277 (172-432) 285  (194-399)
Urea, mmol/L%? 27.5 (16.0-33.6) 28.3 (14.3-34.6) 27.0 (16.9-33.0)
Bilirubin, mmol/L%? 19  (11-51) 20 (10-61) 18 (11-45)
Sodium, mmol/L* 139 (134-143) 139 (134-143) 139 (135-143)
Potassium, mmol/L? 45 (4.0-5.2) 4.5 (4.0-5.3) 45 (4.0-5.2)
Pao,/F10,, ratio®® 211 (141-301) 208 (141-305) 214 (141-300)
pH*® 7.33 (7.25-7.40) 7.33 (7.23-7.40) 7.34 (7.26-7.41)

AP, arterial pressure; SBP, systolic blood pressure; CVP, central venous pressure; PAC, pulmonary
artery catheter; PAOP, pulmonary artery occlusion pressure; RRT, renal replacement therapy; WCC,

white cell count.

?Variable was associated with mortality (univariate logistic regression p = 0.25);

bvariable was

associated with diuretic use and qualified for consideration in new propensity score (univariate logistic
regression p = (.25). Data are presented as median (interquartile range) or percentage.

ified for entry into the maximum model
are listed in Tables 1 and 3. Before com-
mencing the backward elimination model
selection process, we assessed the maxi-
mum model for the presence of multicol-
linearity. Eigenanalysis revealed a condi-
tion number of 460.5, demonstrating the
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presence of severe multicollinearity. To
address the presence of severe multicol-
linearity, all continuous variables were
standardized (z-transformed). The condi-
tion number for the standardized maxi-
mum model was 13.62, indicating that
standardization adequately addressed the

problem of multicollinearity. The step-
wise backward elimination selection pro-
cess was undertaken on the standardized
maximum model.

After we controlled for all possible
confounding variables, diuretic use was
not found to be significantly related to
increased mortality (OR 1.22, p = .15).
Regression variables, ORs, and p values
for the final model are presented in Table
9.

Table 10 presents an in-depth compar-
ison of all cases that could not be in-
cluded in this model due to missing val-
ues. Of all cases with available diuretic
use and hospital outcome information,
due to missing values in at least one
variable required for the final logistic re-
gression model, 327 cases could not be
included in the model-building process.
The mortality rate in these 327 cases was
60.9% (199 of 327), which was not sig-
nificantly different than the 60.4% (848
of 1,404) mortality rate experienced by
the cases that could be included in the
model (p = .879).

Final Model Comparison: Goodness of
Fit and Multicollinearity. As measured by
the Hosmer-Lemeshow goodness-of-fit
statistic and area under the receiver op-
erating characteristic curve, all final
models demonstrated good fit and good
discrimination (Table 11).

Eigenanalysis conducted on the final
model developed in method 1 revealed a
condition number of 54.24, which indi-
cates the presence of severe multicol-
linearity and may make any measures of
association (i.e., regression variables and
odds ratios) unreliable. Eigenanalysis
conducted on the final model developed
in method 2 revealed a condition number
of 329.96, which indicates the presence of
severe multicollinearity, again making
measures of association unreliable. Ei-
genanalysis of the final model developed
in method 3 revealed a condition number
of 8.6, suggesting that there was no mul-
ticollinearity present in this model.

DISCUSSION

Using a comprehensive statistical ap-
proach and a large international prospec-
tive database of patients with acute renal
failure, we tested the hypothesis that an
association existed between the use of
diuretics and mortality. We found that,
after appropriate statistical adjustment
and using three separate methodologies,
there was no statistically significant asso-
ciation between the use of diuretics and

Crit Care Med 2004 Vol. 32, No. 8
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Table 4. Outcomes of patients with acute renal failure

Total No Diuretics Diuretics
Length of ICU stay, days 10 (5-22) 9 (4-20) 11 (5-22)
Length of hospital stay, days 22 (11-44) 21 (9-44) 23 (12-45)
ICU mortality, % 51.6 48.2 53.4
Hospital mortality, % 60.5 57.1 62.4
Hospital discharge without RRT, % 34.7 38.2 32.7
Hospital discharge with RRT, % 4.8 4.6 4.9
ICU, intensive care unit; RRT, renal replacement therapy.
Data are presented as median (interquartile range) or percentage.
Table 5. Method 1: Confirmatory propensity adjusted mortality model
Regression 0dds Ratio
Variable + SE p Value (95% CI)
Intercept —2.108 = 0.702 .002
Diuretic use 0.191 = 0.116 .100 1.210 (0.96-1.5)
Propensity score —1.424 = 1.195 233 0.241 (0.02-2.5)
Patient age, yrs 0.028 = 0.005 .0001 1.028 (1.02-10.4)
Gender 0.015 = 0.115 891 1.016 (0.81-1.3)
Heart rate 0.010 = 0.002 .000 1.010 (1.01-1.02)
Urea at INCL 0.010 = 0.006 .098 1.010 (0.99-1.02)
Creatinine at INCL —0.0018 = 0.0001 .0001 0.998 (0.99-1.0)
Urine volume 6 hrs before INCL —0.001 = 0.0001 .0001 0.999 (0.99-1.0)
Respiratory failure at INCL 1.235 = 0.175 .0001 3.441 (2.4-4.8)
Hematologic failure at INCL 1.936 = 1.06 067 6.937 (0.86-55.4)
Liver failure at INCL 0.563 + 0.128 .0001 1.757 (1.3-2.2)
CI, confidence interval; INCL, time of study inclusion.
Table 6. Method 1: Comparison of missing cases to included cases
Missing Cases = SD Included Cases * sp
(No.) p Value (No.)
Diuretic use, %“ 50 (76) .01 64% (1,667)
Patient age, yrs 63 + 17 (67) .65 62 + 16 (1,667)
Gender, male 65% (76) .80 64% (1,667)
Heart rate, beats/min 96 + 21 (74) 45 99 = 21 (1,667)
Urea at INCL, mmol/L 31 = 15 (75) .005 26 = 13 (1,667)
Creatinine at INCL, wmol/L 476 * 373 (73) .0001 323 + 204 (1,667)
Urine volume 6 hrs before INCL, mL 158 + 156 (28) .0001 275 * 368 (1,667)
Respiratory failure at INCL 63% (76) .0001 79% (1,667)
Hematologic failure at INCL 1.3% (72) 49 0.9% (1,667)
Liver failure at INCL 22% (75) 29 28% (1,667)

INCL, time of study inclusion.

?Key variable (known prognostic importance or relevant to main question of study).

mortality. Our findings differ from those
of a recently published and editorialized
investigation (21). As the issue of diuretic
use is important to clinical practice and
as complex statistical analyses were used,
a discussion of the methodology is nec-
essary.

The purpose of using three different
methods for assessing the impact of di-
uretic use on mortality was not motivated
by the desire to determine which method
was most appropriate. On the contrary,
since allocation to a treatment in an ob-
servational study is beyond the control of
the investigators, the methodological lit-

Crit Care Med 2004 Vol. 32, No. 8

erature recommends that a propensity
score analysis should be conducted in ad-
dition to a more traditional analysis (34).
Indeed, in this specific exercise, all three
methods resulted in similar findings.
Methods 1, 2, and 3 all failed to demon-
strate a significant (p,,; = .10, p,,», = .18,
Pms = -15, respectively) relationship be-
tween treatment with diuretics and sub-
sequent mortality. It is also interesting to
note that the magnitude and direction of
the odds ratio between diuretic use and
outcome was similar between all three
methods (OR,,; 1.21, OR,, 1.21, and
OR,,5 1.22, respectively).

Thus, after we controlled for known
differences between groups, an apparent
association between diuretics and mortal-
ity could not be confirmed. Indeed, the
ORs from our models were not very dif-
ferent from the crude mortality data (OR
1.25). Therefore, although our data do
not permit us to draw the same conclu-
sion as Mehta et al. (21), that the “use of
diuretics in critically ill patients with
acute renal failure should be discour-
aged,” our data do suggest that a clinical
trial to evaluate the use of diuretics in
acute renal failure is warranted. Using
our findings and assuming a baseline
mortality rate of 60%, a sufficiently pow-
ered randomized controlled trial would
need to enroll 4,734 patients to detect a
difference in outcome associated with an
OR of 1.21 (4% absolute reduction).

Our study differs from the Mehta et al.
(21) study in several important ways.
First, in our study, approximately 70% of
patients were recruited at the time of
RRT commencement and we used a
higher blood urea nitrogen concentration
for the definition ARF (86 mg/dL com-
pared with 40 mg/dL in the previous
study). This difference in criteria could
have caused a delay in the inclusion of
study patients. However, the serum cre-
atinine concentration was lower (e.g., 3.3
vs. 3.6 mg/dL in patients with diuretics),
and our patients were included in the
study at a median of only 1 day after ICU
admission. Therefore, the timing of in-
clusion is unlikely to have affected our
findings.

The choice of diuretics was also differ-
ent. Most of our patients received furo-
semide (98%), and other diuretics were
rarely used. Thus, we had a more uniform
sample in terms of intervention. On the
other hand, only 62% of patients in
Mehta et al.’s (21) study received furo-
semide, and other diuretics were also
commonly used (bumetanide 58%, meto-
lazone 33%, hydrodiuril 4%). It is possi-
ble that the results observed in the Mehta
et al. study are attributable to differences
in practice patterns not observed in our
study. Compared with the previous study,
our study was larger, was conducted pro-
spectively, and was multinational in de-
sign (54 centers in 23 countries vs. four
centers in one country), and the findings
are thus more likely to be widely applica-
ble and generalizable. It was also con-
ducted more recently (2000-2001 vs.
1989-1995) and with fewer patient exclu-
sions.
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Table 7. Method 2: New propensity adjusted mortality model

Regression 0dds Ratio luretics are com-

Variable = SE p Value (95% CI) .
monly prescribed

Intercept 6.782 = 4.187 105
Diuretic use 0.196 + 0.147 181 1.217 (0.91-1.6) in critically ill pa-
Propensity score 1.079 + 0.605 074 2.942 (0.98-9.6)
Patient age, yrs 0.026 = 0.004 .0001 1.027 (1.02-1.04) tients with acute renal failure,
Hospital to ICU admit time, days 0.036 *= 0.008 .0001 1.037 (1.0-1.1)
SAPS 11 0.015 * 0.004 .001 1.015 (1.00-1.02) and l‘heir use is not associal‘ed
Renal replacement therapy 0.432 = 0.173 .012 1.541 (1.1-2.1)
Heart rate at INCL 0.008 = 0.003 .010 1.008 (1.00-1.01) ; ; ;
Mean blood pressure at INCL —0.011 = 0.004 .005 0.988 (0.98-0.99) with hlgher mortallty'
Glasgow Coma Scale at INCL —0.084 = 0.021 .0001 0.919 (0.88-0.96)
Urine volume 6 hrs before INCL —0.0005 = 0.0001 .002 0.999 (0.99-1.00)
Platelet count at INCL —0.001 £ 0.0001 013 0.998 (0.99-1.00) .
Creatinine at INCL ~0.002 + 0.0001 .000 0.998 (0.99-1.00)  and have better outcomes is well estab-
Urea at INCL 0.019 = 0.006 002 1.019 (1.00-1.03)  lished (35). Although the potential direc-
Respiratory failure at INCL 0.552 = 0.177 .001 1.738 (1.2-2.4) .
Liver failure at INCL 0.364 = 0.150 015 1439 1119y explicitly addressed, Mehta et al. (21) re-
Septic etiology 0.360 + 0.147 014 1.434 (1.1-1.9) ported missing values in 35% of all cases.
Surgical etiology —0.286 *+ 0.142 044 0.751 (0.56-0.99)  Our overall missing value rate ranged

from 5% in method 1 to approximately
20% in method 2 and method 3. Al-
though it is possible that the difference in
results between our study and Mehta et
al.’s is due to fewer missing values in the
current study, it is likely that missing

CI, confidence interval; ICU, intensive care unit; SAPS, Simplified Acute Physiology Score; INCL,
measured at time of study inclusion.

Table 8. Method 2: Comparison of missing cases to included cases

Missmg(ﬁas)es = sb VI; Inc}ude‘?;a?% = Sb values were generated for similar reasons
o aue o in both studies. The remarkable similar-
Diuretic use, %¢ 49 (358) 001 67 (1,385) ity of the estimate of the odds ratio (OR,,;
Patient age, yrs 61 + 17 (349) 13 63 + 16 (1,385) 1.21, OR,,» 1.21, and OR,,,5 1.22) obtained
Hospital to ICU admit time, days 5.5 = 16 (358) 58 6.0 = 13 (1,385) from all three methods would suggest
SAPS 11 50 * 18 (356) ST 50 = 17 (1,385) that missing cases, which differed be-
Renal replacement therapy, %“ 61 (358) .0001 74 (1,385) g 4

tween all three approaches, likely had lit-

Heart rate at INCL, beats/min 94 + 23 (356) .0003 99 + 21 (1,385) ;

Mean blood pressure at INCL, mm Hg 79 + 21 (356) .001 76 + 16 (1,385) tle impact.

Glasgow Coma Scale at INCL? 12 =+ 3.7 (344) 23 12 =+ 3.9 (1,385) Although the use of a propensity score
Urine volume 6 hrs before H;ICL, mL 255 + 332 (310) .35 277 + 374 (1,385) can address prob]ems that arise due to
Platelet count at INCL, X10%/pL 178 =+ 131 (338) .0001 149 + 112 (1,385) T :

Creatinine at INCL, pmol/L 428 + 305 (355) 0001 303 + 178 (1383  Mmulticollinearity, it is interesting to note
Urea at INCL, mmol/L 31 + 14 (357) 0001 25 + 13 (1,385) that the final models obtained by method
Arterial pH at INCL 7.3 + 0.1 (309) .08 7.3 + 0.1 (1,385) 1 and method 2 both demonstrated the
Respiratory failure at INCL, % 58 (358) .0001 83 (1,385) presence of moderate to severe multicol-
Liver failure at INCL, % 24 (357) .075 29 (1,385) linearity (condition number >30). Be-
Septic etiology, % 39 (356) .0001 48 (1,385) found that n

Surgical etiology, % 13 (356) .0001 40 (1,385) cause we found that propensity scores

ICU, intensive care unit; SAPS, Simplified Acute Physiology Score; INCL, time of study inclusion.
?Key variables (known prognostic importance or relevant to main question of study).

It should be pointed out that we
treated urine output differently. In Mehta
et al.’s model, the logarithm of urine out-
put was included as a covariate, whereas
we elected not to calculate the log of
urine output. Since the logarithm of a
zero value is undefined, because many of
the patients in our database had no (zero)
urine output recorded over the time in-
terval leading to consultation, it is likely
that a log transformation of urine output
would lead to unnecessary missing val-
ues. Mehta et al. (21) did not report what
was done with patients who had a zero
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urine output and thus an undefined
(missing) log-urine output.

With regard to other missing values,
we have explicitly reported the number of
patients with missing values that could
not be included in each method, along
with the patient outcomes and character-
istics (Tables 6, 8, and 10). These patients
tended to be less severely ill and have a
better outcome than those that could be
included.

The fact that ICU patients who gener-
ate missing values in observational stud-
ies are more likely to be less severely ill

may not always adequately address prob-
lems associated with multicollinearity,
we strongly support the recommendation
that a propensity score method should
not replace more traditional approaches
but rather that they “should be thought
of as an additional tool available” to in-
vestigators and compared directly with
the results obtained with more tradi-
tional methods (34). Furthermore, we
recommend that formal methods for de-
tecting problems associated with multi-
collinearity should be employed.

Finally, it is interesting to note that
method 3 included a variable represent-
ing the presence of a pulmonary artery
catheter at study inclusion and, to our
surprise, this variable was independently
associated with a reduction in mortality
rate (OR 0.59, p < .001). Given these

Crit Care Med 2004 Vol. 32, No. 8
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Table 9. Method 3: Multicollinearity adjusted model

findings, we suggest that perhaps the role
of diuretics must be taken into a larger

VRe.ggTssfr;E Val O(ggf)/Ré?)O context of fluid and hemodynamic man-
ariabe = p Yaue 0 agement. We note that in the recently

Intercept —0.790 + 0.211 0002 published trial of routine pulmonary ar-
Diuretic use 0.200 = 0.140 153 1222 (0.92-16)  tery catheter use (36), acute renal failure
Patient age, yrs? 0.527 + 0.072 .000 1.694 (1.4-1.9) was a rare event, but a trend toward a
gg;gitlalla to ICU admit time, days 83(75/; - 8(1)% 88(1)1 }ggz ﬁ?—?g; decrease in incidence was seen in the
Urea at ICU admission® 0.191 * 0.081 019 1211 (1.0-1.4) patients receiving a pulmonary artery
Renal replacement therapy 0.503 + 0.152 001 1.655 (1.2-2.2) catheter.
Heart rate at INCL? 0.135 = 0.068 .049 1.145 (1.0-1.3)
Systolic blood pressure at INCL? —0.142 + 0.069 .041 0.868 (0.75-0.99)
Glasgow Coma Scale at INCL? —0.256 = 0.074 .001 0.774 (0.66-0.89) CONCLUSIONS
Urine volume 6 hrs before INCL? —0.148 + 0.065 .023 0.862 (0.75-0.98) :
Platelet count at INCL® ~0.242 * 0.067 0003 0.784 (0.68-0.89) When causal inferences are addressed,
Creatinine at INCL? —0.455 + 0.090 0001 0.634 (0.53-0.75)  even the use of a propensity score cannot
Bilirubin at INCL? 0.165 *= 0.089 .065 1.180 (0.99-1.4) overcome the primary limitation of an
Potassilum at INCL? 0.135 = 0.071 .055 1.145 :0.99—1.3)) observational study: Analytic methods
Arterial pH at INCL? —0.145 + 0.063 021 0.864 (0.76-0.97)  can onlv adiust for observed confoundin
Pulmonary artery catheter at INCL —0.524 + 0.147 .0004 0.592 (0.44-0.79) iabl Y ad) d tf b d 8
Respiratory failure at INCL 0.687 =+ 0.169 .0001 1.988 (1.4-2.7) variaples and not for unobserved ones
Liver failure at INCL 0.363 =+ 0.176 039 1.439 (1.0-2.0) (23). Similar to the decision to use a
Septic etiology 0.397 + 0.137 .003 1.488 (1.1-1.9) pulmonary artery catheter, the decision
Low cardiac output etiology 0.316 = 0.153 .038 1.373 (10—18) to use a diuretic in a Critically 111 patient

CI, confidence interval; ICU, intensive care unit; SAPS, Simplified Acute Physiology Score; INCL,

time of study inclusion.

“?Variable was standardized to address issues of multicollinearity.

Table 10. Method 3: Comparison of missing cases to included cases

Missing Cases = SD

Included Cases =+ sb

could be driven by many factors that may
not be adequately captured in an obser-
vational database. It is possible that these
unquantifiable factors, in and of them-
selves, are more important in determin-
ing an individual patient’s outcome than
the use of diuretics.

In a large, prospective, multinational

(No.) p Value (No.) “ P13 e

cohort, despite rigorous statistical analy-
Diuretic use, %< 63 (339) .80 64 (1,404) sis, we could not confirm the findings of
Patient age, yrs 64 = 16 (330) .09 62 = 16 (1,404) Mehta et al. (21) that diuretics are asso-
Hosplta}] to ICU admit time, days 6.2 = 16 (339) .65 5.8 = 13 (1,404) ciated with a higher mortality rate in
SAPS II 47 = 16 (337) .001 51 + 18 (1,404) itically ill patient ith ARF. Th
Urea at ICU admission, mmol/L 21 * 16 (335) .06 19 + 14 (1,404) critically 1ll patients wi - 1hus, we
Renal replacement therapy, % 65 (339) 01 72 (1,404) would not discourage the use of diuretics
Heart rate at INCL, beats/min 96 = 21 (337) .03 99 + 21 (1,404) in such patients. However, we would en-
(S‘_;}l)StZliC béo‘)d Psresi’uret ?tNéliSL mm Hg 11128+132é5 ((??;51)) %g 11125+i323 ((11282)) courage a clinical trial, which our find-

asgow Loma dcale al X o. . = o. 5 . .

Urine volume 6 hrs before INCL, mL 254 + 319 (291) .33 277 + 376 (1,404) 1S and those of Mehta et al. suggest is
Platelet count at INCL, X10%/pL 173 + 122 (319) 002 150 = 115 (1,404)  both desirable and logistically possible.
Creatinine at INCL, pmol/L 381 + 264 (336) .0001 317 = 201 (1,404)
Bilirubin at INCL, mmol/L 58 + 138 (102) .87 57 = 102 (1,404)
Potassium at INCL, mmol/L 4.8 + 1.2 (337) .02 4.6 + 1.0 (1,404) REFERENCES
Arterial pH at INCL 7.3 = 0.1 (290) 93 7.3 = 0.1 (1,404) . . -
Pulmonary-artery catheter at INCL, % 18 (339) 001 26 (1,404) 1. Kellum JA: Use of diuretics in the acute care
Respiratory failure at INCL, % 71 (339) 001 80 (1,404) setting. Kidney Int Suppl 1998; 66:567-S70
Liver failure at INCL, % 10 (338) .001 32 (1,404) 2. Gambaro G, Bertaglia G, Puma G, et al: Di-
Septic etiology, % 38 (337) .001 48 (1,404) uretics and dopamine for the prevention and
Low cardiac output etiology, % 27 (337) .58 26 (1,404) treatment of acute renal failure: A critical

ICU, intensive care unit; SAPS, Simplified Acute Physiology Score; INCL, time of study inclusion.
“Key variables (known prognostic importance or relevant to main question of study).

Table 11. Final model comparisons
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APPENDIX

Participating Centers and
Investigators

Australia: Intensive Care Unit, Austin
and Repatriation Medical Center (Hiroshi
Morimatsu, Rinaldo Bellomo), Depart-
ment of Intensive Care, Western Hospital
(Craig French), Intensive Care Unit, Ep-

worth Foundation (John Mulder), De-
partment of Intensive Care, Sir Charles
Gairdner Hospital (Mary Pinder, Brigit
Roberts), Intensive Care, Frankston Hos-
pital (John Botha, Pradeen Mudholkar),
Critical Care Unit, Flinders Medical Cen-
tre (Andrew Holt, Tamara Hunt). Bel-
gium: Service de Soins Intensifs, Clinique
Saint-Pierre (Patrick Maurice Honoré,
Gaetan Clerbaux), Dienst Intensieve
Geneeskunde, Universitair Ziekenhuis
Gasthuisberg (Miet Maria Schetz, Alex-
ander Wilmer). Czech Republic: ICU, De-
partment of Internal Medicine I, Charles
University Hospital Plzen (Richard
Rokyta, Ales Krouzecky). Germany: De-
partment of Nephrology, University Hos-
pital Charité, CCM (Stanislao Morgera,
Hans-Hellmut Neumayer), Klinik fiir An-
aesthesiologie, Universitatsklinikum
Duesseldorf (Kindgen-Milles Detlef, Eck-
hard Mueller). Greece: Intensive Care
Unit, General Regional Hospital, “G. Pa-
panikolau” (Vicky Tsiora, Kostas Som-
bolos). Holland: Intensive Care Unit,
Onze Lieve Vrouwe Gasthuis (Helena
Maria Oudemans-Van Straaten), Adult In-
tensive Care Unit, Academic Medical Cen-
ter (Catherine S.C. Bouman, Anne-
Cornelie J.M. de Pont). Israel:
Intermediate Intensive Care Unit, Ram-
bam Medical Center (Yaron Bar-Lavie,
Farid Nakhoul). Italy: Anesthesia and In-
tensive Care Unit, Cliniche Humanitas-
Gavazzeni (Roberto Ceriani, Franco Bor-
tone), Nephrology-Intensive Care, St.
Bortolo Hospital (Claudio Ronco, Nereo
Zamperetti), Istituto di Anestesia e Rian-
imazione Servizio di Anestesia e Rianima-
zione per la Cardiochirurgia, Ospedale
San Raffaele IRCCS Universita Vita e Sa-
lute (Federico Pappalardo, Giovanni
Marino), Unita Operativa di Rianimazi-
one, Ospedale Vittorio Emanuele (Pros-
pero Calabrese, Francesco Monaco),
Anestesia e Rianimazione, City Hospital
of Sesto San Giovanni (Chiara Liverani,
Stefano Clementi), Intensive Care Unit,
Surgical and Medical Emergencies Insti-
tute (Rosanna Coltrinari, Benedetto
Marini). Norway: Department of Anesthe-
sia, Rikshospitalet (Jan Frederik Bugge,
Fridtjov Riddervold), Department of An-
aestesiology, University and regional hos-
pital in tromsg (Paul Age Nilsen, Joar
Julsrud). Portugal: Unidade de Cuidados
Intensivos (ICU), Hospital de Curry Ca-
bral (Fernando Teixeira e Costa, Paulo
Marcelino), Unidade De Cuidados Inten-
sivos Polivalente, Hospital Fernando Fon-
seca (Isabel Maria Serra). Russia: Unit for
Extracorporeal Blood Purification, Ba-
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koulev Scientific Center for Cardiovascu-
lar Surgery (Mike Yaroustovsky, Rachik
Grigoriyanc). Spain: Anaesthesiology and
Critical Care Department, Hospital Co-
marcal De Viaros (Ferran Barrachina,
Julio Llorens), Department of Intensive
Care Medicine, Section of Severe Trauma,
Hospital Universitario “12 de Octubre”
(Jose Angel Sanchez-Izquierdo-Riera,
Dario Toral-Vazquez). Sweden: Dep. of
Anesthesia and Intensive Care, Sunderby
Hospital (Ivar Wizelius, Dan Hermans-
son). Switzerland: Department of Sur-
gery, Surgery Intensive Care Unit and
Department of Medicine, Medical Inten-
sive Care Unit, University Hospital Ziirich
(Tomislav Gaspert, Marco Maggiorini),
UK: Center for Nephrology, Royal Free
Hospital (Andrew Davenport). Canada:
Intensive Care, Maisonneuve-Rosemont
Hospital (Martine Leblanc, Lynne Sené-
cal), Division of Critical Care Medicine,
University of Alberta, Edmonton (R.T.
Noel Gibney, Curtis Johnston, Peter
Brindley). USA: Department of Critical
Care Medicine, University of Pittsburgh
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Medical Center (Ramesh Venkataraman,
John Kellum), Department of Medicine,
Section of Nephrology, The University of
Chicago (Patrick Murray, Sharon
Trevino), Surgical Intensive Care Unit,
Mount Sinai Medical Center (Ernest Ben-
jamin, Jerry Hufanda), Nephrology and
Hypertension , The Cleveland Clinic
Foundation (Emil Paganini), Department
of Medicine, Division of Nephrology, The
University of Alabama at Birmingham
(Ashita Tolwani, David Warnock), Inter-
nal Medicine/Nephrology, University of
Nebraska Medical Center (Nabil Guirguis,
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