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ABSTRACT

BACKGROUND AND OBJETIVE: Acute kidney injury is
related to high in-hospital mortality. The use of furosemide has
been a controversial point in the prevention and treatment of
acute kidney injury. The objective of this study was to identify
predictors of mortality in critically ill patients with acute kidney
injury with emphasis on use of furosemide. METHODS: A
prospective cohort of 108 patients with acute kidney injury
admitted consecutively in a intensive care unit and evaluated
until death or hospital discharge. The dependent variable was
death from any cause. The independent variables were age,
sex, race, serum creatinine, potassium, admission diagnosis,
urine output, volume infused, the twelve variables of Acute
Physiology and Chronic Health disease Classification System
I and furosemide use. We performed logistic regression
analysis to identify predictors of death. RESULTS: The
mean age of patients was 65.74 years with a predominance
of women of African descent. The overall mortality rate was
44.4%. In logistic regression analysis, predictors of mortality
were: using furosemide, age in years and Glasgow come
scale. CONCLUSION: Use of furosemide was a predictor of
mortality in a cohort of patients with acute kidney injury. The
role of furosemide in the treatment and prevention of acute
kidney injury certainly needs to be better evaluated.
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RESUMO
JUSTIFICATIVA E OBJETIVO: A lesao renal aguda estd re-

lacionada a alta mortalidade intra-hospitalar. O uso de furose-
mida tem sido um ponto controverso em seu tratamento e sua
prevengio. O objetivo deste estudo foi identificar preditores de
mortalidade em pacientes gravemente enfermos com lesdo renal
aguda com énfase para uso de furosemida. METODOS: Coorte
prospectiva de 108 portadores de lesao renal aguda admitidos
consecutivamente em uma unidade de terapia intensiva e ava-
liados até o 6bito ou a alta hospitalar. A varidvel dependente
foi ébito por qualquer causa. As varidveis independentes foram:
idade, género, raca, creatinina sérica, potdssio, as 12 varidveis do
Acute Physiology and Chronic Health Disease Classification System
II (APACHE 1I), diagnéstico na admissio, débito urindrio,
volume infundido e uso de furosemida. Realizou-se andlise de
regressio logistica para identificar os preditores de ébito. RE-
SULTADOS: A média de idade dos pacientes foi de 65,74 anos
com predominio de mulheres afrodescendentes. A taxa de mor-
talidade global foi de 44,4%. Na anilise de regressio logistica, os
preditores de mortalidade foram: uso de furosemida, idade em
anos e escala de coma de Glasgow. CONCLUSAO: Uso de furo-
semida foi preditor de mortalidade em uma coorte de portado-
res de lesdo renal aguda. Seu papel no tratamento e na prevencao
de lesao renal aguda certamente necessita ser mais bem avaliado.

Descritores: Lesio renal aguda/mortalidade; Furosemida/uso
terapeutico; Fatores de risco; Resultado do tratamento; Estudos
de coortes

INTRODUCTION

Acute kidney injury (AKI) is a common complication of
the critically ill, and an independent predictor of mortality in
this population. The causes of AKI in this setting are diverse;
although sepsis is considered the most common, cardiac failure
is also a frequent precipitant of this syndrome.

As oliguria presents very often in AKI patients, volume
overload is commonly managed with diuretics. Although
some authors have found that furosemide use, mainly in high

(2,3)’ a

dosages, has been associated to higher mortality rates
recent randomized, controlled study did not found difference
in mortality.

Recently, Levi et al., have suggested that furosemide use
is associated to higher odds of developing AKI in critically
ill patients with sepsis and septic shock®. A meta-analysis

performed by Ho and Sheridan®, however, concluded that
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preventive furosemide administration does not improve the
risk of dialysis or mortality. On the basis of these results, the
recent KDIGO guidelines recommended not using furosemide
to prevent AKI 7).

As the role of diuretics in AKI recovery and mortality
remains debatable, we aimed to identify predictors of mortality
in a cohort of AKI patients with emphasis on diuretic use.

METHODS

We conducted an observational, prospective cohort of
critically ill patients admitted to a 24-bed surgical and clinical
intensive care unit (ICU) from a tertiary hospital in northeastern
Brazil. Patients older than eighteen years consecutively admitted

from January, 2010 and January, 2011 were evaluated. We
excluded patients with chronic renal failure stages 3 to 5,
kidney transplant, those suspect of brain death within 24
hours of admission, ICU permanence of less than 24 hours and
those with only one serum creatinine dosage. The protocol was
approved by the hospital’s ethics committee, and all patients
signed the informed consent.

AKI was diagnosed and staged accordingly to the Risk, Injury,
Failure, Loss and End-stage renal disease: (RIFLE) criteria®'?;
sepsis/septic shock were diagnosed in accordance to current
guidelines"".

Data were collected on a daily basis, from ICU admission
to hospital discharge or death. Dependent variable was death
of any cause. Independent variables were: age, sex, race, origin

Table 1. Clinical and demographic characteristics of 108 acute kidney injury (AKI) patients according to septic AKI etiology

Variables AKI patients AKI with sepse/ AKI without sepse/ 5 o value
(n=108) septic shock (n=50) septic shock (n=58) pvalu

Age (years) 65,74+17,26 64,82+20,92 66,53+13,48 0,62

Gender 0,51
Female 59 (54,6%) 29(58%) 30 (51,7%)

Male 49 (45,4%) 21(42%) 28 (48,3)

Ethnicity 0,47
Afrodescendent 83 (76,9%) 40(80%) 43 (74,1%)
Non-afrodescendent 25 (23,1%) 10(20%) 15 (25,9%)

RIFLE category <0,01
Risk 43(39,8%) 10(20%) 33 (56,9%)

Injury 35(32,4%) 20(40%) 15 (25,9%)
Failure 30 (27,8%) 20(40%) 10 (17,2%)

APACHE II 18 (11) 21 (12) 15,5 (9) <0,01

Patient Origin <0,01
Surgical Center 28 (26,2%) 8 (16%) 20 (34,5%)

Clinicalwards 38 (35,5%) 23 (46%) 15 (25,9%)
Emergencyroom 23 (21,5%) 11 (22%) 12 (20,7%)
Otherhospitals 11 (10,3%) 8 (16%) 04 (6,9%)
Hemodynamic Unit 07 (6,5%) - 07(12,1%)

SerumCreatinine (mg/dL) 1,40+0,88 1,41+0,87 1,39+0,90 0,87

¥ K+ (mEq/L) 4,20+1,59 4,19+1,49 4,21+1,68 0,97

Fluid balance (mL) 1383(1950) 2153(2117) 884 (1559) <0,01

Heart failure/Cardiogenicshock 46 (42,6%) 10 (20%) 36 (62,1%) <0,01

Temperature 35,82+2,90 35,64+4,22 35,95+0,63 0,64

§ MAP mmHg 90,38+23,62 89,43+24,10 91,19+£23,39 0,70

HR 88,79+24,37 100+26,43 79,14+17,54 <0,01

Y RR 20,5+6,42 22,54+7,63 18,74+4,53 <0,01

F PaO2/FiO2 298,03(204,74) 251,43 (201,58) 305,20 (139,20) 0,05

Y pH 7,37+0,09 7,34+0,11 7,40+0,06 <0,01

Z Na+ (mEq/L) 140,84+0,94 139,82+6,18 141,72+5,13 0,08

Hematocrit % 32,52+6,64 31,08+6,86 33,76+6,24 0,03

WBC (mm?) 12.550 (9275) 15.800 (13.300) 10.800 (6.950) <0,01

Glasgow Coma Scale 11+3,25 9,98+3,42 11,94+2,80 <0,01

Continuous variables are expressed as meantstandard deviation. ¥ PaO2/FIO2: WBC (White Blood Cells); APACHE 1II and Fluid balance are expressed as median
(IQR). Categorical variables are expressed as percentages and valid N absolute. § HR: heart rate (bpm); ¥ RR: respiratory rate (bpm), ¥ PH: hydrogen potential;
Z serum Na +: sédio (mEq/L); § MAP: mean arterial pressure (mnmHg); ¥ serum K +: potassium (mEq/L). U p value for comparison between AKI with and without

sepse/septic shock.
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(from emergency, surgical or clinical units), serum creatinine,
potassium, urine sediment, Acute Physiology and Chronic Health
Disease Classification System II (APACHE 1I) score, diagnosis
(trauma, heart failure, sepsis or septic shock). The twelve
physiological variables from the APACHE 1II score were
recorded within 24 hours of ICU admission. We also recorded
data on urine output, volume infusion, medications (vasoactive
drugs, antibiotics, contrast agents and other nephrotoxic drugs),
mean arterial pressure and mechanical ventilation. Furosemide
use and total doses were recorded.

Statistical analysis

Descriptive statistics were used to summarize the data.
Categorical variables were expressed as percentages and
continuous variables as mean#standard deviation or median
and interquartile range (IQR), depending upon the shape of
the distribution of frequencies (Gaussian versus non-Gaussian).
Comparisons between two groups were performed using the

Acute kidney injury and mortality

Pearson Chi-square or Fisher s Exact test for categorical variables
or the Student’s t or Mann-Whitney U tests for continuous
variables. Variables that showed an association with the outcome
characterized by a p value<0.10 on these tests were selected for
the multivariable analysis. We performed a backward stepwise
multivariable model to identify independent predictors of
death; p values<0.05 in the final multivariable model were
considered statistically significant. Model fit was assessed with
the Hosmer-Lemeshow goodness-of-fit test; all calculations
were performed using the statistical software package SPSS 17.0
for Windows (SPSS Inc. Chicago. IL).

We searched for interactions in the multivariate logistic
regression model for death. Correlation among maximum
serum creatinine, total doses and duration of furosemide use
was examined by using Spearman. P values<0.05 in the final
analyses were considered statistically significant.

This project was approved by the Ethics Committee of the
Hospital Santo Antonio on 03/07/2012; report number: 49340.

Table 2. Clinical and demographic characteristics of 108 acute kidney injury (AKI) patients according to the outcome (death versus no death)

Variables Death (N=48) No death(N=60) U p value
Age (years) 70,83+15,60 61,67+17,57 <0,01
Gender 0,76

Female 21 (43,75%) 28 (46,67%)

Male 27 (56,25%) 32 (53,33%)
Ethnicity 0,18

Afrodescendent 34 (70,83%) 49 (81,67%)

Non-afrodescendent 14 (29,17%) 11 (18,33%)
RIFLE category

Risk 9 (18,75%) 34 (56,67%) <0,01

Injury 18 (27,5%) 17 (35,42%) 0,21

Failure 21 (43,75%) 9 (18,75%) <0,01
APACHE I1 24 (8,75) 15 (7) <0,01
SerumCreatinine (mg/dL) 1,50+0,79 1,32+0,95 0,27
¥ K+ (mEq/L) 4,23+1,15 4,18+1,87 0,87
Fluid balance(ml) 2.153 (2.059,75) 846 (1.4306) <0,01
Sepsis/septic shock 33 (68,75%) 17 (35,42%) <0,01
Use of furosemide 38 (79,17%) 33(55%) <0,01
Dose of venous furosemide (mg/day) 51,18+30,89 35,63+20,96 <0,01
Use of vasoactive drugs 19 (39,58%) 16 (26,67%) 0,15
Temperature 36,25+0,82 35,48+3,80 0,17
§ MAP mmHg 89,32+23,03 91,22+24,24 0,68
T HR 89,42+17,20 88,30+£28,95 0,80
Y RR 21,20+6,46 19,93+6,38 0,30
F PaO2/FiO2 289,58 (219,43) 295 (171,67) 0,71
¥ pH 7,35+0,10 7,39+0,08 <0,01
Z Na+ (mEq/L) 140,98+6,77 140,73+4,71 0,83
Hematocrit % 32,74+7,36 32,34+6,05 0,76
Glasgow Coma Scale 8,98+2,81 12,66+2,59 <0,01
WBC (mm?) 14.850(13.125) 11.600(8.100) 0,02

Continuous variables are expressed as meanzstandard deviation. ¥ PaO 2 / FIO 2: WBC (White blood Cells); APACHE II and Fluid balance are expressed as median
(IQR). Categorical variables are expressed as percentages and valid N absolute. ] HR: heart rate (bpm); ¥ RR: respiratory rate (bpm); & PH: hydrogen potential,
Z serum Na +: sédio (mEq/L); § MAP: mean arterial pressure (mmHg); ¥ serum K +: potassium (mEq/L). & p value for comparison between death versus no death.
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RESULTS

We followed 108 patients, with a mean age of 65.74+17.26
years; women and patients from African descent were more
prevalent (Table 1). The overall mortality rate was 44.4%
(48/108 patients); in the group with sepsis/septic shock, there
was 68% of mortality (33/50 patients) and in the non-sepsis/
septic shock group, 32% (18/58 patients). Median APACHE II
score for the entire cohort was 18.

We also analyzed the subgroups of sepsis/septic shock (n=50)
and non-sepsis/septic shock (n=58) (Table 1). Most patients
in this latter group had heart failure or cardiogenic shock
diagnosis (47 patients — 43.51%); the other diagnoses in this
subgroup were elective surgery (28 patients — 25.93%) and
urgency surgery (9 patients — 8.33%). RIFLE I and F were
more prevalent in the group of sepsis/septic shock (40% in
both) than in the group of non-sepsis/septic shock (25.9% and
17.2%, respectively, p<0.001). Patients in the first group had,
also, a higher respiratory and heart rates, leucocyte count, fluid
balance and APACHE II score; Glasgow Coma Scale was lower
in this group (Table 1).

In the univariate logistic regression model for mortality in
the entire cohort, were selected for the multivariate model the
following variables: Glasgow Coma Scale, APACHE II, fluid
balance, ph, leucometry, sepsis/septic shock, RIFLE E, furosemide
use, dose of intravenous furosemide and age (Table 2). In the
multivariate logistic regression model for mortality age in years,
Glasgow Coma Scale and use of furosemide remained in the

final model as independent predictors for death (Table 3).

Table 3. Predictors of intrahospitalar mortality in 108 acute kidney
injury patients

Adjusted Valor

Variables odds ratio dep
Age (years) 1,04 0,04
Sepsis/Septic Shock 1,22 0,78
RIFLE category:Failure 2,93 0,17
Use of furosemide 4,98 0,04
Dose of intravenous furosemide 1,00 0,66
APACHE II 1,03 0,65
Glasglow Coma Scale 0,66 0,01
Fluid balance 1,00 0,26
ph 0,19 0,60
Leucometry 1,00 0,64

We searched for iterations in the multivariate logistic
regression model for mortality; however, none attained statistical
significance.

We found a moderate correlation between higher serum
creatinine and furosemide doses (Spearman’s rho=0.40; p=0.01).
There was also moderate correlation between duration
of furosemide treatment and the higher serum creatinine
(Spearman’s rho=0.37; p=0.02).

DISCUSSION

Although the mortality rate in the AKI critically ill patients
varies widely in the literature, this probably reflects differences
in AKI severity, definition and populational characteristics.
Also, the use of the creatinine or urine RIFLE criteria results in
different incidence and mortality rates. However, the majority
of studies report an average mortality rate close to 50%!"*!9.
In this work we found an overall mortality rate of 44.4%; we
attribute to a higher percent of RIFLE R (40%) and I (30%)
the lower mortality rate compared to previous reports, as we had
milder AKI cases®.

We found a high percent of septic etiology of AKI; indeed,
sepsis is nowadays considered the main cause of AKI in the ICU
setting. Also, the second most common AKI etiology in this
cohort, heart failure and cardiogenic shock, is an AKI precipitant
commonly reported in the literature; another feature in our
cohort is the advanced mean age of the patients"”. According
to racial distribution of our population, there was a majority of
african descents (76.9%)9.

In the multivariate analysis for mortality, we found as
independent predictors: age, furosemide use and Glasgow Coma
Scale (Table 3). Age, septic etiology of AKI, RIFLE F, need for
dialysis and extra-renal organ failure has been described as risk
factors for mortality in critically ill AKI patients'"’-*>. Metha et
al., previously reported furosemide as predictor of mortality in a
cohort of AKI patients; possible explanations for the associations
observed include a direct toxic effect of diuretics, or untoward
effects secondary to delaying initiation of dialysis®.

Nowadays, it is considered that early fluid administration
can help preventing or minimizing AKI®. However, recent
observational studies found that excessive fluid overload may
have a negative influence on kidney function and mortality®*2°.
In our cohort, we found higher fluid balance in the septic group;
probably this is due to sepsis treatment. In accordance with the
literature, the fluid balance was higher in the group of non-
survivors (Table 2).

The literature reports that furosemide use also predicts a
worse prognosis in patients with heart failure; this association
is probably explained by the continuous stimulation of the
renine-angiotensine system®. Aldosterone is also important in
the pathophysiology of heart failure, as it promotes retention
of sodium, the loss of magnesium and potassium, sympathetic
activation and myocardial and vascular fibrosis, potentially
contributing to a higher risk of sudden death in these patients.

The ESCAPE study suggested that intravenous furosemide
dosage, specially above 300mg/day, is associated to higher in-
hospital mortality and six-month re-admission rate in heart
failure patients, even when adjusted for confounding factors®.
In our analyses, we found a moderate correlation between
furosemide dose and higher serum creatinine.

Despite being a prospective cohort, our work has several
limitations. It is a single center study involving a relatively small
number of patients; also, we found non-homogeneous groups.
Altough our data points to an association between furosemide
and mortality, studies with more homogeneous of septic and

Rev Soc Bras Clin Med. 2014 abr-jun;12(2):xx-xx



non-septic patients, as well as with and without heart failure are
welcomed to explore our findings in these subgroups.

CONCLUSION

In a cohort of 108 critically ill AKI patients, we found
that age, use of furosemide and Glasgow Coma Scale were
independent predictors of mortality; also, there was a moderate
correlation between dosis, duration of furosemide treatment
and the higher serum creatinine. In this scenario, our findings
underscore the complex relationship between diuretic use and
mortality in AKI; their role in treating and preventing AKI
certainly needs better evaluation.
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