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Abstract The purpose was to study optimum timing of

continuous veno-venous hemodialysis (CVVHD) for acute

renal failure (ARF) after cardiac surgery. CVVHD was

performed in two groups [elapsed time between urine

output (UO) \0.5 ml/kg/h and dialysis of no more than

12 h in group A and [12 h in group B] with a total of 58

adult patients. Survivors in groups A and B were entered

into groups A1 and Bl, respectively. Compared to group A,

the acute physiology and chronic health evaluation III

score, peak values of urea and creatinine before CVVHD,

major complications, period of ICU and hospitalization

were significantly higher in group B. In-hospital mortality

in group B was significantly higher than that in group

A (37.5 vs. 8.8%, p = 0.02). Kaplan-Meier curves con-

firmed significantly better postoperative survival in group

A (v2 = 6.966, p = 0.008). Time elapse from UO \ 0.5

ml/kg/h until dialysis among the survivors was significantly

lower than that among the dead (12.0 ± 6.2 vs. 20.8 ±

9.1 h, p = 0.0002). Additionally, duration of dialysis,

length of ICU stay, duration of ventilator support and time

elapse from dialysis until UO [ 1 ml/kg/h were signifi-

cantly higher in group B1 as compared to those in group

A1. All of them correlated positively with the time elapse

from UO \ 0.5 ml/kg/h until dialysis. Early beginning of

CVVHD is extremely important.

Keywords Hemodialysis � Acute renal failure �
Cardiac surgery

Introduction

Acute renal failure (ARF) is a well-known complication of

cardiac surgery. Though severe ARF (requiring renal

replacement therapy) occurs in 2–5% of patients [1, 2], the

mortality rate in those patients a decade ago was reported

to be as high as 90% [3]. More recently, continuous

venous-venous hemodialysis (CVVHD) has been intro-

duced, which could circumvent the hemodynamic insta-

bility associated with intermittent hemodialysis and its

limited ability to control the state of patients’ volume.

Despite these developments and modified renal replace-

ment therapy modalities, severe ARF following cardiac

surgery still had a high mortality [4, 5]. One important

factor contributing towards the latter was that hemodialysis

was not performed on time in cardiac surgery patients who

developed ARF postoperatively. The promise indicated by

successful interventions in experimental models suggested

that the proposed intervention should come early, possibly

within 24–48 h after induction of renal injury [6, 7].

However, it is extremely difficult to translate early inter-

ventions into clinical trials as it is difficult to anticipate

renal dysfunction and also the use of surrogate markers of

glomerular filtration rate as current indicators of acute renal
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dysfunction leads to a significant delay in the diagnosis of

ARF. Consequently, optimum timing of hemodialysis in

the treatment of ARF following cardiac surgery has been

inconclusive. This study reviewed 58 patients undergoing

CVVHD following cardiac surgery in our medical center

from April 2004 to March 2009 to evaluate optimum

timing of CVVHD in the treatment of ARF following

cardiac surgery.

Materials and methods

Selection criteria

The original selection criteria included normal preoperative

blood urea nitrogen (BUN) and serum creatinine, no his-

tory of chronic renal failure, oliguria or anuria before

CVVHD that did not respond to fluid replacement or

hemodynamic resuscitation or furosemide administration,

and duration of CVVHD of more than 12 h. Patients who

were readmitted after discharge, those who were dis-

charged against advice, and those who died within 24 h of

surgery were excluded.

Postoperative ARF was described as postoperative uri-

nary output of less than 0.5 ml/kg/h, and a 50% increase in

baseline BUN and serum creatinine levels.

Based on our hospital’s protocol for initiation of dialysis

in ARF, we opted for 12 h as the cutoff point in this study.

Research methods

All selected patients were divided either into group A or B

according to the time elapsed from oliguria (urine out-

put \ 0.5 ml/kg/h) until initiation of CVVHD. In group A

the time elapse was no more than 12 h, whereas in group B

it was more than 12 h. Finally, the survivors in groups A

and B were entered into groups A1 and B1, respectively.

Data were obtained from the patients’ files as well as from

our cardiac surgery database. Preoperative parameters of

the patients included age, gender, recent smoking (within

4 weeks of surgery), diabetes mellitus, hypertension,

chronic obstructive pulmonary disease (COPD), recent

myocardial infarction (MI) (evidence of MI in the last

30 days before surgery), congestive heart failure (NYHA

class III and IV), left ventricular ejection fraction (LVEF),

left ventricular end-diastolic diameter (LVEDD), and

baseline urea and creatinine levels. Surgical variables

included redo surgery, emergency surgery, surgery type,

duration of cardiopulmonary bypass (CPB), aortic cross-

clamp (ACC) time, requirement of deep hypothermic

circulatory arrest and low mean perfusion pressure (mean

pressure \50 mmHg for more than 30 min). Postoperative

variables included postoperative hypotension (systolic

blood pressure less than 90 mmHg for more than 1 h), blood

or blood product transfusion, fresh frozen plasma transfu-

sion, peak values of urea and creatinine levels before

CVVHD and potassium values immediately before CVV

HD. Major postoperative complications included re-explo-

ration for bleeding, postoperative myocardial infarction

(new Q-wave infarction within 48 h after surgery), stroke

(new permanent neurological event; early stroke: within

24 h; delayed stroke [24 h postoperatively), gastrointesti-

nal bleeding, pneumonia, ventilator support [72 h, arrh-

ythmia, low cardiac output, sepsis and multiple organ failure.

Peak values of acute physiology and chronic health evalua-

tion III score (APACHE III score) before dialysis were

recorded in all selected patients. CVVHD, duration of ven-

tilator support, length of intensive care unit (ICU) stay and

time elapse from the initiation of CVVHD until urine output

of[1 ml/kg/h were recorded in the patients who survived.

Renal support

The following criteria were employed for the initiation of

CVVHD: anuria, high levels of serum potassium despite

diuretic and inotropic support, development of hypervole-

mia, and acidosis. All patients received dopamine, begin-

ning as from the immediate postoperative period and

continuing up to the first postoperative day at the renal dose

of 3 mg/kg/min. Dopamine dose was increased (4–10 mg/

kg/min) in patients who had low blood pressure due to

pump insufficiency. Calculations of volume infusion in the

intraoperative and postoperative periods were performed

with the help of pulmonary capillary wedge and central

venous pressures.

Vascular access for CVVHD was obtained using a

temporary central venous double lumen catheter inserted

into the femoral vein and connected to the extra-corporeal

circuit. Blood flow rate was maintained at 100 ml/min.

Flow rates of the dialysate and diafiltrate were preset at 900

and 1,000 ml/h, respectively. Flow rate of removal of

plasma fluid was approximately 100 ml/h according to the

above preset values. Heparin, as an anticoagulant, was

administered at 10–12 UI/kg/h through the predialyzer

compartment of the circuit. The activated coagulation time

(ACT), which was monitored at least every 8 h, was

maintained between 140 and 160 s. The patients started to

be weaned off from CVVHD when urine output of more

than 1 ml/kg/h was obtained and when a gradual decrease

in BUN and serum creatinine levels were noted.

Statistics

Statistical analysis was performed using the SPSS13.0

statistical software package. Continuous variables are

presented as mean ± standard deviation. Comparison
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between groups A and B was achieved using the unpaired

t test or t0 test according to the homogeneity test for vari-

ance. Chi-square analysis or Fisher’s exact test was used to

compare quantitative data. Postoperative survival analysis

was performed by the Kaplan-Meier method with log-rank

test for group comparisons. Correlation between the time

elapse from urine output \0.5 ml/kg/h until the initiation

of CVVHD and duration of CVVHD, duration of ventilator

support, length of ICU stay as well as the time elapse from

the initiation of CVVHD to urine output [1 ml/kg/h was

analyzed using the Spearman’s rank correlation analysis.

Statistical significance was accepted at a level of p \ 0.05.

Results

Study population

Fifty-eight adult patients who underwent CVVHD after

cardiac surgery, from a single surgeon’s practice, spanning

over a 5-year period from April 2004 to March 2009, were

entered into this study. Four patients who underwent

emergent spiral CT angiography and ten patients who

underwent emergent coronary artery angiography were

administered radiographic contrast agents during the peri-

operation period. Postoperative hypotension and long

duration of cardiopulmonary bypass could have been the

two main causes of postoperative ARF despite the use of

contrast agent in some of the patients who initially had

normal preoperative BUN and serum creatinine, as well as

no history of chronic renal failure.

All selected patients underwent between 26 and 160

consecutive hours of CVVHD; no patient required per-

manent dialysis; 46 patients survived with a mortality rate

of 20.7%. The causes of death were as follows: sepsis

(n = 7), low cardiac output (n = 3), arrhythmia (n = 1)

and gastrointestinal bleeding (n = 1). Time elapse from

urine output \0.5 ml/kg/h until the initiation of CVVHD

was significantly lower among the survivors (12.0 ± 6.2 h

among the survivors vs. 20.8 ± 9.1 h among the dead,

t = 3.95, p = 0.0002).

Comparison of parameters between the two groups

Clinical data of groups A and B are shown in Table 1. No

significant differences were observed between groups A

and B as far as preoperative parameters, surgical variables,

postoperative variables, baseline BUN and serum creati-

nine are concerned. However, peak values of BUN and

serum creatinine before CVVHD as well as potassium

values immediately before CVVHD were significantly

higher in group B. Both the time elapse from surgery until

the initiation of CVVHD and the time elapse from oliguria

(urine output \ 0.5 ml/kg/h) until the initiation of CVVHD

were significantly higher in group B. Also, the pre-dialysis

APACHE III score was significantly higher in group B.

Intra- and postoperative intravenous use of antibiotics,

analgesic, inotropic agents and furosemide are shown in

Table 2. Doses of dopamine, dobutamine and adrenaline in

group B were significantly higher than those in group A.

The total amount of furosemide administered between

surgery and dialysis was significantly higher in group B.

As shown in Fig. 1, Kaplan-Meier curves confirmed a

significantly better postoperative survival in group A

(v2 = 6.966, p = 0.008).

Postoperative complications

Major postoperative complications and the number of

in-hospital deaths are shown in Table 3. Re-exploration for

bleeding, postoperative myocardial infarction, gastrointes-

tinal bleeding, stroke and arrhythmia were similar between

the two groups. However, other major complications such

as postoperative pneumonia, prolonged ventilation time

([72 h), postoperative low cardiac output, sepsis, multiple

organ failure, ICU and hospitalization stay as well as

in-hospital mortality were significantly higher in group B

as compared to group A.

Comparison of parameters between survivors

in the two groups

Duration of CVVHD, length of ICU stay, duration of ven-

tilator support and time elapse from the initiation of

CVVHD until urine output [1 ml/kg/h in group B1 were

significantly higher than those in group A1, as shown in

Table 4. In addition, the Spearman’s rank correlation anal-

ysis indicated that the time elapse from urine output

\ 0.5 ml/kg/h until the initiation of CVVHD correlated

positively with duration of CVVHD, time elapse from the

initiation of CVVHD until urine output [ 1 ml/kg/h, length

of ICU stay and duration of ventilator support: r1 = 0.773

(p \ 0.05), r2 = 0.635 (p \ 0.05), r3 = 0.572 (p \ 0.05)

and r4 = 0.357 (p \ 0.05), respectively.

Discussion

Acute renal failure is one of the major complications after

cardiopulmonary bypass for open heart operations [1, 2].

Preoperative renal insufficiency and postoperative hypo-

tension are the most important independent risk factors

for ARF in postcardiac surgical patients [8, 9]. Mild-

to-moderate ARF following cardiac surgery may be reversible

through medication. However, severe ARF, which usually

combines with multiple organ dysfunction syndrome, low
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cardiac output, endotoxemia, hypervolemia, hyperkalemia

and acidosis, might be irreversible if renal replacement

therapy is not performed appropriately and on time [5, 10,

11]. CVVHD, which can circumvent the hemodynamic

instability associated with intermittent hemodialysis and its

limited ability to control the state of the patients’ volume, is

playing an increasingly important role in the treatment of

ARF following cardiac surgery [5, 12–14]. However,

optimum timing of CVVHD in the treatment of ARF after

cardiac surgery has been inconclusive.

A study [15] in 2004 showed that early renal replace-

ment therapy during the first postoperative day, this time

with continuous veno-venous hemofiltration, achieved a

significantly lower mortality of 22% when compared with

the same treatment started 2� days after surgery when the

mortality was 43%. Demirkilic [14] reported performing

continuous veno-venous hemodiafiltration when urine

output was less than 100 ml within 8 consecutive hours

with no response to 50 mg furosemide, and the overall

hospital mortality rate was merely 23.5%. Although these

Table 1 Comparison

of clinical data between group

A and group B

COPD Chronic obstructive

pulmonary disease, MI
myocardial infarction, NYHA
New York Heart Association,

LVEF left ventricular ejection

fraction, LVEDD left ventricular

end-diastolic dimension, CABG
coronary artery bypass grafting,

CPB cardiopulmonary bypass,

ACC aortic cross clamp, DHCA
deep hypothermic circulatory

arrest, BUN blood urea nitrogen,

APACHE III score acute

physiology and chronic health

evaluation III score

Group A (n = 34) Group B (n = 24) p

Preoperative factors

Age (years) 64 ± 10 62 ± 11 0.47

Gender (male/female) 22/12 14/10 0.79

Recent smoking 17 (50.0%) 10 (41.7%) 0.60

Diabetes 22 (64.7%) 14 (58.3%) 0.78

Hypertension 25 (73.5%) 19 (79.2%) 0.76

COPD 2 (5.9%) 1 (4.2%) 1.00

Recent MI 12 (35.3%) 8 (33.3%) 1.00

Congestive heart failure 17 (50.0%) 10 (41.7%) 0.60

NYHA 2.9 ± 0.8 3.0 ± 0.6 0.61

LVEF (%) 49 ± 10 45 ± 8 0.11

LVEDD (mm) 57 ± 10 60 ± 7 0.21

Surgical variables

Redo surgery 2 (5.9%) 1 (4.2%) 1.00

Emergency surgery 7 (20.6%) 7 (29.2%) 0.54

Operation type

Valve only 7 5 1.00

CABG only 14 9 1.00

CABG ? valve 10 6 0.77

Aortic surgery 3 4 0.43

CPB time (min) 108 ± 43 125 ± 54 0.19

ACC time (min) 67 ± 18 76 ± 20 0.08

Requirement of DHCA 1 (2.9%) 2 (8.3%) 0.56

Low mean perfusion pressure 13 (38.2%) 11 (45.8%) 0.60

Postoperative variables

Hypotension 32 (94.1%) 21 (87.5%) 0.64

Blood-blood product (U) 4 ± 2 5 ± 2 0.07

Fresh frozen plasma (U) 5 ± 2 6 ± 2 0.07

Renal function

Baseline BUN (mmol/l) 6.8 ± 1.4 6.7 ± 1.5 0.80

Baseline creatinine (mg/dl) 0.9 ± 0.3 1.0 ± 0.4 0.28

Predialysis BUN (mmol/l) 21.7 ± 4.6 33.4 ± 8.5 \0.0001

Predialysis creatinine (mg/dl) 2.8 ± 0.9 4.5 ± 1.7 0.0009

Potassium before dialysis (mmol/l) 4.9 ± 0.8 5.6 ± 1.1 0.0068

Surgery until dialysis (h) 21.5 ± 6.3 44.2 ± 13.6 \0.0001

Oliguria until dialysis (h) 8.4 ± 1.5 21.5 ± 6.1 \0.0001

Pre-dialysis APACHE III score 69.3 ± 14.9 88.2 ± 17.4 \0.0001
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different studies can not be compared because they used

different criteria for defining acute renal injury and insti-

tuting renal replacement therapy, renal replacement ther-

apy was recommended to be performed as early as possible

for cardiac surgery patients who developed postoperative

ARF [16]. In this study, the time elapse from urine out-

put \0.5 ml/kg/h until the initiation of CVVHD and the

time elapse from surgery until the initiation of CVVHD in

group B were double compared to those in group A. Peak

values of BUN and serum creatinine before CVVHD were

significantly higher in group B, meaning patients in group

B had more serious impairment of renal function before

CVVHD compared to those in group A. The doses of

dopamine, dobutamine and adrenaline before CVVHD

were significantly higher in group B, meaning patients in

group B had worse hemodynamics before CVVHD as

compared to those in group A. The APACHE III scores

before CVVHD were significantly higher in group B,

meaning patients in group B had worse conditions before

CVVHD compared to those in group A. Major complica-

tions such as postoperative pneumonia, prolonged venti-

lator support, postoperative low cardiac output, sepsis and

multiple organ failure and in-hospital mortality were sig-

nificantly higher in group B. Furthermore, Kaplan-Meier

curves displayed a significantly better survival in group A

versus group B. So, along with the increase in the time

elapse from urine output \0.5 ml/kg/h until the initiation

of CVVHD, the patients’ conditions increasingly wors-

ened. Also, the major morbidities and in-hospital mortality

showed a parallel increase. In addition, as compared to the

dead, the time elapse from urine output \0.5 ml/kg/h until

the initiation of CVVHD was significantly lower among the

survivors in whom dialysis was started quite early after

surgery. Therefore, the sooner the CVVHD was performed,

the higher was the likelihood of reduction in major mor-

bidities and in-hospital mortality. This study confirmed the

importance of early dialysis for ARF after cardiac surgery.

Table 2 Intraoperative and postoperative intravenous use of antibiotics, analgesic, inotropic agents and furosemide

Group A (n = 34) Group B (n = 24)

N Dose Duration N Dose Duration

Antibiotics

Sulbactam/Cefoperazone 19 5.8 ± 1.1 g/day 3.4 ± 0.8 days 14 6.1 ± 1.0 g/day 3.5 ± 0.8 days

Cefuroxime 13 2.2 ± 1.5 g/day 3.2 ± 0.6 days 9 1.7 ± 1.3 g/day 3.3 ± 0.7 days

Cefepime 12 2.4 ± 1.5 g/day 2.6 ± 1.2 days 9 2.0 ± 1.2 g/day 2.6 ± 1.3 days

Teicoplanin 12 216.6 ± 90.5 mg/day 2.3 ± 0.7 days 8 191.5 ± 90.5 mg/day 2.0 ± 0.8 days

Imipenem/cilastatin 11 1.1 ± 0.5 g/day 2.7 ± 0.8 days 9 1.0 ± 0.4 g/day 2.0 ± 0.9 days

Inotropic

Dopamine 34 8.3 ± 1.4 lg/kg/min 98.3 ± 25.4 h 24 9.3 ± 2.2 lg/kg/minw 112.3 ± 32.8 h

Dobutamine 25 4.7 ± 1.1 lg/kg/min 69.5 ± 20.3 h 18 5.6 ± 1.4 lg/kg/minw 78.8 ± 22.5 h

Adrenaline 32 7.1 ± 1.8 lg/kg/min 52.8 ± 17.6 h 24 8.4 ± 2.1 lg/kg/minw 63.7 ± 20.4 h

Analgesic

Fentanil 34 13.2 ± 2.5 lg/kg 24 13.8 ± 2.3 lg/kg

Diuretics (before CVVHD)

Furosemide 34 17.1 ± 3.8 mg/kg 24 19.6 ± 4.2 mg/kgw

w p \ 0.05 the dose in group B versus group A

Sulbactam/Cefoperazone: Pfizer Pharmaceuticals Limited, New York, NY, USA; Cefuroxime: Medochemie Ltd., 1–10 Constantinoupoleos

Street, 3011 Limassol, Cyprus; Cefepime: Bristol-Myers Squibb, Brooklyn, NY, USA; Teicoplanin: Gruppo Lepetit S.p.A., France; Imipenem/

Cilastatin: Merck & Co., Whitehouse Station, NJ, USA

Fig. 1 Actuarial curves of postoperative survival in both groups.

Group A: Elapsed time between urine output (UO)\0.5 ml/kg/h and

dialysis of no more than 12 h. Group B: Elapsed time between urine

output (UO) \0.5 ml/kg/h and dialysis [12 h
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This study also indicated that duration of CVVHD,

duration of ventilator support, duration of ICU stay and the

time elapse from the initiation of CVVHD until urine

output [1 m1/kg/h were significantly higher in group B1.

The time elapse from urine output \0.5 ml/kg/h until the

initiation of CVVHD correlated positively with the dura-

tion of CVVHD, the time elapsed from the initiation of

CVVHD to urine output [1 ml/kg/h, length of ICU stay

and duration of ventilator support. Since patients in group

A1 had shorter ventilation time, duration of CVVHD and

ICU stay, their cost to the hospital was equally and sig-

nificantly less as compared to those in group B1. So, early

dialysis decreased the cost of management. From these

points of view, this study further demonstrated the impor-

tance of early dialysis for ARF after cardiac surgery.

In this study, 12 patients died, with a mortality rate of

20.7%. Sepsis and low cardiac output were the two major

causes of death. The time elapse from urine output

\0.5 ml/kg/h until the initiation of CVVHD among the

survivors was 12.0 ± 6.2 h, which was significantly lower

than that among the dead with the elapsed time of

20.8 ± 9.1 h. Also the number of in-hospital deaths in

group B (the time elapse from urine output \0.5 ml/kg/h to

the initiation of CVVHD more than 12 h) was significantly

higher than that in group A (the time elapse from urine

output \0.5 ml/kg/h to the initiation of CVVHD no more

than 12 h). Kaplan-Meier curves displayed a significantly

better survival in group A versus group B. So, delayed

CVVHD contributed to a higher mortality. Use of surrogate

markers (BUN and serum creatinine) of the glomerular

filtration rate as current indicators of acute renal dysfunc-

tion following cardiac surgery leads to a significant delay

in the diagnosis of ARF, contributing to delayed renal

replacement therapy. In addition, our poor understanding

of this complex clinical problem (i.e., ARF after cardiac

surgery) may have further contributed to delayed renal

replacement therapy. Initially, CVVHD was reserved as a

last resort when it became impossible to correct hyperka-

lemia, leading to a higher mortality. In this study, when

CVVHD was performed beyond 12 h after urine output was

\0.5 ml/kg/h, the mortality hit 37.5%. It later became

apparent that our poor results may have resulted from the

late institution of dialysis, so early dialysis was per-

formed for cardiac surgery patients who developed ARF

postoperatively. Early renal replacement therapy (time

elapse from urine output \0.5 ml/kg/h to the initiation of

CVVHD no more than 12 h) achieved a significantly lower

mortality of 8.8%.

In this study, no patient required permanent dialysis. All

selected patients had normal baseline BUN and serum

creatinine levels, without a history of chronic renal failure.

ARF following cardiac surgery caused by various factors,

Table 3 Major postoperative

complications and in-hospital

mortality

ICU Intensive care unit

Group A (n = 34) Group B (n = 24) p

Re-exploration for bleeding 2 (5.9%) 2 (8.3%) 1.00

Postoperative myocardial infarction 0 1 (4.2%) 0.41

Stroke 3 (8.8%) 4 (16.7%) 0.43

Gastrointestinal bleeding 1 (2.9%) 2 (8.3%) 0.56

Pneumonia 5 (14.7%) 10 (41.7%) 0.03

Ventilator support [72 h 6 (17.6%) 12 (50.0%) 0.01

Arrhythmia 3 (8.8%) 5 (20.8%) 0.26

Low cardiac output 2 (5.9%) 8 (33.3%) 0.01

Sepsis and multiple organ failure 3 (8.8%) 8 (33.3%) 0.04

ICU stay (day) 5 ± 2 8 ± 2 \0.0001

Postoperative hospital stay (day) 13 ± 4 18 ± 6 0.0003

In-hospital mortality 3 (8.8%) 9 (37.5%) 0.02

Table 4 Comparison of the parameters between group A1 and group B1

N Duration of CVVHD (h) Duration of ventilator support (h) Duration of ICU stay (days) Duration of UO recovering (h)

A1 31 57.3 ± 18.2 46.1 ± 11.6 5.3 ± 1.9 55.8 ± 18.5

B1 15 98.5 ± 25.7 56.1 ± 15.5 8.8 ± 2.4 91.6 ± 22.8

t (t’) 6.27 2.45 5.37 5.70

p \0.0001 0.02 \0.0001 \0.0001

CVVHD Continuous venous-venous hemodialysis, ICU intensive care unit, h hour

Duration of UO recovering: the time elapse from the initiation of CVVHD to urine output [1 ml/kg/h
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especially hypotension, may be temporary and reversible

if the appropriate treatment is instituted on time. However,

12 patients died, and we could not confirm whether they

would have needed permanent dialysis if they had

survived.

The retrospective nature and small sample size were the

main limitations of this study. Further studies are recom-

mended to address each of the limitations in this study

individually.
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F, Günay C, Yildirim V, Ceylan S, Arslan M, Vural A, Tatar H

(2004) Timing of replacement therapy for acute renal failure after

cardiac surgery. J Card Surg 19:17–20

15. Elahi MM, Lim MY, Joseph RN, Dhannapuneni RR, Spyt TJ

(2004) Early hemofiltration improves survival in post-cardiotomy

patients with acute renal failure. Eur J Cardiothorac Surg 26:

1027–1031
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