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Implication for health policy/practice/research/medical education:
The optimal time to start renal replacement therapy is not well-defined in a critically ill patient on extracorporeal membrane 
oxygenation (ECMO) treatment. Early renal replacement therapy may be effective in fluid balance control and improving the 
survival rate. We conducted a retrospective cohort study to determine the appropriate timing of renal replacement therapy 
initiation in patients treated with ECMO and found that early renal replacement therapy within 72 hours of ECMO initiation 
was significantly associated with a decreased risk of mortality suggesting early renal replacement therapy may be superior to late 
renal replacement therapy in ECMO patients. 
Please cite this paper as: Boonsrirat U, Ouejiaraphant C, Phongphithakchai A. Identifying the optimal timing of renal 
replacement therapy initiation among critically ill patients on extracorporeal membrane oxygenation therapy. J Renal Inj Prev. 
2022; 11(x): x-x. doi: 10.34172/jrip.2022.xx.

Introduction
The number of critically ill patients with cardiopulmonary 
dysfunction that require extracorporeal membrane 
oxygenation (ECMO) has been rising. The prevalence 
of acute kidney injury (AKI) in patients with ECMO is 
about 25%-46% (1-4). AKI followed by ECMO treatment 
is associated with a reported hospital mortality rate of 
up to 60% (1). Renal replacement therapy (RRT) is an 
important modality to treat the consequent complications 

after AKI such as electrolyte disturbance, uraemia, acid-
base disorder and excess fluid overload. Even though RRT 
is the standard treatment for AKI, identifying the optimal 
timing in patients with ECMO is an area of uncertainty 
due to the limited number of studies. The previous 
literature has shown no significant difference in outcomes 
between receiving RRT early or late (5). Previous reports 
showed that AKI requiring RRT therapy in critically ill 
patients undergoing ECMO treatment increases mortality 
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patients with severe cardiopulmonary dysfunction on extracorporeal membrane oxygenation 
(ECMO) therapy. Although renal replacement therapy (RRT) is the standard of care for AKI, 
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(6). There is still controversy regarding the benefit and 
appropriate timing of RRT initiation, as no published 
studies suggest the optimal timing of RRT initiation in 
ECMO patients. 

The Kidney Disease Improving Global Outcomes 
(KDIGO) guidelines suggest future research 
recommendations on the topic of timing of RRT in AKI 
patients to determine reproducible criteria to inform the 
decision to start RRT and to verify whether early versus 
late start of RRT results in improving clinical outcomes 
(7). Recently, there have been many large randomized 
controlled trials studying the time to initiate RRT in 
critically ill patients (8-10), since there were differences 
in the patient settings and outcomes of early or late RRT. 
However, the data on the importance of timing in the 
initiation of continuous RRT (CRRT) in ECMO patients 
are not clearly defined. 

Objectives
Thus, we conducted a single-centre retrospective study to 
compare the mortality of patients who started early RRT 
or late RRT after ECMO treatment. As a secondary goal, 
we aimed to evaluate the predictors of mortality associated 
with the timing of RRT in ECMO patients and to evaluate 
whether early versus late start of RRT resulted in better 
clinical outcomes.

Patients and Methods 
Study design
A retrospective study was designed to determine the 
outcome of RRT initiation early or late after ECMO 
treatment in critically ill patients. Data were collected from 
March 2014 until December 2019 in university hospital in 
Southern Thailand. Patients were eligible if they were 15 
years of age or older and must have been admitted initially 
to the intensive care unit (ICU) or general ward and then 
transferred to the ICU, which includes a medical intensive 
care unit (MICU), cardiac intensive care unit (CCU) and 
surgical intensive care unit (SICU). These patients have 
received both ECMO and RRT treatment during ICU 
admission and met the AKI criteria (serum creatinine 
level rising more than 0.3 mg/dL in 48 hours, urine output 
less than 0.5 ml/kg/h for 6 hours or patients who were 
likely to suffer acute renal failure within one week of the 
serum creatinine level increasing 1.5-fold higher than the 
baseline serum creatinine) as the KDIGO guidelines 2012. 
We excluded patients who received RRT before ECMO 
treatment or received RRT and ECMO at the same time. 
RRT must have been initiated after ECMO treatment 
during the study period. Patients with pre-existing 
renal diseases receiving current RRT e.g., hemodialysis, 
peritoneal dialysis, or kidney transplantation were 
excluded from this study. 

Data collection
All eligible patients were identified from the list of patients 

with ECMO using RRT in the ICU. The electronic medical 
records of the institution were reviewed to collect, age, 
gender, body weight, underlying comorbid conditions, 
AKI staging at ICU admission, indication for RRT, body 
temperature, mean arterial pressure (MAP), plasma 
hemoglobin, serum albumin, creatinine (Cr), sodium, 
potassium, total CO2, estimated glomerular filtration 
rate (eGFR), pH and lactate. The Simplified Acute 
Physiology Score (SAPS), Sequential Organ Assessment 
Scores (SOFA) and Acute Physiology and Chronic Health 
Evaluation II (APACHE II) were also collected. Fluid 
balance at day two and day seven of ECMO treatment 
was calculated by the following formula; [summation 
of fluid input (mL) – summation of fluid output (mL)]. 
The modes of RRT could be intermittent hemodialysis, 
sustained low-efficiency dialysis (SLED), continuous 
veno-venous hemofiltration (CVVH), continuous veno-
venous haemodialysis (CVVHD) and continuous veno-
venous hemodiafiltration (CVVHDF). The other data that 
we identified were the duration of ECMO, total ventilator 
days, length of hospital stay, length of ICU stay and 
duration of ECMO and also duration of ICU admission. 
The definition of early RRT in ECMO group was RRT 
added within 72 hours after ECMO treatment and late 
RRT was considered to be RRT initiated after 72 hours of 
ECMO treatment.

The primary outcome was overall mortality of ECMO 
treatment within 60 days. We censored the patient data 
of those who survived 60 days after ECMO treatment and 
data from patients lost to follow-up before 60 days after 
ECMO treatment were censored at the last follow-up date. 
Secondary outcomes were the predictive factor of survival 
to determine the independent risk factors.

Statistical analysis
Statistical analyses were performed using R software 
version 3.4.3. The categorical variables are presented 
as frequency and percentage and continuous variables 
are presented as mean ± standard deviation (SD). The 
values are expressed as mean ± SD, the median and the 
interquartile range. The outcomes between two groups 
comparison (early RRT and late RRT) of continuous 
variables were analysed by student’s t test. The chi-square 
test was conducted for the comparison of categorical 
variables between groups. The Kaplan-Meier method was 
employed to calculate the survival curve and the log-rank 
test was used to calculate the statistical significance. The 
Cox proportional hazard regression model was utilized 
to determine the hazard ratio (HR) to predict survival 
probabilities by analysing multiple associated factors. 
Statistical significance was defined as a value of P < 0.05.

Results
Baseline demographics
A total of 40 patients were enrolled in this study; 13 were 
in the early RRT initiation group and 27 patients were in 

http://journalrip.com


            Journal of Renal Injury Prevention, Volume 11, Issue x, xx 2022http://journalrip.com                                  3

Renal replacement therapy

the late RRT initiation group. Baseline characteristics are 
presented in Table 1. The mean age of the patients was 
53.1 ± 17.1 years and 70% were male. No difference in 
body weight and comorbidities were found between the 
two groups; 24 (60%) were admitted to the surgical ICU. 
The percentage of AKI on the first day of ICU admission 
was 30.8% for stage one in early RRT group. Accordingly, 
7.7% and 38.5% and for stages II and III respectively 
were detected. The estimated glomerular filtration rate of 
chronic kidney disease epidemiology collaboration (GFR-

EPI) at ICU admission was significantly lower in the early 
RRT initiation group (30.4 mL/min/1.73 m2) than in the 
other group (62.6 mL/min/1.73 m2; P = 0.001). Moreover, 
the SOFA score was significantly higher in patients in 
the early RRT initiation group than in the other group 
(5.9 versus 3.5, respectively; P = 0.016). Both groups 
were similar regarding the mode of ECMO and mode of 
RRT (Table 2). There was no other difference in baseline 
characteristics at ICU admission except body temperature, 
which was significantly lower in patients in the early RRT 

Table 1. Baseline characteristics of the patients

Parameters Early RRT initiation group (n=27) Late RRT initiation group (n=13) P value

Age (y)  59.5 ± 15.4 50.0 ± 17.3  0.119
Gender, male 8 (61.5) 20 (74.1)  0.418

Body weight (kg)  65.0 (18.9)  60.0 (13.8)  0.726

Hypertension 6 (46.2) 7 (25.9) 0.201

Diabetes mellitus 5 (38.5) 4 (14.8) 0.093

Chronic kidney disease 4 (30.8) 2 (7.4) 0.053

Valvular heart disease 4 (30.8) 6 (22.2) 0.559

Acute kidney injury (KDIGO staging) on the day of ICU admission

Stage 1 4 (30.8) 9 (33.3) 0.871

Stage 2 1 (7.7) 2 (7.4) 0.974

Stage 3 5 (38.5) 6 (22.2) 0.281

Indication for RRT (%)

Uraemia 15.7 13.2 0.172

Hyperkalaemia 9.2 10.7 0.621

Metabolic acidosis 10.8 14.1 0.223

Hypervolaemia 24.5 8.4 0.001

Body temperature (°C)a  36.4 ± 1.2  36.5 ± 1.2  0.044

MAP (mm Hg)a  78.3 ± 26.0  77.3 ± 21.9  0.675

eGFR-EPIa  30.4 ± 25.6 62.6 ± 29.2 0.001

Hemoglobin (Hb)(g/dL)a  10.4 ± 3.0  11.0 ± 2.6  0.444

Albumin (g/dL)a  3.2 ± 0.6  2.6 ± 1.0  0.143

Serum Cr (mg%)a  2.1 ± 0.8  1.3 ± 0.6  0.577

BUN (mg%)a  37.0 ± 13  31.0 ± 14  0.798

Sodium (mmol/L)a 139.0 ± 8.8 145.5 ± 9.4  0.094

Potassium (mmol/L)a  3.9 ± 0.5  3.8 ± 0.8  0.237

Bicarbonate (mmol/L)a  17.8 ± 5.8  18.8 ± 5.4  0.231

Arterial blood gas a

pH 7.2 ± 0.1 7.3 ± 0.1 0.020

pCO2 (mm Hg) 35.6 ± 6.4 35.0 ± 4.1 0.608

pO2 (mm Hg) 89.7 ± 32 86.2 ± 34 0.401

Lactate (mmol/L) a 1.7 ± 0.4  4.2 ± 2.7 0.039

SAPS II a,b  33.0 ± 10.0  27.0 ± 9.0  0.224

SOFA score a,c  5.9 ± 3.0  3.5 ± 3.0  0.016

APACHE II score a,d  25.5 ± 4.8  21.6 ± 11.0  0.394

RRT, renal replacement therapy; MAP, Mean arterial pressure; eGFR, Estimated glomerular filtration rate; HB, hemoglobin; BUN, Blood urea 
nitrogen; Cr, creatinine; SOFA, Sepsis-related Organ Failure Assessment; APACHE II, Acute Physiology and Chronic Health Evaluation II; SAPS II, 
Simplified Acute Physiology Score.
Data are displayed as the mean ± standard deviation or number (%). 
a The laboratory results at the day of ICU admission. 
b SAPS II ranges from 0 to 163, with higher scores indicating more severe dis- ease and a higher risk of death. 
c The SOFA score ranges from 0 to 24, with higher scores indicating more severe organ failure.
d APACHE II score ranges from 0 to 71, with higher scores indicating more hospital death.
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initiation group (P = 0.04), and lactate, which was lower 
in the early RRT initiation group (1.7 mmol/L versus 4.2 
mmol/L; P = 0.039).

Comparison of outcomes between early and late RRT 
The 60-day mortality was not significantly different 
between the two groups (76.9% in the early RRT initiation 
and 88.9% in the late RRT initiation group; P = 0.321). 
Figure 1 shows the Kaplan-Meier curves of the probability 
of survival of patients who underwent early RRT and late 
RRT.

Table 2. ECMO and RRT characteristics

Parameters Early RRT initiation group (n=27) Late RRT initiation group  (n=13) P value
Types of ECMO

VA 27 (84.4) 7 (87.5)
0.825

VV 5 (15.6) 1 (12.5)
Mode of RRT

HD 2 (15.4) 4 (14.8)

0.332
SLED 4 (30.8) 4 (14.8)
CVVH 3 (23.1) 14 (51.9)
CVVHDF 4 (30.8) 5 (18.5)

RRT, renal replacement therapy; ECMO, extracorporeal membrane oxygenation; CVVHDF, Continuous veno-venous hemodiafiltration; HD, hemodialysis; 
VV, venovenous; VA, Venoarterial; CVVH, continuous veno-venous hemofiltration; SLED, sustained low-efficiency dialysis 

Figure 1. Kaplan-Meier curve showing the probability of survival of 
patients who underwent early RRT and late RRT group of ECMO 
treatment.

Table 3. Clinical data of the early and late RRT groups

Outcomes Early RRT initiation group (n=27) Late RRT initiation group  (n=13) P value

Duration of ECMO (days) 5.1 (7.3) 3.9 (7.3) 0.036
Duration of ICU admission before ECMO initiation (days) 2.8 (2.8) 1.2 (5.1) 0.787

Ventilator day (days) 7.0 (13.5) 20.0 (32.0) 0.014

ICU stay (days) 8.0 (16.5) 22.0 (25.5) 0.028

Length of hospital stay (days) 11.0 (21.6) 30.1 (25) 0.016

Fluid balance at ECMO day 2 1,457 (1130 – 1750) 1,386 (1065 – 1580) 0.279
Fluid balance at ECMO day 7 180 (100 – 520) 942 (725 – 1146) 0.013

RRT, renal replacement therapy; ECMO, extracorporeal membrane oxygenation

Clinical data between the early and late RRT groups are 
presented in Table 3. Timing of patients in the early RRT 
initiation group who underwent ECMO placement after 
ICU admission was 2.8 days, while the other group was 1.2 
days (P = 0.787). The duration of ECMO was significantly 
longer in the early RRT initiation group (5.1 days versus 
3.9 days; P = 0.036). The mean cumulative fluid balance 
was significant lower at day seven of ECMO in early RRT 
group, compared to the late group (180 ml versus 942 ml; 
P = 0.013). The duration of ventilator days was lower in 
the early RRT initiation group (seven days versus 20 days; 
P = 0.014). In addition, ICU stays and length of hospital 
stay were shorter in the early RRT initiation group than the 
other group significantly (8 days versus 22 days; P = 0.028, 
11 days versus 30.1 days; P = 0.016, respectively).

Cox proportional hazard regression model predicting 
survival probabilities
There were six factors influencing the mortality of ECMO 
patients who underwent RRT in the Cox proportional 
hazard regression model, however the final multivariable 
adjustment Cox regression analysis had only four factors 
that were significantly associated with mortality (Table 
4). For the patients treated with ECMO and RRT, the 
predictors of survival included early RRT initiation within 
72 hours of ECMO treatment (adjusted HR: 0.067; 95% 
CI: 0.010-0.457; P = 0.006), age 60 years or older (adjusted 
HR: 6.334; 95% CI: 1.268-31.626; P = 0.024), fluid balance 
at ECMO day seven (adjusted HR: 1.093; 95% CI: 1.007-
1.187; P = 0.033), eGFR-EPI≥60 mL/min/1.73 m2 at ICU 
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admission (adjusted HR: 0.97; 95% CI: 0.946-0.996: 
P = 0.024). Overall, early RRT initiation and eGFR-EPI 
≥60 mL/min/1.73 m2 had 93.3% and 3% reduction in 
mortality risk, respectively. The fluid balance on ECMO 
day seven was also significant.

Discussion
Patients with severe life-threatening cardiopulmonary 
insufficiency are at high risk of multi-organ dysfunction 
(1). Before these patients are placed on ECMO, they 
could be suffering from prolonged low-cardiac output 
and a systemic inflammatory response leading to AKI. 
ECMO initiation will provide good oxygenation, less 
oxygen consumption and increase blood pressure to 
the vital organs, including both kidneys (3). Although 
the benefit of ECMO is clear, the complication of AKI 
might be exacerbated for two reasons; the hemodynamic 
fluctuation from vasopressor adjustment which can lead 
to ischemia-reperfusion AKI and the complications of 
ECMO, such as hemolysis, hypercoagulable state, or 
systemic inflammation from the interaction of blood with 
the artificial surface (4). The data from the Extracorporeal 
Life Support Organisation (ELSO) registry shows a high 
incidence of AKI (11). Studies of ECMO patients report 
AKI and CRRT as the factors that affect the mortality of 
neonate and paediatric patients (12,13). Furthermore, 
CRRT is a protective factor for decreasing complications 
such as AKI and mortality (14-17). A meta-analysis of 
RRT in ECMO patients showed a lowered mortality rate 
in patients with RRT compared with those without an 
RRT group (18). Nonetheless, there are two questions 
regarding the timing of RRT in ECMO patients; first, 
which criteria should be utilised in decision-making 
to start RRT and second, whether RRT starts before or 
after ECMO. Based on such criteria, clinical outcomes in 
patients may improve or not.

Our study was conducted as a retrospective cohort 
study of 40 critically ill patients who underwent ECMO 
treatment with RRT to determine the appropriate timing 
of RRT in ECMO patients to prevent the risk of mortality. 
It was found that early RRT was superior to late RRT in 
terms of decreasing mortality, more ventilator-free days, 

shorter ICU stay and shorter duration of hospital stay. 
Timing from ECMO to RRT initiation has been 

reported in a few studies (19, 20). Wolf et al (19) published 
data showing that early CVVH (within 48 hours of ECMO 
initiation) in pediatric critically ill patients was associated 
with a three-fold increased risk of in-hospital morality. 
Peak et al (20) assigned early CRRT to adult critically ill 
patients with ECMO within 72 hours of ECMO initiation 
and found no difference in patient mortality between early 
and late CRRT. There is no consensus regarding when to 
initiate RRT in patients in the ECMO setting. The current 
study shows that timing RRT initiation 72 hours after 
ECMO treatment was correlated with lower in-hospital 
mortality, with an HR of 0.067. Of note, populations 
enrolled in these studies had AKI, whereas we included 
all cases that underwent RRT during the studied period 
and approximately 60% of cases in our study were surgical 
patients. As well, we found that the early RRT initiation 
group had a higher degree of disease severity at ICU 
admission including SOFA, SAP II, and APACHE scores. 
Interestingly, timing from ECMO to RRT longer than 72 
hours was associated with greater hospital mortality in all 
populations and this effect was noticeable in the critically 
ill patients. There are two assumptions for this condition. 
First, the fluid accumulation in seven days of ECMO 
initiation was higher in late RRT group after ECMO 
treatment, like previous studies that found fluid overload 
during ECMO leads to prolonged ECMO weaning time 
and is associated with mortality (21, 22). Second, patients 
in the late start RRT group had higher lactate levels at ICU 
admission, reflecting microsystemic dysfunction that can 
affect patient survival outcomes.

Unsurprisingly, the outcomes in terms of ventilator days, 
ICU length of stay and hospital stay were significantly 
lower in the RRT initiation before ECMO group. This 
effect can be explained by less fluid accumulation. Early 
RRT aids in preventing fluid overload in these patients 
and correcting fluid accumulation can lead to better 
weaning off the ventilator and ECMO. Likewise, Symons 
et al (23) found that the start of CRRT in ECMO can allow 
for better fluid management, which may help shorten the 
ECMO duration. He et al (24) reported that the increase 

Table 4. The predictors of survival rate of critically ill patients treated with ECMO and RRT

Outcomes Crude HR P value 95% CI Adjusted HR P value 95% CI

RRT within 72 hours of ECMO initiation 0.688 0.325 0.326-1.450 0.067 0.006 0.010-0.457

Age ≥ 60 years 1.330 0.594 0.466-3.799 6.334 0.024 1.268-31.626

Female 1.095 0.813 0.516-2.321 0.485 0.395 0.092-2.565

SOFAa 1.022 0.666 0.925-1.129 0.985 0.848 0.843-1.150

Fluid balance at ECMO day 7 1.028 0.185 0.987-1.070 1.093 0.033 1.007-1.187

GFR-EPIa ≥ 60 mL/min/1.73 m2 0.995 0.274 0.985-1.004 0.970 0.024 0.946-0.996

RRT, renal replacement therapy; ECMO, extracorporeal membrane oxygenation; HR, hazard ratio; GFR, Glomerular filtration rate; SOFA, Sepsis-related 
Organ Failure Assessment.
a Values were collected at ICU admission.
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in fluid overload on days three and seven was higher in the 
non-survivor group. Our results suggest that early start 
RRT in ECMO may have potential benefits in reducing 
fluid overload. 

The predictors of survival included patients aged 60 or 
more; one explanation could be that a higher percentage 
of underlying diseases can contribute to a worse 
prognosis, i.e. hypertension, diabetes mellitus and cardiac 
diseases. Previous studies have shown that old age leads 
to more morbidities in patients with ECMO and age is 
an independent risk factor of hospital mortality (25, 26). 
Ali et al (27) showed that old age and underlying diseases 
result in mortality. The eGFR≥60 mL/min/1.73m2 on the 
day of ICU admission was associated with survival. This 
result is consistent with a study published by Kuroki et al 
(28), showing that an initial low eGFR was an independent 
predictor of mortality in patients undergoing ECMO. 

There are a few limitations to our study. First, our 
population came from only a single centre. However, 
all patients received the same high standard of care as 
in tertiary care hospitals worldwide. Second, this was a 
retrospective study. Several factors influencing outcomes 
were not fully collected and the results could be subject 
to unmeasured confounders. However, statistical analysis 
with a test for information criteria was performed and 
showed that APACHE II (Acute Physiology and Chronic 
Health Evaluation) and SOFA scores would be acceptable 
and gave a significant result. 

Conclusion 
Our study involving critically ill patients with ECMO 
showed significantly better outcomes with an early start of 
RRT before ECMO initiation, resulting in more ventilator-
free days, shorter ICU length of stay and shorter hospital 
stay. We also found that early RRT initiation, age, fluid 
balance and baseline GFR were beneficial to predict 
patient survival. A larger trial using these parameters 
should be performed to identify the appropriate timing 
for initiating RRT in ECMO patients.

Limitations of the study 
There are some limitations to our study. Firstly, the study 
was conducted in single center setting with relatively small 
number of populations. Second, this was a retrospective 
study, thus the initiation of RRT depended on the decision 
of the attending nephrologist. Last, some severity variable 
such as AKI staging, organ failure score in the ICU were 
missing.
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