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Abstract
Introduction: Sustained low efficiency dialysis (SLED) is an increasingly common 

treatment option for acute kidney injury (AKI) patients, but there are few studies 
examining the survival and predictive outcome of this therapy. The study aims to 
evaluate survival, pre-SLED predictors and complications associated with SLED. 
Materials and Methods: This was a retrospective cohort study of 91 patients with 
AKI treated with SLED in a tertiary hospital from January 2014 to August 2018.  
The primary outcomes were in-hospital and 30-day mortality. The secondary  
outcomes were the clinical and laboratory pre-SLED characteristics that were 
associated with survival and complication of SLED. Results: Median survival of  
AKI patients treated with SLED was 17 days and the 30-day mortality rate  
was 58%. Pre-SLED serum levels of creatinine (adjusted HR 0.82, 95%  
CI 0.71x0.94), albumin (adjusted HR 0.57, 95% CI 0.4–0.81), potassium  
(adjusted HR 1.38, 95% CI 1.1–1.73) and number of SLED (adjusted HR  0.95, 95%  
CI 0.91-1) served as predictors of survival. Arrhythmia was found 3.3% and  
intradialytic hypotension in 13.2% of patients. No patient had bleeding  
complications. Conclusions: Our study found similar in-hospital and 30-day  
mortality for AKI patients treated with SLED. High pre-SLED levels of serum 
albumin, creatinine and number of SLED were significantly associated with  
reduced risk of death and high pre-SLED serum potassium was associated with 
increased risk of death. These results indicate that SLED is safe treatment, with few 
haemorrhage and haemodynamic complications.
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Introduction
Approximately one in ten patients admitted to an 

intensive care unit (ICU) develops acute kidney injury 
(AKI), an important complication of ICU patients,  
and requiring renal replacement therapy (RRT).1 It  
is well known that AKI contributes to mortality and  
chronic kidney diseases which result in health and 
economic burdens.2 Traditionally, there are 2 RRT 
modalities for ICU patients with AKI—continuous 
renal replacement therapy (CRRT)3,4 and intermittent 
haemodialysis (IHD). However, these 2 modalities  

have shortcomings in their need of special devices,  
special nursing care and their high cost as well as 
the requirement for haemodynamic stabilility. Thus  
sustained low efficiency dialysis (SLED) is becoming 
more commonly used due to its ease of use and 
haemodynamic stability.5,6

SLED is a hybrid therapy which provides better 
haemodynamic tolerability, lower exposure to 
anticoagulation and shorter duration of therapy  
without changing the patient’s clinical outcome or  
survival compared to CRRT.7 However, as this is a  
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relatively new therapy, there are few studies examining 
the details of clinical and laboratory responses to it, 
information that is essential to evaluate the potential 
outcome of a patient undergoing SLED or factors 
influencing their survival.6,8 Therefore, this study  
aimed to evaluate survival and potential pre-SLED 
predictors of survival, and assess haemorrhagic and 
haemodynamic complications associated with SLED.

Materials and Methods
A retrospective, cohort study was conducted 

in Songklanagarind hospital which is a university  
hospital in Southern Thailand from Januray 2014 to 
August 2018. AKI patients aged 15 years or above 
treated with SLED who met the AKI criteria cited in  
The Kidney Disease Improving Global Outcomes  
(KDIGO) guidelines 2012. Further inclusion crieria 
were those with a serum creatinine level rising 
more than 0.3 mg/dL in 48 hours, urine output less 
than 0.5 ml/kg/hour for 6 hours or patients who 
were likely to suffer acute renal failure within 
1 week of the serum creatinine level increasing  
1.5-fold higher than the baseline serum creatinine.  
Those with end stage renal disease (ESRD) were  
excluded. The sample size was calculated based on 
one sample for estimating hazard in survival analysis 
considering hazard of 25% and 95% confidence  
intervals leading to a required sample size of 87  
patients. The study was approved by the Ethics  
Committee of the Faculty of Medicine, Prince of  
Songkla University (REC 60-072-14-4) 

Eligible patients were identified from the lists of  
patients undergoing haemodialysis in the ICU using  
SLED. The duration of one SLED session in our  
study was 6 to 12 hours with blood flow rate 150 to  
250 ml/min and dialysate flow rate of 300 to  
500 ml/min. Normal saline or heparin was used as 
the anticoagulant. The medical records of eligible  
patients treated with SLED were reviewed for  
demographic and clinical characteristics, clinical and 
laboratory responses, and mortality.

The primary outcomes were in-hospital mortality 
and 30-day mortality. The secondary outcomes were 
the clinical and laboratory pre-SLED parameters that 
affect survival including severity score, mean arterial 
pressure and numbers of vasopressors before and after 
the SLED treatments and the SLED characteristics.  
Other variables were pre-SLED serum urea nitrogen, 
creatinine, potassium, calcium, phosphorus, magnesium 
and blood pH. Independent variables included age,  
gender, cause of AKI, comorbidity, reason for ICU 

admission and mechanical ventilator uses were  
reviewed at the start of the SLED treatments. Bleeding 
complications after the SLED treatments were  
reviewed. Intradialytic hypotension was defined as an 
acute drop in systolic blood pressure below 80 mmHg  
or  more than 20% from basel ine.  Bleeding  
complication was defined as bleeding at the catheter  
exit site or systemic bleeding from anticoagulant use 
with SLED. 

In-hospital mortality was analysed using the  
Kaplan-Meier method. The 30-day mortality rate  
of AKI treated with SLED was analysed descriptively. 
Predictors of survival were analysed by the Cox 
proportional hazards model. The laboratory responses  
were expressed as means and compared between  
pre-SLED, 24 hours and 48 hours post-SLED using  
the student paired t-test. The clinical responses 
were expressed as means and compared between  
pre-SLED and post-SLED using the student  
paired t-test. The SLED complications were expressed  
as numbers (percentages).

Results
During the study period, a total of 504 patients were 

admitted to the ICU for a cause requiring RRT and  
91 of them met the additional inclusion criteria. Table 1 
shows the baseline characteristic of all patients. Their 
ages ranged from 17 to 81 years and two-thirds were  
male. Approximately half of the AKIs were caused  
by acute tubular necrosis (ATN) and the most common 
comorbidity was sepsis. Almost all of the patients  
required mechanical ventilator and vasopressor.  
Of the 89 patients receiving vasopressor, 60 patients  
needed to increase dosage of norepinephrine and  
10 patients needed to increase dosage of norepinephrine 
with use the additional dopamine. The mean dosage  
of norepinephrine (major vasopressor used) was  
0.18 µg/kg/min (ranges 0.02–0.2 µg/kg/min) and  
the mean dosage of dopamine (additional vasopressor 
used) was 5.2 µg/kg/min (ranges 3.0-6.0 µg/kg/
min). The cardiovascular system SOFA score 3 and 
4 were 10 and 79 patients, repsectively. The eligble 
patients treated with SLED had high Sequential Organ 
Failure Assessment (SOFA, 13.3 ± 3.4) and Acute 
Physiology and Chronic Heath Evaluation scoring  
system version II (APACHE II, 29.3 ± 5.8) scores.  
Table 2 shows the SLED characteristics. The number  
of SLED treatments per patient ranged from 1 to 12.  
The blood flow rate and dialysate flow rate ranged from 
150 to 250 ml/min and 300 to 500  ml/min respectively. 
Ultrafiltration ranged from 0 to 2500 ml/session and  
the duration of SLED ranged from 8 to 12 hours.
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both 24 and 48 hours. The data on the clinical  
responses and complications are presented in  
Table 4. Mean arterial pressure (MAP) and number  
of vasopressor used were not significantly different  
after SLED. Few instances of arrhythmia and  
intradialytic hypotension were observed, and there  
were no bleeding complications. 

The 30-day mortality rate in AKI patients treated  
with  SLED was  58%.  Figure  1  shows the  
Kaplan-Meier curve of the patients’ survival rate.  
The median survival time was 17 days, with a  
maximum follow up of 210 days (7 months).  
During follow up, one third of the patients died  
within 7 days but the survival probability stablised 
after 60 days. Pre-SLED SOFA, serum creatinine, 
serum magnesium, serum potassium, serum albumin, 
number of SLEDs and MAP were the 7 predictors  
with P value <0.2 and these were included in the 
first model of Cox proportional hazards regression  
model. Only 5 predictors remained significant in  
the final model (Table 5). For AKI patients treated 
with SLED, predictors  of  survival  included  
pre-SLED serum creatinine (adjusted HR 0.82, 95%  
CI 0.71-0.94), pre-SLED serum albumin (adjusted  
HR 0.57, 95% CI 0.4–0.81), pre-SLED serum  
potassium (adjusted HR 1.38, 95% CI 1.1–1.73) 
and number of SLEDs (adjusted HR 0.95, 95%  
CI 0.91–1), while pre-SLED SOFA (adjusted HR  
1.08, 95% CI 0.99–1.17) was not significant. Patients 
with a high pre-SLED serum potassium had a 1.38  
times higher risk for death. High pre-SLED serum 
creatinine, albumin and number of SLEDs had an  
18%, 43% and 5% reduction in risk, respectively.

Discussion
A short median survival time of AKI patients  

treated with SLED was found and more than half of  
the patients died within 30 days of treatment. The pre-

Table 1. Baseline characteristics of study patients 

Variables Number of patients  
(n = 91)

Age (years), median (IQR) 65 (52,74)

Gender, n (%)

Male 57 (62.6)

Female 34 (37.4)

Cause of AKI

Pre-renal 25 (27.5)

ATN 41 (45.1)

CIN 6 (6.6)

Post-renal 1 (1.1)

Multiple causes 18 (19.8)

Comorbidity, n (%)

Sepsis 51 (56)

Diabetes 12 (13.2)

Heart disease 19 (20.9)

Other 9 (9.9)

Reason for ICU admission, n (%)

Medical 43 (51.8)

Surgical 31 (37.3)

Cardiovascular 8 (9.6)

Trauma 1 (1.2)

Mechanical ventilator use, n (%) 84 (92.3)

Vasopressor use, n (%) 89 (97.8)

Laboratory (pre-SLED)

Serum urea nitrogen (mg/dl), mean ± SD 69.6 (30.9)

Serum creatinine (mg/dl), mean ± SD 4.9 (2.8)

SOFA score, mean ± SD 13.3 (3.4)

APACHE II score, mean ± SD  29.3 (5.8)

AKI: Acute Kidney Injury; APACHE II: Acute Physiology and 
Chronic Heath Evaluation scoring system version II; ATN: Acute 
Tubular Necrosis; CIN: Contrast Induced Nephropathy; ICU: Intensive 
Careunit; IQR: Interquartile Range; SLED: Sustained Low Efficiency 
Dialysis; SOFA: Sequential Organ Failure Assessment

Table 2. SLED characteristics

Variable Mean ± SD

Number of SLED treatments per patient,  
median (IQR)

5 (2,8)

Blood flow rate (millilitres/min) 184.6 (50.4)

Dialysate flow rate (millilitres/min) 412.5 (105.9)

Ultrafiltration (millilitres/day) 1888 (1658)

SLED duration per treatment (hours) 10.41 (1.73)

IQR: Interquartile Range; SLED: Sustained Low Efficiency Dialysis

Table 3 shows the laboratory responses after SLED 
treatment at 24 and 48 hours. Serum urea nitrogen, 
creatinine and potassium were significantly decreased 
after SLED at 24 and 48 hours. Acidosis was  
significantly improved after the SLED treatment at  
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similar to our findings, admission to medical ICU  
was reported to be associated with mortality after  
CRRT in a study by Pérez-Fernández et al.13 In 
another study by Abdula et al., survival curve 
analysis found that a third of the patients died within 
1 week of treatment, with a median survival of  
15 days.9

Pre-SLED predictors of survival were serum  
albumin, serum creatinine, serum potassium, and  
number of SLEDs. We found that the higher the  
pre-SLED serum albumin, the lower the death rate.  
The reason for this is not entirely clear, a meta  
analysis  found that  hypoalbuminemia was a  
predictor  of  both AKI and death af ter  AKI  
development.14 Likewise, pre-SLED serum creatinine 
was a predictor for survival, which may be associated 
with the number of SLED treatments in patients  
with high serum creatinine.2,9,14 In constrast, high  
pre-SLED serum potassium increased the risk of  
death which may be explained by hyperkalemia  
being associated with cardiovascular problems.15,16

Our study found that SLED treatments provided 
haemodynamic stability and were associated with 
less serious complications, as other studies have also 
found.6,7,16,17 Recently, 2 systematic reviews indicated 
that SLED was a safe and effective modality for  
treating AKI in critically ill patients.18,19 The findings 
of our study can be generalilsed to other settings  
because the patient age, gender profile, major causes 
of AKI and comorbid diseases were similar to 
other studies.6,10 Moreover, the details of the SLED  
treatment in our study in terms of SLED treatments  
per patient, blood flow rate, dialysate flow rate, 
duration of SLED treatments, and use of normal 
saline as an anticoagulant are similar to several 
previous studies.6,10,20,21 It has been suggested that the  
use of normal saline as a SLED anticoagulant  
may cause clotting in the SLED circuit leading  
to blood loss22, but this did not occur in our study.  

Table 3. Laboratory responses

Variable Pre-SLED 24 hr Post-SLED P-value 48 hr Post-SLED P-value

Serum urea nitrogen  
(mg/dl), mean ± SD

69.58 (30.87) 50.32 (28.68) <0.001 57.92 (22.47) <0.001

Serum creatinine (mg/dl) 4.87 (2.76) 3.75 (2.40) <0.001 4.24 (2.61) 0.002

Serum potassium (mmol/L) 4.43 (0.97) 4.02 (0.88) 0.001 3.99 (0.60) 0.001

Blood pH 7.32 (0.13) 7.36( 0.14) 0.09 7.40 (0.08) <0.001

SLED: Sustained Low Efficiency Dialysis

Fig. 1 Kaplan-Meier curve showing overall survival rate of AKI patients 
treated with SLED

SLED predictors serum creatinine, serum potassium, 
serum albumin and number of SLEDs were useful 
in predicting survival. No significant number of 
haemorrhagic or haemodynamic complications  
resulting from the SLED treatment occured.

The short survival time of less than 30 days found 
in our study corroborated with previous studies in  
Canada and the USA6,8,9 but higher than studies from 
China and Germany.10,11 This may be explained by 
the pre-SLED differences in the severity scores of  
illness as measured by SOFA, as patients with higher 
scores had higher mortality rates. However, one 
randomised trial showed a high 30-day mortality  
(83.3%) even though the average severity score was 
low12, indicating that other factors besides the severity 
score also influences the mortality rate. In addition, 
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found that laboratory responses are beneficial to predict 
a patient’s survival. The effects of SLED on survival and 
benefit of predictors should be assessed in other settings  
as the SLED procedures in other settings may vary. 
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