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Technology Insight: treatment of renal failure 
in the intensive care unit with extended dialysis 
Danilo Fliser* and Jan T Kielstein

INTRODUCTION
There is renewed interest in prolonged or extended 
dialysis modalities for critically ill patients with 
renal failure in the intensive care unit (ICU). One 
should remember, however, that the first extra-
corporeal treatments for patients with acute renal 
failure (ARF) were in fact lengthy dialysis sessions. 
The first successful renal replacement therapy for 
a patient with ARF was described as follows.
“A 67-year-old woman is admitted to the surgical 
service with a high fever, a painful and distended 
abdomen, jaundice, and almost complete anuria. 
A urinalysis revealed dark red-brown urine 
notable for albuminuria, erythrocytes, leukocytes, 
and casts. The patient was treated with antibiotics, 
but continued to have oligoanuria. On the eighth 
day of hospitalization, the following laboratory 
tests were obtained: serum potassium 13.7 mEq/l 
and BUN 396 mg/dl. At this time the patient was 
noted to be encephalopathic with deteriorating 
clinical condition. Renal replacement therapy was 
initiated using a rotating drum. The initial dialysis 
treatment lasted 690 minutes (i.e. 11.5 hours), 
blood flow was 116 ml/min and urea reduc-
tion rate 69% (i.e. pre- and post-treatment urea 
serum concentrations were 396 and 121 mg/dl). 
The calculated urea clearance was 87 ml/min and 
Kt/V 1.40. After the initial dialysis treatment, the 
patient went on to become nonoliguric, followed 
by gradual recovery of urea clearance. She survived 
her acute illness, left the hospital, and at 7 months 
posthospitalization was doing quite well.”

The physician that performed this first 
successful extracorporeal treatment for ARF in 
Kampen, Holland, on 11 September 1945, was 
WJ Kolff.1 Kolff described a renal replacement 
therapy that has only recently become established 
as a treatment for severely ill patients with renal 
failure in the ICU—prolonged dialysis with low 
blood and dialysate flow rates.

EXTRACORPOREAL TREATMENT 
OF ACUTE RENAL FAILURE
Many aspects of treating patients with ARF 
have changed since the time of Kolff. Today, 

Sustained low-efficiency dialysis (SLED) is an increasingly popular 
extracorporeal renal replacement therapy for patients with renal failure 
in the intensive care unit (ICU). Several centers across the world employ 
this ‘hybrid’ technique, which has advantages of both intermittent and 
continuous methods. The goal of these centers is to provide an easy-to-
perform treatment with reduced solute clearances for prolonged periods. 
Many centers use standard, sophisticated dialysis equipment for SLED. 
An increasing number of hospitals in Europe and South America employ 
a single-pass batch dialysis system, the procedural simplicity of which 
makes it an ideal modality for SLED in the ICU. All systems offer the 
advantages of flexible timing of treatment and reduced costs; their ease of 
handling means that SLED is readily accepted by ICU staff. Prospective 
controlled studies have shown that SLED clears small solutes with an 
efficacy comparable to that of intermittent hemodialysis and continuous 
venovenous hemofiltration (even when the latter employs high rates of fluid 
substitution). Cardiovascular tolerability associated with SLED is similar to 
that associated with continuous renal replacement therapy, even in severely 
ill patients. Nocturnal dialysis—a special form of SLED—has all the 
advantages outlined above, with the added benefit of unrestricted physician 
access to the patient during the day, minimizing the interference of renal 
replacement therapy with other ICU activities.
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REVIEW CRITERIA
We searched PubMed, MEDLINE (Silverplatter) and the Cochrane Library using 
the following terms: “acute renal failure”, “sustained low efficiency dialysis”, “slow 
flow dialysis”, “extended dialysis” and “acute dialysis”. We selected all publications 
relevant to the field, including reports in supplements. We searched the reference lists 
of articles identified by this strategy and selected those we deemed relevant. We also 
included relevant review articles. No limits were imposed on the basis of language of 
publication. Finally, we used relevant data from providers of dialysis technology.

SUMMARY
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ARF is generally one feature of a multiple organ 
dysfunction syndrome in critically ill patients, 
which develops in response to major surgery, 
cardiogenic shock or a systemic inflammatory 
response syndrome. In a recent multicenter, 
multinational study of 30,000 patients, ARF was 
associated with septic shock in almost 50% of 
cases.2 Mortality rates for these patients are high, 
despite modern intensive care medicine and 
extracorporeal renal replacement therapy.2–5 
Patients are usually hemodynamically unstable 
and hypercatabolic. They therefore require treat-
ment with large doses of catecholamine and 
volume expanders, and parenteral nutrition, 
which inevitably causes hyperhydration, espe-
cially in the presence of oliguria/anuria. In light 
of these unfavorable clinical characteristics of 
critically ill patients, physicians have increasing ly 
used continuous renal replacement therapies 
(CRRTs) in the ICU, particularly continuous 
venovenous hemofiltration (CVVH).

CVVH seems to offer better cardio vascular 
stability in the critically ill patient than 
con ventional intermittent hemodialysis (IHD). 
To date, however, controlled studies have not 
detected a definitive advantage of CRRTs over 
IHD in terms of patient survival.3,4,6,7 The 
efficacy of CVVH with respect to urea clear-
ance is limited by the exchange volume and 
the need for frequent interruptions for other 
interventions.6,8 CVVH requires continuous 
anti coagulation therapy and makes mobiliza-
tion of patients difficult. The need for sterile 
hemofiltration fluid makes treatment costs 
consider able,9 particularly if higher rates of fluid 
substitution are employed. On the other hand, 
conventional IHD is technically demanding, 
requiring trained (dialysis) personnel, a fresh 
water supply and hygienic removal of spent 
dialysate. Furthermore, the relatively short treat-
ment time increases the likelihood of cardio-
vascular instability in patients who need larger 
ultrafiltration volumes. The relative advantages 
and disadvantages of intermittent versus CRRTs 
are summarized in Box 1.

As a survival benefit associated with use of 
continuous therapies in ARF patients in the 
ICU has yet to be proven, selection of the best 
method for a given patient should be based on 
the clinical situation, physician proficiency with 
the available techniques, and logistical capacity of 
the ICU and dialysis personnel. More important 
than the choice of renal replacement modality 
in the ICU is delivery of a sufficient treatment 

dose to critically ill patients.4,10,11 Large clinical 
trials have shown that survival of patients with 
ARF can be improved by increasing the dose of 
renal replacement therapy.12,13 As such, current 
treatment strategies for patients with ARF in 
the ICU focus on highly efficacious elimina-
tion of uremic toxins and concomitant gentle 
volume removal. This can be achieved with 

Box 1 Comparison of intermittent and 
continuous renal replacement therapy.

Intermittent hemodialysis
Advantages
■ Short duration makes more time available for 
(out-of-unit) diagnostic and therapeutic procedures
■ Lower risk of (systemic) bleeding as a result of 
less heparin use
■ More suitable for severe hyperkalemia
■ Optional online bicarbonate dialysate 
production 
■ Less labor-intensive and therefore less 
expensive

Disadvantages
■ Technically sophisticated requiring specific 
infrastructure (e.g. water supply)
■ Qualified (dialysis) staff required to supervise 
the procedure 
■ Periodic solute control with subsequent 
disequilibrium 
■ Dialysis dose and nutritional support might be 
inadequate at low treatment frequencies
■ Frequent hypotensive episodes with 
aggressive ultrafiltration

Continuous renal replacement therapy
Advantages
■ Machines are generally easy to operate and 
do not require specific infrastructure 
■ Intensive care unit staff can operate machines 
and perform monitoring (but increases workload)
■ Prolonged gradual solute and volume removal 
achieves superior solute and fluid control
■ Ultrafiltration over a longer period provides 
better hemodynamic stability
■ Adequate nutritional support possible

Disadvantages 
■ Higher requirement for heparin and higher risk 
of (systemic) bleeding
■ Impairs mobilization of patients
■ Treatment frequently interrupted due to 
filter problems, and diagnostic and therapeutic 
procedures
■ Expensive sterile substitution solutions 
substantially increase treatment costs
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either daily IHD or high volumes of substitu-
tion fluid during CVVH.4,6 Unfortunately, 
the costs (e.g. equipment, disposals and staff) 
associa ted with these labor-intensive techniques 
are increasingl y important obstacles to their 
implementatio n. Alternative strategies have there-
fore been developed, with the aim of providing 
an easy-to-perform and less-expensive treat-
ment with reduced solute clearances that can be 
maintained for prolonged periods. 

‘HYBRID’ RENAL REPLACEMENT 
THERAPIES
The theoretical basis and clinical implications 
of the new modality of extracorporeal renal 
replacement therapy, called ‘slow continuous 
hemo dialysis’,14,15 dates back to 1988.16 This 
technique utilizes equipment originally devel-
oped for treatment of patients with chronic 
renal failure and does not require industrially 
produced substitution fluid.14,17 The term 
‘sustained low-efficiency dialysis’ (SLED) is 
the most widely used, but alternatives used in 
the literature include ‘extended daily dialysis’ 
(EDD) and ‘slow continuous dia lysis’ (SCD). 
This means of renal replacement combines 
several advantages of both intermittent and 
CRRTs,18–20 most notably excellent detoxifica-
tion and cardiovascular tolerability akin to that 
associated with CVVH.

Clinical studies of sustained 
low-efficiency dialysis
Several controlled studies18,20–22 and accounts of 
long-term experience23 have been published by 
groups that use SLED to treat ICU patients with 
renal failure (Table 1). Marshall et al.20,22 used 
a standard IHD machine (2008H®, Fresenius 
Medical Care Holdings Inc., Lexington, MA) 
at a reduced dialysate flow rate of 100 ml/min. 
They have used this approach to treat criti-
cally ill patients in whom IHD had repeatedly 
failed because of intradialytic hypotension, 
patients in whom hemodynamic intolerance 
was likely to occur, and patients in whom the 
prescribed solute control goals were not achieved 
despite daily IHD. In these settings, the authors 
achieved ultrafiltration goals and adequate 
solute removal in most of their 37 patients with 
145 SLED procedures. Dialysis quantification in 
nine oliguric patients revealed a mean delivered 
double-pool Kt/V of 1.36 ± 0.38 per treatment. 
Hospital mortality was 62% (not significantly 
different from expected mortality determined 
from the ACUTE PHYSIOLOGY AND CHRONIC 
HEALTH EVALUATION [APACHE II] illness severity 
score). Moreover, ICU staff were very accepting 
of SLED.20

Kumar and colleagues18 compared SLED 
with standard CVVH in a prospective study. 
They also used the 2008H® machine to treat 

Table 1 Studies of sustained low-efficiency dialysis and extended nocturnal dialysis for treatment of 
patients with renal failure in the intensive care unit.

Author Dialysis machine Blood/dialysate 
flow (ml/min)

Prescribed 
treatment time (h)

Nocturnal 
treatment

Fiaccadori et al.24 AK200® Ultra 200/100 8–9 No

Kielstein et al.21 Genius® 200/100 12 Yes

Kielstein et al.43 Genius® 150–200/150–200 8 Yes

Kumar et al.18 2008H®a 200/300 6–8 No

Lonnemann et al.19 Genius® 70/70 18 Not reported

Marshall et al.20 2008H®a 200/100 12 Yes

Marshall et al.22 2008H®a 200/100 12 Not reported

Marshall et al.22 4008S ArRT-Plus 250–350/200 8 No

Morgera et al.33 Genius® 180–200/180–200 4–6 No

Naka et al.51 Not reported 100/200 6–8 Not reported

Ratanarat et al.25 Not reported 200–250/67–150 6–12 Not reported

Schlaeper et al.17 2008H®a 100–200/100–300 8–24 Yes

aModified for SLED treatment mode. 

GLOSSARY
ACUTE PHYSIOLOGY 
AND CHRONIC HEALTH 
EVALUATION SCORE 
(APACHE II) 
Scoring system used 
to quantify the severity 
of disease of intensive 
care patients, based on 
physiologic and laboratory 
measurements, age and 
previous health status
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25 critically ill patients with SLED (367 total 
treatment days). An additional 17 patients 
were treated with CVVH for a total of 113 days. 
Median daily treatment time was 7.5 h for SLED 
and 19.5 h for CVVH. No differences in mean 
arterial blood pressure or use of catecholamin es 
were observed between the treatment groups, 
despite similar median net daily ultra filtration 
rates (3,000 ml/day vs 3,028 ml/day). By 
contrast, requirement for anticoagulation 
was significantly less in patients treated with 
SLED (median heparin dose 4,000 U/day vs 
21,100 U/day with CVVH). Kumar et al.23 
have also published an account of their 2-year 
experience with SLED. They concluded that 
this technique is well tolerated and offers many 
of the benefits of continuous techniques, but 
is technically much simpler to perform and 
therefore well accepted by the ICU team.

The devices used in these18,20,22,23 and 
other14,24,25 studies of SLED are sophisticated 
dialysis machines, usually employed for IHD 
(the 2008H®14,18,20,22,23 and the AK200 Ultra® 
[Gambro Lundia AB, Lund, Sweden]).24 The next 
important step in developing a straightforward 
SLED treatment for the ICU setting is simplifica-
tion of apparatus. We have used the Genius® 
single-pass dialysis system (Fresenius Medical 
Care Germany, Bad Homburg, Germany) to treat 
patients with ARF in the ICU.19,21 This dialysis 
system is currently available in Europe and South 
America. The technical principle underlying 
Genius® is based on the very first dialysis systems, 
the ‘tank’ or ‘batch’ devices. Briefly (technical 
features are described in detail elsewhere21,26,27), 
the dialysis machine does not require the usual 
infrastructure (e.g. multilocal water supply 
or waste removal). The sterile dia lysis fluid is 
prepared and loaded into the dialysis machine. 
Following treatment, used dialysate is drained 
at a central ‘filling station’. Other advantages are 
reduced thrombogenicity (tubing is completely 
fluid-filled [i.e. air-free]), simple and reliable 
control of volumetric ultrafiltration, 100% 
bicarbonate ultrapure dialysis fluid (with atten-
dant beneficial effects on patient survival28) and 
the option of individualized treatment duration 
without changing software or hardware.

Different combinations of dry and liquid 
concentrates can be mixed to theoretically 
generate up to 240 dialysate compositions, 
allowing treatments to be tailored to the needs 
of individual patients. This extremely flexible, 
yet highly efficient, treatment modality fulfills 

all ICU requirements: it offers immediate, highly 
effective dialysis therapy for acute hyperkalemia, 
whereas for less-urgent indications, treatment 
durations can be extended up to 18 h.19 So, 
dialysis can be performed overnight, facili-
tating mobilization of the patient during the 
day. At our institution, the dialysis machine 
is completely supervised by ICU nursing staff 
provided that blood flow does not exceed 
200 ml/min, but there is no scientific evidence 
governing this practice.

In a prospective, randomized controlled 
study, we treated ventilated critically ill patients 
suffering from oliguric ARF with either CVVH 
(n = 19) or SLED (n = 20). The urea reduction 
rate achieved with 11.7 ± 0.1 h of SLED was 
comparable to that achieved after 23.3 ± 0.2 h 
of CVVH, even though a substitution fluid 
exchange rate of at least 3 l/h was used.21 These 
data support kinetic models indicating that both 
CVVH and SLED provide very effective control 
of azotemia in hypercatabolic ARF patients.29 
Moreover, cardiovascular parameters assessed 
online via invasive monitoring were not signifi-
cantly different during CVVH and SLED despite 
comparable ultrafiltration volumes (although 
there was a trend towards higher systemic 
vascular resistance values during SLED).21 
These results confirm that SLED, at absolutely 
equivalent hemodynamic stability, is at least as 
efficacious as classical CVVH. The significantly 
reduced need for heparin associated with SLED 
can be a decisive advantage, especially in patients 
at high risk of bleeding.18,21 Preliminary data 
indicate that the survival outcome of patients 
treated with SLED does not differ from that 
of those treated with state-of-the-art CVVH; 
more definitive information will become avail-
able through impending multicenter prospec-
tive randomized trials (The Acute Renal Failure 

Network Trial [lead investigator, P Palevsky]; 
and the CRRT vs SLEDD—Substudy of the 
Stuivenberg Hospital Acute Renal Failure Trial 
[lead investigator, R Lins]).

Night-time sustained low-efficiency 
dialysis
Nocturnal SLED allows unrestricted physi-
cian access to patients for daytime procedures, 
thereby minimizing disruption of ICU activities 
by renal replacement therapy. Several centers 
have reported their experience with overnight 
SLED (Table 1). As described above, Marshall 
and co-workers20,22 used standard IHD 
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equipment, and reduced blood (200 ml/min) 
and dia lysate (100 ml/min) flow rates, so that 
treatment could be supervised by ICU staff 
(following appropriate training from dialysis 
personnel). Importantly, their primary intention 
was to perform 12-hour treatments overnight.20 
Although the nephrology team assumed medical 
responsibility, the overnight SLED treatments 
were largely in the hands of the ICU staff. 

We have used the Genius® system for night-
time SLED.21 In general, there are no practical 
differences with respect to performing daytime 
and night-time SLED. Machines are supervised 
solely by ICU personnel during the overnight 
shift; a dialysis nurse is available on-call for 
advice and troubleshooting. Currently, about 
90% of all extracorporeal renal replacement 
treatments in the Hannover Medical School 
ICUs are SLED sessions (approximately 3,000 
per year). Almost half are performed overnight.

Other sustained low-efficiency dialysis 
variants and indications
Some important modifications of the SLED tech-
nique have been recently developed. Sustained 
low-efficiency daily diafiltration (SLEDD-f) 
combines diffusive and convective solute trans-
port.30 SLEDD-f is primarily used to improve 
clearance of putative middle-molecule inflam-
matory mediators, which are thought to have a 
role in the pathophysiology of systemic inflam-
matory response syndrome in critically ill 
patients. Considerably efficient removal of larger 
molecules has been reported even for ‘standard’ 
SLED with high-flux dialyzers.21 As mentioned 
previously, controlled studies have failed to detect 
a patient survival advantage for CRRT over IHD, 
despite the fact that convective transport more 
efficiently eliminates middle molecules.

Another SLED variant is regional citrate 
anticoagulation.31–33 Morgera et al.33 have 
used the Genius® system together with a low 
calcium dialysate concentration (1 mM) to test 
the safety and feasibility of a regional citrate 
anti coagulation protocol with respect to acid–
base and electrolyte changes in 27 critically ill 
patients with ARF. These investigators infused a 
4% sodium citrate solution into the arterial line 
of the extracorporeal circuit, and adjusted the 
citrate dose according to the post-filter ionized 
calcium concentration (target values 0.5–
0.7 mM) without routine calcium substitution. 
They observed no significant untoward effects 
on blood levels of calcium and sodium, and 

acid–base values remained equilibrated during 
citrate anticoagulation. Excellent filter patency 
and cardiovascular stability of patients were 
maintained.33 This was confirmed in a smaller 
study by Finkel and Foringer,31 who reported 
that no clotting occurred during 1,500 h of 
SLED treatment with citrate infusion.

Encouraged by its efficient elimination of 
uremic toxins, physicians increasingly use SLED 
to counteract intoxications.34–37 For this indi-
cation, the advantages of SLED include fewer 
complications (especially in comparison to 
charcoal perfusion) and use of regular dialysis 
machines (minimizing staff load). Many reports 
of short standard dialysis followed by SLED to 
prevent rebound of the offending toxin have 
been published.35,37,38 Experience is, however, 
limited to case reports; hence, the optimum role 
for SLED in management of intoxications merits 
further study.

Patient monitoring during sustained 
low-efficiency dialysis
As SLED efficiently removes small solute mole-
cules, attention must be paid to vital electro-
lytes such as phosphate. Ten years ago, highly 
efficient renal replacement therapy was not 
thought to regularly cause hypophosphatemia 
in ICU patients;39 however, SLED in combi-
nation with high-flux dialyzers can decrease 
serum phosphate levels considerably (i.e. from 
2.1 ± 0.1 mM to 1.2 ± 0.1 mM within 12 h).21 As 
such, in institutions that perform SLED on a 
daily basis, phosphate supplementation is part 
of the treatment protocol (approximately 0.1–
0.2 mmol/kg daily).20 A protocol for enriching 
dialysate with phosphate was reported by Kumar 
and colleagues.23 Regular laboratory evaluation 
allows parenteral or enteral nutrition, including 
supplementation of electrolytes and trace 
elements, to be tailored.20,21 

High-efficiency renal replacement therapy 
has profound effects on the pharmacokinetic 
and pharmacodynamic properties of all drugs 
administered to critically ill patients. Despite 
this, few studies have evaluated the problem, 
even for high-volume CRRTs.40 The extent to 
which SLED eliminates drugs differs greatly from 
standard thrice-weekly IHD or CRRT. Moreover, 
dosing and pharmacokinetic data obtained from 
patients receiving either IHD or CRRT might 
not be applicable to patients treated with SLED 
because duration of treatment, the filters used 
and rates of blood flow are quite different. It is 
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somewhat surprising that there have been only 
four pharmacokinetic studies in patients under-
going SLED.24,41–43 These studies confirmed 
that there are significant differences in rates of 
drug removal by SLED compared with IHD and 
CRRT. Aiming for high-dose renal replacement 
therapy while adhering to outdated drug-dosing 
recommendations could therefore lead to under-
dosing of important drugs, such as antibiotics, 
in turn having a detrimental effect on critically 
ill patients suffering from life-threatening infec-
tions. Therapeutic drug monitoring should be 
performed whenever possible. Dosing recom-
mendations for patients with renal failure in 
the ICU treated with SLED must be developed 
if excessive mortality due to underdosing of 
life-saving medications is to be avoided.

Prolonged SLED using the Genius® single-
pass system causes slight, but significant, cooling 
of the patient. The entire volume of dialysis fluid 
is loaded at once, such that the 90-liter glass 
container is completely filled and, therefore, air-
free. Excessive cooling of the pre-warmed dialysis 
fluid is prevented by the thermal insulation of 
the transparent container, but the lack of a sepa-
rate heater leads to some cooling. Lonnemann 
et al.,19 using the 75-liter tank of a previous 
model over 18 h, measured a temperature drop 
in the venous blood line of the extracorporeal 

circuit from 35.3 ± 0.7°C to 30.2 ± 0.8°C, which is 
equal to an average temperature loss of 0.28°C/h. 
When we performed SLED over a period of 
12 h in mainly septic patients, at a blood flow 
rate of 200 ml/min and a dialysate flow rate of 
100 ml/min,20,21 the core temperature (measured 
by a thermistor in the femoral artery) decreased 
slightly, but significantly, from 37.4 ± 0.3°C to 
36.7 ± 0.2°C (Figure 1). The decrease in dia lysate 
temperature, and consequently the patient’s core 
temperature, could actually be advantageous as 
it increases peripheral resistance and improves 
cardiovascular stability (as observed in patients 
on chronic hemodialysis).44

Microbiological advantages of sustained 
low-efficiency dialysis
Bicarbonate-based buffers are susceptible to 
bacterial contamination, especially when the 
system used for CRRT is opened frequently to 
connect a bag of replacement fluid and discard 
the used filtrate.45 This can occur as often as 40 
times per day at a substitution rate of 37.5 ml/kg/h 
in a 100 kg patient. SLED of any kind does not 
involve this risk. Moreover, the Genius® system 

need not be opened once filled. Its smooth, 
crack-free, straight glass surfaces, ultraviolet-
radiator and requirement for ultrapure water 
make coloniza tion by microorganisms difficult, 
and facilitate effective cleansing and sterilization. 
In one analysis, no bacterial growth was found in 
spent SLED dialysate, even after 18 h.19,21 So, the 
spent SLED dialysate almost meets the threshold 

of sterility (<10–6 colony-forming units/ml).19 
As backfiltration of pyrogens from contaminated 
dialysate into the blood can induce a drop in 
blood pressure during high-flux hemodialysis, 
the high bacteriological quality of the Genius® 
dialysate might contribute to cardiovascular 

stability during SLED. The Genius® apparatus 
also permits easy access to the entire complement 
of substances removed during a dialysis session. 
This feature generates exciting opportunities for 
clinical research in the fields of uremic toxins,21,46 
pharmacokinetics43,47,48 and intoxications.34–36

Economic considerations
Substantial cost reduction can be achieved if the 
equipment used for SLED is also employed for 
chronic renal replacement therapy in the same 
hospital. In fact, all centers offering SLED use 
various standard IHD machines, such as the 
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Figure 1 Variation in patient temperature during sustained low-efficiency 
dialysis. Mean core body temperature (square symbols) assessed invasively 
with a thermistor in the femoral artery, and mean blood temperature in the 
arterial (triangular symbols) and venous (circular symbols) lines of 18 patients 
with sepsis and acute renal failure treated with extended dialysis using the 
Genius® single-pass batch dialysis system. Patients were treated continuously 
for 12 h. *P <0.05 versus baseline.
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2008H® or the Genius® single-pass dialysis 
system, without adding or altering software or 
hardware. In some hospitals, flexible treatment 
modalities allow the same machine to be used for 
two IHD sessions and one overnight SLED treat-
ment during a 24-hour period. This dual usage 
has been recognized by major manufacturers of 
dialysis equipment. Newer machines, like the 
Fresenius 4008 series (4008K in the US, 4008S 

ArRT-Plus in Australia [Fresenius Medical Care-
Asia Pacific Ltd, New South Wales] and 4008S 
elsewhere), have a built-in option for SLED, 
which is selected from the startup screen without 
any delay or requirement for further adjustment. 
Several economic evaluations have shown SLED 
to be less expensive than CRRT, both within the 

setting of the US healthcare reimbursement 
scheme and within a more widely applicable 
nationalized healthcare system.49,50 The main 
sources of cost savings are reduced staff load and 
reduced need for industrially produced sterile 
substitution fluid.

CONCLUSIONS
Indications for SLED have the potential to expand 
to include prolonged high-volume treatment 
of severely ill patients, such as highly catabolic 
patients with systemic inflammatory response 
syndrome. SLED permits normalization of indi-
cators of uremic intoxication (e.g. blood urea 
concentration) in a short time, as well as hemo-
dynamic stabilization.10,27 High-volume CVVH 
is currently too expensive to be widely used in 
critically ill patients. Moreover, SLED offers an 
alternative to conventional IHD in treatment 
of acute intoxications with a variety of drugs, 
including carbamazepine and salicylate.34–37 We 
reported that SLED can be a safer and less-costly 
alternative to hemo perfusion of substances that 
are believed to be poorly responsive to dialysis 
(e.g. life-threatening intoxication with valproic 
acid in a thrombo penic patient).35

In summary, SLED is an increasingly utilized 
renal replacement therapy that facilitates effi-
cient detoxification and has a favorable cardio-
vascular tolerability profile, even in critically 
ill patients with ARF in the ICU. The techni-
cally simple single-pass batch dialysis systems 
are easy for ICU staff to operate and offer a 
high degree of flexibility with regard to the 
timing of treatment. As an alternative to clas-
sical intermittent or CRRTs, SLED will have an 
important role in renal replacement therapy for 
critically ill patients in the future. This potential 

is currently being explored in comparative 
studies of treatment outcomes with SLED, IHD 
and CRRT.

KEY POINTS
■ Renal failure in the intensive care unit is 
increasingly being managed with prolonged 
dialysis at low blood and dialysate flow rates 
(‘sustained low-efficiency dialysis’ or SLED)

■ Advantages of SLED are efficient clearance 
of small solutes, good cardiovascular tolerability, 
low risk of microbiological contamination, flexible 
treatment schedules and reduced costs

■ Standard dialysis equipment or single-pass 
batch systems can be used for SLED

■ Studies comparing outcomes of SLED with 
those of standard intermittent and continuous 
modalities are being performed
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