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Abstract
Background The choice of the specific modality and treatment duration of renal replacement therapy (RRT) to adopt in 
metformin-associated lactic acidosis (MALA) is still debated. We aimed to verify if sustained low-efficiency dialysis (SLED) 
is a rational choice in patients with MALA and acute kidney injury (AKI).
Methods We collected serial serum metformin measurements, clinical parameters, and outcome data in ten consecutive 
patients (mean age 77 years [range 58–88], 5 males) admitted to our renal intensive care unit for suspected MALA associ-
ated with AKI and hemodynamic instability. Patients underwent a 16-h SLED session performed with either conventional 
dialysis machines or machines for continuous RRT (CRRT). A 2-compartment open-infusion pharmacokinetic model with 
first-order elimination was fitted to each subject’s serum concentration–time data to model post-SLED rebound and predict 
the need for further treatments.
Results Two patients died within 24 h after SLED start. Three patients needed one further dialysis session. Surviving 
patients (n = 8) were dialysis-free at discharge. Metformin levels were in the toxic range at baseline (median [range] 32.5 mg/l 
[13.6–75.6]) and decreased rapidly by the end of SLED (8.1 mg/l [4.5–15.8], p < 0.001 vs. baseline), without differences 
according to the dialysis machine used (p = 0.84). We observed a slight 4-h post-SLED rebound (9.7 mg/l [3.5–22.0]), which 
could be predicted by our pharmacokinetic model. Accordingly, we predicted that the majority of patients would need one 
additional dialysis session performed the following day to restore safe metformin levels.
Conclusions A 16-h SLED session, performed with either conventional dialysis machines or CRRT machines, allows effec-
tive metformin removal in patients with MALA and AKI. However, due to possible post-SLED rebound in serum metformin 
levels, one additional dialysis treatment is required the following day in the majority of patients.
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Introduction

Metformin is recommended as first-line treatment in 
patients with a new diagnosis of type-2 diabetes mellitus 
(T2DM) [1, 2] as it is effective, inexpensive, has a low risk 
of hypoglycemia, and may reduce the risk of cardiovas-
cular events [3]. A rare but dangerous side effect of met-
formin treatment is lactic acidosis (LA), usually observed 
with inappropriate dose prescriptions in the presence of 
coexistent risk factors, in particular chronic kidney disease 
(CKD) [4]. Metformin-associated lactic acidosis (MALA) 
bears a high mortality risk, especially when diagnosis and/
or treatment are missed or delayed [5]. No specific antidote 
is available to reverse the toxic effects of metformin, and 
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initial treatment for MALA relies on emergency resuscita-
tion and supportive care.

Renal replacement therapy (RRT) is considered the 
most effective and efficient treatment option in the case 
of metformin intoxication, as it allows simultaneous drug 
removal and correction of acidosis [6, 7]. However, no 
conclusive indications are currently available concern-
ing the timing, modality, or duration of RRT [7]. In fact, 
while conventional intermittent hemodialysis (IHD) could 
be regarded as first choice because of its high efficiency 
in terms of drug removal and acid-base correction, con-
tinuous RRT (CRRT) may be preferable in the presence 
of hemodynamic instability. In critically ill patients 
with acute kidney injury (AKI), prolonged intermittent 
RRT modalities such as sustained low-efficiency dialysis 
(SLED) have been proposed as an adequate compromise 
between conventional IHD and CRRT because they allow 
both greater hemodynamic stability compared to IHD and 
higher depurative efficiency compared to CRRT [8–10].

Here we present a case series of ten patients, includ-
ing one recently reported [11], who had AKI and were 
treated with SLED due to a strong clinical suspicion of 
MALA. The diagnosis of severe MALA was confirmed 
subsequently in all patients by measurement of serum 
drug levels. Based on a pharmacokinetic analysis of serum 
metformin removal during SLED, we focus on the effec-
tiveness of an early treatment with this RRT modality in 
patients strongly suspected of having MALA.

Materials and methods

Patients

We studied 10 patients (mean age 77 years [range 58–88], 
5 males) with T2DM on metformin treatment consecu-
tively admitted between January 1st 2016 and October 
31st 2017 to the Renal Intensive Care Unit (RICU) of 
the Parma University Hospital, with AKI and suspected 
MALA based on the criteria of Lalau et al. [4]. All patients 
received emergency treatment according to the local insti-
tutional protocol for suspected metformin intoxication and 
AKI. Written informed consent to participate in the study 
was obtained from the patients when possible or from their 
closest relatives when available, and the study protocol 
was in conformity with the Declaration of Helsinki. The 
Ethics Committee of Parma University Hospital (Comitato 
Etico per Parma) approved the study (Protocol No. 46489).

SLED technique

All patients received supportive treatment and therapy 
focused on the coexistent medical problems. Within 1–2 h 
from admission patients began a 16-h SLED session with 
regional citrate anticoagulation. Two different dialy-
sis machines were used, according to their availability in 
the RICU. Five patients were treated with AK 200 ultra 
machines (Gambro/Baxter Italy, Rome, Italy) with 1.8 m2 
polysulfone F8 HPS filters (Fresenius Medical Care, Cre-
mona, Italy); blood flow rate was 200 ml/min, dialysis fluid 
rate 300 ml/min, countercurrent flow direction, dialysis fluid 
bicarbonate concentration 32 mmol/l. Citrate anticoagulation 
was performed using anticoagulant citrate dextrose solution 
A (ACD-A), citrate concentration 112.9 mmol/l (SALF SpA, 
Laboratorio Farmacologico, Cenate Sotto, BG, Italy) infused 
at 300 ml/h in the extracorporeal circulation, as previously 
described [10]. Five patients were treated with Prismaflex 
machines (Baxter Italy) with 1.5 m2 AN69 ST150 filters; 
blood flow rate was 200 ml/min, dialysis fluid rate 100 ml/
min, countercurrent flow direction, dialysis fluid bicarbonate 
concentration 32 mmol/l. Citrate anticoagulation was per-
formed using ACD-A solution, with the infusion rate being 
automatically set by the dialysis machine to maintain a target 
plasma pre-filter citrate concentration of 3 mmol/l. The use 
of a specific dialysis machine for each patient was at the 
discretion of the attending nephrologist.

As per institutional routine, in cases of suspected MALA, 
blood samples were collected at SLED start, at 8 h and at the 
end of SLED, as well as 1 and 4 h thereafter. In 2 patients, 
blood samples were also obtained at 2 and 4 h following 
SLED start, as well as at 8 and 16 h after SLED end. Blood 
samples were stored at 4 °C and were subsequently sent to 
an external institution (Toxicology Unit, Istituti Clinici Sci-
entifici Maugeri Spa-SB, IRCCS Pavia Hospital and Uni-
versity of Pavia, Pavia, Italy) for the measurement of serum 
metformin concentrations by high-performance liquid chro-
matography-tandem mass spectrometry [12]. Demographic 
and clinical data, hemodynamic parameters, and the most 
relevant acid-base and electrolyte-related variables were 
recorded in the patients’ clinical charts.

Statistical analysis

The time course of serum metformin concentrations during 
the SLED session and the 8 h following were analyzed by 
linear mixed models for repeated measures with time and 
type of dialysis machine as fixed factors and baseline serum 
metformin levels as a covariate. p < 0.05 was regarded as sta-
tistically significant. Stata release 15 software (2017 Stata-
Corp, College Station, TX, USA) was used for the analyses.
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Pharmacokinetic analysis

Pharmacokinetic analysis was conducted using Adapt 5 
computer software packages (Biomedical Simulations 
Resource, University of Southern California, Los Angeles, 
CA, USA) [13].

Differential equations (Eqs. 1 and 2) describing a 2-com-
partment open-infusion pharmacokinetic model with first-
order elimination were fit to each subject’s metformin serum 
concentration–time data:

where Xc is the amount of metformin in the central com-
partment, Xp the amount of metformin in the peripheral 
compartment, Vc the apparent volume of distribution in the 
central compartment, Vp the apparent volume of distribu-
tion in the peripheral compartment, and Cld the distribution 
clearance between the central and peripheral compartment; 
Cls is the systemic clearance,  ClHD the dialytic clearance and 
R is an indicator variable that has the value of 0 during the 
interdialytic period and a value of 1 during dialysis.

Equation 1 shows that the amount of metformin in the 
central compartment (Xc) increases, per unit time, by the 
fraction Cld/Vp of Xp (i.e. the amount of metformin in the 
peripheral compartment) due to the distributional clearance 
(Cld) from the peripheral to the central compartment, whilst 
it decreases by the fraction (Cls/Vc + Cld/Vc) of the amount 
of metformin in the central compartment due to systemic 
clearance (Cls, equal to renal clearance, assumed to be neg-
ligible in AKI) and distributional clearance from the central 
to the peripheral compartment; and by the fraction  ClHD/
Vc of the amount of metformin in the central compartment 
removed by dialytic clearance  (ClHD).

Equation 2 shows that the amount of metformin in the 
peripheral compartment (Xp) increases, per unit time, by 
the fraction Cld/Vc of Xc due to the distributional clear-
ance from the central to the peripheral compartment, and 
decreases by the fraction Cld/Vp of Xp due to the dis-
tributional clearance from the peripheral to the central 
compartment.

It should be noted that central (Vc) and peripheral (Vp) 
compartments are merely mathematical parameters predict-
ing drug concentration, rather physical entities. In fact, Vc is 
the volume of distribution predicted by the pharmacokinetic 
model at a hypothetical t = 0, that explains the initial serum 
metformin concentration; Vp, that allows for the change in 
slope of the declining part of the time-concentration curve, 
accounts for several biochemical phenomena, namely drug 

(1)

dXc

dt
= Xp ∗
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− Xc ∗
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(
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)

penetration in peripheral tissues, variable intracellular drug-
protein binding, and drug elimination.

Rebound of metformin after the end of dialysis was 
described solely by redistribution from the peripheral com-
partment. Volumes of distribution were assumed to be con-
stant during the entire study period. Metformin systemic 
clearance (Cls) and  ClHD were assumed to occur from the 
central compartment only. Pharmacokinetic parameter esti-
mates obtained by this model were Vc, Vp, Cld,  ClHD.

Interdialytic and intradialytic periods were fit simulta-
neously. Because the data available were not sufficient to 
estimate the amount of metformin accumulated in the body 
in each patient at the time of SLED start, we decided to 
make the following assumption. We assumed that the quan-
tity of metformin accumulated in the body of each patient 
at the time of SLED start was equal to the initial metformin 
concentration times 276 l (the metformin volume of dis-
tribution estimated by Tucker et al. [14] based on a one-
compartment model) and that the central volume of distri-
bution (Vc) was half the peripheral volume of distribution 
(Vc). These assumptions allowed to generate starting values 
for fitting population models using the Standard Two-Stage 
(STS) Adapt 5 option, in which individual data were fitted 
by maximum likelihood (ML) with additive and proportional 
residual errors.

We predicted the effect of additional once-daily SLED 
sessions on metformin levels after rebound by performing 
a population simulation (n = 1000) with output noise using 
estimated mean and variance–covariance matrix of the 
parameters from the fitted pharmacokinetic model. Based 
on the same model, we additionally evaluated the impact 
on the need for further dialysis sessions of partial recovery 
of kidney function occurring 24 h from the start of the first 
SLED session vs. the absence of recovery.

Results

Patients’ condition at admission to the RICU

The median Acute Physiology and Chronic Health Evalu-
ation II (APACHE II) score was 30 (range 27–34), with a 
calculated 71% (range 58–81) mortality risk. The median 
metformin daily dose was 2550 mg (range 2000–3000 mg). 
Six patients had CKD: median estimated glomerular filtra-
tion rate (eGFR) 44 ml/min/1.73 m2, range 31–59 (Table 1). 
All patients were oligoanuric. AKI was attributable to one 
or more acute comorbidities or precipitating clinical condi-
tions (acute bleeding in one patient, acute coronary syn-
drome in 2 patients, sepsis and septic shock in 7 patients, 
concomitant acute stroke in 2 patients). All patients were 
hypotensive at presentation (median [range] systolic/dias-
tolic blood pressure values: 86 [75–91]/49 [42–61] mmHg), 
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and 7 out of 10 required vasoactive support with norepi-
nephrine (infusion rate range 0.10–0.63 mcg/kg/min); in 
one case inotropic support with dopamine was also needed. 
Three patients required noninvasive mechanical ventilation. 
Initial laboratory workup showed severe anion gap meta-
bolic acidosis with hyperlactatemia (median, [range]: pH 
7.08 [6.75–7.22],  HCO3

− 5.5 mmol/l [2–12]; lactic acid 
15.9 mmol/l, [11.1–31.7]; anion gap 36.5 [29–52]). Urine 
toxicology tests were unremarkable. Other routine labora-
tory values at baseline are summarized in Table S1 in the 
Online Resource.

Clinical course and acid‑base status 
during and after SLED

All but one patient showed a gradual improvement in blood 
pressure; in 6 out of 7 patients norepinephrine was rapidly 
tapered and eventually discontinued by, or within a few 
hours following, the end of SLED. One patient needed a 
progressive increase of vasoactive support and emergency 
intubation during SLED because of rapid deterioration of the 
hemodynamic and respiratory status. Acid-base parameters 
and lactate levels were improved at the end of SLED in 9 out 
of 10 patients (Table 2).

Two patients (20%) died in the RICU within 24 h of 
SLED start. Urine output rapidly increased to at least 1 l/day 
within 96 h after SLED in 7 out of the 8 surviving patients 
(Table S2 in the Online Resource); in 3 out of 8 one further 
RRT session (1 SLED in 2 patients, 1 conventional IHD in 
1 patient) was performed. All patients were dialysis-free at 
hospital discharge. The median length of stay in the RICU 
was 10 days (range 1–21), and the median length of hospital 
stay was 19 days (range 1–49).

Serum metformin kinetics during and after the SLED 
session

At SLED start serum metformin levels were in the toxic 
range in all patients (median 32.5 mg/l, range 13.6–75.6; 
reference value < 2.0 mg/l), and in the potentially lethal 
range (≥ 50 mg/l) in 4 patients. Serum metformin concen-
trations decreased rapidly after the first 8 h of treatment 
(p < 0.001 vs. baseline), and reached a median value of 
8.1 mg/l (4.5–15.8) at the end of SLED; the drug reduction 
ratio ranged between 54.4 and 85.8% (median 78.5). A slight 
rebound in metformin levels was observed in the majority 
of patients at 4 h (median 9.7 mg/l; 3.5–22.0) from the end 
of SLED, which could be predicted by a two-compartment 
pharmacokinetic model with first-order elimination (Fig. 1; 
the parameter estimates of the model are reported in the fig-
ure legend). Serum metformin levels were not significantly 
different (p = 0.84) among the patients treated with the two 

dialysis machines, nor was there a significant interaction 
(p = 0.90) between time and type of dialysis machine.

In order to predict the need of an additional once-daily 
16-h SLED session to correct metformin levels after rebound 
we performed a population pharmacokinetic simulation, 
the results of which are reported in Fig. 2. The simulation 
showed that one additional SLED session performed the fol-
lowing day could easily correct metformin levels in the vast 
majority of patients, especially in those with early recovery 
of kidney function (Fig. 2).

Discussion

In the present case series of ten patients with ascertained 
MALA, treatment with SLED allowed rapid metformin 
removal, efficient correction of typical acid-base disorders, 
and improved hemodynamic stability. Also, clinical out-
comes were more favorable than those generally reported 
for patients with MALA treated with different RRT modali-
ties [7]. Although a 16-h SLED session was followed by 
a slight metformin rebound, a single dialysis session per-
formed the following day could easily restore safe serum 
metformin levels.

Because metformin blocks the glycerophosphate shuttle 
via inhibition of the mitochondrial enzyme alpha-glycer-
ophosphate dehydrogenase, it decreases the mitochondrial 
redox state and increases the cytosolic redox state; thus, the 
conversion of lactate to pyruvate in the cytosol is decreased 
[15]. Furthermore, lactate accumulation is also increased 
due to the inhibition of mitochondrial respiratory chain 
complex I in peripheral tissues, including liver and skeletal 
muscle [15, 16]. Hence, notwithstanding a low reported inci-
dence (i.e. less than 10 events/100,000 patient-years of expo-
sure) lactic acidosis can develop as a serious complication 
of metformin treatment when lactate clearance is reduced 
[5, 11, 17].

Metformin clearance is strongly dependent on kidney 
function [14, 18]. Consequently, international guidelines and 
expert opinion recommend that the drug dose be reduced 
according to the eGFR value of individual patients [19–23]. 
In six patients of this series, daily metformin dose was 
clearly inappropriate given their reduced kidney function. 
In addition, one patient had an absolute contraindication to 
the drug (i.e. severe post-ischemic dilated cardiomyopathy), 
and two patients had undergone surgery without discontin-
uing the drug. One patient with normal eGFR was being 
treated with a high dose (3 g/day). Thus, apparently, most 
of the well-known contraindications/precautions with met-
formin use [6, 22, 23] had been overlooked systematically 
in the patients of the present series. Moreover, most of our 
patients were taking other drugs (e.g. angiotensin-converting 
enzyme inhibitors, angiotensin receptor blockers) that could 
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potentially interfere with renal hemodynamics and facili-
tate AKI, especially in the case of coexistent hemodynamic 
instability. As there was a strong suspicion of MALA, both 
supportive treatment and therapies focused on the concomi-
tant diseases were implemented, and RRT was started within 
the shortest possible time interval.

Hemodialysis is considered the therapy of choice for 
MALA. In fact, besides correcting acidosis and removing 
lactic acid, it also allows efficient metformin clearance, 
given the pharmacokinetic properties of the drug [24]. Met-
formin is a small (MW 165 Da) hydrophilic molecule, with 
negligible protein binding. As the drug undergoes both glo-
merular filtration and tubular secretion, total body (i.e. sys-
temic) clearance can exceed 500 ml/min in normal subjects, 
while it decreases proportionally to the reduction of kidney 
function [14, 18].

Diffusive extracorporeal techniques allow high met-
formin clearance from plasma; for instance, effective drug 
clearance by conventional IHD can approximate 170 ml/

min [24]. However, mass metformin removal is limited by 
its high volume of distribution (1–5 l/kg) [11, 18], as the 
drug accumulates in erythrocytes and peripheral tissues 
(“deep” or “distributional” compartment) with continued 
use (e.g. mean terminal half-life in whole blood approxi-
mates 20 h in healthy individuals) [14, 18]. Moreover, 
drug repartitioning from the distributional compartment to 
plasma is slower than renal clearance [25]. Thus, not unex-
pectedly, previous studies have shown a rebound increase 
in lactate levels in patients with MALA who had been 
treated with short sessions of conventional IHD [26–28]. 
For these reasons, an extension of the treatment sched-
ule to maximize metformin removal has been proposed 
[29–32]. Continuous RRT has been advocated as an alter-
native option to IHD, especially in patients with severe 
hemodynamic instability. However, when CRRT is per-
formed with routine volumes of dialysis/replacement fluid 
(20–30 ml/kg/h) metformin clearance is low, especially 
during the early phase of treatment when drug plasma 

Fig. 1  Measured metformin levels (hollow circles) and time-con-
centration curves fitted by the 2-compartment model with first-order 
elimination (solid lines) in each patient. The dotted vertical line rep-
resents the end of the 16-h SLED session. Median metformin clear-
ance during SLED  (CLHD) was 12.7  l/h (range 0.1–34.3); median 

central volume of distribution (Vc), 92.0 l (range 88.4-105.2); median 
distributional clearance (CLd), 3.2  l/h (range 0.1–30.1); median 
peripheral volume of distribution (Vp), 230  l (range 1.5–1135). The 
mean additive (σinter) and proportional (σslope) residual error was 0.39 
and 0.05, respectively
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levels are very high [7, 29, 33]. Since both severe acidemia 
and the direct toxic effect of metformin are associated with 
hemodynamic instability, an ideal RRT technique should 
combine efficient drug clearance and good hemodynamic 
stability, while possibly reducing the rebound phenom-
enon [4, 7, 11]. Prolonged intermittent RRT modalities 
(e.g. SLED) may be regarded as the best compromise, as 
they combine most of the advantages of both conventional 
IHD and CRRT [8–10]. However, clinical experience with 
SLED in metformin intoxication is limited [11, 30, 31]. 
While Angioi et al. [31] reported a 21.4% mortality, a fig-
ure very close to ours, they did not measure serum met-
formin values. As a comparison, Moioli et al. [32] reported 
a 31% overall death rate in a series of 16 patients with 
MALA, 77% of whom were treated by CRRT.

In this case series, we observed a rapid fall of serum 
metformin levels during the first 8 h of SLED, with an 
additional and less relevant decrease by the end of treat-
ment. The median percentage of reduction compared to 
baseline levels was 78.5% at the end of the first SLED 
session. The reduction rate obtained by SLED was greater 
than that (up to 60%) reported by other studies using con-
tinuous veno-venous hemodialysis (CVVHD) or repeated 
conventional IHD [7]. Nonetheless, we observed a rebound 

in plasma metformin concentration at 4 h after the end 
of the first 16 h SLED session. One study performed in 
patients with oliguric AKI and MALA undergoing dial-
ysis [33] documented that both erythrocyte and plasma 
terminal half-lives of the drug were greatly increased 
(43 and 52 h, respectively); moreover, erythrocyte met-
formin concentrations exceeded those in plasma at 48 h 
from admission, with metformin being still detectable in 
plasma after 13 days in patients treated with dialysis. This 
very fact suggests increased accumulation in peripheral 
tissues and prolonged back redistribution into plasma. In 
our series the drug concentration–time curves (Fig. 2) also 
show a biphasic pattern of elimination consistent with a 
two-compartment model. As metformin levels were still 
in the toxic range after a 16-h SLED session, our data 
are at variance with those of Seidowsky et al. [34], who 
observed metformin levels returning into the therapeu-
tic range after a cumulative 15-h IHD duration in 85% 
of the treated patients. In part, this discrepancy may be 
explained by lower serum metformin levels in the group of 
patients with accidental intoxication (n = 29) reported by 
Seidowsky et al. [34] (median [range] 9 [3–16] mg/l) com-
pared to the patients of the present series (median [range] 
32.5 [13.6–75.6] mg/l). In fact, although pharmacokinetic 

Fig. 2  Population simulation study of 1000 patients undergoing four 
once-daily 16-h SLED sessions (shadowed vertical rectangles) in the 
absence of recovery of kidney function (white boxes), and in the pres-
ence of partial recovery of kidney function 24 h after the start of the 
first SLED session (grey boxes; + 10  l/h increase in systemic clear-
ance CLs). The dotted lines represent 5 mg/l, a safety threshold for 
serum metformin levels. The simulation is based on the fitted parame-

ters and variances from a 2-compartment population pharmacokinetic 
model with first-order elimination reported in Fig. 1. The prediction 
is dependent on the assumptions on the amount of drug accumu-
lated at the time of SLED start. It should therefore not be overin-
terpreted: it is intended simply to give a visual representation of the 
rate of change of metformin concentration, the extent of post-SLED 
rebound, and of the between-subject heterogeneity
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analysis of time-concentration data in a patient with met-
formin intoxication and extremely high serum drug levels 
(292 mg/l) demonstrated elevated (22.2 l/h) drug clearance 
with IHD, metformin levels remained as high as 29.5 mg/l 
after 3 days of extracorporeal treatment [35]. In patients 
with high baseline metformin levels submitted to a 16-h 
SLED session, our pharmacokinetic model simulation pre-
dicts that at least one subsequent dialysis session would 
be required to return drug levels steadily below 5 mg/l, 
even in patients with early recovery of kidney function. 
Nonetheless, because we observed rapid kidney function 
recovery in 7 out of 10 patients, we hypothesize that met-
formin serum levels abated spontaneously after the first 
SLED sessions in the five patients not undergoing further 
treatments given a steady improvement in clinical and 
acid-base parameters. Moreover, our patients’ clinical 
characteristics at presentation were remarkably similar to 
those reported in previous studies.

Since data on individual-level drug dose and timing of 
AKI onset were not available in full detail, and prior knowl-
edge on metformin pharmacokinetic two-compartment mod-
els is currently relatively scarce, our pharmacokinetic model 
was based on assumptions that we could not thoroughly test, 
and thus our conclusions cannot be overstated. However, 
the sparse metformin concentration data that we had avail-
able after 3–5 days after SLED start were consistent with 
the predicted data (data not shown); moreover, the findings 
from previous studies [24, 25, 33] seem to support our model 
predictions. Although we acknowledge that this is a retro-
spective observational single-center study, and that a rand-
omized controlled trial comparing SLED with conventional 
IHD in patients with MALA would have been more informa-
tive, given the severe hemodynamic instability frequently 
encountered in these patients we deemed as inappropriate 
treating the patients of the present case series with IHD.

In conclusion, our data suggest that SLED be started 
within the shortest time frame in patients who present with 
a high suspicion of MALA, AKI and hemodynamic instabil-
ity. Because SLED is simply a ‘sustained’ form of IHD, it 
is also widely available and can be efficiently performed in 
either dialysis units with conventional machines [10] or in 
ICUs with CRRT machines.
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