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Abstract

Introduction Acute kidney injury (AKI) is frequently seen in critically ill patients and is associated with high mortality
and morbidity. However, the optimal dialysis modality in such patients remains controversial. We examined the hemo-
dynamic tolerability of hemodialysis modalities in critically ill individuals with AKI.

Methodology Critically ill patients with AKI who underwent Continuous Renal Replacement Therapy (CRRT),
Sustained Low-Efficiency Diafiltration (SLEDD-f), or Sustained Low-Efficiency Dialysis (SLED) dialysis were included
in the study. In-hospital mortality, number of dialysis sessions, number of sessions terminated pre-maturely, change
in blood pressure during dialysis, and hemodynamic instability during dialysis sessions were noted.

Results A total of 264 patients were included, of which 78 received Continuous Renal Replacement Therapy (CRRT),
62 received Sustained Low-Efficiency Diafiltration (SLEDD-f), and 124 received Sustained Low-Efficiency Dialysis
(SLED), with a total of 682 sessions among 264 patients. The commonest cause for AKI was septic shock (32.6%, n=43).
All CRRT and SLEDD-f sessions were delivered without anticoagulation, and SLED was delivered without anticoagu-
lation in 88.7% of sessions. There was a significant decrease in mean arterial pressure in CRRT compared to other
modalities, with higher mortality. However, patients undergoing CRRT were more sicker. There was no significant dif-
ference between SLEDD-f and SLED in terms of outcomes.

Conclusion SLEDD-f and SLED have good hemodynamic tolerability compared to CRRT. There was no significant dif-
ference in hemodynamic disturbances between SLEDD-f and SLED despite a higher proportion of patients on SLEDD-

f being more critical.
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Introduction

Acute kidney injury (AKI) is frequently seen in criti-
cally ill patients and causes high mortality and morbid-
ity with prolonged Intensive Care Unit (ICU) stay [1].
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Renal Replacement Therapy (RRT) is required in around
4-5% of cases [2]. The optimal dialysis modality of choice
in critically ill AKI patients remains controversial. Con-
tinuous renal replacement therapy (CRRT) is advocated
in patients with hemodynamic instability over conven-
tional intermittent hemodialysis (IHD) [3]. However, ran-
domized control trials have not demonstrated superior
survival and hemodynamic stability in patients treated
with CRRT compared to IHD, [4, 5] and CRRT is associ-
ated with high costs, increased nursing burden, and con-
tinuous patient immobility.

Sustained Low-Efficiency Dialysis (SLED) and Sus-
tained Low-Efficiency Diafiltration (SLED-F) have been
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used as an alternative to CRRT in patients with AKI who
have hemodynamic instability. SLED has shown fluid and
solute removal comparable to CRRT, [6, 7], but studies
on SLED-F (Sustained Low-Efficiency Diafiltration) are
lacking. In this study, we examined the hemodynamic
tolerability of SLED, SLED-F, and CRRT in critically ill
individuals with AKI.

Methodology

Aim

To evaluate the safety and efficacy of various hemodi-
alysis methods in critically ill patients with acute kidney
injury.

Design
Prospective Observational study.

Setting
The study was conducted in a tertiary care unit between
January 2019 to December 2021.

Methods

After obtaining ethical committee clearance, all critically
ill patients with AKI admitted to the critical care unit and
needing renal replacement therapy (RRT) were evaluated
for inclusion. The patient’s age, gender, and presence of
co-morbidities like Diabetes Mellitus (DM), Hyperten-
sion (HTN), and cardiac disease (CAD) were noted.
The patient’s cause of AKI was obtained from the case
records. The treating nephrologist decided on the dialy-
sis modality, such as SLED, SLED-F, or CRRT. Patients
undergoing only one session of dialysis or patients initi-
ated on dialysis outside our center were excluded from
the analysis. For analysis, 24 hours of CRRT was consid-
ered as one complete session. A session was designated
as interrupted if the administered time was < 90% of the
prescribed time. AKI was defined per the Kidney Disease
Improving Global Outcomes (KDIGO) criteria [8]. Base-
line characteristics, such as age, sex, presence of co-mor-
bidities, and diagnosis, were noted from the case records.
The need and use of vasopressors were also noted from
the case records.

CVVHDEF (Continuous Veno-Venous Hemodiafil-
tration) was the CRRT modality used in all patients.
CVVHDF was performed using the Gambro Prismaflex
system with a high flux dialyzer, with the effluent fluid
rate and other parameters prescribed by the attending
nephrologist. SLED and SLED-F were performed using
the Fresenius 4008S dialysis machine with a Fresenius
F6HPS high-flux dialyzer.

SLED was done using a Blood Flow rate of 100-150ml/
min and dialysate flow rates of 300ml/min over 6-10
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hours per session with fluid removal as prescribed by the
nephrologist. SLED-F was performed using blood flow
rates of 100-150ml/min, dialysate flow rates of 300ml/
hr, and a pre-pump replacement fluid for 6-10 hours per
session and fluid removal as prescribed by the nephrolo-
gist. The replacement fluid consisted of normal saline or
an iso-osmolar mixture of sodium bicarbonate and 0.45%
normal saline. Anticoagulation was used as specified by
the attending Nephrologist.

The following parameters were monitored every
10 minutes: Systolic Blood Pressure (SBP), Diastolic
Blood Pressure (DBP), Mean Arterial Pressure (MAP),
and Pulse Pressure (PP). Hemodynamic instability was
defined as a> 20% reduction in MAP or an increased
requirement of vasopressors. Blood urea and serum cre-
atinine were measured before and after every session,
and urea-reduction and creatinine-reduction rates were
calculated. The change in blood pressure parameters
during dialysis sessions was also noted. The biochemical
parameters such as urea and creatinine were measured
using standard laboratory techniques.

The following outcomes were noted for each patient:
in-hospital mortality, number of dialysis sessions, num-
ber of sessions terminated prematurely, change in blood
pressure during dialysis, and hemodynamic instability.

Statistical Analysis: The collected data were analyzed
with IBM SPSS statistics software 29.0 Version. The con-
tinuous variables were expressed as means, standard
deviations (SD), or medians as appropriate, and categori-
cal variables as numbers (percentages). The continuous
variables were compared using the independent t-test
and analysis of variance, while categorical variables were
compared using the Fisher exact test and Chi-square test.

Results

A total of 662 patients with AKI underwent dialysis
during the study period, of which 326 patients under-
went IHD, and 38 patients received their first dialysis in
a non-ICU setting and were excluded. Of the remain-
ing 288 patients, 16 were initiated on RRT at an exter-
nal facility, while eight patients had incomplete data
and were excluded from analysis. Thus, 264 patients
who underwent a total of 682 sessions were included
for analysis, of which 78 patients received CRRT, 62
received SLEDD-f, and 124 received SLED (Fig. 1).
Most of the patients were within the age group of 40-59
years, with a mean age of 51.1 + 15.15 years, and 62.9%
were males. The baseline characteristics of patients
in the three groups are shown in Table 1. Among the
264 patients, 42.4% were diabetics, 42.4% were hyper-
tensives, 31.3% had both diabetes and hypertension,
and 33.3% had a cardiac disease. The commonest cause
for AKI was septic shock (32.6%, n=86), followed by
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Fig. 1 Distribution of subjects according to cause of AKI

Table 1 Baseline characteristics and hemodynamic profile of the
patients in three groups

CRRT SLED SLED-f

Age (Mean + SD) 482+132 5214166 525+144

Male 62% 61% 68%

DM 41% 45% 39%

HTN 33% 55% 29%

CAD 41% 32% 26%
Inotropes (% of cases) 100% 39% 71%
Mean no of inotropes 19 0.5 14
Mean MAP drop (SD) 152+11.1 67+5 3+7
MAP drop % 21402 9+0.1 4+0.1
MAP drop > 20% 44% 8% 3%
Inotrope increase (%) 38% 27% 13%
Hemodynamic instability (%)  54% 29% 16%
MAP drop > 10% 74% 32% 10%
URR (%) 24+0.1 29+0.1 37+£0.1
CRR (%) 27+0.1 24+0.1 37+0.1
Sessions 3+£15 25+£05 24+05
Mortality 95% 50% 45%
Terminations 28% 21% 13%
SOFA score 109+321 831+£218 1092+2.15

respiratory infection (23.5%, n=62). The remaining
cases were caused by cardiac diseases (15.2%, n=40),
Neurologic disorders (3%, n=8), Tropical infections
(3.8%, n=10), Urosepsis (3%, n=8), and others (18.9%,
n=50) like liver disease, poisoning, pregnancy-related
AKI, etc. (Fig. 1).
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b
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The mean number of sessions per patient was 2.6 +
0.96, with 64.4% (n=170) of them being on inotropic sup-
port. The number of patients on one, two, three, or four
inotropes were 80 (30.3%), 64 (24.2%), 20 (7.6%) and 6
(2.3%) respectively. Of the 170 patients on inotropic sup-
port at the initiation of dialysis, 27.3% (n=72) needed
increased inotropic support during dialysis. Among the
264 patients, 10.6% had hemodynamic instability dur-
ing dialysis, among which 28.6% did not have an increase
in inotropic support, with a mortality rate of 40.9%. An
increase in inotropic support was needed in 19.7% with-
out a significant BP drop.

We examined 682 treatment sessions (232 CRRT, 304
SLED, and 146 SLEDD-f sessions) to characterize the
RRT delivered to members of the cohort. The mean num-
ber of CRRT, SLED, and SLEDD-f sessions were 2.97 +
1.53, 2.45 + 0.49, and 2.35 + 0.48, respectively. On aver-
age, 78.9% of the prescribed sessions were delivered. The
mean number of sessions terminated prematurely in
CRRT, SLED, and SLEDD-f were 19%, 26.3%, and 13.7%,
respectively (p<0.01). All CRRT and SLEDD-f sessions
were delivered without anticoagulation, and SLED was
delivered without anticoagulation in 88.7% of treatment
sessions.

In the CRRT group, the mean age was 48.2 + 13.08
years, with 61.5% males, 41% having DM, 33.3% having
HTN, and 41% having CAD. The mean SBP, DBP, and
MAP were 94.15 + 5.48, 62.31 + 6.01, and 72.92 + 5.21
mmHg, respectively. A total of 232 sessions of CRRT
were done, of which 188 were completed and included
for analysis. All the patients undergoing CRRT were on
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inotropic support, with an increase in inotrope require-
ment during dialysis needed in 30 patients (38.5%). There
was a significant decrease in the SBP, DBP, and MAP
after the initiation of CRRT (p<0.001), with an increase in
the need for inotropes (p<0.001). The mean drop in MAP
was 11.53%, with 28.2% having hemodynamic instability
and a mortality rate of 66.7%.

In the SLED group, a total of 124 patients and 304
sessions were done, with a mean age of 52.13 + 16.58
years, with 61.3% males, 45.2% having DM, 54.8% hav-
ing HTN, and 32.3% having CAD. The mean number of
sessions per patient was 2.45 + 0.49. The mean SBP, DBP,
and MAP were 107.19 + 17.02, 68.68 + 9.05, and 81.52
+ 10.77 mmHg, respectively. Among patients undergoing
SLED, only 38.7% were on inotropes at initiation, with an
increase in inotrope requirement during dialysis needed
in 27.4% of patients (n=34). There was a significant mar-
ginal increase in the SBP, with a marginal rise in DBP and
MAP after initiation of SLED (p<0.001), with an increase
in the need for inotropes (p<0.001). The mean drop in
MAP was 0.03%, with 3.2% having hemodynamic insta-
bility and a mortality rate of 29.8%.

We found statistically significant decreases in Mean
Arterial Pressure (MAP) (p<0.0001) and hemodynamic
instability (p<0.01) in patients with CRRT as compared
to the other modalities. Also, patients on CRRT had
significantly higher mortality (»<0.0001) (Fig. 2). There

100% -
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was no significant difference between SLEDD-f and
SLED in terms of MAP (p=0.65), Hemodynamic insta-
bility (p=0.21), early terminations (p=0.4), or mortality
(p=0.83) (Table 2). The percentage of patients on ino-
tropic support before initiation of RRT was 100%, 71%,
and 39% in CRRT, SLEDD-f, and SLED groups, respec-
tively. Patients who initiated CRRT had higher SOFA
scores at the time of RRT initiation (10.9 + 3.21) com-
pared to SLED (8.31 + 2.18) (p<0.001), while there was
a non-significant difference when compared to SLEDD-f
(10.92 £ 2.15) (p = 0.977). CRRT subjects were signifi-
cantly more likely to be on multiple inotropes, 2.6 vs.
0.8 vs. 1.5 for CRRT, SLED, and SLEDD-f, respectively
(p<0.001). There was a significant difference in SOFA
scores (p<0.001) at initiation and in the requirement of
inotropes (p<0.05) between SLED and SLEDD-f too. The
in-hospital mortality rates in CRRT, SLED, and SLEDD-f
were 74.4%, 50%, and 58.1%, respectively (Table 2).

Discussion
In critically ill patients with AKI and hemodynamic insta-
bility, the choice of modality for initiating RRT can be a
dilemma. Various studies have compared the outcomes
and effects of CRRT and SLED, but we also studied the
tolerability of SLEDD-f.

We found statistically significant decreases in MAP
and hemodynamic instability in patients with CRRT
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Fig. 2 Hemodynamic tolerability among the three groups
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Table 2 Significance (p values) of the differences in hemodynamic parameters between the groups

SLED vs SLEDD-f SLED vs CRRT CRRT vs SLEDD-f
MAP drop >20% 0659 <0.001" <0.001"
MAP drop >10% 0.057 <0.001" <0.001"
Inotrope increase 0325 1 0.287
Hemodynamic instability 0.209 0.020" 0.001"
Termination 0.406 0474 0.150
SOFA score <0.001" <0.001" 0977
Mortality 0.826 <0.001" <0.001"
(- p<0.05)

compared to the other modalities. There were no signifi-
cant differences between SLEDD-f and SLED in terms
of a reduction in MAP or hemodynamic instability. The
odds ratio for hemodynamic instability with CRRT as
compared to SLEDD-f and SLED was 6.07 and 2.85,
respectively, while the odds ratio for hemodynamic insta-
bility with SLEDD-f as compared to SLED was 0.47. The
patients in the CRRT group were sicker compared to
other patients and were on significantly more inotropes
at initiation and could thus have high mortality. This
shows that the higher mortality in the CRRT group could
be due to the more severe nature of the illness. Also
worth noting is that, despite the higher proportion of
patients in the SLEDD-f group being on inotropes before
RRT initiation as compared to the SLED group, there was
no significant difference between the hemodynamic tol-
erability between the two groups. This is reflected in the
fact that patients on CRRT had significantly higher SOFA
scores at baseline.

In the study by Fieghen et al [9], the authors noted
that the administration of SLED is feasible and provides
comparable hemodynamic control to CRRT in critically
patients with AKI. Hemodynamic instability occurred
during 22 (56.4%) SLED and 43 (50.0%) CRRT sessions (p
= 0.51). In a multivariable analysis that accounted for the
clustering of multiple sessions within the same patient,
the odds ratio for hemodynamic instability with SLED
was 1.20 (95% CI 0.58-2.47), as compared to CRRT. Ses-
sion interruption occurred in 16 (16.3), 30 (34.9), and 11
(28.2) of IHD, CRRT, and SLED therapies, respectively.

Kitchlu et al. [10] conducted a cohort study compar-
ing SLED (target 8 h/session, blood flow 200 mL/min) to
CRRT in four ICUs at an academic medical center. They
found similar clinical outcomes for patients treated with
SLED and CRRT. The mortality at 30 days was 54 % and
61 % among SLED- and CRRT-treated patients, respec-
tively [adjusted odds ratio (OR) 1.07, as compared with
CRRT].

Two randomized controlled trials have compared
the tolerability and efficacy of SLED vs CRRT, and their

results do not demonstrate the superiority of one over
the other. In a study by Abe et al., 60 patients were ran-
domized to receive SLED or CRRT. They found no dif-
ference in survival at ICU discharge or 30-days between
the two groups [11]. They also concluded that the type
of modality did not affect the In-hospital renal recov-
ery. Scwenger et al. conducted the largest trial to com-
pare CRRT and SLED regarding clinical outcomes. They
randomized 232 critically ill patients with AKI to either
CRRT or SLED and found that there was no difference
in survival between the two groups [12]. However, their
study’s durations of CRRT and SLED were similar, with a
mean duration of 15.9+4.2 hrs/session and 14.9+4.4 hrs/
session, respectively, which are different from the con-
ventional durations of such modalities.

Sun et al. [13], in their retrospective analysis of 80
patients on SLED and 65 patients on CRRT, observed
that the 60-day mortality was similar between both
groups, but RRT independence was higher in the CRRT
group.

Marshall et al. [14] did SLEDD-f sessions in 24 criti-
cally ill patients with AKI and observed that none of the
patients developed hypotension or any other compli-
cations during the sessions. They found an in-hospital
mortality of 46%, which was similar to that expected
from the APACHE II critical illness scoring system. They
also noted good dialysis adequacy, with a mean Kt/V of
1.02+0.21 per session and good electrolyte control.

Sethi et al. [15] conducted a prospective study to
evaluate the feasibility of using SLEDD-f as a step-down
modality after CRRT pediatric patients with critical ill-
ness and AKI. Patients on less than two inotropes and
no response to diuretics were transitioned to SLEDD-f.
They evaluated eleven patients who underwent a total of
105 SLEDD-f sessions. The development of hypotension
or increased inotrope requirement occurred in 18.18%.
They concluded that SLEDD-f is a relatively safe and
effective modality to transition down from CRRT.

Deng et al. [16] conducted a retrospective study on
patients with wasp-sting-associated AKI. A total of 40
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patients were involved, with fourteen patients receiving
SLEDD-f, all of whom were older than 60 years. The four-
teen patients underwent a total of 50 SLEDD-f sessions.
They found that the patients older than 60 years under-
going SLEDD-f had a significantly faster return to nor-
mal serum creatinine compared to those undergoing HD.
They concluded that SLEDD-f is better than HD in terms
of renal recovery of elderly wasp victims.

In our study, the in-hospital mortality was significantly
higher in the CRRT group, while it was not significantly
different between the SLED and SLEDD-f groups. This
could be because patients in the CRRT group had more
hemodynamic instability and were sicker at baseline
compared to SLED or SLEDD-f. Additionally, there were
no significant differences in the duration of hospital stay
among the three groups.

Also, the majority of sessions in all three groups could
be delivered without the use of anticoagulation. This
is compelling since the need for anticoagulation often
presents a series of practical challenges in critically ill
patients who require RRT. Since clinical outcomes of
SLEDD-f seem comparable to CRRT, the ability to deliver
RRT without the bleeding and metabolic complications
of current anticoagulation options commonly used in
CRRT (e.g., heparin or regional citrate anticoagulation)
may represent a major benefit of SLEDD-f. Other stud-
ies assessing this modality have not reported delivery of
SLED predominantly without anticoagulation [11-13,
17].

Conclusion

SLEDD-f and SLED have good hemodynamic tolerabil-
ity compared to CRRT, with fewer incidents of hemody-
namic instability, including minor fluctuations. There was
no significant difference in the hemodynamic profile or
outcomes between SLEDD-f and SLED despite a higher
proportion of patients on SLEDD-f being on inotropes.
SLEDD-f and SLED could be used as an alternative to
CRRT. Full-scale clinical trials to test dialysis adequacy,
invasive hemodynamics, and outcomes are required to
refine further the grey areas of indications of individual
modality and their benefits.
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