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Sustained low-efficiency dialysis (SLED) is a hybrid renal
replacement therapy (RRT) using intermittent haemodialysis
(iHD) equipment with lower blood flow (QB) and dialysate flow
(QD) combined with prolonged sessions. The popularity of SLED
stems from its more efficient ultrafiltration (UF) and enhanced
haemodynamic tolerance. Regional citrate anticoagulation has
emerged as the preferred anticoagulation technique in continu-
ous RRT thanks to decreased bleeding risk and increased extra-
corporeal circuit lifetime [1–3]. Herein we describe a modified
protocol using dialysate as a source of citrate anticoagulation as
citrate enters to blood compartment by diffusion from dialysate.
Citrate dialysate without calcium and magnesium allows better
anticoagulation, avoiding heparin use and citrate infusion [4].
It deserves to be evaluated during SLED in case of major fluid
overload.

Patients requiring extensive UF in a setting of fluid overload
were included in a single renal intensive care unit over a 6-
month period. Patients with a mandatory indication for curative
anticoagulation were excluded.

Patients had alternatively iHD over 4 h or SLED over 6 h using
a Gambro AK 200 generator (Gambro, Lund, Sweden) and a
Nipro Elisio 21H dialyzer (Nipro, Osaka, Japan) in every case.
Both RRT modalities were evaluated using crossover compari-
sons. During iHD, QB was set between 250 and 300 mL/min while
QD was set at 700 mL/min. On SLED, QB and QD were set at

250 mL/min and 300 mL/min, respectively. UF was left to
the physician’s discretion. The dialysate composition for SLED
was potassium 3 mmol/L, magnesium 0.5 mmol/L, calcium
0 mmol/L, citrate 0.8 mmol/L and glucose 1 g/L. Conductivity
was 14.0 mS/cm. Calcium and magnesium were reinjected
according to ionic dialysance following a chart previously
devised for iHD [5].

The 44 sessions prescribed for five patients were analysed
including 19 iHD and 25 SLED. Total UF was significantly greater
following SLED fmedian 3.98 L [interquartile range (IQR) 3.11–
4.22]g compared with iHD [2.13 L (1.39–2.51), P¼ 0.0004] as well
as weight loss over 24 h, respectively [median 2.5 kg (IQR 1.0–
3.0)] compared with iHD [0.5 kg (0–1.5), P¼ 0.0006], despite simi-
lar maximal hourly UF [0.76 L/h (IQR 0.68–0.82) versus 0.80 (0.69–
0.88), P¼ 0.5].

Regarding safety outcomes, there was no episode of intra-
dialytic hypotension requiring UF interruption in any session.
No bleeding event was observed.

During SLED, there was a slight but significant increase in
ionized calcium (iCa) measured at 2 h and after the session, al-
though iCa remained within the physiological range at all times.
No patient presented with citrate overload (Table 1). Levels of
sodium, magnesium, potassium, phosphate, bicarbonate and
anion gap after the session were not different. The iCa
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measured at the dialyzer outlet was within predefined ranges
and did not differ whether patients received iHD or SLED.

Membrane clotting mandating early termination of the ses-
sion did not occur at any time. Final membrane and circuit
coagulation were not significantly different between both RRT
modalities.

This study expands on previous reports using citrate infu-
sion in SLED and citrate dialysate with iHD [3–5]. SLED using a
modified dialysate as a source of citrate appears to be a safe
and efficient technique to provide UF. It may represent a useful
RRT modality for patients with major fluid overload and a high
bleeding risk. By obviating the need for citrate infusion and
repeated blood tests, it may ultimately prove to be an uncum-
bersome alternative for delivering citrate. Nevertheless, this
technique mandates further testing in broader settings, on a
larger scale and with longer sessions.
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Table 1. Biological variables during iHD and SLED sessions

Variables (mmol/L) iHD SLED P-value

Pre-filter blood serum iCa before session 1.04 (1.00–1.06) 1.04 (1.00–1.07) 1.00
iCa at 5 min 1.01 (0.99–1.05) 1.06 (1.04–1.10) 0.06

iCa at 1 h 1.04 (0.95–1.08) 1.09 (1.07–1.14) 0.07
iCa at 2 h 0.99 (0.92–1.05) 1.11 (1.05–1.14) 0.03

iCa (dialyzer outlet) at 1 h 0.36 (0.27–0.41) 0.32 (0.29–0.40) 1.00
After session (venous blood serum) iCa 1.10 (1.04–1.11) 1.18 (1.12–1.22) 0.01

Citrate 0.30 (0.29–0.31) 0.30 (0.21–0.32) 0.80
Sodium 138 (136–140) 138 (136–140) 0.80

Magnesium 1.30 (1.23–1.35) 1.34 (1.30–1.36) 0.11
Bicarbonate 25 (22–26) 24 (22–26) 0.53
Anion gap 13.7 (11.4–15.5) 11.8 (9.6–13.3) 0.27
Potassium 3.9 (3.8–4.2) 3.8 (3.6–4.1) 0.85
Phosphate 1.07 (0.75–1.30) 0.80 (0.61–0.99) 0.11

Results are presented as medians and IQRs and compared using the Mann–Whitney test.
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