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SAFETY AND EFFICACY OF A SIMPLE PROTOCOL USING CALCIUM-FREE DIALYSATE WITH CITRATE DURING INTERMITTENT DIALYSIS IN CRITICALLY ILL PATIENTS : A RETROSPECTIVE ANALYSIS OF 220

SESSIONS

Background

Renal replacement therapy (RRT) is a common necessity in critically-ill patients (1,2). RRT needs an extracorporeal circulation to conduct blood across dialysis membrane and driving back to the patient. This extracorporeal circulation inevitably induces a risk of blood coagulation activation and premature clotting of the circuit, which are responsible of exchanges insufficiency, anemia and blood transfusion (3).

Heparin is thereby commonly used to prevent such thrombosis, while exposing patients to an increased risk of bleeding. Under continuous RRT, a regional anticoagulation using citrate to chelate ionized calcium into extracorporeal circulation was thus developed as a robust alternative to heparin (4). Ionized calcemia in blood (iCa), an important determinant at many levels of coagulation cascade, may be reduced in extracorporeal circulation below 0.4 mmol/L using a perfusion of acid citrate dextrose or trisodique citrate. This low level of ionized calcemia leads to a deep decoagulation state (5). Furthermore, a calcium reinjection at the end of return line is mandatory to avoid a systemic hypocalcemia and its complications. For this purpose, most of continuous RRT devices integrate automatized infusion systems considering extracorporeal blood flow and a target dose of Ca reinjection (6)(7)(8).

In intermittent RRT, citrate was also used to limit or replace heparin use.

Modalities of citrate infusion are however somewhat different from continuous RRT

since it can be obtained by a specific citrate enriched dialysate (i.e., 0.8 mmol/L for CITRASATE ® ) (9,10). In addition, concentration of iCa in these specific dialysate solutes is null. The use of citrate enriched dialysate without calcium has thus demonstrated a reducing of iCa through the filter, that permits reaching an anticoagulation state (9,10). However, there is no consensus on calcium reinjection modalities and dedicated software to use safely these specific dialysates with intermittent generators does not exist. These two points strongly limit citrate enriched dialysate without calcium particularly in unstable patients. A unit protocol is commonly used in our critical care department associating a citrate enriched dialysate without calcium (CITRASATE ® ) and Calcium chloride (CaCl2) reinjection based on dialysate flow and iCa monitoring. However, this kind of strategy has never been evaluated in the literature. It seemed interesting to assess this protocol using of CITRASATE ® dialysate in a critical population, especially in a traumatic population known for a higher likelihood for hypercoagulable states (11)(12)(13)(14).

The aim of our study was to retrospectively describe the safety and efficacy our dialysis protocol using a citrate enriched dialysate without calcium in terms of iCa stability, CaCl2 reinjection management, and specifics complications related.

Method Design and setting

A retrospective analysis was performed of patients who benefited from an intermittent hemodialysis in the trauma and polyvalent critical care unit of the Lapeyronie university hospital (Montpellier, France) between January 2019 and July 2021. Local ethic committee agreement was obtained (IRB number IRB-MTP_2021_12_202101011)

Patients

The inclusion criteria were patients underwent a RRT in our unit during their hospitalization. The exclusion criteria were the absence or non-respect of CITRASATE ® protocol use, lack of data, minors, pregnancy, and ongoing juridic protection.

Management of patients

Our protocol unit using citrate enriched dialysate without calcium (CITRASATE ® ) has been presented in supplemental data. This protocol was systematically used for intermittent dialysis procedures; attending physician prescribed dialysis parameters as blood flow, dialysate flow, ultrafiltration, duration and conductivity according to patient stability, overload status and exchanges objectives.

A specialized nurses settled then the generator, monitored the session and adapt CaCl2 reinjection according to the protocol.

Dialysis parameters

All hemodialysis sessions were performed using 5008 Fresenius dialysis generators. The dialysate solution was CITRASATE 484 ® . The dialyzers were polysulfone high-flux membrane FX80 (Fresenius ® ). Dialysis priming was performed in first attempt with 2L of free-heparin saline. Minimal prescribed blood flow was 220 mL/min, minimal prescribed dialysate flow of 100 or 200 mL/min, Potassium concentration were 2 or 3 mmol/L, bicarbonate was set into a range of 24 to 35 mmol/L, conductivity was into a range of 140 to 150. Blood temperature was managed to be one degree under patient temperature.

Calcium chloride reinjection protocol

An Y branch was used in extremity of the venous line to reinject CaCl2. According to unit protocol, CaCl2 rejection dose was initially determined on dialysate flow; an adjustment was then decided using monitoring patient iCa at initiation and in the two first hours. (Appendix 1). CaCl2 reinjection flow could be increased or decreased according of iCa course. If an important variation occurred, CaCl2 reinjection stopped for 1 hour or inversely a 1 gram bolus could be administrated in case of significant drop. Supplementary iCa monitoring was then possible at clinician discretion and follow the same protocol. iCa was monitored using patient arterial blood gas or using arterial blood if no arterial catheter were disponible and analyzed by deported blood das analyzer ABL 90 Flex (Radiometer®)

Data collection

Following data were retrospectively abstracted from medical records and ICU monitoring: demographics, medical history, length of continuous and intermittent RRT, length of ICU and hospital stay, survival on discharge, occurrence of organ dysfunction using IGS2 score, SOFA score and ISS score in case of trauma. Concerning intermittent RRT sessions, prescribed and effective blood flows, dialysate flows, ultrafiltration, its duration, prescribed sodium, bicarbonate and potassium was recorded, as well as mechanical ventilation use, noradrenaline use, presence of anticoagulation or antiplatelet medication. Effective blood and dialysate flow were averaged for each session. iCa monitoring and calcium administration during session was recorded.

Available blood samples before the dialysis and after the dialysis were included: Creatinine level, Urea, Natremia, Kaliemia, Calcemia, Platelet count, fibrinogen, prothrombin activity, AC.

Study definitions

iCa-T0 was defined as the iCa at the initiation of session. iCa-T1 was defined as the first iCa control, while iCaTn was defined as following iCa control if performed. iCa- End was defined as the iCa at the end of session. Variation of iCa were also considered: ΔiCaT0-T1 was defined as the difference between initiation and first control (iCa-T1), and ΔiCaT0-End as the difference between initiation and disconnection (iCa-End).

Similarly, to iCa, CaCl2-T0 was noted as the calcium reinjection flow at initiation, CaCl2-T1 at the first control and CaCl-Tn for the following control if performed. We defined slight and significant modification (decreasing or increasing) in CaCl2 by ≤ 0,5 g/L and > 0,5 g/L respectively.

Using available blood sample before and after sessions, dialysis efficiency was studied using Urea Reduction Ratio (URR= (Ureapre-UreaPost)/Ureapre) and a single pool KTV with Lowrie formula (KtVLowrie= ln(UreaPre/UreaPost) assuming the post session weight missing data. Citrate accumulation was observed using total to ionized calcemia at the end of sessions.

Significant hypercalcemia was defined as iCa above 1,8 mmol/L, symptomatic variation or suspension of CaCl2 reinjection. Significant hypocalcemia was defined as iCa under 0,8 mmol/L, symptomatic (muscle spasms, cramps, and arterial hypotension) or IV Calcium bolus administration. Hemodynamic collapse was defined as mean arterial pressure under 65 mmHg or rise of noradrenaline for more than 0,5 mg/h.

Statistical analysis

Population characteristics was first described according to patterns of critical care admission. Considering hypercoagulability state of this population, a specific stratification was performed between traumatic and other admission. Sessions analysis and complications were thereafter described according to HDI session.

Quantitative variables are shown using median and interquartile.

Present descriptive study was focused on the iCa stability and the prevalence of complications of our IHD CITRASATE ® protocol. The main endpoint was the stability iCa during IHD session using ΔiCaT0-T1 and ΔiCaT0-End values. Secondary endpoints were significant hypercalcemia, significant hypocalcemia , hemodynamic collapses, significative circuit clotting which is requiring session discontinuation and the number of sessions requiring more of two additional calcium dosage which can revealed falling of supplementation protocol.

Results

Patients Characteristics

Of 54 patients who met inclusion criteria, 14 were excluded (7 sessions without citrate dialysate, 3 no respects of dialysate protocol and 4 lacks of data). Thus, the 40 remaining patients were studied. Characteristics of studied patients are detailed in Table 1. The median age was 61 years (IQR, 43-65 years). Median IGS2 score and median SOFA score was 52 (IQR 41-61) and 6 (IQR 4-8), respectively. Admission causes in critical cares unit were acute metabolic disorders in 11 patients (27%), severe trauma in 9 patients (22%), post-surgery in 9 patients (22%), coronavirus disease-19 in 7 patients (18 %), septic shock in 3 patients (8%) and postresucitation in 2 patients (5%).

Duration of mechanical ventilation, vasopressor uses, ICU hospitalization and total hospitalization of the cohort were 11 days (IQR 0-35 days), 3.5 days (IQR, 0-16 days), 24.5 days (IQR, 6-55 days) and 33 (IQR, 20-68), respectively. In-hospital death occurred in 5 patients (13%), including 3 deaths (8%) in critical care. None of these 3 deaths were relative to dialysis sessions.

Dialysis session Characteristics

The overall length of RRT needed was 17 days (IQR, 3-30 days), including intermittent dialysate phase of 5 days (IQR, 1-11 days). Fifteen patients (38%) only benefited from intermittent dialysis. Among the 229 intermittent sessions performed in studied patients, 220 (94%) were analyzed (4 non-respect of the protocol and 5 due to lack of data). The median number of sessions per patient was 3 sessions (IQR, 1-8). During these dialysis sessions, patients were ventilated for 110 sessions (50%), under norepinephrine before sessions for 64 (29%), under anticoagulation for 208 sessions (94%) (preventive dose for 93 sessions (42%), curative dose for 115 (52%)).

Characteristics of prescribed and delivered dialysis sessions were summarized in Table 2. Prescribed and delivered IHD duration were 360 minutes (IQR, 300̶ -400 minutes) and 360 min (IQR, 260-480 min) respectively, whereas prescribed and delivered dialysate flows were 300 mL/min (IQR 200-400 mL/min) and 300 mL/min (IQR 250-400 mL/min) respectively.

Specific management of Ionized Calcemia

Upon IHD initiation, median iCa-T0 was 1.14 mmol/L (IQR, 1.09-1.23 mmol/L).

CaCl2-T0 was 2.5 g/L (IQR 2-3 g/L). Upon only 6 sessions (3%), an iCa-T0 over 1,8 mmol/L has justified a stop of CaCl2 reinjection for 1 hour. No session needed at initiation a calcium supplementation using bolus. iCa-T1 control occurred at 120 min (IQR, 120-140 min) of session initiation. Median value of iCaT-1 control was 1.08 mmol/L (IQR, 1.03-1.15 mmol/L), corresponding to a ΔiCaT0-T1 of -0.07mmol/L (IQR, -0.13-0.00) (Figure 1). Therefore, CaCl2-T1 required no change for 70% of sessions, a slight modification for 20% sessions, and a significant modification for 7% sessions. Only 2 sessions required reinjection stop for 1 hour and 4 sessions a 1 gram calcium chloride bolus (Figure 2). Afterward, 32% of sessions needed at least one supplementary iCa control; 52 (25%), 13 (6%) and 4 (1%) of these sessions had respectively one, two or three supplementary ionized calcemia control. Timing of iCa-T2 was 260 minutes (IQR, 190-260 minutes), iCaT3 was 405 minutes (IQR, 280-480 minutes), and iCaT4 was 400 minutes (IQR, 330-510 minutes). (Table 4) 46 (50%) of supplementary control leads to modifications in Calcium restitution flow.

At the end of session, median iCa-End was 1.15 mmol/L (IQR, 1.07-1,30 mmol/L), leading to a median ΔiCaT0-End of -0.01 mmol/L (IQR -0.12-0.07 mmol/L). Only one session needed an IV calcium bolus supplementation after the end of session.

Depending on dialysate flow, ∆iCaT0T1 and ∆iCaT0Tend remained stable for dialysate flow of 140 mL/min to 800 mL/min (Figure 1)

Acute Complications IHD induced (Figure 3)

Thirteen percent of sessions were stopped due to premature filter clotting. A significant hypocalcemia occurred during 5 sessions (2%), while a significant hypercalcemia occurred during 8 sessions (4%). These hypocalcemia and hypercalcemia remained clinically asymptomatic. No circulatory or rhythmic consequences were observed during sessions. Seven sessions (3%) required initiation of Noradrenaline and only at low dose (0 mg/h to 0,35 mg/h maximum at the end of dialysis) and no session need an increasing dose of noradrenaline more than 0,5 mg/h.

Extracorporeal changes parameters

Pre and Post-dialysis creatinine serum levels were 317 µmol/L (IQR, 245-395 µmol/L; 3.60 mg/dL [2.78-4.49 mg/dL]) and 137 µmol/L (IQR, 101-187; 1,56 mg/dL [1,15-2,13µmol/L]), respectively. Preand Post-dialysis urea level were 20.5 mmol/L (IQR, 14.5-28.7) and 7.3 mmol/L (IQR, 5.0-10.7), respectively. Urea reduction ratio was 0.66 (IQR, 0.54-0.75). Calculated KT/V was 1.23 (IQR, 0.90-1.62) and measured KT/V was 1.32 (IQR, 1.06-1.60]) No citrate accumulation were reported with a total to ionized ratio of 1,86 (IQR 1,77-2,00). The biologic blood samples before and after the dialysis session were summarized in Table 3.

Discussion

Our study reports 40 critically ill patients (22% severe trauma patients, 22% post-surgery and 56% medical) experienced 220 intermittent hemodialysis sessions using citrate enriched (0.8 mmol/L) and without calcium dialysate (CITRASATE ® ). The main findings were that CaCl2 reinjection protocol offered a stable ionized calcium concentration during session (ΔiCaT0-T1 -0.07 mmol/L and ΔiCaT0-End 0.01 mmol/L). No significant hemodynamic consequences (3% norepinephrine initiation) or symptomatic dyscalcemia were reported. Its use was simple and reproducible since only 6% of sessions required more than two ionized calcium controls. Moreover, our unit protocol allowed to reach dialysis dose in most sessions (median Urea reduction ratio 66%, calculated KtV 1.23 and measured KtV 1.32).

Use of citrate as regional anticoagulation in continuous RRT is recommend in first attempt because of its easy management and its safety (4). Continuous RRT generators integrates indeed softwares and automatic calcium pump allowing a stable systemic calcemia and an efficient regional decoagulation. Following this process, several teams studied regional citrate anticoagulation in intermittent hemodialysis, using citrate infusers in arterial lines (15)(16)(17). The two main limitations of this technique are: 1/ the difficulty to deliver the right dose of trisodique citrate, leading to unpredictable citratemia associated with a risk of premature clotting, or in contrast a hypernatremia and an alkalemia (18) 2/ the difficulty to deliver the right dose of calcium reinjection in venous line directly related to citratemia difficulty and the absence of automated pump. Recently, Bi et al. reported a new calcium selective electrode device associated to a closed-loop feedback permitting to closely monitoring and adapt calcium reinjection in automated way but never been tested in a large population (19).

To avoid precipitation between bicarbonate and calcium or magnesium and lowering acetate acid concentration, citric acid was used these 20 last years in chronic dialysis. The introduction of citric acid has thus demonstrated an increase of dialysis efficiency (20), a lower extracorporeal induced inflammation and a lower heparin need in comparison with acetate dialysate (21,22). Ionized calcemia remained however relatively stable due to calcium containing dialysate and low level of citric acid. For this specific reason, the development in parallel of calcium free dialysate was experimented in citrate dialysate to maximize regional anticoagulation ((10,23)).

Calcium free dialysates expose however to an obvious risk of hypocalcemia requiring a challenging procedure of calcium reinjection. Citrate containing dialysate without calcium efficiency and security were therefore tested in ICU and critical care population (9,24). In contrast, present study was in our knowledge the first report in critical care and traumatic population. Moreover, we described a simple protocol based on blood sample In present study, ionized calcemia was observed very stable in most patients between the initiation and the end of sessions, with a median variation of 0.01 mmol/L. Only 9% experienced a variation of more than 30% This finding is concordant with other studies using citrate enriched dialysate without calcium ( (9,24,25)). In this previous works, CaCl2 reinjection was based on small solute online clearance monitoring by Ionic Dialysance. However, ionic Dialysance requires a dialysate flow above 300 mL/min for the rapid modulation of the fresh dialysate sodium. It is moreover sensible to access recirculation (26) and needs to ensure that good parameters are settled in the generator. That may be unusable in critical care context. In contrast, our reinjection protocol demonstrated to be a reliable alternative to Iionic dialysance; usable for lower dialysate flow and using a time correlation to evaluate exchange stability at a price of 2 or 3 blood samples of easy access on extracorporeal arterial line. However, a risk of hypercalcemia exists if premature filter colmating happens without calcium flow adaptation. Indeed, our study reports 13,7% sessions with hypercalcemia associate with premature clotting whereas only 1,6% of session had hypercalcemia without clotting event Yet, this risk was not included in the protocol because it was uncommon (1,8% of our session) and the clotting event rapidly stop the circuit and avoid more calcium accumulation and clinical complication.

Premature clotting of extracorporeal circuit were reported higher in our study rather than others in a same clinical context using citrate containing Ca free dialysate (13% vs 2-3%) (9,24). Several reasons may be given; first, present results highlight the major role of dialysate flow to reach an optimal postfilter iCa. In previous studies, dialysate flows were indeed high, around 500 mL/min, allowing to obtain an iCa below 0.4 mmol/L. In our series, median dialysate flow was around 300 mL/min. Unfortunately, our clinical protocol did not include systematic postfilter iCa. However, in our experience we assume that these levels of dialysate flow are associated with postfilter iCa comprised between 0.6 and 0.4 mmol/L (unprovided data), leading to a suboptimal regional decoagulation. The low dose of citrate in the dialysate compared to the amount use in continuous RCA, four time lower in average, suggested that the absence of calcium more than the presence of citrate is responsible for regional anticoagulation (24). To fully use this technique in SLED, we assume that the use of higher dose of citrate in dialysate might offer a better anticoagulation state. Second, median sessions duration was higher in present study than others (360 min vs 240-296 min). The median duration of clotting sessions was thus of 330 min and only 9 clotting (4%) occurred before 240 min. Third, traumatic population are well-known to present hypercoagulable state (12,13). Premature clotting in this specific subgroup was observed higher (22%) in our analysis than other patients.

Among the traditional risk of citrate in continuous dialysis, its accumulation seems not to be a relevant risk using citrate enriched dialysate. As many studies, we did not observe alkalemia despite instability of our patients; the total to ionized ratio in our series was indeed 1.86 and only 9 sessions had one over 2,3.

Present study has nevertheless several limitations. First, it has a retrospective design and slight complications as muscle cramps may not had been recorded in medical record; the non-respect of the protocol and lack of data reduce the exhaustivity of our series. Some iCa-End were indeed missing, principally when several sessions were stable in the same patient Second, useful parameters as postfilter ionized calcium or dialyzer pressures could not be recorded, which are important determinants of coagulation risk. Third, nearly all studied patients were anticoagulated by unfractionated heparin that could influence rate of premature clotting and diminished external validity of our analysis. Fourth, we recorded ionized calcemia difference between initiation and end of the sessions but in same case attending physicians could use dialysis session to lowering iCa when patient began the session with hypercalcemia and the great difference observed was clinically unreliable. Fifth, present study focused on clotting and bleeding events assessment was not systematically performed. However, we assume that no hemorrhagic complication was observed.

Conclusion

Our study therefore demonstrated that citrate enriched dialysate without calcium could be safely and reliably used in critical care. A strong ionized calcemia stability was thus observed using a CaCl2 reinjection protocol based dialysate flow level and initial variation of ionized calcemia. This RRT strategy seems to be a simple and robust alternative to more complex technic such as ionic dialysance or advanced software despite instability of patients. Other studies will be mandated to recommend large use of this technique. Nous avons défini une modification minime et significative du CaCl2 respectivement par ≤ 0,5 g/L et > 0,5 g/L. Les complications spécifiques et les doses de dialyse ont été étudiées secondairement. Résultats Sur 40 patients inclus pendant la période d'étude, 220 séances de dialyse ont été évaluées. Le ∆iCaT0T1 et le ∆iCaT0Tend étaient respectivement de -0,07mmol/L (IQR, -0.13-0.00) et -0,01 mmol/(IQR -0.12-0.07 mmol/L). Le Cacl2T1 n'a nécessité aucune modification dans 68% des sessions, une légère modification dans 20%, une modification significative dans 7%. Respectivement, 2 séances et 4 séances ont nécessité une suspension de la réinjection ou un bolus de chlorure de calcium. Une hypocalcémie et une hypercalcémie significatives sont survenues dans 5 et 9 sessions respectivement. 29 sessions ont eu une thrombose de filtre prématurée et 7 ont nécessité l'introduction de norépinéphrine à faible dose. Le KtV était de 1.3 (IQR 1.1-1.6) et le taux de réduction de l'urée de 65% % (IQR 54%-75%).

Conclusions

La dialyse intermittente au bain de dialyse contenant du citrate sans calcium avec un protocole de réinjection locale de chlorure de calcium est sûre, fiable et facile à utiliser. Keywords : Citrasate, acide citrique, calcium, épuration extra rénale, réanimation, polytraumatiqué, reinjection de calcium Spécialité : Anesthésie-Réanimation

  circuit anticoagulation SOFA : Sepsis-related Organ Failure Assessment

  Sécurité et efficacité d'un protocole simple de dialyse intermittente utilisant un bain de dialyse sans calcium avec citrate chez les patients de réanimation : Une analyse rétrospective de 220 séances Contexte L'utilisation d'un bain de dialyse sans calcium contenant du citrate dans un circuit d'épuration extra rénale pour l'anticoagulation est une approche nouvelle et risquée. L'hypocalcémie induite localement doit être correctement inversée pour éviter les complications systémiques. Notre étude a évalué la sécurité et l'efficacité d'un protocole de réinjection locale de chlorure de calcium. Méthode Étude rétrospective descriptive monocentrique dans une réanimation polyvalente et traumatologique entre janvier 2019 et juillet 2021 incluant patients bénéficiant d'une dialyse intermittente avec un bain de dialyse sans calcium contenant du citrate (CITRASATE 484®) La calcémie ionisée (iCa) et la réinjection de flux de calcium chlorure (CaCl2) ont été enregistrées au début (T0), au contrôle prévu (T1), à d'autres contrôles si nécessaire et à la fin (Tend). La stabilité calcique a été évaluée en utilisant la différence entre iCaT0 et iCaT1(∆iCaT0T1) et iCaT0 et iCaT1(∆iCaT0TEnd).

  

  

  

  

  

  

  

  

  

  

  

  

  

Table 4 : Monitoring of ionized calcium and intervention
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	T0	T1	T2	T3	T4	TEnd

(13%) Significative hypercalcemia, n (%) 7 (3%) Significative hypocalcemia, n (%) 5 (2%)Hemodynamic collapsus, n(%)7 (3%)Data are expressed as median and interquartile not as mean or as number of patients (percentage) as appropriate.

Data are expressed as median and interquartile not as mean or as number of patients (percentage) as appropriate. *At the iCa blood samples
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Safety and efficacy of a simple protocol using calcium-Free Dialysate with citrate during intermittent dialysis in critically ill patients: A retrospective analysis of 220 sessions

Background: Using calcium free citrate containing dialysate to regionally anticoagulated renal replacement therapy circuit is a new and risky approach. Regional hypocalcemia induced in extracorporeal circulation must be reversed to avoid systemic complications. Our study assessed the safety and efficacy of a local simple chloride calcium reinjection protocol.

Method and design:

Retrospective descriptive monocentric study in a trauma and polyvalent critical care unit between January 2019 and July 2021 of patient undergoing Intermittent Dialysis using citrate enriched dialysate without calcium (CITRASATE 484®). Ionized calcemia (iCa) and chloride calcium flow reinjection (CaCl2) was recorded at beginning (T0), in the first two hours (T1), others control if required and at the end (Tend). Calcium stability was assessed using difference between iCa-T0 and iCa-T1 (∆iCaT0-T1) and iCa-T0 and iCa-T1 (∆iCaT0-TEnd). We defined slight and significant modification in CaCl2 by ≤0.5 g/L and >0.5 g/L, respectively. Specific complications and dialysis doses were secondary studied.

Results: Of 40 studied patients, 220 dialysis sessions were assessed. ∆iCaT0-T1 and ∆iCaT0-Tend was -0.07mmol/L (IQR, -0.13-0.00) and -0.01 mmol/L (IQR -0.12-0.07 mmol/L) respectively. iCa-End was 1.15 mmol/L (IQR, 1.07-1,30 mmol/L.) CaCl2-T1 required no change for 68% of sessions, a slight modification for 20%, and a significant modification for 7%. Only 2 sessions required a CaCl2 reinjection suspension and 4 sessions required a calcium chloride bolus. Significant Hypocalcemia and hypercalcemia occurred in 5 and 9 sessions respectively, while 7 sessions required norepinephrine introduction and 29 sessions experienced a premature clotting. KtV was 1.3 (IQR 1.1-1.6) and Urea reduction ratio was 65% (IQR 54%-75%).

Conclusions: Intermittent dialysis using citrate enriched dialysate without calcium and chloride calcium reinjection protocol is safe, reliable and simple to applied.