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Abstract
Background Prolonged hemodialysis (HD) is performed from 6 to 12 h and can last up to 24 h. To prevent system 
clotting some studies suggest that Regional Citrate Anticoagulation (RCA) use reduces bleeding rates relative to 
systemic heparin. However, there may be difficulties in the patient’s clinical management and completing the 
prescribed HD with Genius system using RCA.

Objective To analyze safety Quality Indicators (IQs) and follow up on prolonged HD with 4% sodium citrate solution 
in a Genius® hybrid system.

Methods This is a retrospective cohort conducted in an intensive care unit.

Results 53 random sessions of prolonged HD with 4% sodium citrate solution of critically ill patients with AKI 
assessed. Evaluated safety indicators were dysnatremia and metabolic alkalosis, observed in 15% and 9.4% of the 
sessions, respectively. Indicators of effectiveness were system clotting which occurred in 17.3%, and the minimum 
completion of the prescribed HD time, which was 75.5%.

Conclusion The assessment of the indicators showed that the use of RCA with a 4% sodium citrate solution in 
prolonged HD with the Genius system in critically ill patients with AKI can be performed in a simple, safe, and effective 
way.
Key learning points
What is already known about the subject? Studies on RCA or systemic heparin usage do not demonstrate 
differences in the mortality of critically ill patients with AKI undergoing acute RRT. However, they suggest lower 
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Introduction
Acute Kidney Injury (AKI) is common in critically ill 
hospitalized patients and is associated with high morbid-
ity and mortality rates [1]. Hemodialysis (HD) is essen-
tial in these patients’ treatment, and traditionally it has 
been offered intermittently or continuously. However, in 
recent years, prolonged HD has stood out as an alterna-
tive therapy that provides safety and efficacy in treating 
critically ill patients with AKI [2].

Prolonged HD is conventionally performed from 6 to 
12  h and can reach up to 24  h [3, 4]. It can occur in a 
traditional or a hybrid HD system. The hybrid system 
has characteristics common to intermittent systems and 
continuous dialysis systems. Thus, it adds cardiovascular 
stability and effective clearance of the continuous HD to 
operational facilities and reduces costs, similar to inter-
mittent HD [5].

Dialysis therapy with the Genius® 90 hybrid system has 
the advantages of a closed HD system with efficiency, 
bacteriological safety, autonomy, and ease of movement, 
as the equipment has a 90-liter dialysate storage tank [6]. 
Such characteristics favor the use of prolonged HD in a 
hybrid system in Intensive Care Units (ICU) [7]. How-
ever, the anticoagulation of the extracorporeal circuit 
remains the major controversy in this treatment [8].

During HD, intrinsic and extrinsic pathways of the 
coagulation cascade are activated, with a risk of throm-
bosis in the system. Anticoagulant use aims to maintain 
the viability and performance of the dialysis equipment 
and filter [9, 10].

Historically, the standard anticoagulation regimen 
has been the systemic use of unfractionated heparin. 
Although well established, this practice is associated with 
an increased risk of bleeding, especially in critically ill 
patients with impaired coagulation and the risk of hep-
arin-induced thrombocytopenia [11]. Bleeding compli-
cations occur in up to 30% of critically ill patients with 
AKI during systemic anticoagulation in dialysis, and this 
increases the risk of mortality and the need for blood 
transfusion in these patients [12, 13].

Regional Citrate Anticoagulation (RCA) has emerged 
as an alternative, and its main advantage is to avoid sys-
temic anticoagulation in critically ill patients and at risk 
of bleeding or both. [14]. Some evidence of RCA use has 
shown a lower incidence of bleeding complications and 
need for transfusion, better membrane biocompatibility, 
and prolonged dialysis filter life [15]. Experience with the 
use of citrate in the Genius® system is limited, particularly 
because the dialysate contains calcium in its composition. 
There are some difficulties in using RCA in prolonged 
HD due to the clinical condition of the patients and the 
high cost of the available protocols. Some intensivists are 
reluctant to adopt this practice due to the complexity of 
electrolyte management (hypocalcemia) and metabolic 
complications (especially alkalosis and dysnatremia). In 
addition, there is a risk of citrate accumulation and the 
need for customized RCA solutions and replacement flu-
ids [11, 12, 14].

Few studies still address RCA in a hybrid system with 
dialysis time greater than 8  h [2]. In this sense, there is 
a demand for updating publications, given the new anti-
coagulation protocols used in clinical practice and the 
equipment and technological resources available in 
dialysis.

Due to the incorporation of new devices and clini-
cal practices into health systems, it is necessary to per-
form the Health Technology Assessment (HTA). Studies 
that help in constructing suitable methods of great rel-
evance for HTA [16]. In this context, an approach with 
great applicability is the research on Quality Indicators 
(QIs). In this regard, the Acute Disease Quality Initia-
tive (ADQI) has declared a priority in developing these 
studies due to the scarcity of evidence-based IQs in pro-
longed HD [17].

In our university hospital, the employment of pro-
longed HD with a Genius® hybrid system started in 2017, 
especially in ICU patients. We recently started using 
RCA and no critical evaluation has been carried out on 
the clinical results of using this technology and on RCA. 
Thus, the present study proposes to describe the out-
comes of safety and effectiveness indicators of prolonged 

bleeding rates and greater longevity of the dialysis filter. Nonetheless, hemodynamic stability and hydroelectrolytic 
and acid-base disorders of patients is the controversial point.

What this study adds? Quality Indicators show that this simplified prescription and RCA in prolonged HD, using the 
Genius® hybrid system, in critically ill patients with AKI is safe and effective.

What impact this may have on practice or policy? The proposed prescription is easy to implement, has low 
demands on the care team, and enables the use of hypertonic citrate for prolonged hemodialysis using the Genius® 
system, even with dialysate containing calcium. Monitoring the IQs may help improve the safety and effectiveness of 
the care routine.

Keywords Regional citrate anticoagulation, SLED technique, Hybrid renal replacement therapy, Sustained low-
efficiency dialysis, Slow extended dialysis mode
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HD in a hybrid Genius® system using a 4% sodium citrate 
solution in critically ill patients with AKI.

Materials and methods
The current study is a retrospective cohort of critically 
ill patients with AKI who underwent prolonged HD in 
a hybrid Genius® 90 system (Fresenius Medical Care, 
Bad Homburg, Germany) with regional anticoagulation 
with 4% sodium citrate (Life® - Laboratório de Insumos 
Farmacêuticos Estéreis Ltda) from December 2019 to 
December 2021 at Hospital São Lucas (HSL) of the Pon-
tifical Catholic University of Rio Grande do Sul (PUCRS). 
The present paper evaluated the possible association 
between the combined exposure factor (prolonged 
HD ≥ 6  h in Genius® hybrid system + 4% sodium citrate) 
and primary and secondary outcomes.

Preparation of the dialysate with CPHD 138/35–90 
Genius DS concentrate and CPHD Genius HC 22–90 
acid solution (Fresenius Medical Care) results in a final 
electrolyte concentration (90  L) containing sodium 138 
mmol/l, potassium 2.0 mmol /l, calcium 1.25 mmol/l, 
magnesium 0.5 mmol/l, chloride 110 mmol/l, citrate 
0.08 mmol/l, bicarbonate 32.63 mmol/l and glucose 5.5 
mmol/l. The reason for the use of a Ca-containing dialy-
sate is because a Ca-free dialysate wasn’t available.

Sodium citrate 4% (Life®) was used for anticoagulation 
(citrate 116 mmol/l or 408 mEq/l; sodium 408 mmol/l or 
408 mEq/l). For calcium replacement, we initially used 
calcium chloride 184 mEq/l (calcium 92 mmol/l) and 
later calcium chloride 460 mEq/l (Life®) (calcium 230 
mmol/l).

The prescription used for dialysis was structured in a 
very simplified way to facilitate the management of the 
dialysis session, beginning with the administration of 
4% sodium citrate with an infusion flow of 260ml/hour 
in most patients. This flow results in a final citrate con-
centration between 2 and 5 mmol/l in the blood, as the 
prescribed blood flows were between 100 and 250 ml/
min. The prescription for additional calcium replacement 
was with a flow of 8 ml/h (calcium chloride 460 mEq/l) 
or 20 ml/h (calcium chloride 180 mmol/l). The dialysate 
calcium was at a final concentration of 1.25 mmol/l. This 
prescription results in low operational demand on the 
part of nursing and simple handling for all teams, which 
has become especially important during the COVID-19 
pandemic.

The blood and dialysate flow were mainly the same, and 
the definition of the flow was based on the attending phy-
sician’s decision, considering the clinical condition of the 
patients (especially regarding the hemodynamic status 
and dialysis duration). The volume of dialysate prescribed 
is 90  L, and the time of viable therapy depends on the 
dialysate flow, although there is the possibility of supply-
ing dialysis to the patient for 24 h with a 2:1 line, which 

allows a dialysate flow of 60 ml/h with a blood flow of 120 
ml/h since this line is 50% of the diameter of the blood 
flow line.

Patients older than 18 years of both sexes, admitted to 
the ICU with a diagnosis of AKI, who underwent pro-
longed HD in a Genius® hybrid system with a 4% sodium 
citrate solution were included. Exclusion of pregnant 
women and patients prescribed isolated ultrafiltration 
from the study. The definition and classification of AKI 
used is the one recommended by KDIGO [10], defining 
AKI as urinary volume less than 0.5ml/kg/h for more 
than 6 h or an increase in serum creatinine > 0.3 mg/dl in 
48 h or > 50% in 7 days. AKI was classified into 3 stages (I, 
II, and III) as recommended by the guideline [10].

Primary outcomes were described as Effectiveness 
Indicators (minimum completion of 80% of prescribed 
HD time and system or catheter thrombosis) and Safety 
Indicators (dysnatremia and metabolic alkalosis). Sec-
ondary outcomes evaluated were: prescribed HD time, 
completed HD time, death from all causes, and pre- and 
post-session biomarkers (sodium, bicarbonate, calcium, 
hemoglobin, potassium, urea).

COVID-19 was found to be a potential effect con-
founder. However, data analysis showed no significant 
relevance, which will be presented in the results. As 
this is a retrospective study, the main effort to minimize 
selection biases was the random inclusion of dialysis ses-
sions that made up the sample. This procedure will be 
described in detail below.

The present study was carried out with secondary data 
from electronic medical records, combining two tech-
niques, scripted and manual data collection. Initially, 
specific scripts were built for massive data collection 
through reports from the hospital information system. 
As a result, a primary dataset was constituted, which 
contained 18,591 HD prescriptions in the Genius® hybrid 
system performed at the PUCRS HSL from June 12, 2018, 
to April 13, 2022.

Afterward, minimal data preprocessing occurred, and 
an experimental dataset was constituted with 3,671 HD 
sessions in Genius® using citrate as an anticoagulant. The 
sampling of the sessions occurred through randomiza-
tion of the experimental dataset using a sample calcula-
tion technique based on the optimal allocation criterion 
for complex sampling with the generation of 100 random 
sessions of prolonged HD with RCA. It is noteworthy 
that punctual intermediate sessions were selected, that 
is, those that occurred between the patient’s first and 
last session. Subsequently, manual collection of informa-
tion of interest was performed in the evolution of medi-
cal records, the Renal Replacement Therapy (RRT) flow 
sheet, or both.

The mixed subsampling technique is advantageous 
when the primary dataset has a significant volume of 
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data. The sample size can interfere with the conclusions 
about the tested phenomenon, so this technique helps 
when using information from punctual estimates in big 
data. Thus, a subsample is defined to use the variability 
estimates of the estimators, given a previously established 
error and confidence level.

All statistical analyzes were performed with R Stu-
dio® for Windows® version 4.2.2. The application of the 
Shapiro-Wilk test demonstrated the non-normality of 
the data. The usage of the Holm-Bonferroni method 
corrected multiple comparisons and alpha error hyper-
inflation. P value < 0.05 was considered for statistical 
significance.

The singular generalized additive model was performed 
to assess the association between the prescribed time and 
the completed time of HD in all sessions and in the sub-
group with COVID-19, allowing for numerous types of 
dependent and independent variables. Therefore, it is a 
semiparametric approach [18].

At the same time, Kendall’s rank correlation coefficient 
was calculated [19]. The 95% confidence interval (95% 
CI) was calculated for all measurements through resam-
pling (Bootstrapping) using the percentile technique with 
100 simulations.

The graphical representation of times was performed 
with Local Regression (Loess), a non-parametric method 
that estimates curves and surfaces through smooth-
ing with a polynomial of the second degree and span or 
bandwidth parameter of 0.9 [20].

The data collected were stored on the REDCap® plat-
form (Research Electronic Data Capture) to guarantee 
the confidentiality and secrecy of the information. This 
study was approved by the University Ethics Committee 
with the report No. 5,434,821 on May 27, 2022.

Results
After the random selection of 100 prolonged HD ses-
sions in Genius® with RCA using a 4% sodium citrate 
solution, as described above, the manual collection to 
search for variables of interest began. Those subjects who 
did not meet the eligibility criteria or had missing data 
in the electronic medical record and/or flow sheet were 
excluded. Thus, a sample of 53 random HD sessions of 
49 critically ill patients with AKI was constituted (Fig. 1), 
occurring from December 2019 to December 2021.

Table 1 presents data regarding the characterization of 
the sample.

Table  1 shows the analysis of the parameters of the 
dialysis sessions. Table  2 presents the patient’s sodium, 
bicarbonate, calcium, urea, potassium, and hemoglobin 
parameters, and the effectiveness indicators evaluated in 
this study are shown in Table 3.

The median prescribed dialysis time was 12.32  h, as 
shown in Table 3. It is noteworthy that a 24-hour period 

was prescribed in 6 sessions, having 100% execution 
completeness in 4 sessions, one achieved 12  h and the 
other only 4 h.

Pause in therapy occurred in 22.6% of the sessions, of 
which: 3.7% occurred due to hemodynamic instability, 
1.9% due to catheter thrombosis, and 17.3% due to sys-
tem coagulation. When observing completeness ≥ 80% 
of the prescribed time in patients with COVID-19, the 
percentage was 75.9% concerning 75.5% of all sessions 
evaluated. Thus, regarding the non-parametric regression 
criterion, there is no difference between the prescribed 
and performed time for patients affected by COVID-19, 
presenting the following regression equation: 1.76 (95% 
CI: -1.95; 5.47, P = 0.36) + 0.70*prescribed time (95%CI: 
0.45; 0.97, P < 0.001) − 1.77*COVID-19 (95%CI: -6.67; 
3.11, P = 0.48) + COVID-19/prescribed time*0.18 (95%CI:: 
-0.18; 0.54, P = 0.33).

Discussion
The present study described, for the first time, in a Bra-
zilian university hospital, the results of effectiveness and 
safety indicators in RCA with a 4% sodium citrate solu-
tion in prolonged HD with the Hybrid Genius® System in 
critically ill patients with AKI.

Profile of patients and clinical outcomes
In the present study, the outcomes of length of stay (30.7 
days), general in-hospital mortality (84.9%), and in-hos-
pital mortality in COVID-19 (93.1%) were high. The pro-
portion of patients who achieved KDIGO stage 3 AKI 
was 67.4%. A prospective cohort carried out at a public 
university hospital in São Paulo in the first 90 days of 
the pandemic evaluated 101 patients hospitalized with 
COVID-19, 51.9% of which required an ICU. Of these 
critically ill patients, 77.3% developed AKI, and the third 
KDIGO stage was the most frequent (58.9%). Acute RRT 
was indicated in 61.5% of patients, and mortality was 
65.4% [21].

In the present study, most patients (84.9%) had AKI 
on admission to the ICU, denoting a probable more 
severe clinical picture of the studied sample. This sam-
ple consisted of 29 patients with COVID-19, represent-
ing 59.18% of the total. Of these, 68.96% were receiving 
vasoactive medications, and 82.7% were on mechanical 
ventilation. Therefore, a higher occurrence of mortality is 
expected.

Pre- and post-dialysis biomarkers
Ionic calcium increased slightly post-session (4.39–4.56 
mEq/l) but remained in the normal range (4.5–5.3  mg/
dl). The dialysis solution available at the service contains 
calcium, but calcium chloride infusion probably influ-
enced these values. Calcium monitoring when using 
RCA is justified because this medication reduces iCa in 
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the extracorporeal circuit (since it is an essential cofactor 
of the coagulation cascade). Up to 50% of the citrate-cal-
cium complex is removed through the hemofilter during 
the first pass. Then, calcium gluconate infusion may be 

necessary to avoid a negative balance and compensate for 
calcium losses. However, not all protocols recommend 
this infusion [13].

Fig. 1 Flowchart for inclusion and exclusion of data and research subjects. RASC, Regional anticoagulation with sodium citrate. Authorship: Isabel Cristina 
Reinheimer
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Urea was above the reference value (19–43  mg/dl) in 
the pre-session and urea increased in post-session con-
centration (107–114 mg/dl). Among the possible limita-
tions that justify it is the time of test collection, which did 
not occur shortly after the end of dialysis (recalling that 
it occurred during the COVID-19 pandemic). This limi-
tation in this retrospective study is due to the fact that 
there is no research protocol. In this regard, it is also 
known that urea is a marker of nutritional performance. 

HD patients have a high prevalence of malnutrition [22]. 
In general, critically ill patients may have 20% muscle loss 
in the first 10 days of hospitalization [23].

Is important to note that the Hybrid Genius® Sys-
tem is a unique hemodialysis system that has the ability 
to keep the fresh and waste dialysate separated, despite 
both being stored on a unique reservoir. This is possible 
because of the dialysate tank, a glass container with a 
capacity to store 90 L of dialysis solution. Both dialysates, 
the used and the fresh, are kept in the same tank, but they 
do not mix. The difference in density and temperature is 
what keeps both liquids separated, were the wasted dialy-
sate will remain on the bottom of the tank with the fresh 
one above it [6].

Safety and effectiveness indicators
The main disadvantage of RCA use is metabolic and elec-
trolyte disturbances (hypocalcemia, metabolic alkalosis, 
and hypernatremia) [24]. As shown in Table 2, the analy-
sis of safety indicators showed that post-session sodium 
and bicarbonate concentrations remained within refer-
ence values. Dysnatremia occurred in 15% of sessions, 
and metabolic alkalosis was observed in 9.4% of those.

In the present study, the median flow of 4% sodium 
citrate infused in patients was 260 ml/h, with a citrate 
dose of 30 mmol/h. The median flow of the calcium chlo-
ride replacement solution was 22 ml/hour, with a calcium 
dose of 1.84 mmol/h. The occurrence of hypernatremia 
was evidenced in 1 session (1.8%). In the retrospective 

Table 1 Study sample characterization variables
Variables (n = 49 patients, 53 sessions) Measurements
Men, n (%) 37 (69.8)
Age (years), median (IQR) 53.8 (40-68)
Weight (kg), median (IQR) 79.94 (69-87)
ICU stay days, median (IQR) 30.73 (15-40)
Therapy indication
 Refractory hyperkalemia, n (%) 10 (18.9)
 Refractory metabolic acidosis, n (%) 14 (26.4)
 Uremic syndrome, n (%) 5 (9.4)
 Refractory hypervolemia, n (%) 14 (26.4)
 Dysnatremia, n (%) 6 (11.3)
 Intoxication, n (%) 5 (9.4)
 Anuria, n (%) 38 (71.6)
Blood flow (mL/min), median (IQR) 150 (120-150)
Sodium citrate flow 4% (mL/h), median (min-max) 260 (130-270)
Dose of sodium citrate (mmol/h), median (min-max) 30 (15-31)
Calcium gluconate replacement flow (mL/h), median 
(min-max)

22.0 (8-25)

Dose of calcium replaced (mmol/h), median 
(min-max)

1.84 (1.84-2.30)

Comorbidities
 CKD, n (%) 28 (52.8)
 Coronary artery disease, n (%) 14 (26.4)
 Diabetes Mellitus, n (%) 27 (50.9)
 Arterial Hypertension, n (%) 32 (61.5)
 Obesity, n (%) 17 (32.1)
 COVID-19, n (%) 29 (54.7)
General in-hospital mortality, n (%) 45 (84.9)
 In-hospital mortality from COVID-19, n (%) 27 (93.1)
CKD, n (%) 14 (26.4)
 Stage GFR 2, n (%) 1 (1.9)
 Stage GFR 3, n (%) 2 (3.8)
 Stage GFR 4, n (%) 5 (9.4)
 Stage GFR 5, n (%) 6 (11.3)
AKI on arrival from the ICU, n (%) 45 (84.9)
 KDIGO I, n (%) 4 (9.3)
 KDIGO II, n (%) 10 (23.3)
 KDIGO III, n (%) 29 (67.4)
Administration of vasoactive drug, n (%) 34 (64.2)
Mechanical ventilation, n (%) 43 (82.7)
IQR, interquartile range; ICU, intensive care unit; CKD, chronic kidney disease; 
GFR, glomerular filtration rate; KDIGO, Kidney Disease Improving Global 
Outcomes (AKI Staging)

Note: Data were expressed as median and IQR for quantitative variables. 
Minimum and maximum values were used for the sodium citrate and calcium 
gluconate flow results

Table 2 Results of Study Safety Indicators and Study Biomarkers
Safety Indicators
Variables (n = 53 sessions) Pre session Post 

session
HCO3 (mmol/L), median (IQR) 25.5 

(22.3-28.2)
25.85 
(23.8-28.25)

Na, (mEq/L), median (IQR) 138 
(135-141)

136 
(134-140)

Metabolic Alkalosis, n (%) 5 (9.4)
Dysnatremia, n (%) 8 (15.0)
 Hypernatremia, n (%) 1 (1.8)
Biomarkers
Variables (n = 53 sessions) Pre session Post 

session
Ur (mg/dL), median (IQR) 107 (59-166) 114 

(66-162)
iCa* (mg/dL), median (IQR) 4.39 

(4.1-4.71)
4.56 
(4.04-4.9)

K (mEq/L), median (IQR) 4.3 (3.6-4.8) 4.3 
(3.6-4.9)

Hb (g/dL), median (IQR) 7.9 (6.8-9.2) 8.05 
(6.9-8.7)

* Data observed in 15 of the 53 sessions

Cr, creatinine; Ur, urea; Na, sodium; HCO3, bicarbonate; iCa, ionic calcium; K, 
potassium; Hb, hemoglobin; IQR, interquartile range. Note: Sample number = 
49 patients, 53 sessions
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study by Wen et al., which evaluated 808 sessions with 
RCA with a 30% citrate solution, 1 HD session was inter-
rupted due to sodium disturbance [11]. In this regard, the 
literature describes hypernatremia as a potential adverse 
event of RCA, with an uncommon occurrence when 
using a dialysate or replacement fluid with lower sodium 
concentrations or both [25, 26]. The infusion of concen-
trated sodium citrate resulted in sodium overload for the 
patient (420 mmol/l in a 4% solution and 3,060 mmol/l 
in a 30%), but this was not a significant problem in our 
study. Even using a dialysate with 135 mmol/l of sodium, 
dysnatremia was uncommon, hypernatremia being a rare 
event. In addition, the sodium content of other infusions 
and intravenous fluids, in addition to enteral feeding, 
must be considered to maintain the patient’s electrolyte 
balance [12].

Another potential adverse event in RCA is metabolic 
alkalosis. As previously described, the filter removes up 
to 50% of the citrate-calcium complexes. Those that enter 
the systemic circulation dissociate, and the Krebs cycle 
metabolizes citrate (mainly in liver cells). In the end, one 
citrate molecule produces energy and three bicarbon-
ate molecules. Therefore, sodium citrate acts as both an 

anticoagulant and a buffer base. Thus, the acid-base bal-
ance of patients should be monitored since there is a risk 
of metabolic alkalosis [13, 14].

In the study by Wen et al., four interruptions of the 
dialysis session due to electrolyte and metabolic dis-
turbances were observed, two of which were metabolic 
acidosis. This study reported no interruption due to alka-
losis [11]. In the present study, the bicarbonate concen-
tration increased after the session (25.5–25.85 mmol/l), 
remaining within the reference values   (22–28 mmol/l). 
However, metabolic alkalosis was observed in 5 sessions, 
and there was no detection of acidosis occurrence.

Regarding the effectiveness indicators shown in 
Table 3, system coagulation occurred in 17.3% of the HD 
sessions. A similar result was described by Schneider et 
al., which showed 19% coagulation with RCA using a 4% 
sodium citrate solution [25]. Wen et al. reported circuit 
coagulation in 38 sessions (5% of the total), yet, the RCA 
concentration was 30%. [11].

The second effectiveness indicator evaluated in the 
present study was the minimum completeness ≥ 80% 
of the prescribed HD time, which was 75.5% (Table  3). 
When assessing the sessions that reached 100% of the 
prescribed HD time, the result was 69.8%. A similar per-
centage appeared in the prospective study by Schneider 
et al., in which full dialysis time occurred in 73 of the 
103 treatments (71% of sessions). However, the study 
occurred with 34 patients divided into 6 anticoagulation 
protocols. Only 11 sessions were performed with RCA 
using a 4% sodium citrate solution [25].

Quality indicators (QIs) in acute dialysis
In ICUs and dialysis units, it is essential to measure dialy-
sis performance to promote treatment effectiveness and 
patient safety [27]. For this, information supported by 
valid and reliable data is imperative when analyzing the 
treatment provided [28] and developing quality indica-
tors [29].

Quality Indicators (QIs) represent methods for evaluat-
ing the performance of target areas of the health system. 
They seek to measure, monitor, analyze, and communi-
cate the effectiveness of actions and services. Gener-
ally, QIs use the Donabedian triad, which proposes the 
evaluation of health care through Structure Elements 
(where they are provided), Process Elements (how they 
are provided), and Outcome Elements (the effects of care 
delivery). In the present study, QIs that are similar to the 
parameters of two domains of the referred method were 
analyzed: Process Element (minimum completeness of 
prescribed HD time) and Result Elements (dysnatremia 
and metabolic alkalosis and system coagulation).

One study sought to develop a method to assess how 
improving the quality of dialysis delivered to patients 
could impact clinical outcomes. Three categories of 

Table 3 Results of the effectiveness indicators evaluated in the 
study
Variables (n = 53 sessions) Measurements
Pause of Therapy, n (%) 12 (22.6)
 Reason for the pause
  Hemodynamic instability, n (%) 2 (3.7)*
  Catheter thrombosis, n (%) 1 (1.9)
  System coagulation, n (%) 9 (17.3)
Prescribed time (hours), median (IQR) 12.32 (8-15)
Run time (hours), median (IQR) 10.5 (6-12)
Total of sessions, n 53
 Completeness of prescribed time
  100-80%, n (%) 40 (75.5)
  79-70%, n (%) 1 (1.89)
  69-60%, n (%) 2 (3.77)
  < 60%, n (%) 10 (18.9)
COVID-19 patients, n 29
 Completeness of prescribed time
  100-80%, n (%) 22 (75.9)
  79-70%, n (%) 1 (3.4)
  69-60%, n (%) 1 (3.4)
  < 60%, n (%) 5 (17.2)
COVID-19 patients with VAD, n 20
 Completeness of prescribed time
  100-80%, n (%) 15 (75)
  79-70%, n (%) 1 (5)
  69-60%, n 0
  < 60%, n (%) 4 (20)
*Pause in the session occurred in 2 patients with COVID-19 who presented 
hemodynamic instability

VAD,vasoactive drug; IQR, interquartile range
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objective metrics were established for the filter, prescrip-
tion, and fluid balance in order to perform quarterly 
reviews to drive staff training and measure care perfor-
mance. A total of 184 critically ill patients on continuous 
HD from 2012 to 2017 were evaluated. The study con-
cluded that implementing QIs can support the develop-
ment of metrics to assess the performance of institutional 
standards of continuous HD, specifically in compliance 
with the proposed care [30].

Again, it is worth mentioning that no specific studies 
that addressed Quality Indicators in prolonged HD were 
found. Nor were they carried out in a hybrid system using 
RCA at a 4% concentration. Thus, the present study pro-
posed to present data that could contribute to the discus-
sion on the subject and provide insights that collaborate 
with new research in the area.

Limitations
The present study did not evaluate direct safety measures 
(which would be the accumulation of sodium citrate in 
the serum) and the effectiveness of anticoagulation (con-
trol of the iCA level in the circuit, which is performed 
through a port located after the hemofilter). The pres-
ent study evaluated indirect measures (which were the 
biomarkers and aspects related to the dialysis session). 
Based on this, it is essential to carry out prospective stud-
ies with research protocols based on clinical practices 
that produce results that can guide care therapy and work 
processes.

Conclusion
The Quality Indicators evaluation showed that using 
RCA with a 4% sodium citrate solution in prolonged 
HD in critically ill patients with AKI can be performed 
safely, effectively, and in a simple way using the Genius® 
hybrid system. Thus, hypertonic sodium citrate use is an 
alternative for anticoagulation in this dialysis system. In 
conclusion, the QIs results are relevant parameters for 
evaluating acute RRT delivered to patients.

Abbreviations
HD  Hemodialysis
RCA  Regional Citrate Anticoagulation
IQs  Quality Indicators
AKI  Acute Kidney Injury
ICU  Intensive Care Units
HTA  Health Technology Assessment
ADQI  Acute Disease Quality Iniciative
HSL  Hospital São Lucas
PUCRS  Pontifical Catholic University of Rio Grande do Sul (PUCRS)
RRT  Renal Replacement Therapy

Acknowledgements
The authors wish to sincerely thank School of Medicine, the Graduate program 
of Medicine and Health Sciences of Pontifical University of Rio Grande do Sul 
and University of Caxias do Sul for supporting this study. We also would like 
to thank the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
– Brazil (CAPES) for funding the study and CNPq (National Council of Scientific 
and Technological Development) 

Authors’ contributions
J.A.M.V., I.C.R e C.E.P.F. participated in all stages of the study. L.S.S. participated 
in the analysis and interpretation of data for the work and had a critical role in 
revising the work critically for this important intellectual content. A.C.S.; F.K.H.; 
L.A.S.; L.P.S.; R.J.E.R.; J.B.S.; L.F.F.; V.C.S. participated in the acquisition, analysis, 
and interpretation of data for the work. D.C.S.; K.P.N. participated in the 
acquisition and analysis of data for the work. All authors read and approved 
the final manuscript.

Funding
This study was financed in part by the Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior – Brasil (CAPES) – Finance Code 001. C.E.P.F and L.S.S 
have been approved as a PQ-1B and PQ-2 CNPq (National Council of Scientific 
and Technological Development) researcher - CNPq call 09/2022.

Data availability
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Competing interests
This research project does not have funding from the company that produces 
the hybrid Genius® 90 system nor from the company that manufactures 
sodium citrate. The author C.E.P.F. participated in the HDFit study supported 
by Fresenius Medical Care and consulted for the company. The other authors 
have no conflicts of interest to declare.

Ethics approval and consent to participate
This study was approved by Pontifical University of Rio Grande do Sul ethics 
committee under number CAEE 58867722.9.0000.5336. The study presents 
secondary data that was extracted from electronic medical records from the 
Hospital information system (Soul Mv®). The need for informed consent was 
waived by the ethics committee because of the retrospective nature of the 
study. The general law of personal data protection was respected and was in 
accordance with Declaration of Helsinki.

Consent for publication
Not applicable.

Author details
1Department: Nephrology Service, Pontifícia Universidade Católica do Rio 
Grande do Sul - PUCRS, Av. Ipiranga, 6681 - Escola de Medicina - Prédio 
12, Porto Alegre, Rio Grande do Sul CEP 90619-900, Brazil
2Academic Master’s and Doctorate Degree in Health Sciences, 
Universidade de Caxias do Sul (UCS), Street Francisco Getúlio Vargas, 
1130, Caxias do Sul, Rio Grande do Sul 95070-560, Brazil

Received: 11 June 2023 / Accepted: 21 September 2023

References
1. Reis T, Colares VS, Rocha E, YOUNES-I M, et al. Acute kidney injury and renal 

replacement therapy: terminology standardization. Brazilian J Nephrol. 
2022;44(3):434–42.

2. Berbece A, Richardson R. Sustained low-efficiency dialysis in the ICU: cost, 
anticoagulation, and solute removal. Kidney Int. 2006;70(5):963–68.

3. Patel R, Pirret AM, Mann S, et al. Local experience with the use of sustained 
low efficiency dialysis for acute renal failure. Intensive Crit Care Nurs. 
2009;25(1):45–9.

4. Ricci Z, Ronco C. Dose and efficiency of renal replacement therapy: continu-
ous renal replacement therapy versus intermittent hemodialysis versus slow 
extended daily dialysis. Crit Care Med. 2008;36(4):229–37.

5. Kihara M, Ikeda Y, Shibata K, et al. Slow Hemodialysis Performed dur-
ing the day in managing renal failure in critically III patients. Nephron. 
1994;67(1):36–41.

6. Fresenius Medical Care. Sistema de Terapia GENIUS® p. Visão geral da GENIUS® 
90. https://www.freseniusmedicalcare.com.br/pt-br/profissionais-de-saude/

https://www.freseniusmedicalcare.com.br/pt-br/profissionais-de-saude/terapias-agudas/sistema-de-terapia-geniusr


Page 9 of 9Vieira et al. BMC Nephrology          (2023) 24:353 

terapias-agudas/sistema-de-terapia-geniusr (5 January 2023, date last 
accessed).

7. Custodio FB, Lima EQD. Hemodiálise estendida em lesão renal aguda. Brazil-
ian J Nephrol. 2013;35:142–6.

8. Zarbock AA, Küllmar M, Kindgen-Milles D, Wempe C, et al. Effect of regional 
citrate anticoagulation vs systemic heparin anticoagulation during continu-
ous kidney replacement therapy on dialysis filter life span and mortality 
among critically ill patients with acute kidney injury: a randomized clinical 
trial. JAMA. 2020;324:1629–39.

9. Fiaccadori E, Regolisti G, Cademartiri C, et al. Efficacy and safety of a citrate-
based protocol for sustained low-efficiency dialysis in AKI using standard 
dialysis equipment. Clin J Am Soc Nephrology: CJASN. 2013;8(10):1670.

10. Khwaja A. KDIGO Clinical Practice Guidelines for Acute kidney Injury. Neph-
ron. 2012;120(4):c179–84.

11. Wen M, Kuchle C, Steubl D, et al. A novel citrate-based protocol versus hepa-
rin anticoagulation for sustained low-efficiency dialysis in the ICU: safety, 
efficacy, and cost. BMC Nephrol. 2018;19(1):79.

12. Morabito S, Pistolesi V, Tritapepe L, et al. Regional citrate anticoagulation 
for RRTs in critically ill patients with AKI. Clin J Am Soc Nephrology: CJASN. 
2014;9(12):2173.

13. Brandenburger T, Dimski T, Slowinski T, et al. Renal replacement therapy and 
anticoagulation. Best Pract Res Clin Anaesthesiol. 2017;31(3):387–401.

14. Lahmer T, Messer M, Rasch S, et al. Sustained low-efficiency dialysis with 
regional citrate anticoagulation in medical intensive care unit patients with 
liver failure: a prospective study. J Crit Care. 2015;30(5):1096–00.

15. Yu W, Zhuang F, Ma S, et al. Optimized calcium supplementation approach 
for regional citrate anticoagulation. Nephron. 2019;141(2):119–27.

16. Inahta. The International Network of Agencies for Health Technology Assess-
ment Glossary [helth technology assessment]. http://htaglossary.net/health+
technology+assessment. (9 January 2023, date last accessed).

17. Rewa OG, Tolwani A, Mottes T, et al. Quality of care and safety measures of 
acute renal replacement therapy: workgroup statements from the 22nd 
acute disease quality initiative (ADQI) consensus conference. J Crit Care. 
2019;54:52–7.

18. Wood S. Generalized additive models: an introduction with R 2 an introduc-
tion with R. Generalized additive models. London: Chapman & Hall, 2017.

19. Bonett DG, Wright TA. Sample size requirements for estimating Pearson, 
Kendall and Spearman correlations. Psychometrika. 2000;65(1):23–8.

20. Cleveland WS, Loader C. Smoothing by local regression: principles and meth-
ods. Statistical theory and computational aspects of smoothing: Springer, 
1996, 10–49.

21. Zamoner W, Santos CADS, Magalhães LE, et al. Acute kidney injury in 
COVID-19: 90 days of the pandemic in a brazilian public hospital. Front Med. 
2021;8:622577.

22. Ratcliffe LE, Thomas W, Glen J, et al. Diagnosis and management of iron 
deficiency in CKD: a summary of the NICE guideline recommendations and 
their rationale. Am J Kidney Dis. 2016;67(4):548–58.

23. Van Gassel RJ, Baggerman MR, Van De Poll MC. Metabolic aspects of 
muscle wasting during critical illness. Curr Opin Clin Nutr Metab Care. 
2020;23(2):96–101.

24. Raina R, Chakraborty R, Davenport A, et al. Anticoagulation in patients with 
acute kidney injury undergoing kidney replacement therapy. Pediatr Nephrol. 
2022;37(10):2303–30.

25. Schneider M, Liefeldt L, Slowinski T, et al. Citrate anticoagulation protocol for 
slow extended hemodialysis with the Genius® dialysis system in acute renal 
failure. Int J Artif Organs. 2008;31(1):43–8.

26. Morgera S, Scholle C, Melzer C, et al. A simple, safe and effective citrate 
anticoagulation protocol for the Genius® dialysis system in acute renal failure. 
Nephron - Clinical Practice. 2004;98(1):c35–c40.

27. Vieira C, Da Silva DR, Prates CG. Segurança do Paciente em Serviços de Diálise 
- Rotinas e Práticas. São Paulo: Balieiro; 2019.

28. Vieira C, Alcorta NK, Gueresi R. Qualidade em Serviços de Diálise. Teoria e 
Prática. São Paulo: Balieiro,: Piracicaba; 2022.

29. Ostermann M, Bellomo R, Burdmann EA, et al. Controversies in acute kidney 
injury: conclusions from a kidney disease: improving global outcomes 
(KDIGO) Conference. Kidney Int. 2020;98(2):294–309.

30. Mottes TA, Goldstein SL, Basu RK. Process based quality improvement 
using a continuous renal replacement therapy dashboard. BMC Nephrol. 
2019;20(1):1–10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://www.freseniusmedicalcare.com.br/pt-br/profissionais-de-saude/terapias-agudas/sistema-de-terapia-geniusr
http://htaglossary.net/health+technology+assessment
http://htaglossary.net/health+technology+assessment

	Quality indicators in prolonged hemodialysis with regional citrate anticoagulation with the genius system: retrospective cohort of critical patients with acute kidney injury
	Abstract
	Key learning points
	Introduction
	Materials and methods
	Results
	Discussion
	Profile of patients and clinical outcomes
	Pre- and post-dialysis biomarkers
	Safety and effectiveness indicators
	Quality indicators (QIs) in acute dialysis

	Limitations
	Conclusion
	References


