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Continuous renal replacement techniques (CRRT) can induce complications and monitoring is crucial
to ensure patient safety. We designed a prospective multicenter observational and descriptive study
using the DIALYREG registry, an online database located on a REDCap web-based platform that allows
real-time data analysis. Our main objective was to identify CRRT-related complications in our intensive
care units (ICUs) and implement security measures accordingly. From January 2019 to December
2020, we included 323 patients with admission diagnoses of medical illness (54%), sepsis (24%),
postoperative care (20%), and trauma (2%). CRRT indications were homeostasis (42%), oliguria (26%),
fluid overload (15%), and hemodynamic optimization (13%). The median initial therapy dose was

30 ml/kg/h (IQR 25-40), and dynamic adjustment was performed in 61% of the treatments. Sets were
anticoagulated with heparin (40%), citrate (38%) or no anticoagulation (22%). Citrate anticoagulation
had several advantages: more frequent dynamic CRRT dose adjustment (77% vs. 58% with heparin
and 56% without anticoagulation, p <0.05), longer duration of set (median of 55 h, IQR 24-72 vs.

23 h, QR 12-48 with heparin and 12 h, IQR 12-31 without anticoagulation, p <0.05), less clotting of
the set (26% vs. 46.7% with heparin, p <0.05), and lower incidence of hypophosphatemia (1% citrate
vs. 6% with heparin and 5% without anticoagulation). It was also safe and effective in subgroup
analysis of patients with liver disease or sepsis. The main global complications were hypothermia
(16%), hypophosphatemia (13%) and metabolic acidosis (10%). Weaning of the therapy was achieved
through early discontinuation (56%), nocturnal therapy transition (26%) and progressive SLED (18%).
52% of the patients were discharged from the hospital, while 43% died in the ICU and 5% died during
hospitalization. We can conclude that the DIALYREG registry is a feasible tool for real-time control of
CRRT in our ICU.

Abbreviations

AKI Acute kidney injury

CRRT Continuous renal replacement therapy

CVVHDF Continuous veno-venous hemodiafiltration

ICU Intensive care unit

IQR Interquartile range

MARS Molecular adsorbent recirculating system

SAPS Simplified acute physiology score

SEMICYUC  Spanish Society of Intensive Medicine and Coronary Care Units
SD Standard deviation
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SLED Sustained low-efficiency dialysis
SOFA Sequential organ failure assessment

About half of critically ill patients will suffer acute kidney injury (AKI) and 20% will require continuous renal
replacement therapy (CRRT) within the first week of admission in ICU'?. This situation is associated with a mor-
tality rate of 50%, and the accomplishment of best practices in the management of these techniques is essential
to improve outcomes in a highly vulnerable population.

The increasing incidence of AKI treated with CRRT and the improvements in safety and depurative efficiency
of the therapies has promoted an expansion of the indications and technical modalities of CRRT in Critical Care.
It has also forced us to deepen our knowledge in this setting and to give specific training to all the professionals
involved in its management.

Despite the high incidence of AKI in ICU, the frequent use of CRRT, and the complexity of the process, few
specific registries evaluate the use of these techniques in critically ill adult patients®. For this reason we developed
a multicenter registry in ICU that would allow us to analyze the demographic and epidemiological characteristics
of patients receiving CRRT, to detect and correct problems in the application of these therapies, and to identify
the advantages and disadvantages of different anticoagulation strategies.

Methods

Study design and setting. Our present study is a prospective, multicenter, observational study from the
DIALYREG registry. This is an online database located on a REDCap web-based platform providing legal guar-
antees regarding security and confidentiality and allowing for real-time data analysis.

The study was conducted in the Intensive Care Services of two third-level hospitals in Spain: University Hos-
pital 12 de Octubre and Regional University Hospital of Malaga. The University Hospital 12 de Octubre serves as
a specialized regional referral center for the south region of Madrid. It provides care for a population of 500,000
people, with 1300 beds for acute hospitalization, 38 surgical wards, and 2 heliports; as well as a polyvalent ICU
with 17 beds and 650 admissions of diverse complexity annually. The Regional University Hospital of Malaga
also serves as the regional referral center for the Malaga province. It provides care for a population of 400,000
people with 1017 beds for acute hospitalization, including 60 ICU beds receiving 2200 admissions annually.

The inclusion criteria for the registry were: adult patients (age > 18 years old) admitted to the ICU with AKI
who underwent CRRT. Patients that don’t meet these conditions were excluded. We collected data from January
2019 to December 2020. The variables analyzed are shown in Table 1. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

CRRT protocol. CRRT was performed using Prismaflex or Prismax Hemofiltration (HF) Set Systems (Bax-
ter Healthcare). The therapy was conducted and adjusted by intensivists according to the local protocol and the
patient’s specific needs, with ICU nurses assembling the circuit. The predominant modality of use was continu-
ous venovenous hemodiafiltration (CVVHDF) with a blood flow rate of 150-200 ml/min and an initial therapy
dose of 35 ml/kg/h distributed at 50% between dialysis and hemofiltration. Replacement fluids were infused
post-filter. We used fluids with low potassium and without phosphate in patients with severe hyperkalemia and
fluids with 4 mmol/l potassium and 1.2 mmol/l phosphate in the other cases. Protocolized change of the hemo-

Demographic

ICU admission criteria
ICU admission Date of ICU admission and discharge
Hospital and ICU discharge situation

Indication of therapy
Duration of therapy

Initial modality

Initial and final dose
CRRT characteristics Dynamic adjustment
Phosphate fluids utilization
Reason for removal
Weaning method
Associated complications

Total number of hemofilters
Filter duration

Hours lost during change
Hemofilter characteristics | Type of membrane

Type of anticoagulation
Number of therapy changes
Reason for removal

Total number of catheters
Diameter

Length

Duration

Type of catheter

Vascular access
Complications

Reason for removal

Catheter characteristics

Table 1. Collected variables from DIALYREG registry.
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filter was performed when transmembrane pressure reached 200 mmHg or at 72 h of utilization (maximum
filter lifespan according to manufacturer’s warranty). Our CRRT protocol practices a dynamic dose approach,
adjusting the treatment to the patient’s situation®.

We used unfractionated heparin at 500 IU/h (with or without associated epoprostenol) for anticoagulation of
CRRT in patients without significant thrombopenia (> 75,000 platelets per microliter of blood), coagulopathy or
high bleeding risk. We used citrate if any of the previous situations existed or if clotting was frequent (> 2 set/24 h)
with other anticoagulation methods. In some cases, it was possible not to use any anticoagulation method, taking
into account the specific risks and benefits of the patient.

In citrate setting, we used a standard therapy with a blood flow rate of 140 ml/min, dialysis of 1500 ml/h,
and replacement of 300 ml/h (calculated blood citrate concentration of 3 mmol/l). Monitoring of total calcium
and ionized calcium is set one hour after the CRRT and every 8 h after that, to maintain ionized calcium level
between 0.25 and 0.35 at the circuit and between 0.9 and 1.1 in patient’s blood.

The acid-base status, uremia, and electrolytes were also monitored daily and more frequent blood analyses
were undertaken if any complications developed.

Statistical analysis. The categorical variables are presented as incidence and percentage. The difference
between categorical variables was assessed by using the chi-square test or Fischer’s exact probability test. The
continuous variables with normal distribution and non-normal distribution were presented as mean+SD
(standard deviation) and median with IQR (interquartile range), respectively. Comparison between two groups
was performed using the Student’s t-test for normal distribution continuous variables and Wilcoxon signed-rank
test for non-normal distribution variables. p<0.05 was considered as statistically significant. All the statistical
analysis was performed by using SPSS software (IBM SPSS 22.0).

Ethical considerations. DIALYREG registry collection data and analysis was conducted in accordance
with the Helsinki Declaration and was approved by the Ethics Committee of University Hospital 12 de Octubre
and the Ethics Committee of Regional University Hospital of Malaga. Informed consent was obtained from the
patients or their family members during the admission to ICU.

Results

Baseline characteristics. Between January 2019 and December 2020, 323 patients were enrolled. The
admission diagnosis included: medical illness (54%), sepsis (24%), postoperative care (20%), and trauma (2%).
The main indication for CRRT was homeostasis (42%) followed by oliguria (26%), fluid overload (15%), and
hemodynamic optimization (13%).

The median of catheters per patient was 1 (IQR 1-1) with a median duration of 5 days (IQR 3-9) and a total of
424 catheters were used. 82% of catheters were coaxial dual lumen and the preferential vascular access was right
femoral vein (57%). Complications due to cannulation or the catheter itself were infection (1.7%), hematoma
(1.4%), and thrombosis (1.2%).

The median number of hemofilters per patient was 3 (IQR 2-6) with a mean set duration of 31 h (SD 24)
resulting in a total of 1316 hemofilters. The median initial therapy was 30 ml per kilogram per hour (IQR 25-40)
with dynamic adjustment in 61% of the treatments.

Anticoagulation (Table 2). The anticoagulation used for the sets was: heparin (40%), citrate (38%), and
no anticoagulation (22%). The initial and final dose of the therapy was similar between the three groups, but
dynamic adjustment was more frequent in the citrate group (77%) than in the heparin (58%) and no-anticoag-
ulation (56%) groups (p <0.05). The median set duration was longer in the citrate group (55 h, IQR 24-72) than
in the heparin (23 h, IQR 12-48) and no-anticoagulation one (12 h, IQR 12-31), (p <0.05). Eliminating SLED
(Sustained Low-Efficiency Dialysis), the median set duration was the same in the citrate group but longer in the
heparin group (38 h, IQR 21-52) and also the no-anticoagulation group (26 h, IQR 13-50), (p <0.05). Set clot-
ting was less frequent in the citrate group (26%) than in the heparin group (44%) (p <0.05).

Citrate Heparin Without anticoagulation
Number of patients 123 129 71
Total percentage 38% 40% 22%
Initial dose 32 ml/kg/h 33 ml/kg/h 29 ml/kg/h
Final dose 28 ml/kg/h 30 ml/kg/h 28 ml/kg/h
Dynamic adjustment | 76% 58% 54% p<0.05

Hemofilter duration

55h (IQR 24-72)

23h (IQR 12-48)

12 h (IQR 12-31)

p<0.05

Lost due to clotting

7%

16%

12%

Hypothermia

4%

5%

6%

Hypokalemia

3%

1%

1%

Hypomagnesemia

6.6%

2%

2%

p<0.05

Hypophosphatemia

1%

5%

6%

p<0.05

Metabolic acidosis

2.89%

3%

3.1%

Table 2. Characteristics and complications of CRRT by anticoagulation type.
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The differences between therapy complications due to hypothermia, hypokalemia, metabolic acidosis or
metabolic alkalosis were not statistically significant. We identified a higher incidence of hypophosphatemia in the
heparin (5%) and without anticoagulation (6%) groups than in the citrate group (1%). Also a higher incidence
of hypomagnesemia in the citrate group than in the other two groups (6.6% vs. 2% with p <0.05).

Outcomes. The main reason for discontinuation of the therapy was recovery of renal function (52%), fol-
lowed by death of the patient (33%) and transition to intermittent renal replacement techniques (11%). Interrup-
tion of therapy was due to planned interruption (36%), set coagulation (35%) or ending of the treatment (22%).
The main global complications were hypothermia (16%), hypophosphatemia (13%), metabolic acidosis (10%),
hypocalcemia (6%) and hypokalemia (5%).

Regional University Hospital of Malaga performed an initial analysis after the first eight months of data col-
lection and detected deviations from the hospital protocol that resulted in an increase in CRRT complications.
They developed a bundle of corrective actions and reevaluated their practice after a further three months. They
identified an increase in the use of citrate (from 16.7 to 34.4%, p <0.05), a lower percentage of therapy’s hours
lost (from 17.4 to 3.7%, p <0.05), and lower incidence of hypercalcemia (15.2 vs. 6.3%, p <0.05) and hypophos-
phatemia (27.5 vs. 17.7%, p <0.05).

Weaning of the therapy was performed by discontinuation without diuretics in 43% of the cases, nocturnal
therapy transition in 26%, progressive SLED in 18% and discontinuation with diuretics in 13% of cases.

52% of the patients were discharged from the hospital, while 43% died in the ICU and 5% died during
hospitalization.

Efficiency evaluation according to standard commercialization fees of sets and fluids, therapy dose and set
duration (eliminating SLED) led to a similar 72-h-therapy cost for a 70 kg patient (€827 with citrate vs. €783
with heparin) between different anticoagulation strategies in our series.

Specific subgroups.  Patients with liver disease. ~We analyzed data from patients with liver disease in our
series, resulting in a total of 37 patients and 145 hemofilters (Table 3). They presented with liver cirrhosis in
54%, postoperative care for liver transplantation in 37%, and acute liver failure in 7% of cases. The median age
was 55 years (IQR 46-66) and there was male predominance (78%). The indication for CRRT was homeostasis
(52%), fluid overload (26%), oliguria (11%), and hemodynamic optimization (11%).

The anticoagulation of the sets was: 39% heparin, 36% citrate, and 25% without anticoagulation. Discontinu-
ation of the therapy was due to set clotting in 17% of the no-anticoagulation hemofilters, 9% with heparin, and
3% with citrate. There were no statistically significant differences between therapy complications in the three
groups of anticoagulation. Citrate’s posology showed important stability without adjustments in the calcium
dose in 77% of the cases, with only one change in 2% and two changes in 16%. There were no cases of citrate
accumulation, bleeding complications, or transfusion requirements related to the technique.

Patients with sepsis. We analyzed data from the patients with sepsis in our series (Table 3): 75 patients and 281
hemofilters. The median age was 59 years (IQR 48-68) with a male predominance (60%). The source of sepsis
was: respiratory 37%, abdominal 22%, urinary 15%, intravascular 11%, skin and soft tissues 9%, central nervous
system 3%, and unknown 3%. Mean SOFA score was 9.3 (SD 3.8), mean SAPS II was 59 (SD 16.25) and mean
APACHE was 25 (SD 7.08). The indication of therapy was homeostasis (34%), oliguria (34%), hemodynamic
optimization (23%), and fluid overload (9%). Hemodynamic optimization was a more frequent indication in
patients with sepsis and fluid overload was a less frequent indication than in patients without sepsis (44% home-
ostasis, 28% oliguria, 9% hemodynamic optimization, and 19% fluid overload, p <0.05). Initial dose therapy was
35 ml/kg/h (IQR 25-40) with dynamic adjustment in 60% of the subgroup. A conventional polyethylene mem-
brane was used in 86% of the treatments, while high cut-off membrane was used in 11% and hemoadsorption
with Oxiris” membrane in 3%.

Global Liver disease Sepsis
Number of patients 323 37 75
Number of hemofilters | 1318 145 281
Respiratory 37%
Lo Abdominal 22%
0
g/éeg;(s:azl;gness 54% Cirrhosis 54% Urinary 15%
Pathology Pogto af. € 20% Post-liver transplantation 37% | Intravascular 11%
Traunlj:rZ‘Vw ° Acute liver failure 7% Skin and soft tissue 9%
’ CNS 3%
Unknown 3%
Homeostasis 42% Homeostasis 52% Homeostasis 34%
Indication Oliguria 26% Oliguria 11% Oliguria 34%
Fluid overload 15% Fluid overload 26% Fluid overload 19%
Hemodynamics 13% Hemodynamics 11% Hemodynamics 23%
1 0,
Heparin 40% gﬁg::elgg;b Heparin 27%
Anticoagulation Citrate 38% Without arfticoa ulation Citrate 26%
Without anticoagulation 22% 25% 8 Without anticoagulation 47%

Table 3. General characteristics of CRRT by pathology subgroup in our series.
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The choice of anticoagulation of the sets was: 27% heparin, 26% citrate, and 47% without anticoagulation. This
distribution led to a non-significant tendency towards not using anticoagulation in septic patients compared to
non-septic patients, probably due to the higher use of high-flow CRRT in this clinical setting, without resulting
in a higher proportion of set clotting. In the subgroup of patients with sepsis and citrate, there was no statistically
significant differences in complications, however we did identify 2 cases of citrate accumulation.

Other complications of the therapy (hypothermia, ionic or acid-base disturbances, transfusion requirements)
as well as reasons for removal and weaning methods in septic patients were all similar to patients without sepsis.

Survival of this subgroup of patients was 50% with a rate of mortality of 49% during ICU stay and 1% during
hospitalization.

Discussion

DIALYREG allowed us to understand our population from an epidemiological, clinical, and prognostic point
of view. It provided evidence of educational, investigator, quality, and efficiency interest. With its use, we have
been able to define the main indications, modalities, and doses applied to the CRRT in our ICUs and to resolve
doubts about the use of these techniques in patients with specific associated risks, such as patients with liver
disease or sepsis. We also detected hospital protocol deviations, as Regional Malaga Hospital’s analysis revealed.
This strengthens the idea that data collection of CRRT applied to our patients builds a security climate that
facilitates resource management®>.

A better understanding of our practice has allowed us to endorse those aspects in which we adhere to clinical
practice guidelines and international recommendations, such as the use of an average therapy dose of 30 ml/
kgb-1, dynamic dosing'!, or the low rate of therapy weaning with the use of diuretics (13%). It has also allowed
us to identify areas for improvement, such as the predominance of right femoral access in our catheters despite
right jugular access as preferable in terms of infection and thrombosis'>!">. However, our infection and thrombosis
rates were both less than 2%.

One of the objectives of our registry was to identify the advantages and disadvantages of the different anti-
coagulation methods that we apply to CRRT. Citrate-calcium based anticoagulation has several advantages over
heparin, including regional application and its use in patients with thrombopenia and/or coagulopathy'*-'¢. Its
use is more complex than the other anticoagulation systems. Familiarity with the equipment is essential, with
frequent monitoring of the ionic calcium both in the patient and in the circuit to ensure effective anticoagulation
and prevent accumulation'”!®, Thanks to DIALYREG, we identified a longer duration of citrate anticoagulated
sets in our series and a smaller proportion of clotting hemofilters in this setting, these findings are consistent
with other studies'-2!. Associated complications were less frequent with citrate than with other anticoagulation
methods, and we did not identify specific risks such as citrate accumulation or significant calcium alterations as
described by Schneider et al.'®. Its application in more demanding scenarios for CiCa depuration like patients
with liver disease or sepsis also confirmed its security with thorough monitoring, as other authors subscribe'*-%’.
The low proportion of acute liver failure in our series may have influenced these results, though®.

This establishes a thought about the percentage of citrate use seen in our series, with 36% in patients with liver
disease or 26% in patients with sepsis are probably less than desired. 47% of no anticoagulation in patients with
sepsis is probably excessive too. This probably relates to the use of high-flow therapies, in which citrate-calcium
adjustment may be more difficult to do. Besides that, other studies establish a proportion of no anticoagulation
between 30 and 60%>' .

The duration of the sets shows a wide variability depending on the series. Starting from similar set durations
under heparin in Hetzel et al.** (26 h) or Oudemans-van Straaten et al.>* (27.5 h) compared to 23 h in our case,
we have achieved longer durations with citrate than in previous studies: from 37.5 h in Hetzel et al.** or 28.5 h
in Oudemans-van Straaten et al.>® to 55 h in our case. Prolonged durations have also been described as Monchi
et al.*® (81.4 h) and Kutsogiannis et al.*” (125.5 h) showed.

Efficiency evaluation of the techniques shows that they have a similar cost, so the more frequent clotting of
filters may be the determining aspect. This results in a bigger healthcare workload and a potential harm to the
patient, who misses effective therapy hours and may increase blood loss due to the non-returnable clotting of
the set. It should also be considered that the ICU services involved in this study have extensive experience in
CRRT therapies. Efficiency may be even more favorable to citrate in services with shorter patency of heparin
anticoagulated circuits.

Due to the small sample size, we didn’t analyze specific therapies like hemoadsorption in patients with
cytokine-release-syndrome after oncohematologic therapies, plasmapheresis in myasthenia gravis patients,
or MARS as a bridge therapy to liver transplantation. The continuation of the registry and the inclusion of
other hospitals may help us to acknowledge unusual pathologies with growing incidence and a greater risk of
complications.

Our study has several limitations: First, the short period of inclusion (2 years, being one of them strongly
affected by the COVID-19 pandemic). Second, although the evaluation of indications for CRRT was not an objec-
tive of our registry and the application of these techniques is performed according to our protocol, we did not
collect AKI specific data before the initiation of the therapy to evaluate its appropriateness. Third, specific data
related to the patient’s comorbidities or nephrotoxic exposure that may be of interest in prognosis on patient’s
recuperation was not collected. Fourth, besides ICU and hospital mortality, functional data on quality of life,
chronic kidney injury development, or hemodialysis dependency was not collected. Finally, it is a multicenter
study but limited to just two hospitals, which also share a unified protocol of CRRT.

The benefits from the application of a multicenter registry in terms of security for our patients and the sim-
plicity of the REDCap platform have driven us to present the registry at the Nephrology Group meeting of the
Spanish Society of Intensive Medicine (SEMICYUC), in order to broaden its application to a National scope.
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We are also thinking about an international registry that could allow benchmarking strategies. The future of
CRRT could integrate monitoring and laboratory data with therapy characteristics and might be able to detect
and resolve complications from automated systems.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author on reason-
able request.
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