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Abstract

Background:

This study aimed to investigate renal replacement therapy (RRT) practices in a representative nationwide sample of
French intensive care units (ICUs).

Methods:

From July 1 to October 5 2021, 67 French 1CUs provided data regarding their ICU and RRT implementation. We
used an online questionnaire to record general data about each participating ICU, including the type of hospital,
number of beds, staff ratios, and RRT implementation. Each center then prospectively recorded RRT parameters
from 5 consecutive acute kidney injury (AKI) patients, namely the indication, type of dialysis catheter used, type of
catheter lock used, type of RRT (continuous or intermittent), the RRT parameters initially prescribed (dose, blood
flow, and duration), and the anticoagulant agent used for the circuit.

Results:

A total of 303 patients from 67 ICUs were analyzed. Main indications for RRT were oligo-anuria (57.4%), metabolic
acidosis (52.1%), and increased plasma urea levels (47.9%). The commonest insertion site was the right internal
jugular (45.2%). In 71.0% of cases, the dialysis catheter was inserted by a resident. Ultrasound guidance was used in
97.0% and isovolumic connection in 90.1%. Citrate, unfractionated heparin, and saline were used as catheter locks in
46.9%, 24.1%, and 21.1% of cases, respectively.

Conclusions:

Practices in French ICUs are largely compliant with current national guidelines and international literature. The
findings should be interpreted in light of the limitations inherent to this type of study.



Introduction

Acute kidney injury (AKI) affects 30-60% of patients ad- mitted to the intensive care unit
(ICU) and is associated with increased morbidity and mortality, with one quarter of AKI
patients requiring renal replacement therapy (RRT). [ 1 ] Numerous studies have investigated
the optimal time for RRT initiation and compared the different RRT techniques available in
the ICU. However, actual practices at the bedside remain heterogeneous and warrant further
study. Indeed, most reports about RRT use in routine ICU practice are based on self-reported
questionnaires distributed by post or email, with low response rates or estimated responses. [
2-4 1 As a result, there was significant potential for bias in those studies resulting from a lack
of representativeness and generalizability with a mismatch between physicians’ declarations
(no doubt, believed to be ideal) and real-life bedside practices. Similarly, other surveys of
practices have only investigated specific aspects of RRT, such as the type of technique used
[5-7 ] or net ultra

AKT npatients requiring RRT is quickly captured in the scientific literature [ 10 ] and clinical
practice guidelines, [ 11 ] this is not always immediately translated into the daily practice of
ICU physicians, partly due to the wide heterogeneity in observed practices. [ 5, 12 ] This
heterogeneity may also be explained by the fact that international recommendations only
partially address the question of RRT and were developed > 10 years ago. [ 13, 14 ] In
France, national guidelines for RRT in the ICU were published in 2015. [ 15 ] A recent survey
of practices using an online self-reported questionnaire found a good level of reported
compliance with these recommendations. [ 16 ] In view of the limitations of previous studies
and online self-report questionnaires, there is a compelling need to observe and report real-life
bed- side practices in managing patients with RRT using a large-scale, representative and
nationwide sample of hospitals with ICUs of varying sizes and specificity. Therefore, this
study aimed to per- form a practice evaluation to describe real-life RRT practices at the
patient’s bedside in French ICUs.

Methods

Participating centers

The READIAL study was performed from July 1 to October 5 2021, in France. All 80 ICUs
that participated in the previous DIAM study [ 16 ] were contacted again by email with an
invitation to participate in the present READIAL study. ICUs that accepted to participate
were sent a unique identifier to access an initial online questionnaire (using the Lime Survey
platform), which collected general data on their ICU (e.g., the type of hospital [private,
public, academic, and non-academic], number of beds, physician-to-bed ratio, and nurse-to-
bed ratio); characteristics of staff responsible for implementing RRT (physician’s department
and number of years of experience); and the conditions in which RRT is implemented
(presence of a reference person trained in RRT, a department protocol or procedure for RRT
management, type of equipment available, and conditions of use).



RRT data recorded

After completing the online questionnaire, each participating ICU was requested to designate
a lead investigator responsible for using the CleanWeb platform to prospectively record data
on 5 consecutive patients with AKI requiring a first RRT session in the ICU. The data
recorded were the indication, type of dialysis catheter used, type of catheter lock used, type of
RRT (continuous or intermittent), the RRT parameters initially prescribed (dose, blood flow,
and duration), and the anticoagulant agent used for the circuit. The questions for this part of
the study were developed based on existing national guidelines for all these points [ 15 ] and
were tested by a panel of ICU physicians at the bedside to guarantee applicability and
relevance. The study questionnaire is in the Supplementary material.

Data management

Data collection was protected by the use of unique codes for each investigator. Individual
patient data was rendered anonymous by using a code comprising the participating center
number and a number from 1 to 5 (for the 5 consecutive patients) corresponding to the order
of patient inclusion. For some ques- tions, the investigators could choose several options,
explaining why the total exceeds 100% for these questions. The clinical investigation center
of our hospital was responsible for data management (certified ISO 9001 VV2015).

Ethical considerations

According to French legislation, no individual patient con- sent was required as no personal
patient data were recorded. Only technical data relating to the RRT procedure were recorded
to be compared with recommended practices. [ 15 ] Each participating ICU was informed
about the objectives and procedures for the study, and their agreement to participate was
inferred from the fact that they voluntarily connected to the study questionnaires and provided
the study information.

Table 1
Characteristics of participating insitutions and IQUs (n=67).

Characteristics Dot
Type of hospital
University hospital 2 (453
Public non university haspital BEGLE
Private non university hospital 231
I'ype of ICU
Madicl 0 (14.9)
Surgical 345
Mixed 34 (507
Bedsin ICU 156 +77
Tot]admissions in 2019 7121 + 3238
Number of full ime physicians 7.3+ 26
Number of full ime nurses 2.4 x 149
Patients/atending nurse ratio 27+ 04
Number of patients treated by intermittent RRT in 2019" 8621245
Number of intermittent RRT sessions in 2019 ¥A1 227
Number of patients treated by continuous RRT in 2019° 576 =697
Number of continuous RRT sessions in 2019° 23185+ 2317

Data are expressed as n (%) or Mean+standard deviation.
ICU: intensive care unit; RRT: Renal replacement therapy.
* Mean per center.



Results

Of the 80 ICUs contacted, 67 (83.8%) accepted to participate in the READIAL study. In total,
303 patients were included and analyzed. Fifty-five centers included 5 consecutive patients,
while 12 centers included between 1 and 4 patients. The characteristics of the participating
centers are described in Table 1.

Among the participating centers, there was an existing reference physician in 74.6% of
centers and a reference paramedical staff member in 92.5% of centers. In addition, 82.1% of
participating centers had a departmental protocol for managing the connection and
disconnection of the RRT circuit and monitoring alarms. Intermittent RRT and continuous
RRT were available 24 hours x7 days in 77.6% and 92.5% of the centers, respectively.

&

Figure 1. Main indications for initiating renal replacement therapy.

Figure 1 presents the main indications for initiating RRT. The most common indications for
RRT were oligo-anuria (57.4%), metabolic acidosis (52.1%), and an increase in plasma urea
levels (47.9%). Of note, patients could have multiple indications for initiating RRT. Among
the 295 patients who received a RRT catheter, the most common insertion site was the right
internal jugular approach (45.2%). Other insertion sites included the femoral veins (49.2%),
left internal jugular vein (5.1%), and right subclavian vein (0.5%) (Figure 2). The use of an
approach other than the right internal jugular was chiefly due to limited possibilities for using
alternative approaches ( Figure 3).

In the vast majority of cases (95.0%), double-lumen catheters were used, of which 81.9% had

a diameter of 12 French or more. Catheters shorter than 24 cm were predominant (89.0%)
when the insertion site was the internal jugular veins (right or left), while catheters 24 cm or
longer were used for the femoral vein (95.0%). The specific characteristics of the catheters are
detailed in Figure 4 . Coaxial catheters seem to be most commonly used (26.4%), most often
with a shotgun tip (45.7%). A resident inserted the dialysis catheter in 71.0% of the cases, and
ultrasound was used to identify landmarks or guide insertion in almost all cases (97.0%). The
insertion of the catheter without ultrasound guidance was justified by the experience of the
operator.
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Figure 2. Insertion sites of the first hemodialysis catheter for initiation of renal replacement therapy.

An isovolumic connection was used in 90.1% of cases and immediately after catheter
insertion in 70.0% of cases. Two nurses connected the circuit in 43.6% of cases, one nurse in
30.4%, a nurse with a physician in 21.6%, and a nurse with a nurse’s aide in 4.4%.

Citrate, unfractionated heparin, and saline 0.9% were the catheter locks used in 46.9%,
24.1%, and 21.1% of cases, respectively. An antibiotic catheter lock was used in 3.4% and
ethanol in 1.7% of cases.

Intermittent RRT was administered to 50.2% of cases during the first session. In most cases,
the physician considered this technique to be the most suited for the indication (71.7%) and
patient characteristics (30.3%). However, in 15.1% of patients, intermittent RRT was chosen
by default in the absence of access to continuous RRT. The mean duration, blood flow, and
dialyzate flow of intermittent RRT sessions were 4.5 + 2.5 h, 241.6 + 39.0 mL/min, and 469.5
+ 127.8 mL/min, respectively. In addition, the mean ultrafiltration volume during the sessions
was 438.0 + 241.3 mL/h, with a mean circuit temperature of 36.0 + 0.8 °C.

Regarding anticoagulation in intermittent RRT, 33 patients (21.7%) received curative
systemic anticoagulation. Unfractionated heparin (81.8%) was the most commonly used
anticoagulant and was administered intravenously, by an electric syringe pump, or
subcutaneously. In addition, 6 patients received oral anticoagulation with vitamin K
antagonists or direct oral anti- coagulants. In total, 111 (73.0%) patients received
anticoagulation during RRT sessions. Low-molecular-weight heparin was commonly used
(80.2%), while unfractionated heparin (15.3%) or citrate-containing dialyzate was less



common. In contrast no anticoagulation was used in 10.7% of intermittent RRT sessions
because the physician estimated a significantly high risk of bleeding. In patients who did not
receive anticoagulant, 37.5% had intermittent rinsing of the circuit.
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Figure 3. Factors explaining the insertion of the hemodialysis catheter via an approach other than the right internal jugular. ARDS: Acute respiratory distress
syndrome.

Continuous RRT was administered to 49.8% of cases during the first session. The most
commonly used form was continuous veno-venous hemofiltration (51.3%), followed by
continuous veno-venous hemodialysis (31.8%) and continuous veno-venous hemodiafiltration
(16.9%). The physician considered the chosen technique to be best suited for patient
characteristics (47.7%) and best mastered by the med- ical (45.6%) and paramedical team
(39.6%). Finally, this technique was chosen by default in 10.0% of patients due to a lack of
access to intermittent RRT. The main characteristics of the continuous RRT sessions were
reported to be as follows: mean blood flow of 171.5 + 56.2 mL/min; mean dialyzate flow of
2054.3 £ 902.7 mL/min; mean ef- fluent flow of 2442 + 824 mL/h; mean ultrafiltration flow
of 119.2 £ 77.5 mL/h; and mean circuit temperature of 37.9 £ 2.2 °C.
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Figure 4. Characteristics of the catheters used for renal replacement therapy.

Proportion of catheters

erforated Shotgun tip
tip



Forty-two patients (28.6%) received curative systemic anti- coagulation at the initiation of
continuous RRT. Unfractionated heparin was administered in 85.7% of cases, which was
connected directly to the circuit in a third of cases. Ninety-two patients (62.2%) had specific
anticoagulation of the circuit with citrate (63.7%), unfractionated heparin (35.2%), and
heparin-protamine sulfate in one case. In contrast, 27 patients (18.9%) had no anticoagulation
owing to an elevated risk of bleeding in 85.2% of cases. Two of the patients who did not
receive anticoagulants had intermittent rinsing of the circuit. The characteristics of the
sessions and anticoagulation according to the type of RRT (intermittent and continuous) are
detailed in Table 2 .

Discussion

The READIAL study highlights two types of practice gaps: first, the mismatch between the
practices declared by physicians in the prior DIAM study [16] and, second, the gap between
actual practices at the bedside and national guidelines [15] or the latest international
publications on the use of RRT in the ICU. [10, 11] This type of study is of paramount
importance for evaluating the uptake of guidelines developed by experts and professional
societies, whatever the setting. It enables the assessment of how well ICU physicians have
integrated the latest developments in their field, as published in the scientific literature, into
their management of patients in daily practice. In this regard, the READIAL study is the first
to be performed in France using this method- ology.

In this study, oligo-anuria was the main motive for initiating RRT in the ICU. This could be
because most ICU patients who develop AKI and need RRT have septic shock. [17] Septic
shock is responsible for circulatory failure, characterized by arterial hypotension with signs of
tissue hypoperfusion, ultimately leading to major kidney dysfunction; the first sign of this is a
sudden and substantial drop in glomerular filtration. [14] Initiation of RRT in case of oligo-
anuria and hydro-sodium overload may be indicated in this context and most often occurs
outside the context of a metabolic emergency (noticeable hyperkalaemia or treatment-
resistant metabolic acidosis) or clinical emergency (refractory pulmonary edema); although,
both these situations were cited as frequent indications in our study. Nevertheless, initiation of
RRT may have been decided by the participants based on developments in their clinical
situation or biological parameters, outside of any emergency initiation criteria.

Similar to findings from the DIAM study, elevated plasma urea level was another key
indication for RRT initiation in this study. [16] A “wait and see “approach to initiating RRT
in the ICU in patients with AKI was purported to be safe, as long as the emergency criteria
mandating immediate RRT were respected, [18] with a reduction in the frequency of RRT use
with the watchful waiting strategy. [19, 20] The more recent AKIKI 2 study, [21] which
evaluated the interest of delaying RRT initiation in patients with KDIGO stage 3 and no
emergency RRT criterion, reported an increased risk of death with the more-delayed vs. the
delayed strategy in multivariate analysis (hazard ratio for death at 60 days 1.65, 95%
confidence interval: 1.09-2.50, P = 0.018).

The exception to the waiting strategy is the study published by Zarbock et al., [22] in which a
significant reduction in mortality was observed in the early initiation group. However,
criticisms were leveled about the population of this study, including post-cardiac surgery
patients, with a theoretical indication for RRT due to pulmonary congestion. In contrast, older
sur-veys of practices found that physicians in Europe [12] and the United States [23] tended to



initiate RRT earlier, undoubtedly influenced by several meta-analyses performed several

years ago. [24-26]

Table 2
Characteristics of the sessions and anticoagu lation therapy accord ing to the type
of RRT (intermittent v continuous).
Intermiteent Contimuous
Characteristics RRT (n=152) RRT (n=151)
Session characteristics
Blood flow (ml./min) 2416 390 171.1 £562
Dialyzate fiow (ml,/min) g 78 20543 = 9M.7

Net ultrafiltration (ml/h)
Circuit temperatwre ("C)
Anticoagulation

495 1278

1192 £775

39 +22

Curative systemic anticoagulation 3L 42 (24.6)
Unfractionated heparin 7 (818) A% (88N
Low molecular weight heparin 0
Other 6(18.2)
Specific cranit anticoagulation 111 (73.0)
Unfractionated heparin 17 (153)
Low molecular weight heparin 9 (802)
Citrate 5(45)
Heparin - protamine sulfate Q
No anticoagulation 16 (10.7)
High risk of hemorrhage 8(5%0.0)
Recent hemorrhage 4(25.0)
Other (coagulation disorder) A(2B.0)

Data are expressed as n (%) or Mean+standard deviation.
RRT: Renal replacement therapy; SD: Standard deviat jon.

Using “care bundles “including biomarkers may help stratify patients at risk of developing
AKI, thereby reducing the frequency of AKI and the subsequent need for RRT. However, no
effect on mortality has been demonstrated to date. [27, 28] Conversely, Mendu et al. [29]
reported that using an algorithm to guide ICU physicians in deciding when to initiate or
interrupt RRT was associated with lower in-hospital mortality. According to this study, RRT
no longer appears to be initiated to maintain “inflammatory homeostasis ”, which is in line
with the literature [30-32] and results of the previous DIAM study. [16]

Regarding the criteria for the choice of RRT technique, we observed equal rates of use of
intermittent and continuous techniques. The reasons cited by the respondents for using one or
other of these techniques are quite pragmatic. Indeed, physicians tend to choose the technique
best suited to the patient’s characteristics and the indication for RRT. In the DIAM study, [16]
respondents reported a clear preference for continuous RRT to ensure better fluid
management, especially in hemo- dynamically unstable patients. French guidelines [15] and
published literature [33-36] do not reach a clear consensus regarding the superiority of one
technique over the other and recommend that the best technique is the one that is available
and best mastered by the clinical team. In this context, both techniques may be used
indiscriminately, taking into account the local availability of resources and the experience of
the medical team caring for the patient. [33] There are conflicting results regarding renal
function recovery according to the type of RRT used, [37, 38] although recently published
multicenter randomized controlled trials have shown no significant difference between
techniques. [39, 40] In addition, the choice of RRT technique may also be dictated by
familiarity and proficiency with the technique. Indeed, there may be no designated reference
person or expert in RRT in the ICU, or staff may suffer from a lack of training, particularly
for continuous RRT. In France, there is a tendency to work closely with nephrologists
specialized in intermittent techniques for managing patients with chronic renal insufficiency.
There are usually mandatory training sessions in a dialysis center to gain proficiency in
implementing the intermittent technique, but this is less common for continuous RRT. This
may be reflected in daily practice.



We found that regardless of the RRT technique chosen, the parameters reported by the
respondents are in line with French recommendations, [15] most likely because these
guidelines are based on a solid body of evidence in the literature. [41, 42] The dialysis circuits
are connected by two members of the care- giving team in the majority of cases, as
recommended by the guidelines. [1] In addition, isovolumic connections were used, enabling
better hemodynamic tolerance when the circuit starts to function. [43] Furthermore, the
average temperature was about 2 °C lower during intermittent RRT, with frequent use of a
high sodium concentration in the dialyzate to ensure optimal hemodynamic tolerance. [43]
Results concerning the insertion site of the RRT catheter and the use of ultrasound guidance
are also in line with recommendations. Similarly, there was high compliance to the catheter
size, i.e., > 12 French, and length adapted to the insertion site to limit recirculation. [15] The
preferential use of citrate as a catheter lock solution (around 50% of cases) in this study is
likely related to its innocuousness compared with heparin, which can affect hemostatics
parameters and increase the risk of bleeding. [44, 45] However, it should be noted that there
are no clear recommendations or data on the most appropriate type of catheter lock or whether
citrate is superior to other lock solutions. [46, 47]

In this study, anticoagulation of the RRT circuits was per- formed in accordance with the
guidelines, notably regarding contra-indications of certain treatments. In line with published
data, citrate was preferentially used in continuous RRT in the absence of systemic
anticoagulation to prolong the duration of the filter. [48-50] Our study also highlights the
efforts that have been made in practice over the last few years to improve the level of training
among caregiving staff(physicians and nurses) and to prepare and implement written
procedures, which are generally accompanied by a significant reduction in complications
during the initiation of RRT in the ICU. [43, 51]

This study has several strengths. The participation of centers with heterogeneous volumes of
activity and levels of expertise, thus improving the representativeness of practices nationwide.
In addition, data were collected prospectively and consecutively by the investigators in each
center, ensuring an accurate representation of real-life practices. Nevertheless, our study has
some limitations. The centers that accepted to participate in this study, as in the previous
DIAM study, [16] may have been particularly motivated and interested in RRT practices. In
addition, we did not record technical details of the RRT sessions due to potential difficulties
related to the different equipment in use across participating ICUs, rendering standardized
data col- lection difficult. Furthermore, some centers did not achieve the target accrual of five
consecutive patients; so, the practices may not be generalizable to all units or hospitals.
Finally, we did not collect data about the patients (clinical status or outcomes), the dialysis
filters, or the substitution fluids.

In terms of perspectives, this study raises interesting avenues for improvement for French
ICU doctors to improve compliance with existing guidelines. There is a clear need for more
training among medical and paramedical staff on RRT techniques. In addition, it would be
helpful to have designated reference persons who can provide advice, as well as written
protocols that are regularly updated, in critical care units. Furthermore, there is a need to
monitor staff turnover and absenteeism, high work- load, and slipshod training of newly
appointed staff, which may culminate in situations where practices are at odds with
recommendations, thus jeopardizing patient safety. The evaluation of professional practices
should be a key part of the physician’s profession, with a view to improving the quality of
care and the safety of patient management in the ICU. Finally, regular critical appraisal of the



literature and participation in formal continuing medical education sessions is essential to
maintain staff competencies in this and other areas.

Conclusions

This study collected prospective and consecutive data about real-life RRT bedside practices in
67 ICUs across France. It shows that practices are largely compliant with current national
guide- lines and the latest international literature. Nonetheless, the findings should be
interpreted in light of the limitations inherent to this type of study.
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