REVIEW

Renal replacement therapy in critically ill patients:

The increasing incidence of acute kidney injury has the immediate effect of a growing need for renal
replacement therapy (RRT). Shedding light on the questions of who, when, why, and how RRT should be
performed is difficult to accomplish because of ambiguous study results, poor quality evidence, and low

Critically ill patients are exposed to multiple factors known to deteriorate kidney function. Especially severe
fluid overload is strongly associated with worse outcome and may be considered as a trigger for initiating
RRT. In the absence of life-threatening complications, a strategy of early initiation of RRT might be most
advantageous keeping in mind the potential adverse effects of RRT. By providing better hemodynamic
stability and superior control of fluid balance continuous RRT is the first choice therapeutic tool as
compared with intermittent techniques. The femoral and jugular veins are the preferred insertion sites for
temporary catheters. Although data are still weak, there is some preliminary evidence that regional citrate

The best management of RRT is still a subject of controversy. Continuous RRT with regional citrate
anticoagulation via a temporary catheter in a jugular vein is the recommended first choice treatment option
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INTRODUCTION

Acute kidney injury (AKI) has increasingly been diag-
nosed over the last two decades [1]. Approximately,
22-57% of critically ill patients develop AKI during
their hospitalization [1,2]. The high incidence can be
attributed to an ever ageing population, associated
multimorbidity, high illness acuity, and a growing
number of highly invasive medical procedures,
whether they are surgical or interventional. The
rising need for renal replacement therapy (RRT) fur-
ther underlines the significance to optimize the qual-
ity and reliability of this technique [3-S5]. The kidney
disease: improving global outcomes (KDIGO) guide-
lines for AKI, which were published in 2012, diagnose
AKI through serum creatinine elevations and
decrease in urine output over a certain period of time
and give concrete suggestions on how to manage RRT
[6], but evidence remains limited and inconclusive
because of a lack of large high-quality randomized
controlled trials (RCTs) resulting in a wide variability
of clinical practice patterns.
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The purpose of this review is to outline current
knowledge and discuss recent advances aimed at
managing RRT in critically ill patients with AKI.

WHO

In critically ill patients, the development of AKI exac-
erbates the clinical disease course resulting in worse
short and long-term patient-centered outcomes,
including chronic kidney disease [7-10], sepsis
[11,12], gastrointestinal bleeding [13], cardiovascular
events [14,135], stroke [16], malignancy [17], fractures
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KEY POINTS

e Severe fluid overload is strongly associated with
mortality and is the most important trigger to initiate

RRT.

e Early initiation of RRT may reduce mortality.

e There is no evidence that a higher dose of RRT
improves survival.

e In hemodynamically compromised patients CRRT is the
preferred technique to deliver RRT.

e Jugular and femoral sites are the preferred localizations
for the placement of temporary dialysis catheters.

e Evidence is low whether RCA outperforms SHA with
regard to patient-centered outcomes.

[18], and death [2,8,19,20]. Typically, AKI is a conse-
quence of multiple etiologic factors. Comorbidities
(e.g., higher age, chronic kidney disease, diabetes)
and acute clinical conditions (sepsis, major surgeries,
mechanical assist devices, positive pressure ventila-
tion, vasopressor therapy) facilitate the development
of AKI [21™]. Additionally, critically ill patients are
often exposed to nephrotoxic agents (aminoglyco-
sides, vancomycin, contrast agents, and hypnotics),
further increasing the likelihood of AKI [6,22].

RRT s still the gold standard for treating patients
suffering from severe AKI, and beyond, it is the only
reliable therapeutic option. Apart from its detoxifi-
cation function, the primary goals of RRT are the
achievement and maintenance of electrolyte, acid—
base, and fluid balance. In particular, the deleterious
effects of fluid overload have become apparent over
the last two decades. The association of the degree of
fluid overload at the time of RRT initiation and
mortality has first been characterized in pediatric
patients [23]. This association could also be demon-
strated in critically ill adults in a variety of settings
[24,25"%,26-28]. A fluid accumulation of more than
10% of the body weight during the ICU admission
was strongly associated with higher mortality rates
[28]. Moreover, fluid accumulation has been shown
to worsen oxygenation during mechanical ventila-
tion [29]. The extent of fluid overload appears as a
reasonable criterion for the initiation of RRT.

WHEN

Initiation of renal replacement therapy

The KDIGO guidelines recommend to start RRT
emergently in case of life-threatening complications
such as severe changes in fluid, electrolyte, and
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acid—base balance, or in case of progressive decline
of renal function and concurrent serious worsening
of the patients’ clinical condition [6]. In fact, this
can be read the other way: In the absence of life-
threatening complications, the decision when to
initiate RRT remains at the discretion of the attend-
ing intensivist and is subject to his individual expe-
riences and preferences. The controversial issue of
an early vs. late initiation strategy of RRT has
recently attracted much attention. Theoretically,
both conflicting views, early and late, have their
pros and cons. The tight control of fluid balance,
electrolyte, and acid-base homeostasis requires
early initiation as imbalances are strongly associated
with worse outcome [27,28]. However, RRT is not
without complications (catheter-related blood-
stream infections, catheter insertion complications,
hemodynamic instability) and represents a tremen-
dous therapeutic escalation.

Just recently, the early versus late initiation of
renal replacement therapy in critically ill patients
with acute kidney injury trial (ELAIN) [30*] and
the artificial kidney initiation in kidney injury trial
(AKIKI) [31] trial have been performed to more explic-
itly analyze the effect of early vs. late initiation of RRT.
The ELAIN trial compared initiation of RRT at KDIGO
stage 2 (early group) vs. initiation at KDIGO stage 3
(late group). The authors implemented an inclusion
strategy which combined clinical criteria of AKI pro-
gression and a biomarker model to reduce the danger
to include patients, who would recover spontane-
ously without RRT from AKI. In the ELAIN trial, the
early group showed both improved survival and bet-
ter renal recovery rates as compared with the late
group. The AKIKI trial compared a strategy of initia-
tion of RRT at KDIGO stage 3 (early) with KDIGO
stage 3 and clinical indication (late) and did not
demonstrate a difference in mortality. But, only
51% of the patients in the late group received RRT.
That means that 49% of the patients in the late
group spontaneously recovered from AKI without
requiring RRT. If the patients in the late group,
who received RRT, were analyzed separately, mortal-
ity in the late group was significantly higher than in
the early group. Recently, Park ef al. performed a
multicenter cohort study in 607 patients and divided
early and late groups based on the median 6-h urine
output immediately prior to RRT initiation (early:
urinary output >0.24 ml/kg/h), late: urinary output
<0.24ml/kg/h) [32]. The results showed a signi-
ficantly improved survival in the early group
(P<0.01). Several meta-analyses on this issue
remained contradictory [33,34]. Anyhow, because
of the various definitions of early and late, included
studies show a high heterogeneity and limited
interpretability of the results. Two large RCTs
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(NCT01682590 and NCT02568722) are currently
underway. The Initiation of Dialysis EArly Versus
deLayed-ICU trial compares a strategy of early initia-
tion of RRT (within 12 h after diagnosing AKI stage ‘F’
according to the risk, injury, failure, loss, end-stage
(RIFLE) classification) with deferred initiation of RRT
(48-60h after the diagnosis of RIFLE ‘F’) with mortal-
ity as the primary outcome. The Standard vs. Acceler-
ated Initiation of RRT-AKI trial compares standard
(guided by the presence of one or more predefined
clinical indications) and accelerated RRT initiation
strategies (within 12 h after modified KDIGO stage 2).
Hopeftully, these large trials will add further important
insights to address this knowledge gap. It would be
helpful, if the design of future studies would integrate
the measurement of newly developed biomarkers.
Such an approach allows a more effective prognosti-
cation of AKI progression and better prediction of
dialysis-dependent renal failure [35,36].

Discontinuation of renal replacement therapy

Data on the optimal timing of RRT discontinuation
are scarce. Wu et al. [37] performed a retrospective
observational case-control trial aiming to identify
risk factors for redialysis in patients with postopera-
tive AKI. The authors found larger declines in
sequential organ failure assessment score and
increases in urine output in patients with successtul
RRT cessation [37]. Uchino et al. [38] performed a
post hoc analysis and found significantly lower
hospital mortality rates in patients with successful
RRT discontinuation. The predictive ability of urine
output was negatively affected by the use of diu-
retics. Receiver operating characteristic analysis
revealed that a urine output of 400 ml/d without
the use of diuretics was equivalent to an output of
2.330ml with diuretics with respect to the sensitiv-
ity and specificity of successful RRT termination.
Daily urea excretion and 2 and 24 h creatinine clear-
ance correlated in other studies with the success rate
of RRT weaning [39%,40,41].

The perspective that furosemide might improve
renal recovery after RRT received a strong damper by
Van der Voort et al. [42] who conducted a RCT. The
authors were unable to demonstrate differences in
renal recovery or duration of AKI. As already men-
tioned a strategy based on urinary biomarkers might
be an option to more accurately define the optimal
timing of RRT discontinuation in forthcoming
studies.

WHY

The primary goals of RRT in AKI are usually fluid and
solute removal. The dose on the basis of urea
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kinetics is typically used to measure the efficacy
of RRT in AKI. For intermittent techniques, urea
clearance is expressed via fractional urea clearance
(Kt/Vyrea = a dimensionless index of dialysis dose in
which K is the urea clearance of the dialyzer, t is the
duration of dialysis and V is the volume of distribu-
tion of urea). For continuous techniques, the clear-
ance of small solutes corresponds to the delivered
effluent rate: ultrafiltrate in continuous venovenous
hemofiltration, consumed dialysate in continuous
venovenous hemodialysis and the sum of ultrafil-
trate, and consumed dialysate in continuous veno-
venous hemodiafiltration.

Based on findings in patients receiving treat-
ment with chronic hemodialysis, it has been sug-
gested that the delivery of higher doses of RRT is
associated with better outcomes in patients suffer-
ing from AKI [43]. The results from initial prospec-
tive trials have confirmed this suggestion and
demonstrated an improved survival with high-dose
dialysis [43,44]. These observations could not be
confirmed by rigorous multicenter RCTs [45-47].
In the large multicenter acute renal failure trial a
strategy of intensive (intermittent technique, six
times/week or continuous techniques with pre-
scribed effluent rate of 35 ml/kg/h) vs. less intensive
RRT (intermittent technique, three times/week or
continuous techniques with prescribed effluent rate
of 20ml/kg/h) was compared [45]. Hemodynami-
cally compromised patients were treated with con-
tinuous (CRRT) or prolonged intermittent RRT
(PIRRT). Patients who were hemodynamically
stable received intermittent hemodialysis (IHD).
The results showed no differences in all-cause mor-
tality, rate of renal recovery, duration of RRT, or
development of nonrenal organ failure between
both study groups. However, the study did not make
a formal distinction between the different RRT tech-
niques, and treatment intensities were assigned
independent of the particular approach. Another
study, the randomized evaluation of normal versus
augmented level trial, compared two intensities of
CRRT: higher intensity (prescribed effluent volume
of 40 ml/kg/h) vs. lower intensity (prescribed efflu-
ent volume of 25 ml/kg/h) [46]. The results showed
no differences in mortality, renal recovery, or in the
occurrence of nonrenal organ failure. This was
also confirmed by the DOse REsponse Multicentre
International trial study group which compared
three groups of CRRT intensities (least intensive
(<20ml/kg/h) vs. less intensive (21-34ml/kg/h)
vs. higher intensive dose treatment (>35ml/kg/h))
and found no differences regarding mortality [47].
However, in all the three trials the actually delivered
dose was markedly lower than the prescribed dose.
On the basis of these findings, the KDIGO guidelines
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suggest a prescribed dose of 35 ml/kg/h for the man-
agement of CRRT to ensure that a target dose of
20-25ml/kg/h is consistently delivered [6].

HOW

Modalities

RRT modalities in the ICU include IHD, hybrid
techniques (e.g., PIRRT) and CRRT.

Originally, IHD was implemented in critically ill
patients for the treatment of AKI. After the intro-
duction of CRRT, the latter technique evolved as the
standard for the treatment of AKI in many countries.
The restrictive use of IHD in critically ill patients is
mainly explained by the hemodynamic variations
caused by high dialysate flows which are inevitable
in view of a fast removal of toxins. In contrast, CRRT
requires continuous anticoagulation, and makes
mobilization and rehabilitation more difficult.
Overall, it can be concluded that both techniques
have specific advantages and disadvantages and
consequently need to be considered as complemen-
tary therapies. This claim is supported by the
fact that there is no clear evidence for a survival
benefit of either technique [6,48-50]. To choose the
optimal RRT modality, clinical circumstances, espe-
cially patient-specific characteristics, need to be
considered.

In the setting of severe critical illness with
hemodynamic instability and fluid accumulation,
CRRT offers better control of volume homeostasis
[51]. Yet, meta-analyses evaluating the effect of the
different RRT modalities have shown heterogeneous
results [48,52]. A Cochrane data analysis disclosed
significantly higher mean arterial pressures during
CRRT as compared with IHD [median difference,
5.35; 95% confidence interval (CI), 1.41-9.29;
P <0.05] [52]. However, the occurrence of hypoten-
sive episodes was not different (relative risk (RR),
0.48; 95% CI, 0.10-2.28; P>0.05). Bagshaw et al.
[48] found significantly fewer episodes of hemody-
namic instability in patients treated with CRRT as
compared with IHD (OR, 0.66; 95% CI, 0.45-0.96;
P=0.03). As aresult of the low evidence, the KDIGO
guidelines suggest the use of CRRT in patients not
tolerating electrolyte imbalances (e.g., brain injuries
where rapid blood osmolality shifts may contribute
to increases in intracranial pressure) [6].

Intermittent techniques may be the preferred
modality in hemodynamically stable patients
whose therapeutic priority is mobilization and
rehabilitation. Data comparing PIRRT and CRRT
showed no significant difference between extended
daily dialysis and CRRT with respect to mortality,
renal recovery, fluid removal, and episodes of
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vasopressor escalation [49]. But yet, to this date
there is no consensus regarding the optimal mode
of RRT. On the other hand, there is some evidence
that initial therapy with CRRT in critically ill
patients with AKI reduces the likelihood of chronic
dialysis as compared with IRRT [53,54]. Liang et al.
[S5] analyzed retrospective data and found
improved renal recovery at 90 days in patients
initially treated with CRRT. However, the long-term
data were not consistent and no difference was
found after 1 year.

In summary, it can be said that critically ill
patients who are hemodynamically compromised,
should initially be treated with CRRT [6]. Transition
from CRRT to IRRT can be considered in case the
patient is hemodynamically stable and ready for
mobilization and accelerated rehabilitation.

Catheters

For the insertion of temporary dialysis catheters,
different target vessels are available. The femoral
and jugular sites are the preferred localizations [6].
Subclavian sites should be avoided because of a
predisposition to venous stenosis. The recently per-
formed three-sites trial demonstrated a significantly
higher risk of deep vein thrombosis when the jugu-
lar site was chosen as compared with the subclavian
site (hazard ratio, 2.1; 95% CI, 1.0-4.3; P=0.04)
[56]. As AKI is strongly associated with end-stage
kidney disease and consequently with the need for
permanent vascular access, it is recommended to
preserve the subclavian sites [6].

Complications of temporary catheters include
catheter-related bloodstream infections (CRBSI) and
catheter-tip colonization. As the risk is correlated to
exposure time, daily reassessment of RRT-catheter
is crucial. The occurrence differs between the differ-
ent catheter localizations. Arvaniti et al. [57] found
that subclavian and jugular sites have a similar risk
for the development of CRBSI. Parienti looked in
closer detail to CRBSI in jugular vs. subclavian cen-
tral catheterization and found higher rates at the
jugular site (RR, 1.80; 95% CI, 1.01-3.20; P=0.05)
[58]. Moreover, patients with higher BMI showed
higher incidence of catheter-tip colonization in the
femoral position and patients with lower BMI in the
jugular position [59]. There was no difference in
CRBSI. Catheter dysfunction was not different
between the femoral and jugular position. In the
femoral location, catheters shorter than 25cm or
with lower flow capacity may predispose to catheter
dystunction [59,60]. In the jugular location, access
via the left internal jugular vein is be related to a
higher degree of catheter dysfunction because of
anatomical reasons [59].
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Independent of the localization, ultrasound
guidance should be used for the insertion of RRT
catheters [6]. Ultrasound reduces the risk of place-
ment failure, arterial puncture, and rates of compli-
cation [61]. Dual lumen, step tip catheters with the
venous port 2-3 cm distal to the arterial port may
be the preferred type of catheter. These catheters
reduce the amount of recirculation and ensure
maximal RRT performance.

Anticoagulation

One of the disadvantages of CRRT is the need for
anticoagulation to prevent circuit clotting, prolong
filter life time and avoid thromboembolic compli-
cations. The KDIGO guidelines suggest to use
regional citrate anticoagulation (RCA) in patients
without contraindications rather than systemic
heparin anticoagulation (SHA) [6]. And yet, this
recommendation is based on low evidence.

In some countries, practitioners do not use any
anticoagulation for CRRT at all, although it has been
shown that anticoagulation prolongs filter life time
[62]. The use of anticoagulants is not without com-
plications. Systemic heparin may increase the risk of
bleeding, especially in surgical patients, the need for
blood transtusion, and the likelihood of heparin-
induced thrombocytopenia. As an alternative anti-
coagulant, citrate may lead to severe metabolic
imbalances and citrate accumulation [63]. As citrate
is mainly eliminated through the liver, liver disease
was suggested as a relative contraindication to RCA
[6]. But there is new evidence that RCA can safely be
used in patients with liver failure [64"] and after liver
transplant [65].

As the publication of the latest KDIGO guide-
lines, three new RCTs have been published, which
analyze the effects of RCA vs. SHA. These trials
uniformly disclose superior filter life spans and
fewer adverse events for RCA [66-68]. A difference
in survival between RCA and SHA could not
be detected [66,67]. This might be explained by
the fact that both studies were not powered for
the detection of a survival difference, and one study
was prematurely terminated because of a slow ran-
domization process [67]. Currently, there is one
large RCT ongoing which is powered for the two
primary outcomes filter life span and all-cause
mortality after 90 days (NCT 02669589). Hopefully,
the results will be conclusive to definitely answer the
question.

CONCLUSION

The question how to manage RRT remains unan-
swered at least in large parts. Since the publication
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of the KDIGO guidelines in 2012, many research
efforts have been undertaken, but the results are
contradictory and unclear. Critically ill patients
are predisposed for the development of AKI
because of the complex nature of the disease. In
the face of life-threatening complications, the deci-
sion of when to initiate RRT is self-evident. In the
absence of such complications, severe fluid over-
load is a reasonable trigger for the initiation of
RRT. In certain circumstances, early initiation
of RRT is superior to a more delayed start. Consid-
ering the technique, a continuous strategy is rec-
ommended in hemodynamically compromised
patients. Anticoagulation with citrate is the first
choice in patients without contraindications
although evidence is low. Ongoing trials regarding
optimal timing and anticoagulation of RRT will
hopefully bring new insights to improve the prac-
tice of RRT.
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