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Kidney Replacement Therapy is a commonly used therapeutic strategy in the inten-
sive care unit for patients who develop Acute Kidney Injury or who already have a 
diagnosis of chronic kidney disease. ICU staff should know when to use it and which 
type is most suitable for the circumstances.

Kidney Replacement 
Therapy in the Intensive 
Care Unit

Marian Elizabeth 
Phinder-Puente
Intensive Care Unit 
General Hospital San Juan 
del Río 
Querétaro, México

draphinder@hotmail.com

@Mermaid_MD

Josué Luis Medina-
Estrada
Intensive Care Unit 
General Hospital IMSS 
 “Vicente Guerrero” 
Acapulco, Guerrero, México

jl_medina23@hotmail.com

@JosueMedinaMC

Fernando Jaziel 
López-Pérez 
Emergency Department  
General Hospital IMSS N° 1 
Saltillo, Coahuila, México

jaziel_lp@hotmail.com 

Ernesto Deloya-
Tomas
Intensive Care Unit 
Hospital General San Juan 
del Río 
Querétaro, México

deloyajmr@hotmail.com

@E_DeloyaMD

Orlando Rubén 
Pérez-Nieto
Intensive Care Unit 
Hospital General San Juan 
del Río 
Querétaro, México

orlando_rpn@hotmail.com

@orlandorpn

Pablo Galindo-Vallejo
Division of Nephrology 
Medical Center ISSEMYM 
Ecatepec 
Estado de México, México 
galindozip@yahoo.com

@galindozip

Epidemiology and Outcomes of AKI
Acute kidney injury (AKI) is a common 
complication in critically ill patients. Up 
to 20-70% of patients will develop some 
stage of AKI in the intensive care unit 
(ICU) (Nisula et al. 2013; Libório et al. 
2014; Kellum et al. 2015; Bouchard et al. 
2015; Hoste et al. 2015). The requirement 
of kidney replacement therapy (KRT) in 
the ICU has been reported between 5-15% 
and will depend largely on the aetiology of 
the illness (Hoste et al. 2015). AKI has been 
associated with adverse clinical outcomes 
and mortality (Liangos et al. 2006). Mortal-
ity among critically ill patients and AKI is 
around 15-30%  (Liaño and Pascual 1996; 
Uchino et al. 2005), rising up to 50-70% 
in patients that require KRT (Gaudry et 
al. 2016; Barbar et al. 2018; STARRT-AKI 
Investigators 2020; Cheng et al. 2020). The 
association between AKI and mortality 
in critically ill patients is likely due to 
multiple factors and not a direct causation; 
the severity of critical illness is one of the 
main factors involved in this association 
(Uchino et al. 2005; Parker et al. 1998). 

Kidney Replacement Therapy in AKI 
Types of KRT available can go from inter-
mittent haemodialysis, continuous kidney 
replacement therapies (CKRT) (including 
peritoneal dialysis) and hybrid therapies that 
share characteristics of both intermittent 
and continuous methods (Figure 1). The 
type, modality, dose and timing of KRT 
have been widely explored as potential 
improvement variables in patients with AKI. 

Indications of KRT
The indications for initiating KRT in 
the ICU are not perfectly defined. It is 
reasonable to consider therapy when a 
life-threatening circumstance arises, such 
as refractory hyperkalaemia and metabolic 
acidosis, despite medical treatment (e.g., 
diuretic therapy, IV sodium bicarbonate, 
etc.), blood urea nitrogen (BUN)>140 
mg/dL with persistent oliguria, pulmo-
nary oedema, and other complications 
of fluid overload (Gaudry et al. 2021). 
It is reasonable to initiate therapy in a 
critically ill patient with progressive AKI 
accompanied by oliguria or anuria and a 
positive fluid balance that is expected to 
continue to increase in the coming days. 
On the other hand, if the patient shows 
improvement in urinary flow, delaying the 
initiation of renal replacement therapy 
could be considered.

Type of Therapy
A systematic review and meta-analysis 
failed to show any difference between 
intermittent therapies and continuous 
therapies in mortality or kidney recovery 
and only showed a potential benefit in 
mean arterial pressure and use of pres-
sors when using continuous therapies 
(Rabindranath et al. 2007). At least two 
other meta-analyses comparing hybrid 
and intermittent therapies vs continuous 
therapies also failed to show improvement 
in mortality or kidney recovery (Zhang et 
al. 2015; Nash et al. 2017). A recent system-
atic review and network meta-analysis 
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that included all modalities, including 
peritoneal dialysis (PD), showed slightly 
better outcomes with PD but with very 
low certainty of evidence (Ye et al. 2021). 
A secondary analysis of the AKIK trial and 
IDEAL-ICU trials showed better survival 
with intermittent therapies in patients 
with SOFA score between 3-10 and no 
difference in mortality among patients 
with SOFA scores above 10 (Gaudry et 
al. 2022). 

Modality
When using blood-based therapies, solutes 
can be cleared by convection, diffusion or 
adsorption. Convective therapies have the 
ability to remove medium size molecules 
more efficiently than diffusive therapies 
(Brunet et al. 1999). The potential benefit 
of removing medium size molecules in 
critically ill patients with AKI, especially 
in inflammatory states, has been explored. 
A systematic review and meta-analysis 
failed to show any difference in mortality 
when using haemofiltration (convection) 
vs haemodialysis (diffusion) (Friedrich 
et al. 2012). 

Dose
Dosing of KRT in AKI can be challenging, 
especially when using different types of 

KRT, mainly because traditional metrics 
of dosing can be different for every type 
of KRT (Table 1). Considering the nature 
of critically ill patients, higher doses have 
been proposed as an improvement clini-
cal variable. In CKRT, giving more than 
20-25 ml/kg/hr has failed to show any 
clinically relevant advantage in multiple 
studies and systematic reviews (Jun et 
al. 2010; Bellomo et al. 2009; Palevsky 
et al. 2009). In a clinical trial, intermit-
tent haemodialysis (IHD) showed better 
outcomes when given daily (weekly KTV 
5.8) versus alternate day (weekly KTV 3) 
but concluded that the results reflected the 
expected hazard associated with inadequate 
dosing of therapy rather than a benefit to 
an augmented dose of therapy (Schiffl et al. 
2002). In hybrid therapies, a study failed to 
show any difference in survival or kidney 

improvement when comparing standard 
extended dialysis (daily treatment and 
target BUN < 56-70 mg/dl) vs intensified 
extended dialysis (two sessions per day 
and target BUN < 42 mg/dl) (Faulhaber-
Walter et al. 2009). In PD, no difference 
in mortality was found when comparing 
intensified high-volume PD (weekly KTV 
5.6) vs standard high-volume PD (weekly 
KTV 3.5) (Ponce et al. 2012); a later study 
showed that even minimal standard dosage 
(weekly KTV 2.2) was not inferior to 
standard high-volume PD (weekly KTV 
3.5) (Parapiboon and Jamratpan 2017). 

Timing
Early initiation of KRT (before traditional 
KRT indications) has been widely studied 
with overwhelming results proving no 
difference in survival or kidney recovery 

Figure 1. Types of kidney replacement therapy available  
IKRT: Intermittent kidney replacement therapy; HD: Haemodialysis; HDF: Haemodiafiltration; HDX: extended haemodialysis; PIKRT: Prolonged in-
termittent kidney replacement therapy; SLED: sustained low efficiency dialysis; AVVH: Accelerated veno-venous haemofiltration; CVVHD: Continu-
ous veno-venous haemodialysis; CVVHDF: Continuous veno-venous haemodiafiltration; CVVH: Continuous veno-venous haemofiltration; SCUF: 
sustained continuous ultrafiltration; PD: peritoneal dialysis. 

Table 1. Traditional metrics of KRT dosing in AKI 
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when compared to a late strategy, however 
systematically showing that nearly 50% 
of patients that were included in the late 
strategy never needed KRT (Gaudry et 
al. 2016; Barbar et al. 2018; STARRT-AKI 
Investigators 2020). AKIKI 2 trial showed 
no difference in survival between a late 
strategy (72 oliguric or BUN 112 mg/dl) 
and a very late strategy (BUN 140 mg/
dl, overload, acidosis, hyperkalaemia) 
(Gaudry et al. 2021). 

Rationale for Prescribing and 
Delivering KRT
To this day, we have learned that KRT 
will not give additional benefit to survival 
or kidney recovery no matter what type, 
modality, dose or timing is prescribed. 
Therefore indications, dosing and timing 
of KRT have to be focused only on solute 
and volume control (traditional indica-
tions). The type and modality of KRT 
will depend on technology and human 
resources available. 

Technical and kinetic aspects of KRT
Solute and volume control can be achieved 
mainly by understanding and managing 
small molecule kinetics. The concepts of 
efficiency, intensity, frequency and efficacy 
are fundamental to understanding the 
different virtues and capacities of all 
the types of KRT (Pisitkun et al. 2004): 
 •  Efficiency: is represented with 

clearance (K) (volume completely 
cleaned of a particular solute in a 
particular time) normally repre-
sented in ml/min. (K) will depend 
on variables related to the molecule 
itself (size, electric charge, molecular 
configuration), the host (volume 
of distribution, protein binding, 
half-life) and the clearance appa-
ratus (blood and dialysate flow, 
type of membrane and mechanism 
of transport). 

 •  Intensity: The total volume repre-
sented by the product of efficiency 
times the total time of therapy (K x 

total therapy time).
 •  Frequency: The total volume repre-

sented by the product of efficiency, 
intensity and the number of therapies 
given in a week (K x total therapy time 
x number of therapies in a week). 

 •  Efficacy: represents the effective 
clinical outcome. Considering all the 
evidence to this day, the best efficacy 
metric in AKI and critically ill patients 
is volume and solute control.

 Types of KRT need to be prescribed 
according to their capabilities to achieve 
efficacy. For example, to achieve solute and 
volume control, low-efficiency therapies 
such as CKRT and PD need high intensity 
to achieve the goal, while low-intensity 
therapies such as IHD need a high effi-
ciency to achieve the same goal. Hybrid 
therapies will target both characteristics 
according to the particular clinical need 
(Table 2).

Figure 2. Particular aspects of Kidney Replacement Therapy
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Kidney Replacement Therapy - 
Particular Aspects 
Intermittent kidney replacement therapies
Mainly extrapolated from chronic haemo-
dialysis, IKRT has been used in AKI since 
the beginning of dialysis. Modalities can 
include conventional haemodialysis, on 
line haemodiafiltration and extended 
haemodialysis.
 •  Kinetic characteristics: IKRT are 

high-efficiency and low-intensity 
therapies.

 •  Priorities when prescribing: optimis-
ing efficiency (blood flow, dialysate 
flow, vascular access, membranes) 
and repeating the therapy to target 
goals. 

 •  Technical aspects: needs a complex 
water purification system and great 
volumes of community water; very 
specialised and experienced personnel 
are needed to deliver therapy. 

 •  Pros: fast solute control with consid-
erable machine free time.

 •  Cons: fluid removal in haemody-
namically unstable patients can be 
challenging. Being a high-efficiency 
therapy, fast removal of solutes will 
considerably reduce the removal 
rate of solutes from other compart-
ments (first-order kinetics), and most 
patients will require multiple sessions 
to maintain solute control. 

Continuous kidney replacement therapy
From pump-less arteriovenous haemofiltra-
tion circuits to complex, highly technical 
machines, CKRT has been present in 
critically ill patients with AKI for quite 
some time now (Samoni et al. 2021). 

Modern machines opened the possibil-
ity for multiple modalities and options 
for prescription, including continuous 
veno-venous haemofiltration, haemodi-
alysis, haemodiafiltration and sustained 
continuous ultrafiltration (SCUF).
 •  Kinetic characteristics: CKRT are 

low-efficiency and high-intensity 
therapies. 

 •  Priorities when prescribing: being 
a therapy with very low efficiency, 
circuit patency is the main priority 
in these therapies (anticoagulation, 
filtration fraction, vascular access, 
monitoring, trained personnel).

 •  Technical aspects: CKRT needs special-
ised machines, sterile prefabricated 
solutions and trained personnel avail-
able 24/7. 

 •  Pros: can achieve a very low ultrafil-
tration rate, osmolarity changes are 
subtle, no need for a water purifica-
tion system, modern machines can 
execute multiple modalities. 

 •  Cons: expensive therapy in compari-
son with other options, not ideal 
for emergency indications of KRT 
(acidosis, hyperkalaemia), consider-
ably less free machine time. 

Hybrid therapies
These therapies are born from the adapta-
tion of available tools to achieve particular 
clinical needs. Hybrid therapies can go 
from IKRT machines trying to emulate 
CKRT and vice versa. Therefore, hybrid 
therapies can be grouped into prolonged 
intermittent therapies (PIKRT) and acceler-
ated continuous therapies. Most common 
PIKRT protocols are sustained low efficiency 

dialysis (SLED), extended daily dialysis 
(EDD) and intermittent haemodialysis 
with sequential sustained ultrafiltration. 
Accelerated protocols include accelerated 
veno-venous haemofiltration and SHIFT 
CVVHD (Zhang et al. 2015; Gashti et al. 
2008; Duran and Concepcion 2020). 
 •  Kinetic characteristics: efficiency and 

intensity are variable and according 
to clinical needs. 

 •  Priorities when prescribing: optimis-
ing efficiency and watching for circuit 
patency. 

 •  Technical aspects: HD or CKRT ma- 
chines, off-label circuit adaptations, 
therapies less than 24 hours, trained 
personnel. 

 •  Pros: best of both worlds with the tools 
available, without clinical implications, 
free machine time. 

 •  Cons: centre protocol dependent, 
centre-to-centre variability, dosing 
medications can be challenging. 

Peritoneal dialysis
PD has been used for AKI since 1946, but 
the introduction of extracorporeal thera-
pies led to a drop in its use. Nonetheless, 
in low-income countries, acute PD never 
stopped being an option (Ponce et al. 2017). 
It was not until recent years with COVID-
19, that developed countries turned to 
PD as a viable option. To this day, there 
is enough evidence of safety, viability and 
at least no inferiority when compared to 
other therapies (Ye et al. 2021; Gabriel et 
al. 2008; Ponce et al. 2013; George et al. 
2011; Liu et al. 2017).  
 •  Kinetic characteristics: very low-

efficiency high intensity and high 
frequency.

 •  Priorities when prescribing: cath-
eter patency, high volume and high-
intensity therapy. 

 •  Technical aspects: Requires experience 
in cath installation for surgical or 
percutaneous techniques, prefabricated 
sterile PD solutions, cycler machines 
can be useful but not essential, person-
nel can be easily trained, and therapy 
does not need continuous monitorisa-
tion. 

•  Pros: low cost compared to other thera-

Table 2. Efficiency, intensity and frequency of different therapies  
IHD: Intermittent Haemodialysis; PIKRT: Prolonged intermittent Kidney Replacement therapy; 
CKRT: Continuous Kidney Replacement Therapy; PD: Peritoneal dialysis
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pies, haemodynamic stability, no differ-
ence in clinical outcomes with more 
complex and expensive therapies. 

•  Cons: needs abdominal integrity, can 
cause glycaemic derangements, protein 
loss, and rise in intra-abdominal pres-
sure. 

Conclusion
AKI in the ICU is very common, with 

very high mortality, especially when KRT 
is needed. Multiple efforts to improve 
outcomes in these patients by using KRT 
types, modalities, dosing and timing have 
failed. To this day, there is no evidence to 
support a particular type of KRT in patients 
with AKI. Therefore all efforts should be 
focused on solute and volume control with 
the technology, experience and personnel 
available. Each KRT type has particu-

lar kinetic and technical considerations 
that make them unique and should be 
prescribed, managed and monitored with 
a profound understanding of technical 
and clinical aspects. 
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