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Abstract: Acute kidney injury (AKI) is encountered in a variety of settings
(e.g., hospitalized and outpatient, non-intensive and intensive care unit patients, pedi-
atric, adult, and elderly), with varied clinical manifestations ranging from a minimal
elevation of serum creatinine (SCr) to anuric renal failure and/or multi organ failure
(MOF), and a wide variation in causes, risk factors and comorbiditis. There is no hard
and fast rule as to when renal replacement therapy (RRT) should be initiated, but is cle-
arly not sensible to wait until an obvious uremic complication arises. Modern practice is
to initiate RRT sooner rather than later, for example, when the SCr concentration rea-
ches 500-700 pmol/L, perhaps even earlier, unless there is clear evidence that renal fun-
ction is about to recover. The choice of the treatment will depend on the clinical pra-
ctice, technical resources, and well-trained nurses of a given department, than on precise
clinical indication. The ideal RRT should mimic the functions and physiological mecha-
nisms of the native organ, ensuring qualitative and quantitative blood purification, be
free of complications, have good clinical tolerance and restore and maintain homeosta-
sis, thus favouring organ recovery. Now available RRT options /peritoneal dialysis
(PD), 2. intermittent hemodialysis (IHD), 3. continuous therapies (CRRT), and 4. hybrid
therapies/, differ in the method of delivery, efficiency, and their clinical tolerability.
AKI without MOF is less complex, can be managed outside intensive care unit and the
same RRT techniques used for the treatment of chronic renal failure may be applied.
AKI associated with MOF is a more complex condition and requires more flexible
RRT. Acute PD remains a viable option for the treatment of selected patients with AKI,
particularly pediatric population, and those who are hemodynamically compromised,
have severe coagulation abnormalities, difficulty in obtaining blood access, removal of
high molecular weight toxins (> 10 kD), and clinically significant hypothermia and hy-
perthermia. Patients that are hemodynamically stable can be managed with IHD techni-
ques. Maintaining hemodynamic stability is probably one of the most important aspects
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of dialysis technique as well as one of the most difficult challenges. With CRRT, the
continuous regulation of volume homeostasis could lessen the hourly rate of required
UF, thereby improving hemodynamic stability compared with IHD. Clinical data sug-
gest that CRRT should be strongly considered for patients with severe hyperphospha-
temia, elevated intracranial pressure, cerebral edema complicating acute liver failure,
sepsis or septic shock, might be a useful component of therapy for lithium intoxication,
and because of continuous nature of process prevents the post-dialytic "rebound" eleva-
tion of plasma concentration of uremic toxins typically seen with IHD. Hybrid therapies
using a variety of machines are safe and convenient, providing excellent control of elec-
trolytes and fluid balance, and offers several advantages over CRRT, including less
cumbersome technique, patient mobility, and decreased requirements for anticoagula-
tion, while providing similar hemodynamic stability and volume control. Currently, it
has been found no difference in mortality or renal recovery between hybrid RRT, CRRT
or IHD for critically ill patients with AKI. However, future investigations should collect
detailed information on long-term costs and the relative likelihood of renal recovery
associated with dialysis modality.

Key words: Acute kidney injury, renal replacement therapy, peritoneal dialysis, inter-
mittent hemodialysis, continuous therapies.

Acute renal failure (ARF), classically defined as an abrupt decrease in
kidney function that leads to accumulation of nitrogenous wastes such as serum
creatinine (SCr) and blood urea nitrogen, is a common clinical problem with
increasing incidence, serious consequences, unsatisfactory therapeutic options,
and an enormous financial burden to society [1, 2]. ARF may be classified as
pre-renal (functional response of structurally normal kidneys to hypoperfusion),
post-renal (urinary tract obstruction), and intrinsic renal (involving structural da-
mage to the renal parenchyma), which has emerged as the most common and se-
rious subtype in hospitalized patients and can be associated pathologically with
acute tubular necrosis (ATN). Despite decades of basic and clinical research and
important technical advances in clinical treatment and dialysis, the prognosis for
patients with intrinsic ARF remains poor, with a mortality rate of 40% to 80% in
the intensive care setting. A variety of factors contribute to the lack of success.
ARF is encountered in a variety of settings (e.g., hospitalized and outpatient,
non-intensive and intensive care unit patients, paediatric, adult, and elderly),
with varied clinical manifestations ranging from a minimal elevation of SCr to
anuric ARF and/or multi organ failure (MOF), and a wide variation in causes,
risk factors and comorbidities.

Over 20 definitions for ARF have been used in published studies, ran-
ging from subtle increases in SCr to alterations in urine output (UOP) and dia-
lysis requirement. Similarly, clinical trials have used varying criteria for diagno-
sing ARF and ascertaining outcomes from the treatment. Recent evidence sug-
gests that ARF is often under-recognized, and even small alterations in serum
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SCr are associated with severe consequences [2, 3]. In an attempt to standardize
the definition and reflect the entire spectrum of the condition, the term acute
kidney injury (AKI) has been proposed [4]. AKI refers to a complex disorder
that comprises multiple causative factors and occurs in a variety of settings with
varied clinical manifestations that range from a minimal but sustained elevation
in SCr to anuric renal failure. From the clinical viewpoint AKI is frequently
multi-factorial, with concomitant ischaemic, nephrotoxic, and septic compo-
nents and with overlapping pathogenetic mechanisms.

Definition, diagnostic criteria and staging for AKI

Diagnostic criteria are used to establish the presence of a disease, whe-
reas staging criteria define the severity of the disease process at any given time.
The Acute Kidney Injury Network (AKIN) workgroup defined AKI as an ab-
rupt (within 48 h) reduction in kidney function as manifest by an increase in
SCr of either > 25 pmol/L or a relative increase of > 50%, or reduction in UOP
to < 0.5 mL/kg per h for > 6h [5]. The goal of the staging system is to allow
classification that supports accurate identification and prognostication and in-
form diagnostic or therapeutic interventions. The staging system proposed is a
highly sensitive interim staging system and based on recent data indicating that
a small change in SCr influences outcomes [2, 3, 6]. Only one criterion (SCr or
UOP) has to be fulfilled to qualify for a stage (Table 1).

Table 1 — Tabemna 1

Classification and staging system for acute kidney injury
Kaacugurayuja u citiaduymu Ha axyiiHoiwtio 6yOpexcHo oulitielilysarye

Stage SCr criteria UOP criteria
Increase in SCr to > 25 pmol/l < 0.5 ml/kg per h
1 or increase to > 150 to 200% from | for>6h
baseline
) Increase in SCr to > 200 to 300% | < 0.5 ml/kg per h
from baseline for>12h
Increase in SCr to > 300% from | < 0.3 ml/kg per h x 24
3 baseline (or SCr > 353.6 umol/l | h or anuria x 12 h
with an acute rise of at least 44.3
umol/l)
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Relatively few studies have examined the association between smaller
changes in SCr and outcomes [2, 7, 8, 9]. Smith ez al. [7] explored this issue in
elderly individuals who were hospitalized with congestive heart failure, for
whom small changes in SCr concentration have been associated with increased
mortality and extended length of stay (LOS) in hospital (> 10 days). Recently,
Lassnigg et al. [8] showed a two-fold increase in the risk of death for patients
who experienced no change or a small increase (< 44.2 umol/L) in SCr 48 h after
cardiothoracic surgery compared with patients who experienced a small decline
in SCr during the same time frame. In a similar population, Loef et al. [9] sho-
wed an association between a 25% increase in SCr during the first postoperative
week and short- and long-term (> 8 year) mortality. Chertow et al. [2] described
a progressive rise in hospital mortality associated with increases in SCr in a
cohort of 19,982 adults who were admitted to an urban academic medical centre
during an §-month period. The presence and degree of ARI were assessed using
absolute and relative increases from baseline to peak SCr concentration during
hospitalization. Large increases in SCr concentration were relatively rare (e.g., =
176.8 pumol/L in 1% of the patients), whereas more modest increases in SCr
were common (e.g., = 44.2 umol/L in 13% of the patients). Modest changes in
SCr were significantly associated with mortality, LOS, and costs, even after
adjustment for age, gender, severity of illness, and chronic kidney disease. For
example, an increase in SCr = 44.2 umol/L was associated with a 6.5-fold
increase in the odds of death, a 3.5-day increase in LOS, and nearly $7,500 in
excess hospital costs. Moreover, outcomes were related directly to the severity
of AKI, whether characterized by nominal or percentage changes in SCr [2].

Consensus criteria for the definition and staging of AKI have been
developed on the basis of changes in SCr and UOP. Although these criteria cor-
relate with mortality risk and will facilitate uniformity of definitions in clinical
trials, there is still a need for sensitive and specific biomarkers of kidney injury.
Cystatin C, a low molecular weight protein produced at a constant rate by all
nucleated cells, correlates with GFR and is not significantly affected by gender,
race, muscle mass, and age. Increases in serum levels of cystatin C may be de-
tected one to 2 days earlier than comparable changes in SCr [10]. Several clini-
cal studies have suggested that urine N-acetyl-f-D-glucosaminidase (NAGL), a
biomarker of renal tubular injury, may serve as an early marker of AKI [11, 12,
13]. The relationship between NGAL and human ischaemia-reperfusion injury
is illustrated in a study of allograft kidney biopsy samples obtained within the
first hour of vascular anastomosis after transplantation of 13 deceased-donor
and 12 living-donor kidney allografts [11]. In a clinical trial of 71 children who
underwent open heart surgery, urinary NGAL increased within 2 hours of car-
diopulmonary bypass to a level > 50 pg/L in 100% patients who had an increase
in SCr of 50% and in only 2% of patients who did not meet the definition of
AKI [12]. IL-18 also has been considered as a candidate biomarker for renal
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tubular injury. It has been evaluated after paediatric cardiac surgery. Urinary
IL-18 increased 4 to 6 hours after cardiopulmonary bypass, peaked with > 25-
fold increases over baseline at 12 hours, and remained up to 48 hours after
operation in patients who developed AKI, but did not significantly increase in
children without AKI [13]. Further progress in the development and clinical
validation of biomarkers for early diagnosis of renal injury may permit early
targeted interventions to reverse or ameliorate tubular injury in AKI.

When should renal replacement therapy be started?

Mandatory indications for the urgent instigation of life-saving renal
replacement therapy (RRT) are: (a) severe refractory hyperkalaemia; (b) intra-
ctable fluid overload causing pulmonary oedema; (c); acidosis producing circu-
latory compromise and (d) overt uraemia manifesting as encephalopathy, peri-
carditis, or uraemic bleeding. It is more common, however, to see a state in which
a patient's renal function gradually declines over a period of a few days whilst
they are in hospital. In this circumstance, there is no hard and fast rule as to when
RRT should be initiated. It is clearly not sensible to wait until an obvious uraemic
complication arises. Modern practice is to initiate RRT sooner rather than later,
for example, when the SCr concentration reaches 500—700 umol/L, perhaps even
earlier, unless there is clear evidence that renal function is about to recover. There
are, however, no controlled trials relevant to modern practice that can be used to
justify the initiation of RRT at one specific SCr concentration rather than another.

Institution and monitoring of renal replacement therapy

Any treatment should be easy to apply, rapid to institute, and simple to
monitor. The choice of the treatment will depend on the clinical practice,
technical resources, and well-trained nurses of a given department, rather than
on precise clinical indication. A proficient and accountable team, experienced in
various dialysis modalities with a quality assurance education programme
would be ideal. If this is not possible, the best combination of simple and easy
treatment schedules, which are functional and efficient with no significant
increases in personnel demand or labour intensity, must suffice.

Biocompatibility, doses of dialysis, and adequacy of treatment

The treatment should cause the least interaction of the materials with
blood. To improve the biocompatibility of the dialysis system, pyrogen-free
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dialysate and sterile replacement solutions are strongly recommended. The
dialysis membranes for extracorporeal RRT are also important. Biocompatibi-
lity of the haemodialysis membrane refers to the degree to which blood expo-
sure to a membrane activates complement and neutrophils; more complement
activation signifies less biocompatibility, and may cause a systemic inflame-
matory response. Cellulosic membranes may stimulate monocyte activation
with release of cytokines and chemical mediators possibly causing a delay in the
recovery from acute tubular injury. Synthetic membranes have the advantage of
producing little or no inflammatory effect [14] and may reduce the concentra-
tion of several inflammatory mediators by filtration/adsorption. Two major stu-
dies found that use of biocompatible membranes improved these outcomes in
AKI, but each study suffered from methodologic flaws [15]. Use of a biocom-
patible dialyzer that also has higher permeability than the bioincompatible
dialyzer may have influenced the outcome in one study [15]. Potentially serious
protocol problems such as lack of randomization, centre-specific practice varia-
tions, un-blinded interim analysis and publication by one centre, and failure to
perform an intention-to-treat analysis may have influenced the outcome in the
other major "positive" biocompatibility trial [16]. Several subsequent studies
have failed to confirm the benefits of biocompatibility in AKI, but have lacked
the statistical power to definitively exclude any effect. In the recent trial
180 patients with ARF were randomized to intermittent haemodialysis (IHD)
with a bioincompatible (cuprophane, n = 90) or biocompatible (polymethylme-
thacrylate [PMMA], n = 90) membrane [17]. The main outcome measure was
survival for 14 days after the end of treatment. Forty-four patients (58%) assig-
ned cuprophane membranes survived as did 50 patients assigned PMMA (60%).
There was still no difference in mortality between the two groups when the ana-
lysis was adjusted for age and APACHE II score, or stratified according to the
presence or absence of oliguria. The study size of this trial was larger than in the
two earlier positive investigations, but the power was still inadequate to detect a
25% mortality difference related to membrane biocompatibility [18], if such exi-
sted. In the light of a number of conflicting studies, the clinical relevance of this
aspect of the acute dialysis prescription remains unproven, despite the fact that
this strategy has already become standard in many centres [19]. The haemofilter
membranes used for CRRT are among the most biocompatible, so it is important
that future studies comparing the effects of IHD and CRRT use identical haemo-
filters in both groups, to eliminate any potential differential impact of this
variable.

We currently do not have evidence-based recommendations regarding
the optimal dialysis dose in AKI. Until further data is available, a reasonable
recommendation offered by the Acute Dialysis Quality Initiative is to deliver a
dose of IHD in the acute setting that is at least equal to what is considered ac-
ceptable in the chronic end-stage renal disease (ESRD) population. This is a
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Kt/V > 1.2 per treatment if [HD is provided three times per week. Alternatively,
one can attempt to deliver a Kt/V > 1.0 per treatment on a dialysis schedule of
at least six days a week. Paganini et al. [20] demonstrated by retrospective ana-
lysis of a prospectively gathered database that the delivered dialysis dose was
predictive of mortality in critically ill AKI patients treated with RRT if they had
moderate-range severity of illness, but mortality of the most and least severely
ill patients was independent of the dialysis dose [20]. Pending results of future
prospective studies of the impact of dialysis dose on the outcome in the AKI
population, a common-sense approach dictates provision of a dialysis prescrip-
tion and delivered dose at least consistent with adequate therapy of chronic renal
failure patients. Future interventions should include use of anticoagulation whe-
never possible, placement of catheters with optimal blood flow rates, and pres-
cription of an increased dialysis dose for larger patients.

Choice of renal replacement therapy

W.J. Kolff was the physician who performed the first successful HD for
AKI, in Kampen, Holland, on 11. September 1945. [21]. This first successful
RRT for a patient with ARF was described as follows: "4 67-year-old woman is
admitted to the surgical service with a high fever, a painful and distended abdo-
men, jaundice, and almost complete anuria. A urinalysis revealed dark red-
brown urine notable for albuminuria, erythrocytes, leukocytes, and casts. The
patient was treated with antibiotics, but continued to have oligoanuria. On the
eighth day of hospitalization, the following laboratory tests were obtained: se-
rum potassium 13.7 mEq/l and BUN 396 mg/dl. At this time the patient was
noted to be encephalopathic with deteriorating clinical condition. Renal repla-
cement therapy was initiated using a rotating drum. The initial dialysis treat-
ment lasted 690 minutes (i.e. 11.5 hours), blood flow was 116 ml/min and urea
reduction rate 69% (i.e. pre- and post-treatment urea serum CONCentrations
were 396 and 121 mg/dl). The calculated urea clearance was 87 ml/min and
Kt/V 1.40. After the initial dialysis treatment, the patient went on to become
nonoliguric, followed by gradual recovery of urea clearance. She survived her
acute illness, left the hospital, and at 7 months posthospitalization was doing
quite well [21]." W.J. Kolff described a RRT that has only recently become
established as a treatment for severely ill patients with renal failure in the ICU—
prolonged dialysis with low blood and dialysate flow rates (sustained low-ef-
ficiency dialysis; SLED). Since that time, RRTs have undergone enormous
technical improvement. There are now many available options divided into 4
groups: 1. peritoneal dialysis (PD), 2. IHD, 3. continuous therapies (CRRT), and
4. hybrid therapies (SLED). The ideal RRT should mimic the functions and phy-
siological mechanisms of the native organ, ensuring qualitative and quantitative
blood purification, be free of complications, have good clinical tolerance and

Tpunosu, Oxn. 6uor. Mex. Haykm, XXIX/2 (2008), 119-153



126 Kes P., Ba§i¢ Jukié¢ N.

restore and maintain homeostasis, thus favouring organ recovery (Table 2).
These 4 groups of RRT differ in the method of delivery, efficiency, and their
clinical tolerability. There is wide variability worldwide in the methods used for
the treatment of AKI. The reasons for this variation include local practice and
organization (nephrologist-or intensivist-based management), the centre's expe-
rience of the various techniques, and health resources. Technical support and
adequate training of personnel is essential for the performance of each substitu-
tive treatment. Some techniques require less investment in terms of equipment
and personnel and may therefore be preferred in spite of their limited efficacy.
There are also certain clinical situations in which only a particular therapy is
indicated (e.g., CRRT in critically ill patients with cardiovascular instability)
[22]. Distinguishing whether AKI is a result of single organ dysfunction or part
of MOF is a key factor. These two groups of subjects differ substantially and
should be treated differently. AKI without MOF is less complex, can be mana-
ged outside ICU and the same RRT techniques used for the treatment of chronic
renal failure may be applied. AKI associated with MOF is a more complex con-
dition and requires more flexible RRT [23].

Table 2 — Tabena 2

Technical and clinical requirements for an optimal renal replacement therapy
in acute renal injury

TexHuuKU U KAUHUYKU HOTUPeOU 3a U38€0Y8arbe HA OUIUUMAAHA OYOPEXCHO
3amectiiuitieaHa ilepaiiuja Kaj akyimiHomio 6yopexcHo ouitieiiysarse

Rapid and easy institution with simple treatment monitoring

Efficiency and efficacy which satisfies therapy prescription

Volume control without causing cardiovascular instability

Allows fluid administration/nutrition maintaining normal volume of circulating
plasma

Maintains stable acid—base balance

High biocompatibility with minimal interaction with blood

Clinical tolerance

No deleterious effects on renal function or duration of acute renal failure
Easy and predictable adjustment of drug dosing

Inexpensive

Peritoneal dialysis

Acute PD remains a viable option for the treatment of selected patients
with ARI, particularly the paediatric population, and those who are haemodyna-
mically compromised, have severe coagulation abnormalities, difficulty in ob-
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taining blood access, removal of high molecular weight toxins (> 10 kD), and
clinically significant hypothermia and hyperthermia.

There are very few absolute contraindications for acute PD, most of the
following conditions are only relative contraindications to this modality: 1. recent
abdominal and/or cardiothoracic surgery, 2. diaphragmatic peritoneal-pleural con-
nections, 3. severe respiratory failure, 4. extremely high catabolism, 5. life-threa-
tening hyperkalaemia, 6. severe volume overload in a patient not on a ventilator,
7. low peritoneal clearances, 8. severe gastroesophageal reflux disease, 8. fecal or
fungal peritonitis, 9. abdominal wall cellulites, and 10. AKI in pregnancy.

One of the important determinants of a successful acute PD procedure is
a reliable peritoneal access, which can easily be obtained by inserting a semirigid
acute catheter (can be placed easily at the bedside by a nephrologist), or a single-
cuff Tenckhoff catheter (inserted by a surgical procedure). Acute PD can be per-
formed intermittently or continuously (depending upon the desired amount of
fluid and solute removal), and either manually or via an automated device. Ma-
nual PD is usually performed by nurses, since it requires constant supervision to
ensure proper inflow, accurate dwell and drain times, the maintenance of a record
of exchange and drain volumes, as well as the documentation of net ultrafiltration
rate (UFR). The use of the automated device reduces the need for constant nur-
sing supervision. The number of interruptions is significantly decreased since large
volumes of solutions can be prepared at the beginning of the procedure [24].
Acute PD requires the use of pyrogen-free solutions infused into the peritoneal
cavity and drained in a series of cycles. Diffusive removal of solutes is achieved
by a concentration gradient between blood flowing in the peritoneal capillary net-
work and dialysate. Convective removal of water and solutes is obtained by incre-
asing dialysate osmolality, which represents the major component of peritoneal
transmembrane pressure. There are large individual variations in peritoneal
membrane characteristics. Intermittent peritoneal dialysis (IPD) consists of a
series of rapid exchanges with complete drainage of fluid at the end of each cycle.
Continuous equilibration peritoneal dialysis (CPD) utilizes long intraperitoneal
dwell times in order to achieve a dialysate/plasma equilibration with reduced fluid
usage. Equilibration for urea occurs at about a 4-hour dwell-time. In tidal peri-
toneal dialysis (TPD), one litre of solution is maintained in the peritoneal cavity
while rapid one-litre exchanges are continuously performed. This schedule redu-
ces the time in which the peritoneal cavity is empty [25]. While short exchanges
are indicated for fast transporters to achieve less glucose reabsorption and higher
UF rates, long dwell-times are indicated in normal to low transporters. A new
modality has recently emerged called continuous flow peritoneal dialysis (CFPD)
where a double lumen catheter allows PD fluid to circulate continuously and to
achieve the highest levels of clearance possible in PD [24]. Such a form is still
under evaluation and clinical results in acute patients are awaited.

IPD regimes can achieve remarkable clearance and UFR values, but
large amounts of fluid are required, so continuous monitoring is mandatory.
CPD requires much less dialysis solution, but its efficiency is rather low. TPD
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offers a compromise although PD equipment is generally required for its perfor-
mance. The final efficiency is obtained by the product (clearance x time) and it
is expressed in litres of clearance per 24 hours [26]. In IPD, urea clearances up
to 25 1/day can be achieved at an average dialysate flow rate of 5 1/h, while with
other PD techniques lower clearances are generally achieved. Despite its low
efficiency in most uncomplicated patients, PD can effectively control urea
concentration because of its continuous action guaranteeing stable biochemistry
and significant solute extraction. The unique permeability of the peritoneal
membrane allows for remarkable clearances of larger molecules other than urea
and has the capacity for the removal of peptides of up to 50,000 Da.

Complications of acute PD are numerous and potentially serious, but
preventable, and include peritonitis, hyperglycaemia, substantial protein loss,
disturbance of respiratory mechanics, and visceral perforation while inserting
the catheter. The complications of PD and IHD for AKI have been compared in
one centre study. The patients treated by IHD had a high incidence of severe hy-
potension and severe haemorrhage, acidosis, and vascular access clotting. PD
patients had a high incidence of hyperglycaemia, asymptomatic peritonitis, and
poor catheter drainage [27, 28] (Table 3).

Table 3 — Tabemna 3

Complications of dialysis in acute kidney injury
Komiiauxayuu tpu oujasusaiiia Ha akyiHowio 6yopexcHo owiteiiiysarse

IHD PD
No. (patients; dialyses) 34; 240 43; 65
Severe hypo‘[ension1 85/240 (35%) 8/65 (12%)
Severe haemorrhage? 15/34 (44%) 2/43 ( 5%)
Metabolic complications
Hyperglicaemia 37/65 (57%)
Hypernatraemia 2/65 (3%)
Acidosis 9/34 (26%)
Neurologic complications
Seizures 1/34 (3%) 3/43 (7%)
Deterioration of consciousness 9/65 (14%)
Mechanical complications
Mild bleeding 17/65 (26%)
Poor drainage, leaking 34/65 (52%)
Shunt clotting 11/34 (32%)
Infection
Vascular access infection 2/34 (6%)
Peritonitis
Asymptomatic positive peritoneal cultures 19/65 (29%)
'Systolic blood pressure < 90 mmHg;
’Requiring transfusion
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A paucity of data exists concerning the effect on mortality of PD ver-
sus IHD or CRRT other than PD in patients with AKI. Most studies have shown
that the mortality and incidence of renal recovery with acute PD was at least
comparable to IHD [27]. The major causes of death of AKI patients were dif-
ferent for patients treated by IHD and PD. Death from dialysis-unrelated sepsis
was higher for the IHD group, while cardiac deaths were higher in the PD group
due to the more frequent implementation of this therapy in patients with under-
lying heart disease [28].

Intermittent extracorporeal therapies

These techniques require good vascular access, special equipment and
specially trained physicians and nurses to carry out the dialysis. The haemodia-
lysis machine must meet high standards of reliability and safety with an ade-
quate blood module, a precise dialysate-preparing module with adequate war-
ming and de-aeration systems, and all parts must have active alarms to avoid ac-
cidents. A water treatment system including a water softener which can de-
ionize water, a reverse osmosis module and on-line ultrafilters are needed to
achieve a bacteria- and pyrogen-free dialysate [29].

Intermittent haemodialysis

Patients who are haemodynamically stable can be managed with IHD
techniques, the requirements for the technical aspects of dialysis being the same
as those for chronic HD. Poor haemodynamic tolerance of intermittent IHD is a
common problem for patients in an ICU. This poor outcome appears to be re-
lated to the high prevalence of associated organ failures and to underlying disea-
ses (Figure 1). In these patients, hypotensions should be avoided to prevent a
reduction in tissue oxygen delivery that may lead to organ dysfunction. This is
particularly important for the kidney in the case of ARI, because of the impair-
ment of renal blood flow autoregulation. In case of acute tubular necrosis, hypo-
tension induces new ischaemic tubular damage and further reduces the glome-
rular filtration rate (GFR). Therefore, RRT should be kept as safe as possible to
avoid a delay in recovery of renal function and improvement of other organ fai-
lures [30]. Maintaining haemodynamic stability is probably one of the most im-
portant aspects of dialysis technique as well as one of the most difficult challen-
ges [31]. To improve haemodynamic tolerance of IHD, specific guidelines were
implemented in the practice (Table 4).
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Figure 1 — Intensive care unit — Intermittent haemodialysis in acute kidney
injury patient

Cnuxa 1 — O00en 3a uHTen3ueHa Hera — uH TepMu TeH THA XeMoOoujanu3a Ha mayuenT co
axy THO OYOPENCHO oW TeTy8arbe
Severe AKI in now profoundly different from the disease seen by nephrologists 25 years
ago. It is seen predominantly in ICU, is usually associated with MOF, and is often accompa-
nied by sepsis, is typically multifactorial, and has a very high mortality rate. To achieve opti-
mal care for a complicated AKI patient, nephrologist and intensivist must work side by side.
Such an approach has led to the development of an area defined as critical care nephrology.

The practice guidelines are based on dialysis strategies experienced in
chronic HD patients suffering from cardiovascular insufficiency. Various pro-
cedures of adapted IHD strategy may be useful to preserve myocardial function
and plasma volume during fluid removal, and to adapt vascular resistances.
Using biocompatible membranes is an aspect of dialytic conditions adapted to
patients with MOF, which may influence the patients’ outcome. Two prospec-
tive comparative studies have suggested that in critically ill patients with ARF
the mortality and delay of recovery from renal failure could be reduced by using
a biocompatible synthetic membrane (polysulphone) in place of cuprophane [15,
16]. Because of their high flux, the use of synthetic membranes during IHD re-
quires a pyrogen-free dialysate, because of the risk of backfiltration. For this
reason, Kes et al. [32] used a modified cellulosic membrane, whose compatibi-
lity is better than cuprophane, in place of a synthetic membrane. A total of 297
AKI patients were included in the prospective, randomized study and followed
until death or discharge from the hospital and off IHD. Four types of dialysis
membranes were used with different characteristics of biocompatibility and per-
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meability: low-flux modified cellulose (LF-MC; cellulose acetate, cellulose dia-
cetate, hemophan), high-flux modified cellulose (HF-MC; cellulose diacetate,
cellulose triacetate), low-flux synthetic (LF-S; polysulfone) and high-flux synt-
hetic (HF-S; polysulfone, polyacrylnitrile, polymethyl methacrylate). All HD
treatments were performed with volumetric-control monitors that allowed precise
UF. Dialysis water was obtained from reverse osmosis, and bicarbonate-based
dialysate was used in all AKI patients. Dialysate flow rate was between 500 and
600 ml/min, and blood flow rate was maintained between 200 and 350 ml/min.
Dialysate concentrations of sodium, potassium, calcium and glucose, UF, and
anticoagulant dose were adapted at each HD session by the nephrologist accor-
ding to patient needs. There was no difference between the four membrane groups
in survival (LF-MC 59.3% vs. LF-S 61%, and HF-MC 55.6% vs. HF-S 53.3%) or
in the recovery of renal function (LF-MC 47.8% vs. LF-S 48.6%, and HF-MC
90% vs. HF-S 100%). The main cause of death in the ARF patients treated with
LF MC or S membranes was MOF, followed by sepsis. Most of the patients who
developed AKI after open heart surgery and were dialysed with HF MC or S
membranes died because of heart failure, and the second cause of death was
MOF. There was no difference in MC and S membrane (LF or HF) treated AKI
patients in number of HD sessions, duration of HD treatments, and hospitalization
[32]. Several invasive haemodynamic studies in AKI patients have shown an
impairment of the myocardial performance during acetate-based dialysis, and a
poorer haemodynamic tolerance compared to bicarbonate bath [33]. To avoid
rapid solute removal, the HD blood-flow rate must be limited and the duration of
the session must be prolonged to preserve the delivered dialysis dose. High
dialysate sodium concentration prevents a major reduction in plasma osmolality,
promotes fluid shift from the interstitial to the intravascular compartments, and
preserves plasma volume [34]. Several studies have shown that hypothermia
increases peripheral vascular resistances, resulting in better preservation of arterial
blood pressure during IHD without apparent deleterious effect. It is also important
to avoid warming up the patient during HD, which promotes vasodilatation and
hypotension [35]. Performing UF alone, without diffusive solute removal, may
also contribute to improved haemodynamic tolerance to volume depletion,
because of a better adaptation of total vascular resistances. In critically ill patients
with AKI necessitating RRT, the haemodynamic response to IHD is strongly
dependent on the strategy used. Despite the overall severity of ICU AKI patients,
adaptation of the IHD technique to prevent haemodynamic impairment resulted in
improved haemodynamic tolerance.

Because mortality is inversely related to dialysis adequacy in patients
with ESRD on maintenance IHD, one could argue that part of the persistently
high mortality in patients with dialysis requiring AKI might be related to an
inadequate dose of dialysis. However, the targets for adequate solute clearance
in AKI remain unknown, and the importance of removing middle and large
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uraemic toxins in the setting of AKI remains to be determined. In recent years,
there has been a growing effort to measure dialysis adequacy in AKI, using sin-
gle-pool urea kinetic modelling. In patients with AKI, using "single-pool" urea

Table 4 — TaGena 4

Intermittent hemodialysis practice quidelines
Ipetiopaku 3a uHitiep MUleHIHA OUjaIU3aA

Recommendations for systematic use:
— Use only modified cellulosic or synthetic membranes in place of cuprophane

— Connect simultaneously both lines of the circuit filled with 0.9% saline to the
central venous catheter

— Set dialysate sodium concentration > 145 mmol/l

— Limit the maximal blood flow at 150 ml/min with a minimal session duration of
4 hours

— Set dialysate temperature < 37° C

Advice for the most haemodynamically unstable patients:

— Start session by dialysis and continue with UF alone

— Cool dialysate at 35° C

Additional recommendations:

— Stop vasodilator therapy

— Start session without UF, then adapt UF/h rate according to haemodynamic response

kinetic modelling, Jaber et al. [36] have observed Kt/V values that were 27% to
28% lower than prescribed. The difference was not attributable to early
termination of dialysis, but probably relates to constrained use of anticoagu-
lation and access recirculation, an unavoidable complication of venous catheters
[37]. Paganini et al. [38] assessed the outcome of 842 critically ill patients with
AKI who required CRRT or IHD. The authors used the Cleveland Clinic Foun-
dation ARF acuity score, a scoring system that was developed from 23 different
demographic and laboratory parameters to estimate the severity of illness. The
delivered dose of dialysis (measured by blood-based and dialysate-based urea
kinetics) did not appear to have any association with outcomes at the two ends
of the scoring system. Indeed, patients with very low (< 4) and very high (> 15)
scores had survival rates of 78% and 0%, respectively, regardless of dialysis
dose. However, patients with intermediate scores seemed to be the most affe-
cted by dialysis dose delivery, with higher delivery (urea reduction ratio [URR],
> 58%) associated with a significant reduction in mortality. Schiffl et al. [39]
randomized 72 patients with AKI to either daily or alternate-day IHD. There
was no difference in baseline characteristics, including age, severity of AKI,
and APACHE 1I scores, as well as the dialysis technique, dialyzer type (high-
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flux PS or AN69), and weight loss per session. Compared with the alternate-day
treatment group, overall mortality was significantly lower in the daily treatment
group (21% vs. 47%; P < 0.025) [39]. These preliminary analyses did not adjust
for age, co-morbid conditions, and severity of illness. Although the impact of
delivered IHD on survival of patients with AKI remains unclear, and until a link
between urea control and clinical outcomes in AKI is established, the aforemen-
tioned data indicate suboptimal dialysis delivery, using the DOQI guidelines for
patients with ESRD [40]. Consequently, physicians should consider empirical
increases in dialytic time and IHD frequency and judicious use of anticoagu-
lation to improve dialysis adequacy.

Haemofiltration

For haemofiltration (HF), treatment time is dependent on the rate of UF
and the total amount of fluid to be exchanged. Blood flow is around 300
ml/min. A highly permeable membrane (e.g., polysulfone) is used and solutes
are removed by convection. The ultrafiltrate is completely or partially replaced
with sterile substitution fluid and solute concentrations in plasma are essentially
normalized. Net fluid balance is the difference between UF and reinfusion. High
permeability membranes allow different sized molecules to be removed. The
standard treatment duration for a 30 L exchange HF is 3 to 4 hours.

In HF, the removal of larger uraemic toxins, interleukins, arachidonic
acid metabolites and complement factors is obtained by convection and adsorp-
tion on the membrane. Many mediators of sepsis are water-soluble molecules
with a molecular weight below the cut-off point high-flux membranes. The UF
volume will determine the removal rate, and the characteristics of the membrane
surface and the frequency of membrane exchanges influences the elimination of
mediators [41].

Haemodiafiltration

Haemodiafiltration (HDF) combines HD and HF techniques. Highly
permeable membranes are used allowing clearance of a wide molecular weight
range of solutes. A total of 10 to 15 litres of ultrafiltrate are produced in each ses-
sion and substitution fluid is reinfused according to the patient's fluid requirement.

High flux dialysis

High flux dialysis (HFD) requires a highly permeable membrane and
precise UF control equipment. A pressure rise in the dialysate compartment
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counterbalances the excessive UF provided by the high-flux biocompatible
membrane and creates a typical mechanism of filtration—back-filtration in the
dialyzer. As a consequence, a certain degree of convection is still maintained in
conjunction with diffusion. The back-filtration in the distal part of the dialyzer
ensures a correct fluid balance [42]. The use of a sterile or ultra-pure dialysate is
strongly recommended.

Continuous renal replacement therapies

Haemodialysis-associated hypotension is estimated to occur in approxi-
mately 20-30% of treatments. Some of the causes are dialysis specific, such as
excessive or rapid volume removal, changes in plasma osmolality, autonomic
dysfunction, and anaphylactic membrane reactions. Interventions such as so-
dium modelling, increased dialysate calcium concentration, intermittent isolated
UF, and cool dialysate are among those shown to improve haemodynamic sta-
bility during IHD [30, 32, 35, 40, 43]. In 1977, Kramer et al. [44] first described
a continuous approach to RRT for critically ill patients haemodynamically
intolerant of IHD, usually because of sepsis or severe cardiac dysfunction. Since
its adoption in 1977, a myriad of different technologies, techniques, and techni-
cal advances have been introduced into CRRT (Figure 2). With CRRT, the
continuous regulation of volume homeostasis could lessen the hourly rate of
required UF, thereby improving haemodynamic stability compared with ITHD.
Control of azotaemia with modern veno-venous CRRT is at least equivalent to
alternate-day IHD, and superior to daily IHD in large or hypercatabolic patients
[45, 46]. Although acute therapy of severe hyperkalaemia, metabolic acidosis,
or intoxications is more efficiently achieved with IHD, lesser abnormalties are
corrected relatively quickly and controlled effectively with CRRT. Clinical data
suggest that CRRT should be strongly considered for patients with severe hyper-
phosphataemia (tumour lysis syndrome, rhabdomyolysis), elevated intracranial
pressure (ICP), cerebral oedema complicating acute liver failure, might be a use-
ful component of therapy for lithium intoxication, and because of the continuous
nature of the process prevents the post-dialytic "rebound" elevation of plasma
concentration of uraemic toxins typically seen with IHD. In patients with cere-
bral oedema, IHD but not CRRTs (CAVH/CVVH, CAVHD/CVVHD or
CAVHDF/CVVHDF) raised intracranial pressure and decreased cerebral per-
fusion pressure [23, 47, 48] (Table 5). Raised intracranial pressure in this setting
is due to acute solute removal and resulting plasma hypoosmolality, causing a
shift of water into the brain, with further reductions in cerebral perfusion pres-
sure caused by dialysis-induced hypotension [31]. The clinical benefits of
CRRT have also been reported for cardiac surgery patients. The possible me-
chanisms include decreased fluid overload, myocardial oedema, a decrease in
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left ventricular end diastolic pressure, optimization of the Starling relationship,
increased myocardial performance, and the removal of circulating myocardial
depressant factors [49]. Sepsis and the non-infectious systemic inflammatory
response syndrome (SIRS) are a major cause of AKI [31]. CRRT appears to
have beneficial effects on haemodynamics in SIRS, sepsis or septic shock.
Standard CRRT equipment has been modified either by using a more permeable
membrane, coupling continuous plasma filtration with continuous adsorption or
increasing the plasma water exchange rate. These modifications are aimed at
moving CRRT from the simple treatment of AKI to the adjunctive treatment of
sepsis [50], but whether they can yield clinically significant benefits remains
unknown.

Figure 2 — Intensive care unit — Continuous renal replacement therapy in acute kidney
injury patient
Cnuka 2 — OQ00en 3a uHTeH3U6Ha Held — KOH TUHYUPAHA PeHAHA 3amec Tu TelHd
Tepamuja Ha MayueH T co aKy THO OYOpedicHO ow Te Ty6arbe

Machine specifically designed to perform all the CRRT techniques. The system in-
cludes a high-resolution LCD colour screen, four roller pumps, four robust high precision
scales, two individually bag heating systems, and heparin pump. The special construction
of the scales enables the machine to hold up to 24 L of haemofiltration solution to perform
high volume CVVH according to the increasing need of RRT’s. The user menu clearly
displays all process and parameter sequences leading the user step by step. Pre, post, and
simultaneous pre—post dilution modes are available.
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Table 5 — Tabena 5

Indications for specific continuous renal replacement therapies
Hrouxayuu 3a clieyuguura 6yopexcHo sameciiuitienna itiepaiiuja

Therapeutic goal Haemod.y.n amic Preferred RRT
condition
Fluid removal Unstable Slow continuous
ultrafiltration (SCUF);
PD
Urea clearance Stable IHD
Unstable CRRT: convection,
CVVH,; diffusion,
CVVHD ; both,
CVVHDF
Severe hyperkalaemia Stable/unstable THD
Severe metabolic acidosis Stable IHD
Unstable CRRT
Severe Stable/unstable CRRT

hyperphosphataemia

Definition of abbreviations: CRRT = continuous renal replacement therapy; CVVH
= continuous veno-venous haemofiltration; CVVHD = continuous veno-venous haemo-
dialysis; CVVHDF = continuous veno-venous haemodiafiltration.

Although much attention has been focussed on the perceived benefits of
CRRT compared with IHD, comparatively less attention has been focussed on
the potential for increased risks with CRRT therapy (Table 6). In AKI patients
stable enough to tolerate IHD, this benefit should be balanced against aspects of
CRRT that might adversely affect the outcome, such as continuous anticoagu-
lation, prolonged membrane exposure, hypothermia, and nonselective removal
of nutrients, inflammatory mediators, and drugs. Drug dosing in AKI CRRT
treated patients is usually based on regimens for moderate renal insufficiency
(GFR 10 to 50 ml/min) for dose adjustments during CRRT with standard 1- to
2-1/h flow rates. For narrow therapeutic index drugs, therapeutic drug monitor-
ring is appropriate. Filter clotting is the Achille's heel of CRRT, and may cause
hours of lost therapy, which is quantitatively important because these are ineffi-
cient solute removal processes, which must be as close to continuous as possible
in order to achieve dose equivalence with IHD [31]. The use of low molecular
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weight heparin (LMWH) or low-dose heparin infused directly into the haemo-
filter with minimal systemic anticoagulation achieves adequate filter longevity
in many patients (at least 24h, ideally 96h or more). CRRT without anticoagu-
lation (using intermittent saline filter flushes) may be successful in some coagu-
lopathic patients (e.g., patients with end-stage liver disease). In septic patients
with thrombocytopenia and elevated prothrombin time/partial thromboplastin
time (PT/PTT) due to diffuse intravascular coagulation (DIC), increased filter
clotting is the rule if no anticoagulation is used. In newly postoperative patients
and others with contraindications to systemic anticoagulation, regional anticoa-
gulation of the haemofilter alone, the use of regional heparin (prefilter heparin,
postfilter protamine), or the use of regional citrate anticoagulation (infusing cit-
rate prefilter to chelate calcium and prevent filter clotting, and administering
calcium through a central vein to prevent systemic ionized hypocalcaemia) has
been used. [51]. Emerging alternatives include hirudin and prostacyclin. Diffe-
rences in cost between IHD and CRRT techniques vary widely between institu-
tions and countries, because of variations in [HD frequency, supply charges, and
staffing practices (ICU nurse vs. dialysis staff versus both). It appears that
CRRT is twice as expensive as [HD in most countries.

Table 6 — Tabena 6

Comparison of intermittent and continuous renal replacement therapy

Cropejnba nmomery HHTEpPMHTEHTHATA H KOHTHHYHPAHATA
OYOpEKHO 3aMeCcTyBaKa TEPAITH]A

Intermittent haemodialysis

Advantages
e Short duration makes more time available for diagnostic and therapeutic
procedures
o Lower risk of systemic bleeding as a result of less heparin use
More suitable for severe hyperkalaemia
Optional online bicarbonate dialysate production
¢ Less labour-intensive and therefore less expensive

Disadvantages

e Technically sophisticated requiring specific infrastructure

¢ Qualified dialysis staff required to supervise the procedure

e Periodic solute control with subsequent disequilibrium

e Dialysis dose and nutritional support might be inadequate at low treat-
ment frequencies

¢ Frequent hypotensive episodes with aggressive UF
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Continuous renal replacement therapy

Advantages

e Machines are generally easy to operate and do not require specific infra-
structure

o Intensive care unit staff can operate machines and perform monitoring

e Prolonged gradual solute and volume removal achieves superior solute
and fluid control

e UF over a longer period provides better haemodynamic stability

¢ Adequate nutritional support possible

Disadvantages

¢ Higher requirement for heparin and higher risk of systemic bleeding

¢ Impairs mobilization of patients

e Treatment frequently interrupted due to filter problems, and diagnostic
and therapeutic procedures

e Expensive sterile substitution solutions substantially increase treatment
costs

Despite apparent advantages over IHD in unstable patients, the superio-
rity of CRRT with respect to mortality or recovery of renal function has not
been demonstrated. Mehta et al. [52] compared IHD and CRRT in 166 critically
ill patients with severe AKI, with the finding of a significantly higher ICU mor-
tality rate in patients who were randomly assigned to CRRT (60% vs. 42%; P =
0.02). However, despite randomization, patients who were assigned to CRRT
were found subsequently to be more likely to have had a higher overall severity
of illness, as determined by Acute Physiology, Age, Chronic Health Evaluation
IIT (APACHE III) score. After adjustment for these factors, the increased risk
that was attributed to CRRT was no longer statistically significant. However,
within each tertile of severity of illness, randomization to CRRT was associated
with a trend towards higher rather than lower risk [52]. In a recently reported
randomized trial, 125 AKI patients were randomly assigned to CRRT (CVVHD)
or IHD from a single-centre hospital ICU. In hospital, mortality rates did not
differ by treatment assignment (47% vs 51%, CVVHD vs. IDH; P = 0.72) [53].
More recently, Vinsonneau et al. [54] reported the results of the largest, best po-
wered, prospective, randomized, multi-centre study reported to date comparing
the results of IHD with CRRT. A total of 360 critically ill patients were
randomly assigned. In an intention-to-treat analysis, there was no difference in
the primary end point of 60-day survival (32% in the IHD group vs. 33% in the
CRRT group). The authors also noted that there was an unexpected progressive
and significant increase in survival rates in the IHD group over time (relative
risk 0.67/year; P < 0.001) [54]. This suggests that there may have been a lear-
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ning curve for optimizing IHD therapy in this study environment. Therefore,
published data from randomized trials do not support the contention that CRRT
is a superior therapy. Most physicians would agree that CRRT is preferred to
provide RRT for a significant proportion of haemodynamically unstable ICU
AKI patients. In patients stable enough to tolerate IHD, this benefit should be
balanced against aspects of CRRT that might adversely affect the outcome.

IHD and CRRT should be regarded as complementary techniques,
which should both be available in institutions that care for critically ill patients,
allowing RRT to be individualized to the needs of the complex patients who de-
velop AKI in the ICU. AKI in ICU patients is increasingly a component of
SIRS, sepsis or septic shock, and the development of rational strategies for ini-
tiation, dosing, and effective delivery of RRT in this setting is among the grea-
test challenges facing nephrologists and intensivists today. It is hoped that a
multidisciplinary approach and new technology will yield progress in this comp-
lex and challenging field. There is increasing evidence that a beneficial effect
obtained by CRRT in patients with SIRS or septic shock seems to lie in the ca-
pacity of these therapies to remove chemical mediators from the patients’ circu-
lation. This hypothesis has spurred new interest in the application of therapies
with an increased amount of convection, or with membranes characterized by
increasing sieving coefficients [50].

High volume haemodiafiltration

The metabolic control of AKI generally requires at least 30 L of urea
clearance per day. The combination of diffusion and convection has shown that
satisfactory clearances of small and medium large molecules can generally be
achieved. In the case of sepsis, patients may present increased concentration of
substances in the middle molecular weight range (500-5000 Da) such as proin-
flammatory mediators of the humoral response to endotoxin. In this case, the
treatment should control not only waste products, but also the circulating levels
of these proinflammatory substances. To achieve such a complex task, high
convective rates may be required and can be obtained in CVVHF, CVVHDF, or
in continuous high flux HD with continuous dialysate volume control. If the
therapy is performed for 24h, clearances in the range of 80 L/day may be
obtained. In HFD, substitution fluid is not required and the balance is obtained
by a mechanism of internal back-filtration. If performed continuously, the treat-
ments can provide weekly K#/V in the range of 7-10 [48, 50]. These therapies
have been shown to produce a beneficial effect on patients’ haemodynamics,
with a significant reduction of vasopressor drug requirement.
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Continuous plasmapheresis-plasma exchange

Plasma filters differ from high flux membranes in that they have larger
pores and sieving coefficients and can remove molecules with higher molecular
weights including proteins and inflammatory mediators. They may be used in
combination with CRRT technique performed with lower flow rates and for an
extended period of time. The patient’s plasma is filtered across highly porous
membranes and large quantities of plasma substitutes such as fresh-frozen
plasma are required for this procedure [55]. There appear to be some advantages
in clinical trials; however, it is too early to predict its benefits as further large-
scale trials are needed to confirm this. At this time, both the high costs of
excessive plasma substitution fluids and unregulated losses of beneficial plasma
constituents may limit this modality of treatment.

Cntinuous plasma filtration-adsorption

Coupled plasma filtration adsorption (CPFA) is a technique of blood
purification in which plasma is separated from the whole blood and circulated in
a sorbent cartridge. The plasma is then returned to the blood circuit which then
undergoes standard HD or filtration through a cartridge containing a mixture of
hydrophobic resin and uncoated charcoal. Because the patient’s own plasma is
used for reinfusion, there is no need for substitution fluids and unwanted protein
losses are avoided. This modality has been shown to remove cytokines with
high efficiency and most impressively has the ability to restore leucocyte res-
ponsiveness to endotoxin in ex vivo testing, suggesting an added immunomodu-
latory effect [56]. The potential for CPFA in the treatment of SIRS seems exci-
ting but its role in the management of AKI has not been established and further
clinical testing to appreciate its value is awaited.

Continuous haemoperfusion-haemodialysis

HP or HD alone do not provide sufficient purification for the treatment
of AKI but in combination with CVVH or CVVHDF are able to provide a
broader purification removing molecules that are not removed by CVVH or HD
alone. The technique is based on the placement of a sorbent cartridge in series
with the dialyzer in the attempt to remove those toxins that are not removed by
classic blood purification techniques [57]. The critical factor to make this
therapy effective is early application when a high concentration of circulating
endotoxin can be detected in plasma, but systemic effects have not yet occurred.
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'Hybrid' renal replacement therapies

This technique utilizes equipment originally developed for treatment of
patients with chronic renal failure and does not require industrially produced
substitution fluid. The term "sustained low-efficiency dialysis" (SLED) is the
most widely used, but alternatives used in the literature include "extended daily
dialysis" (EDD) and "slow continuous dialysis" (SCD). This means of RRT com-
bines several advantages of both IHD and CRRT, most notably excellent deto-
xification and cardiovascular tolerability akin to that associated with CVVH.

Hybrid therapies using a variety of machines are safe and convenient,
providing excellent control of electrolytes and fluid balance. Urea kinetics
follows single compartment models and the delivered dose of dialysis is high.
Larger solute clearance is enhanced by concurrent use of high flux membranes
and on-line diafiltration. Machines for hybrid therapy should ideally have the
characteristics of flexible options for dialysate flow (QD) (allowing for low
flows should the clinical situation mandate low solute clearance and UFR),
flexible options for hybrid treatment duration (allowing prolonged or even
continuous treatments), clear interface with the nurse managing the treatment
preferably via a dedicated hybrid therapy screen, and standard procedures for
changing between IHD and hybrid therapy (allowing either modality to be
conveniently chosen at treatment commencement without any resultant delay)
[58]. Current machines include the Fresenius 4008S and Genius (both have a
built-in option for hybrid therapy and may be selected from the startup screen
without any delay or further adjustment), and the Gambro 200S Ultra (the lower
limit of QD on this machine is 300 ml/min). The Genius system consists of a
single-pass batch dialysis machine that provides up to 75 L of an ultrapure
germ- and endotoxin-free pure bicarbonate dialysate per dialysis session and a
station for automated production of dialysate and filling of the machine. The
technically simple machine has one roller pump into which both blood and dia-
lysate tubing are inserted and that pumps blood and dialysate countercurrently
with a ratio fixed at 1 : 1 or 2 : 1, depending on the diameter of the blood and
dialysis tubing used. Thus, the blood-flow determines the duration of treatment,
i.e., the time in which the 75L dialysate tank is used up. Treatment time can be
varied simply by changing the speed of the blood pump from 4 hours (conven-
tional IHD with a 1: 1 system and blood flow of 300 mL/min) to as much as 24
hours (extended dialysis with a 2 : 1 system and blood flow of 100 mL/min)
[58] (Figure 3). The blood flow and treatment time can be modified within the
treatment session.

Different combinations of dry and liquid concentrates can be mixed to
theoretically generate up to 240 dialysate compositions, allowing treatments to
be tailored to the needs of individual patients. The most common dialysate
solution contains potassium at 4.0 mmol/L, bicarbonate from 30 to 35 mmol/L,
and calcium from 1.5 to 2.5 mmol/L The extremely flexible, yet highly effici-
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ent, SLED treatment modality fulfils all ICU requirements: it offers immediate,
highly effective dialysis therapy for acute hyperkalaemia, whereas for less
urgent indications, treatment durations can be extended up to 18h. Dialysate
flow rate is varied according to clinical need and dialysis machine specifi-
cations. The main factor governing QD is tolerance to ultrafiltration. If the
targeted UFR is tolerated, treatment duration can be shorter (e.g. 6 to 10 hours),
and QD should be higher in this setting (e.g. 300 mL/min). If tolerance is low,
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Figure 3 — The Genius single-pass dialysis machine

Cmuka 3 — Mawunata Genius 3a single-pass oujanusa

The Fresenius Genius machine utilizes a 75 L or 90 L insulated but not
heated glass container, in which all the dialysate destined for one treatment is sto-
red. This dialysate is mixed from pre-packed salts and ultra pure water prior to
treatment. Fresh dialysate is pumped from the top of the tank around the extracor-
poreal circuit and then into the bottom of the tank, where temperature and density
differential keeps this spent dialysate from mixing with the fresh dialysate on the
top. Constant UV light maintains tank sterility. One 75L tank will last about 18 hours
ata flow of 70 ml/min, and a 90L tank about 8 to 12 hours at 150-200 ml/min.

Contributions, Sec. Biol. Med. Sci., XXIX/2 (2008), 119-153



New Experiences with the Therapy of Acute Kidney Injury 143

duration will be correspondingly longer (eg, 10 to 18 hours, even continuous),
and QD correspondingly lower (e.g. 100 to 200 mL/min). Ultrafiltration goals
are determined by clinical need, and the main factor governing UFR is cardio-
vascular stability. If a prescribed ultrafiltration goal can be achieved over a
shorter period, higher UFR is prescribed as tolerated, but if not, UFR will be
lower, and treatment duration correspondingly longer. Standard extracorporeal
circuit tubing and haemodialyzers are used. Unfractionated heparin is the most
commonly utilized anticoagulant. Heparin regimens typically consist of a 1,000
to 2,000 IU bolus, followed by an infusion of 500 to 1,000 IU/h to keep the acti-
vated partial thromboplastin time 10 to 20 seconds above or 1.5 times control.
Mean heparin requirements are reported to be between 4,000 and 10,000 IU per
treatment-day, between 50% and 75% less than for CRRT [59, 60]. Regional cit-
rate anticoagulation has been used for both batch and single pass machines to suc-
cessfully maintain extracorporeal circuit patency during hybrid treatments. Drug
clearance can be considerable with hybrid therapy and intermediate between that
IHD and CRRT. Dosing decisions need to be made on an individual basis.

Sustained low-efficiency dialysis offers several advantages over CRRT,
including less cumbersome technique, patient mobility, and decreased require-
ments for anticoagulation, while providing similar haemodynamic stability and
volume control. A randomized, prospective trial comparing the two treatment
modalities in a large cohort of patients is necessary to determine the relative
impact of SLED on mortality. More definitive information will become avai-
lable from impending multicentre prospective randomized trials (The Acute
Renal Failure Network Trial; and CRRT vs SLED — Substudy of the Stuiven-
berg Hospital Acute Renal Failure Trial). In the mean time several controlled
studies [58, 59, 61, 62] have been published by groups that use SLED to treat
ICU patients with renal failure. Kielstein et al. [62] randomly treated 39 ventila-
ted critically ill patients with oliguric acute renal failure with either continuous
venovenous haemofiltration (CVVH; n = 19; age, 50.1 + 3.2 years; Acute Phy-
siology and Chronic Health Assessment II [APACHE II] score, 32.3 + 1.2; 79%
sepsis) and a substitution fluid rate of at least 30 mL/kg/h for 24 hours or with
SLED for 12 hours (n = 20; age, 50.8 + 3.6 years; APACHE 1I score, 33.6 £+
1.0; 85% sepsis). The latter was performed using an easy-to-handle, single-pass,
batch dialysis system. Average mean arterial blood pressure, heart rate, cardiac
output, systemic vascular resistance, and catecholamine dose were not signifi-
cantly different in the two therapies. Urea reduction rate was similar with SLED
compared with CVVH therapy (53% + 2% vs 52% + 3%) despite an average
rate of substitution fluid with the latter of 3.2 £ 0.1 L/h. This was corroborated
by the finding of similar amounts of urea eliminated in the collected spent total
haemofiltration and dialysis fluid. Correction of acidosis was accomplished
faster with SLED than CVVH, and the amount of heparin used was significantly
lower with SLED (P < 0.01). The authors concluded that SLED combines
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excellent detoxification with cardiovascular tolerability, even in severely ill pa-
tients in the ICU [62]. Kumar et al. [58] compared SLED with standard CVVH
in a prospective study. They used the 2008H (Fresenius Medical Care, Ger-
many) machine to treat 25 critically ill patients with SLED (367 total treatment
days). An additional 17 patients were treated with CVVH for a total of 113
days. Median daily treatment time was 7.5h for SLED and 19.5h for CVVH. No
differences in mean arterial blood pressure or use of catecholamines were ob-
served between the treatment groups, despite similar median net daily UFR
(3,000 ml/day vs. 3,028 ml/day). By contrast, requirement for anticoagulation
was significantly less in patients treated with SLED (median heparin dose 4,000
U/day vs. 21,100 U/day with CVVH) [58]. The authors found that SLED was
well tolerated by the majority of patients, offered many of the same benefits
provided by CVVH, and was technically easier to perform [58]. Kumar et al.
[63] have also published an account of their 2-year experience with SLED.
They concluded that this technique is well tolerated and offers many of the
benefits of continuous techniques, but is technically much simpler to perform
and therefore well accepted by the ICU team [63]. Marshall et al. [64] used a
standard IHD machine (2008H, Fresenius Medical Care, Germany) at a reduced
dialysate flow rate of 100 ml/min. They have used this approach to treat
critically ill patients in whom IHD had repeatedly failed because of intradialytic
hypotension, patients in whom haemodynamic intolerance was likely to occur,
and patients in whom the prescribed solute control goals were not achieved
despite daily IHD. In these settings, the authors achieved ultrafiltration goals
and adequate solute removal in most of their 37 patients with 145 SLED
procedures. Dialysis quantification in nine oliguric patients revealed a mean
delivered double-pool Kt/V of 1.36 £ 0.38 per treatment. Hospital mortality was
62% (not significantly different from expected mortality determined from the
[APACHE II] illness severity score) [64]. All of the reported experiences with
hybrid therapy suggest patients' outcomes are no different from that predicted
by their illness severity scores.

Substantial cost reduction can be achieved if the equipment used for
SLED is also employed for chronic RRT in the same hospital. All centres
offering SLED use various standard IHD machines, such as the 2008H or the
Genius single-pass dialysis system, without adding or altering software or
hardware. In some hospitals, flexible treatment modalities allow the same
machine to be used for two IHD sessions and one overnight SLED treatment
during a 24-hour period. Newer machines, like the Fresenius 4008 series, have a
built-in option for SLED, which is selected from the startup screen without any
delay or requirement for further adjustment. Several economic evaluations have
shown SLED to be less expensive than CRRT within a widely applicable natio-
nalized healthcare system [65]. The main sources of cost savings are reduced
staff load and reduced need for industrially produced sterile substitution fluid.
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The impact of modality of dialysis on mortality
and recovery of renal function

Marshall et al. [58] presented a single-centre experience accumulated
over 18 months with a SLED technique, in which standard IHD equipment was
used with reduced dialysate and blood flow rates. Twelve-hour treatments were
performed nocturnally, allowing unrestricted access to the patient for daytime
procedures and tests. One hundred and forty-five SLED treatments were per-
formed in 37 critically ill patients in whom IHD had failed or been withheld.
The overall mean SLED treatment duration was 10.4 hours because 51 SLED
treatments were prematurely discontinued. Of these discontinuations, 11 were
for intractable hypotension, and the majority of the remainder were for extra-
corporeal blood circuit clotting. Haemodynamic stability was maintained during
most SLED treatments, allowing the achievement of prescribed UF goals in
most cases with an overall mean shortfall of only 240 mL per treatment. Direct
dialysis quantification in 9 patients showed a mean delivered double-pool Kt/V
of 1.36 per treatment. Observed hospital mortality was 62.2%, which was not
significantly different from the expected mortality as determined from the
APACHE 1I illness severity scoring system. The authors concluded that SLED
is a viable alternative to traditional CRRTs for critically ill patients in whom
IHD has failed or been withheld [58].

Berbece and Richardson [66] compared SLED (23 patients, 165 treat-
ments) with CRRT (11 patients, 209 days), focussing on cost, anticoagulation,
and small solute removal. SLED consisted of 8 h of HD 6 days a week, with QB
of 200 ml/min, QD of 350 ml/min, and haemofiltration with 1 L of saline/h.
CRRT patients were anticoagulated with either heparin or citrate, and SLED
patients with either heparin or saline flushes. The weekly costs to the hospital
were $1,431 for SLED, $2,607 for CRRT with heparin, and $3,089 for CRRT
with citrate. Sixty-five percent of SLED treatments were heparin-free; filter
clotting occurred in 18% of heparin treatments and 29% of heparin-free
treatments. Weekly Kt/V was significantly higher for SLED (8.4 + 1.8) and
time-averaged SCr was lower; equivalent renal clearance was 29 + 6 ml/min for
SLED, similar to that for CRRT. The authors concluded that SLED may be
routinely performed without anticoagulation, and that it provides solute removal
equivalent to CRRT at significantly lower cost [65].

Kellum et al. [67] performed a meta-analysis of all prior randomized and
observational studies that compared CRRT with IHD. Studies were assessed for
baseline characteristics, intervention, outcome and overall quality through blinded
review. The primary end-point was hospital mortality, assessed by cumulative
relative risk (RR). The authors identified 13 studies (n = 1,400), only 3 of which
were randomized. Overall there was no difference in mortality (RR 0.93 (0.79-
1.09), p = 0.29). However, study quality was poor and only 6 studies compared
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groups of equal severity of illness at baseline (time of enrolment). Adjusting for
study quality and severity of illness, mortality was lower in patients treated with
CRRT (RR 0.72; P < 0.01). In the 6 studies with similar baseline severity,
unadjusted mortality was also lower with CRRT (RR 0.48; P < 0.0005). Kellum
et al. [67] concluded that current evidence is insufficient to draw strong con-
clusions regarding the mode of RRT for AKI in the critically ill.

Currently, no difference has been found in mortality or renal recovery
between hybrid RRT, CRRT or IHD for critically ill patients with AKI. Ho-
wever, future investigations should collect detailed information on long-term
costs and the relative likelihood of renal recovery associated with dialysis mo-
dality. New trials aimed at showing a mortality benefit in unselected patients
should be undertaken with caution because recent data suggest that the required
number of patients for such a study would be very high. Nonetheless, multi-
centre investigations of this issue could be performed successfully, as with other
common interventions in critical illness, even those laden with perceived ethical
issues, such as blood transfusions. The design of new studies evaluating the
impact of dialysis modality in AKI would need to account for contamination
(caused by treatment crossover), illness severity (by stratification), and varia-
tions in dialysis technique, dialysis membrane, and dose. Lessons learned from
the conduct of previous trials could be used to develop inclusion criteria that
would minimize ethical concerns and produce a suitably homogeneous patient
population. Because the mortality rate of critically ill individuals remains eleva-
ted long after leaving the ICU, outcomes should be assessed at hospital dis-
charge, or even later.

Two large multicentre randomized controlled studies aimed at resolving
uncertainty about the impact of more intensive RRT on mortality are now under
way: the Veterans Administration/National Institutes of Health Acute Renal
Failure Trial Network (ATN) study and the Australian and New Zealand Inten-
sive Care Society/George Institute for International Health/Australian National
Health and Medical Research Council Randomised Evaluation of Normal ver-
sus Augmented Level of RRT (RENAL) study. The ATN study is a multicentre,
prospective, randomized, parallel-group trial of two strategies for the manage-
ment of RRT in AKI in critically ill patients. It is conducted within a network of
approximately 30 tertiary-care Veterans Administration and university hospitals
in the United States. Patients with suspected ATN will be randomized to either
an 'intensive' or a 'conventional' management strategy. Within each group, de-
pending on haemodynamic status, as assessed by the sequential organ failure
assessment score, patients will receive either IHD, or CRRT or SLED. In pa-
tients randomized to the intensive-strategy arm, the dose of treatment will be
greater (for CRRT, this will mean a dose increase from 20 to 35 ml/kg/h of esti-
mated urea clearance). The primary end point for the ATN study is 60-day all-
cause mortality. The investigators have estimated that 1164 subjects need to be
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randomized to show a 10% absolute reduction in mortality from 55% to 45%
with a power of 90% at a two-sided significance level of 0.05, allowing for a
dropout rate of 10% [68]. The RENAL study is a multicentre, open-label, pa-
rallel-group, randomized, controlled trial of an 'augmented' CRRT regimen to
deliver a dose of 40 ml/kg/h of estimated urea clearance, compared with 'nor-
mal' CRRT at a dose of 25 ml/kg/h in critically ill patients with severe AKI. The
dose of 25 ml/kg/h represents current average practice in Australia and New
Zealand. The primary aim of the study is to compare the effects of these two
CRRT doses on all-cause mortality. The RENAL study will randomize 1,500
patients. This study will have a 90% power to detect an 8.5% absolute reduction
in 90-day mortality at an end cut of 0.05, assuming a 90-day mortality of 60%
in controls [68]. The ATN and RENAL study is now under way and is schedu-
led to finish by the end of 2007 or by early 2008 and the results should be avai-
lable in 2008. Both studies will provide valuable data on many aspects of RRT
(secondary outcomes, technique, timing of start of RRT, anticoagulation, risk of
bleeding, complications, and filter life). The prudent clinician would do well to
wait until the release of the results of these two trials before deciding what is the
'best technique' and the 'best dose' of RRT in severe AKI. Until information
from such trials is available, a systematic review such as this may constitute the
best possible evidence.
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Pe3zume

HOBU UCKYCTBA BO TEPAIIMJATA HA AKYTHOTO BYBPEXHO
OHNITETYBAIE

Kec IT., Bammk Jykuk H.

Kirnamka 3a gujaanza, 3arped
YuusepsnreTcku O0JTHHIKH HeHTap, 3arpe0, XpBaTcka

AxyTHOTO OyOpeskHo omreryBame (ABO) ce cpekaBa Kaj pa3nmaHd
IPyNU Ha MAalUeHTH (XOCHUTANM3UPAHU WM aMOYJAHTCKU TMAIUCHTH, NAlMCHTH
Ha MHTEH3MBHA HEra, XOCIMUTAIN3UPaHH JIelja, BO3PACHU U CTapH), CO Pa3IuIHU
KJIMHAYKY MaHu(ecTaqud KOW BapupaaT oOJf MHUHHMMallHAaTa eJjieBalyja Ha
cepyMcKaTa BpeIHOCT Ha KpeaTuHHHOT (cKp) o aHypuja co/unm 6e3 MyaTHOOp-
racko orkaxypawe (MO®), co mHMPOKU BapHujallii BO 3aBUCHOCT Off NMPHUYH-
HUTE, (paKTOpHUTE Ha PU3UK U KOMopOuauTeTnTe. He mocrou jacHO mpaBmiio Kora
Tpeba fa ce 3anouHe JekyBameTo Ha ABO co OyOpexkHaTa 3aMeCTUTEIHA Tepa-
nmuja (B3T), Ho He Tpeba ma ce yeka fa ce MojaBaT YPEeMUCKUTE KOMIUIUKAIMH.
AxTyenHa npakTuKa e fa ce 3anouyde co b3T nmopano, Ha npuMep Kora cKp Ke
pmocturae BpegHocT of 500 mo 700 MUKpOMOI/N, OCBEH aKO TOCTOM jaceH
rmokasareJ jleKa HacTalyBa O3/[paByBame Ha OyOpeskHaTta (pyHkiuja. 1360poT Ha
TPETMaHOT Ke 3aBUCH Off KIWHMYKATa MPAKTUKA, TEXHUUKUTE MOXHOCTH H
eAyuupaHoCcTa Ha MequIIMHCKUOT nepcoHan. Mneannata B3T Tpeba na ru 3amenn
¢yaRIMATE W (PU3MOIOMIKUTE MEXaHW3MH HAa HATWBHHOT OpraH, jla 6upe 6e3
KOMIUIMKaIUK, co fo0pa KIMHAYKA TOJNepaHInja, a ja Oflp3KyBa XOMeocTa3aTa,
CO IIeJI 1a JIOojfie MO 3aKpenHyBame Ha adekTupanuotr oprad. B3T e nmpercraBena
co mepuroneamna pgujanu3a (I1]1), uaTepMuTeHTHa xemomujanu3a (MX]I),
KOHTHHYHMpaHa 6yOpexkHa 3amecturensa Tepanuja (Kb3T) u xubpugan Tepanun.
CuTe HaBeIeHN TEpalMy Ce Pa3MKyBaaT CIOpPel METOAMTE Ha U3BEAYyBamE, BO
epuKaCHOCTA ¥ KIMHWYKATA TOJepaHIIHja.

ABO 6e3 MO® e nomanky cliokeHa KIMHAYKA COCTOjO6a M MOKe Aa ce
JIeKyBa HaJBOP Ofi AMHUIUTE 32 UHTEH3UBHA HETa, CO UCTUTEe TeXHUKH Ha B3T
KON ce KOpHCTaT 3a JIeKyBalke Ha TepMHHalHa OyoOpexHa cimaboct. ABO co
MO® e croxkeHa KIIMHAYKA COCTOj0a, KOja ce OfiJIuKyBa co motpebdara of (ek-
cubunna B3T. AkytHata I1]] npercraByBa omniuja 3a JeKyBambe Ha CEJICKTUPAHU
nanueHTd co ABO, kako, Ha mpuUMep, Jiella, XeMOIMHAMUCKN HECTaOWJIHU Ta-
LUEHTH, IALIUEHTH CO HapYyILIEHa XeMOCTa3a, CO MOTEIIKOTUY NIpH 00e30e1yBambeTO
Ha BacKyJlapeH NpHCTal, co moTpeba 3a eIMMHUHUpame Ha TOKCHHU CO rojieMa
MoJsekymnapaa maca (> 10 KJI) 1 KTMHUYKY cHTHU(UKAHTHA XUIIO MM XUIEepTep-
muja. [TaneHTnTe KON ce XeMOMHAMUCKHU CTAaOMITHA MO3KE fla OuaT JIeKyBaHU CO
MNX. OnpKyBambeTO Ha XeMOJUHAMHUCKATAa CTaOWIIHOCT € €[eH OJf HajBaKHHUTE
aCIeKTH IpH u3BefyBameTo Ha Aujanu3HuTe TexHuku. Co KB3T e oBo3MokeHa
KOHTHHYHpaHa peryianyja Ha XOMeocTa3aTa, OIHOCHO OJIP>KyBambeTO Ha XEMOJU-
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HamIuckaTa crabunHocT. Knuanukure nogatonu cyrepupaatT geka KB3T tpeba
fa bujie cTporo CHpoBefieHa Kaj MalMeHTU co Telllka xunepdocdaremuja, 3rone-
MEH MHTpaKpaHHjalleH NPUTHUCOK, IiepedpalieH efleM, aKyTHa IPHOApPOOHA cra-
0ocT, cernca WM CeNTUYEH IIOK, TUTUyMcKa nHTOKcukanuja... Co KB3T ce mpe-
BEHUpPA MOCTAUjalU3HUOT CKOK Ha CepyMcKaTa KOHIICHTpalija Ha YpPEMUYHUTE
TOKCHHH, KapakTepucTuyHo 3a MX]I. XuOpupHuTte TepaneBTCKU TEXHUKU OBO3-
MOXYBaaT OfIINYHA KOHTPOJA Ha BOJEHO-ENEKTPONUTHUOT OAJIaHC U CE OfIJIUKY-
BaaT Cco OffpefieHH NpefaHocTH Bo crnopenda co Kb3T, kako MOOMITHOCT Ha maly-
€HTOT W HaMaJjieHaTa moTpeda 3a aHTHMKoaryjiaHTHa Tepamnuja. [Ipu cnopenbarta
Ha xubpupHata b3T, KB3T u MX]] He e yrBpAeHa pa3auKa BO cTankaTa Ha MOp-
TAIUTETOT WM OyOpEesKHOTO O37ApaByBame Kaj manueHTuTe co ABO. WnHure
UcTpaxyBama Tpeba fa 00e30efaT feTalHu UH(pOpMalMU 3a BUCOKUTE TPOLLOLHU
1 3a OyOpeKHOTO O3[PABYBaE ACOLMPAHO CO AUjaTU3HIOT MOJAIUTET.

Kny4nu 360poBm: akyTHO OyOpeXKHO OHITETyBamwe, OyOpesKHa 3aMeCTUTEIHA Te-
pammja, IepuTOHEalHa [Ajajn3a, THTEPMUTEHTHA XeMO/Njann3a, KOHTHHynpaHa
OyOpeskHa 3aMeCTHUTENIHA Tepanyja.
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	Abstract: Acute kidney injury (AKI) is encountered in a variety of settings (e.g., hospitalized and outpatient, non-intensive and intensive care unit patients, pediatric, adult, and elderly), with varied clinical manifestations ranging from a minimal elevation of serum creatinine (SCr) to anuric renal failure and/or multi organ failure (MOF), and a wide variation in causes, risk factors and comorbiditis. There is no hard and fast rule as to when renal replacement therapy (RRT) should be initiated, but is clearly not sensible to wait until an obvious uremic complication arises. Modern practice is to initiate RRT sooner rather than later, for example, when the SCr concentration reaches 500–700 μmol/L, perhaps even earlier, unless there is clear evidence that renal function is about to recover. The choice of the treatment will depend on the clinical practice, technical resources, and well-trained nurses of a given department, than on precise clinical indication. The ideal RRT should mimic the functions and physiological mechanisms of the native organ, ensuring qualitative and quantitative blood purification, be free of complications, have good clinical tolerance and restore and maintain homeostasis, thus favouring organ recovery. Now available RRT options /peritoneal dialysis (PD), 2. intermittent hemodialysis (IHD), 3. continuous therapies (CRRT), and 4. hybrid therapies/, differ in the method of delivery, efficiency, and their clinical tolerability. AKI without MOF is less complex, can be managed outside intensive care unit and the same RRT techniques used for the treatment of chronic renal failure may be applied. AKI associated with MOF is a more complex condition and requires more flexible RRT. Acute PD remains a viable option for the treatment of selected patients with AKI, particularly pediatric population, and those who are hemodynamically compromised, have severe coagulation abnormalities, difficulty in obtaining blood access, removal of high molecular weight toxins (> 10 kD), and clinically significant hypothermia and hyperthermia. Patients that are hemodynamically stable can be managed with IHD techniques. Maintaining hemodynamic stability is probably one of the most important aspects of dialysis technique as well as one of the most difficult challenges. With CRRT, the continuous regulation of volume homeostasis could lessen the hourly rate of required UF, thereby improving hemodynamic stability compared with IHD. Clinical data suggest that CRRT should be strongly considered for patients with severe hyperphosphatemia, elevated intracranial pressure, cerebral edema complicating acute liver failure, sepsis or septic shock, might be a useful component of therapy for lithium intoxication, and because of continuous nature of process prevents the post-dialytic "rebound" elevation of plasma concentration of uremic toxins typically seen with IHD. Hybrid therapies using a variety of machines are safe and convenient, providing excellent control of electrolytes and fluid balance, and offers several advantages over CRRT, including less cumbersome technique, patient mobility, and decreased requirements for anticoagulation, while providing similar hemodynamic stability and volume control. Currently, it has been found no difference in mortality or renal recovery between hybrid RRT, CRRT or IHD for critically ill patients with AKI. However, future investigations should collect detailed information on long-term costs and the relative likelihood of renal recovery associated with dialysis modality. 
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