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(" Abgtract: Theoptimal management in patientswith acutekidney injury (AKI) including dosing of renal replacement therapy (RRT) remainsan
important unresolved issue. The concept of dialysis dose tested in patientswith end stage kidney disease (ESKD) has now been increasingly
being extrapolated in patientswith AKI. Urea kinetic modeling the main stay of dialysisdose and end stage kidney disease haslimited utility in
AKI because of non-steady state of urea generation, protein catabolism and volume status in these patients. Thisis further compounded by
differing dialysis techniques employed in these patients. Though various models have been proposad like equivalent urea clearance, solute
detention index and the ionic dialysance to address these issues they have their own limitations and have limited clinical experience. Few
systematic studies havelooked at the effect of dialysis dosing on patients outcomes and controversy existsin defining adequate dose of dialysis
in these patients. The physician thus should consider various patients characteristicsin prescribing these therapies and importantly measure

\thedeliver dose of RRT in each session to accommodate for differencein prescribed and delivered dose.
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INTRODUCTION

AcuteKidney Injury (AKI) isacomplex dlinica entity characterised by
anabrupt declineinrend function. Definitionsfor AK1 haveonly recently
been standardised intheform of Risk-1njury-Failure-L oss-End stagerend
disease (RIFLE) dlassification in 2004 followed by modifications by the
Acute Kidney Injury Network (AKIN) in 2007 *2. Despite standardised
definitionsandtechnol ogical advancementsinmedical andrend replacement
therapy (RRT) themorbidity and mortdity in AKI remains unacceptably
high™. Theoptima management inthesepatients remainsuncertainwith
some debatable issues being timing of initiation of rend replacement
therapy (RRT), choice of modality (intermittent vs continuous) and
quantification of dialysis dosing in AKI 2. The problem is further
compounded by significantinfluenceof other co-morbiditieson outcomes
making it difficult to assessand compare variousthergpies. Thedosing of
acute rend replacement thergpy in AKI isan area of intense interest and
research andinthisreview wewill focuson the concept of didysisdosing
in AKI and studies looking at influence of didysis dosing on patient
outcomes.

CONCEPT OF DIALYSISDOSING IN AKI

e Theuraemic state is characterised by the accumulation of small
and large solutes, protein bound substances and sequestered
solutes. Dialysiseffectively removessmal and middle molecular
solutes and corrects dyselectrolytemia/acid base and fluid
imbalances by adding soluteswhileachieving anet ultrafiltration.
Accordingly, the effect of dialysis can be quantified either by
measuring the clearance of solutes or by the fluid removed. The
clearance of solute may be measured either by blood based or
dialysate based kinetics. In patients with end stage renal failure
(ESRF), urea (a smal solute) is an idea clearance marker for
diaysis since it is easily removed by the dialyser and can be
readily measuredin blood. Thisfurther evolved into the concept
of UreaKinetic Modelling (UKM). Thedose of dialysisin ESRF
is invariably measured and quantified as KtV . (Kt/V) and it
has been linked with clinical outcomesin these patients. Thishas
resulted in extrapolation of Kt/V asaunit of expression of dialysis
dosein AKI aswell. However, the existence of a steady state is
a fundamental assumption of forma UKM in ESRF patients.
Steady state assumesthat patient isin astate of no net anabolism

or catabolism and has stabilized dry weight. Thusevenif Kt/V is
similar in two patients didysis dose might not be similar if they
have variable urea generation or volume status. In comparison
AKI is inherently a non-steady-state situation with typically
high rates of protein catabolism (>1.5 g/kg/day) and generally
large net nitrogen deficits (>5 g/day) *. Another common
occurrence in criticaly ill patients is severe volume overload
resulting in overestimation total body water 4. In addition,
according to the regiona blood flow model formulated by
Daugirdas and Schneditz®, urea disequilibrium during HD is
attributed to amismatch between blood supply and urea content
in different body compartments. This mismatch may get
exaggerated in criticaly ill patients with AK| having shock and
requiring vasopressors. This makes extrapolation of ureakinetic
modelling (Kt/V) difficultin criticaly ill patientswith AKI asin
these patients urea does not have single pool kinetics. Various
models have thus been proposed to address to these drawbacks,
however almost al of these models have been derived in ESRF
patients and only validated in small sample of AKI patients.
Also someof thesemodel sal so require repeated samplingsmaking
them difficult to implement in day to day practice. Commonly
proposed modelsinclude equivaent renal ureaclearance®, solute
reduction index”® and ionic dialysance®*3, However most of
these tests are either too cumbersome or require further studies
before they can be used on aroutine basisin the setting of AKI.

DOSING BEYOND SMALL SOLUTE
CLEARANCE

Therehasbeen anincreased interest inimproving clearance of middle
molecules which include various pro-inflammatory cytokines with
techniques like high volume hemofiltration to potentialy decrease
the high rates of mortality associated with AKI*. However no
significant trial has assessed the effect of these therapies on patient
outcomes and renal recovery to currently justify the inclusion of
middiemoleculeclearanceindidysisdosnginAKI. Ongoing IVOIRE
(highVolumein Intensive CAre) tria looking at effect of high volume
hemofiltration on 28 day mortality in patients of septic shock with
AKI, might further clarify the role of these therapies .

Removal of fluid is also an important component of any renal
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replacement therapy and fluid statusisincreasingly been recognized
as an independent predictor mortality in AKI patients . However,
fluid removal by RRT and fluid status in AK| patients has not been
systematically evaluated in any of the trials and therefore is not
included in any of the current definitions of dialysis adequacy in
AKI.

It has also been suggested %, that adequate remova of “very small
waste products’ (sodium, potassium and hydrogen) should be main
determinant of adequacy of rena replacement in AKI since their
accumulation could be lethal. These parameters have never been
highlighted as markers of adequacy of renal replacement therapy in
AKI.

DIALYSISDOSE AND PATIENT
OUTCOMESIN AKI

A number of sudiesgtarting fromtheinitia experienceK oreanand Vieinam
warssuggested improved outcomes inAK | patientswhentheintermittent
hemodidyss (iHD) was ddivered dther in an ‘early’ (initiated when
BUN <100-150 mg/dl) or in ‘intensive’ manner (prescribed to maintain
serum creatinine< 5 mg/dl) Y. These encouraging early observationsare
however diluted by the methodological shortcomings and non-
representativeness of this cohort in present day scenario. Controversy
il exigtsin defining ‘ adequate dose’ of RRT in AK| and benefit if any of
intensve RRT.

Intable 1 we have listed important trias looking &t the effect of dose of
diaysson patient outcomesin AKI. As can be seen most of the studies
havebeen sngle centrestudies, conducted on predominantly |CU patients
using varying RRT techniques and markersfor didysis adequecy.

In intermittent hemodialysis or hybrid techniques duration and
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frequency of thergpy and the dearance of didyzer used arefactorswhich
determinethedosage. Only 2 sudieshavebeen donewhichhaveevauated
sysematicaly the role of these moddlitiesin AKI. In 2002, Schiffl et d ®
assigned atota of 160 patientswith acuterend failurein dternativeorder
to recaive daily ‘high' (average single pool Kt/V of 0.92 ddlivered 6.2
times/week) or dternate day ‘low’ (average Sngle pool Kt/V of 0.94
ddlivered 3.2 times'week) intermittent hemodiays's. The study showed
areduction in 28-day mortdity from 46% with dternate-day didyssto
28%withdaly didysis However thissudy wassubject tolargevariations
inddivered doseand atimeaveraged BUN of 104 mg/dl inlow dosegroup
indicates inadequate diaysis. More recently Hannover trid 8 compared
mortdity and rend recovery of patientswithAKI receiving ether sandard
or intensified dose of extended didysis thergpy (SLED) in an intensve
care unit setting. A total of 156 patients with AKI requiring rena
replacement thergpy wererandomly assigned to receive sandard didys's
(dosed to maintain plasma urea levels between 120 and 150 mg/dl) or
intendfied didyss (dosed to maintain plasma urea levels <90 mg/dl).
High-flux polysulphonediadysers(F60S, 1.3, FreseniusMedica Care)
were used for dl trestments. No differences between intensified and
standard trestment were seen for survival by Day 14 (70.4% versus
70.7%) or Day 28 (55.6% versus 61.3%), or for rend recovery amongst
the survivors by Day 28 (60.0% versus 63.0%).

Mogt of the other studies have looked at various forms of continuous
rend replacement thergpy (CRRT). The prescription of dose of CRRT is
usualy expressed in terms of effluent per kilogram of body weight per
unit of time (UFR) as sieving coefficient for smal molecule is unity in
CRRT. The €fficiency of the CRRT depends aso upon the type of
therapy used, ste of replacement fluid infusion (pre or pogt-filter) and
didyzer dotting. The first sysematic study was a single centre trid by

Table 1: Clinical Trialslooking at dose of renal replacement therapy in Acute kidney injury.
Dialysis

Author 3 Study design Study population modality Dialysis dosing criteria
Reduction in 28-day
Schiff et al > 1993-1998 Single centre aliernate Severe ATN 160 HD Daily vs IHD AT
assignment alternate-day dialysis to
28% with daily dialysis
Standard Dialysis (dosed to No differences
. . . . maintain plasma urea 120-150 | between intensified and
Walter et al '® 2003-2006 Withitsgtite INC wifih LAl wilih AL 156 | Extended o) vs Intensified dialysis | standard treatment were
parallel group requiring RRT dialysis (dosed to maintain plasma urea | seen for survival by Day
levels <90 mg/dL) 14
S Reduction in mortality
Ronco et al Single centre RCT ltitezilly il et wiih 425 CVYH m]}?g/ﬁigg‘;‘]’&:@ﬁ:{fﬂ?ﬁ o 59% (4D win
AKI (Post dilution) ml/kg/hr UF was increased from
20 to >35 ml/kg/hr
Ultrafiltration rate of >3L/h
20 . . CVVH within 12 hrs of recruitment, 1- No improvement in
L G 1 Areaiie IKC UG priitent polin AL e (Post dilution) 1.5L/hr within 12 hrs, and srljlrvival
1.5L/hr as clinically indicated
Ultrafiltration flow rate (1-2.5
21 Oct 2000 — . CVVH vs 1/h) in CVVH vs additional Better survival in
SN Gl Dec 2003 S EZIRINC A 29 CVVHDF dialysate flow rate between 1 CVVHDF
and 1.5 1/h in CVVHDF
Ultrafiltration flow rate High L .
Tolwani et al > e Single centre RCT ICU patients with AKI | 200 | CVVHDE dosage (35 ml/kg/hr) vs No significant difference
Mar 2006 in survival
Standard dosage (20 ml/kg/h)
Intensive strategy : No significant
ATN requiring RRT with THD/SLED 6 times/wk, difference between the 2
Palevsky et al 2 Nov 2003 - Multicentre RCT with 2 failure of one or more 1124 IHD/SLED CVVHDF 35 ml/kg/h vs Less- | groups in the duration of
July 2007 parallel groups non renal organ and CVVHDF intensive strategy : RRT or the rate of
THD/SLED 3 times/wk, recovery
CVVHDF 20 ml/kg/h of kidney function
- Dec2005— |  Multicentre RCT with | Critically ill patients with Higher intensity (40 ml/kg/hr) No difference in
Bellomo et al N i 1508 CVVHDF vs Lower intensity group (25 .
ov 2008 parallel group AKI requiring RRT ml/kg/hr) mortality at 90 days
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Ronco et d *°. It was randomized contralled trid (RCT) including 425
criticdly ill patients treated with post-dilution continuous venovenous
hemdfiltration (CVVH) in 3 doses of UFR 20, 35 or 45 mil/kg/hr. There
was reduction in mortaity from 59% to around 43% when UFR was
increased from 20to €' 35 mi/kg/hr. Bouman et d 2 in 2 centresfrom the
Netherlands randomly assigned 106 patients to 3 different regimens of
pogt-dilution CVVH characterized by ‘early highvolume (UFR€'3L/hr
started routingly within 12 hr of enrolment), ‘early low volume' (UFR 1-
15L/hr sarted routingy within 12 hr of enrolment) and‘ latelow volume

(UFR 1-1.5 L/hr gtarted when dlinicdly indicated). Survivd inthisstudy
wasnat influenced by doseor timing of theRRT. Saudan et d 2 inanother
snglecentreRCT assigned 206 patientsto predilution CVVH or continuous
venovenoushemodifiltration (CVVHDF). Patientson CVVHDF thergpy
had received amean dose of 42 mL/kg/hwith better surviva than CVVH
patients, whoreceived amean doseof 25 mL/kg/h. Inanother singlecentre
RCT Tolwani et d % assgned 200 criticaly ill patients with AKI to
receive CVVHDF with pre-filter replacement fluid at an UFR of ether 35
ml/kg/h (high dosage) or 20 mi/kg/h (standard dosage). There were no
differencesin ICU survivd (p=0.47), hospitd surviva (p=0.56), or rend
recovery at either ICU discharge (p=0.17) or hospitd discharge (p=0.75)
between thetreatment arms. 2 recent multi-centric RCTsdeserveaspecia
mention. The VA/NIH Acute Rend Failure Trid Network Sudy (ATN
Study) % was designed to assesswhether therewas abenefit of ddivering
more intensve RRT in criticdly ill patients. This was a multicenter,
prospective, randomized, pardld-group trid of two drategiesfor RRT in
criticadly ill patients with AKI. Patients with AKI clinicdly consstent
with acute tubular necrosisand requiring RRT, aswell asfailureof oneor
more nonrend organ systems were included. In both tregtment groups,
patients underwent intermittent hemodialysis when they were
hemodynamicdly stable (SOFA cardiovascular score of 0 to 2) and
underwent continuous venovenous hemodidfiltration or sustained low-
efficiency didysis when they were hemodynamicaly unstable (SOFA
cardiovascular score of 3to 4). Patients were dlowed to be shifted from
modality to the other as per SOFA scoring. Intheintensve RRT strategy,
IHD and SLED was provided six times per week and CVVHDF was
dosed to provide a tota effluent flow rate of 35 mL/kg/hr. In the
conventional RRT grategy, IHD and SLED was provided threetimes per
week and CVVHDF was dosed to provide atotd effluent flow rate of 20
mL/kg/hr. The assgned thergpy was provided for up to 28 days after
randomization or until recovery of kidney function, dischargefrom acute
care, withdrawd of life-sustaining thergpy, or desth. 1124 patients were
randomly assigned to a trestment group: 563 to the intensive trestment
drategy and 561 to the less-intensive trestment Strategy. There were no
sgnificant differences in mortdity, rate of recovery of kidney function,
duration of rend-replacement thergpy, or evolution of non-rend organ
failure. Intheather multicenter RENAL study, Belomo et d #randomized
criticdly ill AKI patients to two different doses of CVVHDF ‘lower
intengty group’ (UFR 25 mL/kg/h, n=743) and * higher intendty group’

(UFR 40 mL/kg/h, n=721). They dso included patients who had pre-
exising CKD. Between the two groupsthey did not find adifferencein
primary outcome (mortality at 90 days) or any of the secondary outcomes
(including mortdity within 28 days, ICU and in-hospitd deaths) across
al the pre-specified patient sub-groups.

All of the above trids reviewed differ from each other in study design,
patient recruitment and RRT associated issues like moddity chosen,
prescribed and delivered dose etc. One factor which dso needs to be
fectored isthetiming of initiation of RRT, which hasnot been assessedin
any of the studies . It might be reasoneble to assume that though a
critica dose of didysisis essentid for better surviva the exact vaue of
sameisundecided. However fromthevarioustridsavailableit would be
reasoneble to presume that RRT dose should be targeted to prescribe a
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least asingle pool KtV of 1.4 and an effulent volume of 25mi/kg/hr.
CONCLUSIONS

Increasing interest in RRT quantification in AKI has lead to use of
methods of quantification originally meant for ESRF patients. We
should appreciate the difference between the patient and therapy
characterigticsin setting of AK| and select appropriatetarget measures
for these patients. Importantly the delivered dose of RRT should be
measured in each session to counter the difference between prescribed
and delivered dose. Though the exact dose of such therapies is
controversia the physician should focus on altering the technique to
best meet the changing needs of the patient like the acid-base,
electrolytes, volume and hemodynamic status.
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