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Introduction

Sepsis-associated acute kidney injury

Sepsis has long been recognized as the most common
cause of Acute Kidney Injury (AKI), present in approxi-
mately 11-40% of patients who are admitted to intensive
care units [1,2]. Sepsis-Associated Acute Kidney Injury (SA-
AKI) is associated with worsened outcomes including lon-
ger hospital stays, greater disturbance in hemodynamics
and laboratory parameters, and higher healthcare costs
when compared to septic patients without kidney injury
[3,4]. The severity of sepsis increased the incidence of AKI
in a stepwise pattern [5,6]. In comparison with non-septic
AKI, patients with SA-AKI carries greater severity of illness,
indicating by higher Sequential Organ Failure Assessment
(SOFA) scores [1], and require more hemodynamic sup-
ports with vasoactive agents and more aggressive fluid
resuscitation [1,7,8].

Conversely, acute kidney injury itself is also a risk factor
for developing sepsis [9]. The current AKI diagnostic cri-
teria and staging system based on acute changes in urine
output and serum creatinine level, proposed by Kidney
Disease Improving Global Outcomes (KDIGO) group in
2012 [10], modified form Acute Kidney Injury Network
(AKIN) and RIFLE criteria [11,12], is well-accepted among
nephrology and critical care communities. These diagnos-
tic criteria and staging system are applicable to AKI from
any causes, including sepsis (Table 1).

Despite improvements in new interventions and
supportive treatments in the last decade, the mortali-
ty rate from SA-AKI remains unacceptably high, around
40% [9]. Not only associated with detrimental short
term outcomes, survivors from sepsis induced acute
kidney injury also have an increased risk of developing
progressive long-term renal function decline, result-
ing in chronic kidney disease. In this review, we aim to

Table 1: KDIGO, RIFLE, and AKIN AKI diagnostic criteria.

Serum creatinine criteria

Urine output

AKlI  KDIGO RIFLE AKIN
stage
1(R) Increase = 0.3 mg/dl within 48 h or = 1.5- Increase x 1.5 baseline or Increase 1.5-1.9 times from < 0.5 ml/kg/h
to 2-fold from baseline GFR decrease baseline or = 0.3 mg/dI for 6-12 h
> 25% increase within 48 h
2(l) ]2.0-2.9 times from baseline Increase x 2 from baseline Increase > 2- to 3-fold from < 0.5 ml/kg/h
or GFR baseline for12 h

decreased > 50%

3.0 times from baseline or increase in

of renal replacement therapy or, in patients dl)
< 18 years,

m?2

Increase x 3 from baseline,
serum creatinine to = 4.0 mg/dl or initiation or serum creatinine > 4 mg/ from baseline, or 2 4.0 mg/

with an acute rise > 0.5 mg/ |of 2 0.5 mg/dl or on renal
decrease in eGFR to < 35 ml/min per 1.73 dl or GFR decreased > 75% replacement therapy

Increased > 300% (> 3-fold) < 0.3 ml/kg/h
for 24 h or

dl with an acute increase anuria for 12 h

R: Risk; I: Injury; F: Failure; KDIGO: Kidney Disease Improving Global Outcomes; RIFLE: The Risk, Injury, Failure, Loss, End-

Stage; AKIN: Acute Kidney Injury Network.
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Table 2: Sequential or Sepsis-related Organ Failure Assessment (SOFA score).

Organ system Score
0 1 2 3 4
Respiration: PaO,/FiO, (mmHg) =400 <400 <300 <200 <100
Coagulation: Platelets (x 10%/uL) = 150 <150 <100 <50 <20
Liver: Bilirubin (mg/dl) <1.2 1.2-1.9 2.0-5.9 6.0-11.9 >12.0
Cardiovascular: MAP =70 mmHg MAP <70 Dopamine <5 |Dopamine < 5.1-15 Dopamine > 15 or
mmHg or dobutamine or epinephrine < 0.1 epinephrine > 0.1
(any dose)? or norepinephrine < |or norepinephrine >
0.1 (any dose)? 0.1 (any dose)?
Central nervous system: 15 13-14 10-12 6-9 <6
Glasgow Coma Scale score
Renal: Creatinine (mg/dl) or <12 1.2-1.9 2.0-34 3.5-4.9 >5.0
Urine output (mL/d) Urine < 500 Urine < 200

aCatecholamine doses are given as pg/kg/min for at least 1 hour.

summarize recent advances on different aspects of Sep-  ventional indications for commencing RRT in patients
sis-Associated AKI focusing on a new sepsis and roles of  with AKI (refractory acidosis, severe hyperkalemia, ure-
renal replacement therapy in Sepsis-Associated AKI. mia, oliguria/anuria, and volume overload unresponsive
to diuretic therapy) have long been recognized and uni-
versally accepted by nephrologists. However, many be-

Recognizing several limitations of the previous defi- lieve that awaiting those life-threatening complications
nitions of sepsis, the Society of Critical Care Medicine to evolve before commencing RRT are too late or rela-
and the European Society of Intensive Care Medicine tively delayed for the disease process. Volume overload,
have recently redefined sepsis in the year of 2016 as  electrolyte and acid-base derangements, and increment
“life-threatening organ dysfunction caused by a dysreg-  in inflammatory cytokines commonly occur in most
ulated host response to infection” [13]. The first defi- SA-AKI patients. These insults cause further damage
nition and clinical criterion of sepsis developed in 1991  to the kidney and lessen the chance of renal recovery
by the same groups [14] focused mainly on systemicin-  [18]. On the other hand, adopting the early initiation of
flammatory response or the host compensatory anti-in-  RRT strategy on every case may expose patients whose
flammatory response syndrome triggered by infection  their kidney function would recover spontaneously to
[15], which is a misleading concept and unable to pre-  the risks of unnecessary RRT and its inherent complica-
dict a transition point in the risk of death [16]. In fact, tions [19]. To deepen this issue, researchers have de-
sepsis is a clinical syndrome involving a complex inter-  fined “early” initiation of RRT differently in each study.
play between a “dysregulated” systemic host response  pespite conflicting results from observation studies on
to an infection and pathogen factors. The consequences  peneficial effects of early RRT approach [13,14], there
of the uncontrollable host’s systemic response to infect-  4.¢ increasing trends toward earlier or pre-emptive use

ing pathogen have resulted in distant organ dysfunc- o RRT well before the development of advanced com-
tions such as depressed cardiac function, activation of plications. The conundrum regarding the benefits of
coagulation cascades, and acute kidney injury [17]. Giv-  aarly RRT strategy and risks of unnecessary treatment
en the simplicity and widespread use of the Sequential = \jj| be unsolved research questions until we can find re-

[Sepsis-Related] Organ Failure Assessment Score (SOFA) liable methods or robust predictive markers to predict
in determining the extent of organ dysfunction, the task renal recovery.

force recommends using an increment in baseline of the

New definition of sepsis

total SOFA score of 2 points or more to represent organ Recently, there are 3 randomized controlled trials ex-
dysfunction (Table 2). amining the optimal timing of RRT initiation published in

major medical journals. Wald, et al. conducted a random-
Renal Replacement Therapy ized open-label pilot trial comparing accelerated (12 hour

Renal Replacement Therapy (RRT) has been fre- or less once fulfilling the criteria for KDIGO stage 2 AKI) to
quently used to support critically ill patients with SA-  standard RRT initiation in critically ill adults suffering from
AKI. There are several aspects to consider before com-  Vvolume replete AKI [20]. There was no significant differ-
mencing and writing a prescription for RRT in any pa- ence in 90-day survival or RRT-related complications be-
tients. Here, we will discuss current evidence regarding  tween groups. Owing to a relatively small number of pa-
the timing of RRT initiation, the selection of the specific ~ tientsincluded in this pilot study (n = 101), the trial was un-

modality of RRT, and the intensity of RRT. derpowered to detect differences in mortalities or clinical
. L outcomes. However, Wald and colleagues demonstrated
Timing of renal replacement therapy initiation the feasibility of implementing a protocol for design of a

The Optimal time to start Renal Replacement Therapy |arger definitive trial. In early 2016, Zarbock and C0||eagues
(RRT) in the Setﬁng of SA-AKI is still unknown. The con- reported ﬁndingfrom their studies of “Effect Ofearlyvs. de-
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Table 3: Theoretical advantages and disadvantages of different renal replacement modalities.

technique

and fluid

cytokines removal from convective

- Continuous removal of uremic toxins

Techniques Solute Duration of Advantages Disadvantages
transport therapy/session
(hr.)

IHD Diffusion 4 - Rapid removal of uremic toxins and - Increased risk of hypotension and
small molecule clearance disequilibrium
- Technically simple - Require vascular access and
- Relatively low cost anticoagulant
- Patients mobility

PD Diffusion 24 - Technically simple - Slow small molecule and uremic
- Require less infrastructure toxin clearance
- No anticoagulation required - Unpredictable fluid removal
- Less hemodynamic instability - Risk of peritonitis
- Relatively low cost - May compromise respiratory

function

PIRRT Diffusion 6-12 - More rapid solutes and uremic toxin - Require vascular access and
removal than CRRT, but slower than IHD anticoagulant
- More hemodynamically stable than IHD - Risks of hypotension and
- Technically simple disequilibrium
- Relatively low cost
- Patients mobility

CVVHF Convection 24 - Increased middle molecule and - Complex circuit

- High cost

- Require vascular access and
anticoagulant and prolonged use of
anticoagulant

- More hemodynamically stable than IHD _ patient immobility

convection
technique

and fluid

cytokines removal from convective

- Continuous removal of uremic toxins

CVVHD Diffusion 24 - Continuous removal of uremic toxins - Complex circuit
and fluid - High cost
- More hemodynamically stable than IHD _ Require vascular access and
anticoagulant and prolonged use of
anticoagulant
- Patient immobility
CVVHDF Diffusion and 24 - Increased middle molecule and - Complex circuit

- High cost

- Require vascular access and
anticoagulant and prolonged use of
anticoagulant

- More hemodynamically stable than IHD _ patient immobility

IHD: Intermittent Hemodialysis; PD: Peritoneal Dialysis; PIRRT: Prolonged Intermittent Renal Replacement Therapy; CVVHF: Continuous
Venovenous Hemofiltration; CVVHD: Continuous Venovenous Hemodialysis; CVVHDF: Continuous Venovenous Hemodiafiltration.

layed initiation of renal replacement therapy on mortality
in critically ill patients with acute kidney injury: the ELAIN
study” [21]. This was a single-center randomized clinical
trial conducted in Germany, comparing effects of Early
(within 8 hours of reaching KDIGO stage 2 AKI; n=112)
to delayed (within 12 hours of stage 3 AKI or no initiation;
n=119) initiation of RRT to 90-day all-cause mortality in
231 critically ill patients. Patients in the early group had
significantly lower 90-day mortality compared with the de-
layed group (an absolute risk reduction of -15.4% [95% ClI,
-28.1% to -2.6%]; P = 0.03). The early group also had more
favorable secondary outcomes than the delayed group, in-
cluding shorter duration of RRT, shorter hospital length of
stay, and higher rate of renal recovery by day 90. Notice-
ably, this study not compare early RRT with conventional
criteria leading to the incidence of RRT in this study are in-

Boongird et al. J Clin Nephrol Ren Care 2017, 3:030

credibly high as 90%, thus the certain number of patients
might receive unnecessary dialysis. Surprisingly, Gaudry,
et al. reported conflicting results of early-strategy com-
pared with delayed-strategy RRT a month later. Gaudry
and colleagues conducted a multicenter randomized trial
in France, involving 620 patients with KDIGO stage 3 AKI
who required mechanical ventilation, vasopressor, or both
but did not develop life-threatening complications requir-
ing immediate RRT. Gaudry assigned patients into either
an early (RRT initiated immediately after randomization)
or a delayed strategy of RRT (RRT initiated if reaching one
of the following criteria: severe hyperkalemia, metabol-
ic acidosis, pulmonary edema, blood urea nitrogen level
higher than 112 mg per deciliter, or oliguria for more than
72 hours after randomization). The primary outcome, sur-
vival at day 60, was similar between groups (48.5% in the
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early-strategy group and 49.7% in the delayed-strategy = CRRT as a preferable modality in patients with acute brain
group, P = 0.79). Interestingly, about half of the patients injury and hemodynamically unstable patients with AKI.

in the delayed group did not receive RRT but had similar
outcomes compared to those of patients who received it.
More recently meta-analysis showed no benefits of early
RRT on mortality and renal recover [22].

CRRT vs. PIRRT: Prolonged Intermittent Renal Replace-
ment Therapy (PIRRT) is an extended hemodialysis treat-
ment frequently performing over 6-12 hours per day. Since
its longer operating time, this dialysis modality offers the

In summary, we need to interpret findings from these  opportunity to remove excess fluid more gradually with
studies carefully before applying the results to real-world less hemodynamic instability comparing to convention-
clinical practice by taking the study designs, baseline char-  al intermittent hemodialysis. Whereas CRRT is routinely
acteristics of participants, feasibility of implementing those  operated continuously 24 hours a day, compromising pa-
protocols into consideration. Currently, the early initiation  tient’s mobility and investigation, PIRRT provides a down
of dialysis is not recommended. Some ongoing clinical trials  time from dialysis facilitating rehabilitation and other as-
(NCT01682590, NCT02568722) may shed some light on this  pects of care.

controversy. A prospective, randomized study from Japan compar-

Mode of renal replacement therapy ing post-dilution Sustained Hemodiafiltration (SHDF) using
acetate-free bicarbonate dialysate to Continuous Venove-
nous Hemodiafiltration (CVVHDF) with effluent rate of
25 mil/kg in critically ill patients with AKI, they found that
patients in SHDF group had greater renal recovery rate
and shorter length of hospital stay when compared with
CVVHDF group. However, good outcomes in SHDF group,
particularly better renal recovery, could be due to either
dialysis strategy (SHDF vs. CVVHDF) or beneficial effects
of acetate-free bicarbonate dialysate [30]. Schwenger, et
al. conducted a prospective, randomized, interventional
study comparing a 12 hr. Sustained Low Efficiency Dialysis
using a Single-Pass Batch Dialysis system (SLED-BD) to a 24
h predilutional CVVH in renal replacement therapy depen-
dent AKI patients admitted to a surgical intensive care unit
in Germany. Whereas there was no difference in 90-day
mortality between groups (SLED: 49.6% vs. CVVH: 55.6%,
P = 0.43), patients in the SLED-BD group had significantly
CRRT vs. IHD: Applying convective solute transport to  fewer days of mechanical ventilation (17.7 + 19.4 vs. 20.9
dialysis therapy enhances middle to large molecule solute  + 19.8, P = 0.047) and shorter time for renal recovery (P
clearance, pro and anti-inflammatory cytokine removal = 0.049) resulting in lower cost [31]. Meta-analysis study
that play significant roles in sepsis. In addition, CRRT may by Zhang, et al. comparing Extended Daily Dialysis (EDD),
seem more suitable for unstable critically ill patients than  defined as HD or hemodiafiltration between 6 to 24 hours
intermittent HD because of its longer operating time al-  per session, versus CRRT in AKI patients also confirmed
lowing greater fluid control, and better hemodynamic sta-  similar mortality rates between EDD and CRRT (relative
bility. The caveat of CRRT is anticoagulants usage to pro-  risk, 0.90; 95% Cl, 0.74-1.11; P = 0.3) [32] (Table 3).
long circuit survival may aggravated bleeding in critically ill
patients, thus regional anticoagulant may be the alterna-
tive options [23]. These notions have resulted in increased
use of Continuous Venovenous Hemo Filtration (CVVHF)
and Hemodiafiltration (CVVHDF) technique for potential
immunomodulatory effect in hemodynamically unstable
SA-AKI patients. Retrospective and observational studies
from Europe and the United States reported a beneficial
effect of CRRT on promoting renal recovery [24,25]. To
date, the ideal modality to support SA-AKI remains contro-
versial since prospective randomized controlled trials or With regard to peritoneal dialysis efficacy in AKI set-
meta-analysis trials have not shown a survival advantage  ting, good quality studies are scarce. Phu NH, et al. re-
with one particular modality [26-29]. Nevertheless, these ~ ported a superior outcome in infection associated AKI
data must be interpreted with caution due to wide hetero- ~ patients treated with hemofiltration as compared with
geneity of inclusion criteria, definition of AKl and selection ~ PD. Patients treated with hemofiltration in Phu NH, et
bias among included studies. KDIGO has supported using  al- study had lower mortality rate, better control of aci-

Hemodialysis (HD) and Peritoneal Dialysis (PD) have
been primarily used to support SA-AKI patients for years.
Diffusion is the main mechanism for uremic toxin and ex-
cess small solute removal for intermittent hemodialysis
and peritoneal dialysis. In the past three decades, there
have been several new evolving modalities of renal re-
placement therapy developed to overcome limitations or
disadvantages of those main methods. The current dial-
ysis armamentarium has expanded to various modalities
of Continuous Renal Replacement Therapy (CRRT), inter-
mittent hemofiltration/hemodiafiltration, and Prolonged
Intermittent Renal Replacement Therapy (PIRRT). Hemo-
filtration and hemodiafiltration techniques rely on convec-
tive clearance and combination of convective and diffusive
clearance, respectively, for solute and uremic toxins elim-
ination.

CRRT, HD vs. PD: PD is an effective yet underused mo-
dality of renal replacement therapy for septic patients
suffering from AKI, particularly in low-resource settings.
PD actually has many potential advantages over extracor-
poreal RRT including its simplicity, low cost, no need for
anticoagulation, and relatively good hemodynamic stabil-
ity. On the contrary, risk of peritonitis, unpredictable fluid
and solute clearances account for its unpopularity among
nephrologist’s community.
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dosis and shorter dialysis-dependent duration [33]. Nev- 2. Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, et
ertheless, this study has been criticized for flaws in sev- al. (2006) Sepsis in European intensive care units: results
) o f the SOAP study. Crit Care Med 34: 344-353.

eral points such as probable non-adequate dosing in PD orhe study. L Lare Mo

group, the use of rigid catheters and manual exchanges 3- Ali T, Khan I, Simpson W, Prescott G, Townend J, et al.

which may contribute to high peritonitis rate and poor (2007) Incidence and outcomes in acute kidney injury: a
’ . comprehensive population-based study. J Am Soc Nephrol

outcome in PD group. Chionh CY and colleagues per- 18: 1292-1298.

formed a systemic review comparing all-cause mortality

4. Lafrance JP, Miller DR (2010) Acute kidney injury associ-
outcome in patients with AKI treated with PD to extra- ( ) y nury

ates with increased long-term mortality. J Am Soc Nephrol

corporeal blood purification. Even though, there was a 21: 345-352.

significant heterogeneity among studies, no difference 5. Lopes JA, Jorge S, Resina C, Santos C, Pereira A, et al.
in all-cause mortality was detected from both random- (2009) Acute kidney injury in patients with sepsis: a con-
ized trials and observational studies [34]. temporary analysis. Int J Infect Dis 13: 176-181.

6. Rangel-Frausto MS, Pittet D, Costigan M, Hwang T, Davis
CS, et al. (1995) The natural history of the Systemic Inflam-

The optimal intensity of renal-replacement therapy in matory Response Syndrome (SIRS). A prospective study.
critically ill patients with acute kidney injury remains con- JAMA 273: 117-123.
troversial. The notion of applying convective strategy in 7. Hoste EA, Lameire NH, Vanholder RC, Benoit DD, Decruy-
renal replacement therapy in SA-AKI patients is appealing enae're'JM, et al: (2003) Acute' rgnal failure ip pgtients with
for many reasons. In sepsis, the toxins and inflammatory sepsis in a surgical ICU: predictive factors, incidence, co-
) ’ ’ . ) morbidity, and outcome. J Am Soc Nephrol 14: 1022-1030.
cytokines are accumulated leading to disturbance of de- ) . )
fensive cellular activity as well as phagocytic response. As 8. Martin CM, Priestap F, Fisher H, Fowler RA, Heyland DK,

. . . et al. (2009) A prospective, observational registry of pa-
such, the removal of soluble toxins and cytokines by using tients with severe sepsis: The Canadian sepsis treatment

Dose of dialysis for patients with sepsis and AKI

of convective therapy may contribute to lower inflamma- and response registry. Crit Care Med 37: 81-88.

tory mediators and improve phagocytic activity, leadingto g - \jepta RL, Bouchard J, Soroko SB, Ikizler TA, Paganini EP,
resolution of sepsis and organ injuries. Several large, multi- et al. (2011) Sepsis as a cause and consequence of acute
center, well-designed, randomized controlled studies have kidney injury: Program to Improve Care in Acute Renal Dis-
attempted to prove this concept by investigating clinical ease. Intensive Care Med 37: 241-248.

outcomes, specifically mortality, in intensive/higher-vol-  10.Kellum JA, Lameire N, KDIGO AKI Guideline Work Group
ume hemofiltration or hemodiafiltration versus less-inten- (2013) Diagnosis, evaluation, and management of acute

sive volume (20-40 mL/kg/hr) in septic patients. Overall, kidney injury: a KDIGO summary (Part 1). Crit Care 17: 204.

there was no significant survival advantage or renal bene-  11. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P,

fits of intensive volume over conventional volume demon- et al. (2004) Acute renal failure - definition, outcome mea-
. . . sures, animal models, fluid therapy and information tech-
strated by these high-quality trials [35-38]. nology needs: the Second International Consensus Confer-

ence of the Acute Dialysis Quality Initiative (ADQI) Group.
Crit Care 8: 204-212.

Sepsis-associated acute kidney injury is an epidemic 45 Kgllum JA, Mehta RL, Levin A, Molitoris BA, Warnock DG,

Conclusion

problem, posing short-and long-term morbidity and mor- et al. (2008) Development of a clinical research agenda for

tality. The new definitions of sepsis and septic shock, re- acute kidney injury using an international, interdisciplinary,

cently proposed by the Society of Critical Care Medicine three-step modified Delphi process. Clin J Am Soc Nephrol
3:887-894.

and the European Society of Intensive Care Medicine, are

intended to guide and help clinicians identify patients with 13- ilnger MIE)DetUtSICTS?Jé}I%)C'ls'H S?ry]/.n;oyrtcw,t.ShaTkar-Harl M,
. . S nnane D, et al. e third international consensus

or at risk of developing sepsis |n§hmely manner.‘AIthough definitions for sepsis and septic shock (Sepsis-3). JAMA

there have been several new dialysis technologies devel- 315: 801-810.

oped in the past three decades, the mortality rate from

. . . .. . 14.(1992) American college of chest physicians/society of
sepsis-associated kidney injury remains unchanged. Cur- ( ) g PRy Y

critical care medicine consensus conference: Definitions

rently, no specific dialysis modality or timing of RRT initia- for sepsis and organ failure and guidelines for the use of
tion confers survival advantage over the others. Hence, cli- innovative therapies in sepsis. Crit Care Med 20: 864-874.
nicians need to apply understanding in sepsis pathophys- 15 Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, et al.
iology, current evidenced-based strategies for prevention (1992) Definitions for sepsis and organ failure and guide-
and dialysis treatment, patient’s condition, and costs into lines for the use of innovative therapies in sepsis. The

ACCP/SCCM Consensus Conference Committee. Amer-
) ican College of Chest Physicians/Society of Critical Care
portive treatments. Medicine. Chest 101: 1644-1655.

References 16. Kaukonen KM, Bailey M, Pilcher D, Cooper DJ, Bellomo R
(2015) Systemic inflammatory response syndrome criteria
in defining severe sepsis. N Engl J Med 372: 1629-1638.

consideration before prescribing dialysis and other sup-

1. Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera
S, et al. (2007) Septic acute kidney injury in critically ill pa-
tients: clinical characteristics and outcomes. Clin J Am Soc  17.Nongnuch A, Panorchan K, Davenport A (2014) Brain-kid-
Nephrol 2: 431-439. ney crosstalk. Crit Care 18: 225.

Boongird et al. J Clin Nephrol Ren Care 2017, 3:030 e Page 5 0f 6 e


https://doi.org/10.23937/2572-3286.1510030
https://www.ncbi.nlm.nih.gov/pubmed/16424713
https://www.ncbi.nlm.nih.gov/pubmed/16424713
https://www.ncbi.nlm.nih.gov/pubmed/16424713
https://www.ncbi.nlm.nih.gov/pubmed/17314324
https://www.ncbi.nlm.nih.gov/pubmed/17314324
https://www.ncbi.nlm.nih.gov/pubmed/17314324
https://www.ncbi.nlm.nih.gov/pubmed/17314324
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2834549/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2834549/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2834549/
https://www.ncbi.nlm.nih.gov/pubmed/18771942
https://www.ncbi.nlm.nih.gov/pubmed/18771942
https://www.ncbi.nlm.nih.gov/pubmed/18771942
https://www.ncbi.nlm.nih.gov/pubmed/7799491
https://www.ncbi.nlm.nih.gov/pubmed/7799491
https://www.ncbi.nlm.nih.gov/pubmed/7799491
https://www.ncbi.nlm.nih.gov/pubmed/7799491
https://www.ncbi.nlm.nih.gov/pubmed/12660337
https://www.ncbi.nlm.nih.gov/pubmed/12660337
https://www.ncbi.nlm.nih.gov/pubmed/12660337
https://www.ncbi.nlm.nih.gov/pubmed/12660337
https://www.ncbi.nlm.nih.gov/pubmed/19050636
https://www.ncbi.nlm.nih.gov/pubmed/19050636
https://www.ncbi.nlm.nih.gov/pubmed/19050636
https://www.ncbi.nlm.nih.gov/pubmed/19050636
https://www.ncbi.nlm.nih.gov/pubmed/21152901
https://www.ncbi.nlm.nih.gov/pubmed/21152901
https://www.ncbi.nlm.nih.gov/pubmed/21152901
https://www.ncbi.nlm.nih.gov/pubmed/21152901
https://www.ncbi.nlm.nih.gov/pubmed/23394211
https://www.ncbi.nlm.nih.gov/pubmed/23394211
https://www.ncbi.nlm.nih.gov/pubmed/23394211
https://www.ncbi.nlm.nih.gov/pubmed/15312219
https://www.ncbi.nlm.nih.gov/pubmed/15312219
https://www.ncbi.nlm.nih.gov/pubmed/15312219
https://www.ncbi.nlm.nih.gov/pubmed/15312219
https://www.ncbi.nlm.nih.gov/pubmed/15312219
https://www.ncbi.nlm.nih.gov/pubmed/15312219
https://www.ncbi.nlm.nih.gov/pubmed/18216348
https://www.ncbi.nlm.nih.gov/pubmed/18216348
https://www.ncbi.nlm.nih.gov/pubmed/18216348
https://www.ncbi.nlm.nih.gov/pubmed/18216348
https://www.ncbi.nlm.nih.gov/pubmed/18216348
https://www.ncbi.nlm.nih.gov/pubmed/26903338
https://www.ncbi.nlm.nih.gov/pubmed/26903338
https://www.ncbi.nlm.nih.gov/pubmed/26903338
https://www.ncbi.nlm.nih.gov/pubmed/26903338
https://www.ncbi.nlm.nih.gov/pubmed/1597042
https://www.ncbi.nlm.nih.gov/pubmed/1597042
https://www.ncbi.nlm.nih.gov/pubmed/1597042
https://www.ncbi.nlm.nih.gov/pubmed/1597042
https://www.ncbi.nlm.nih.gov/pubmed/1303622
https://www.ncbi.nlm.nih.gov/pubmed/1303622
https://www.ncbi.nlm.nih.gov/pubmed/1303622
https://www.ncbi.nlm.nih.gov/pubmed/1303622
https://www.ncbi.nlm.nih.gov/pubmed/1303622
https://www.ncbi.nlm.nih.gov/pubmed/1303622
http://www.nejm.org/doi/full/10.1056/NEJMoa1415236#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1415236#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1415236#t=article
https://www.ncbi.nlm.nih.gov/pubmed/25043644
https://www.ncbi.nlm.nih.gov/pubmed/25043644
https://www.ncbi.nlm.nih.gov/pubmed/17699448
https://www.ncbi.nlm.nih.gov/pubmed/17699448
https://www.ncbi.nlm.nih.gov/pubmed/17699448
https://www.ncbi.nlm.nih.gov/pubmed/17699448

DOI: 10.23937/2572-3286.1510030

ISSN: 2572-3286

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

28.

Heung M, Wolfgram DF, Kommareddi M, Hu Y, Song PX,
et al. (2012) Fluid overload at initiation of renal replacement
therapy is associated with lack of renal recovery in patients
with acute kidney injury. Nephrol Dial Transplant 27: 956-
961.

Prowle JR, Davenport A (2015) Does early-start renal re-
placement therapy improve outcomes for patients with
acute kidney injury? Kidney Int 88: 670-673.

Wald R, Adhikari NK, Smith OM, Weir MA, Pope K, et al.
(2015) Comparison of standard and accelerated initiation
of renal replacement therapy in acute kidney injury. Kidney
Int 88: 897-904.

Zarbock A, Kellum JA, Schmidt C, Van Aken H, Wempe
C, et al. (2016) Effect of early vs delayed initiation of renal
replacement therapy on mortality in critically iii patients with
acute kidney injury: The ELAIN Randomized Clinical Trial.
JAMA 315: 2190-2199.

XuY, Gao J, Zheng X, Zhong B, Na Y, et al. (2017) Timing
of initiation of renal replacement therapy for acute kidney
injury: a systematic review and meta-analysis of random-
ized-controlled trials. Clin Exp Nephrol 21: 552-562.

Nongnuch A, Tangsujaritvijit VV, Davenport A (2016) Anti-
coagulation for renal replacement therapy for patients with
acute kidney injury. Minerva Urol Nefrol 68: 87-104.

Cartin-Ceba R, Haugen EN, Iscimen R, Trillo-Alvarez C,
Juncos L, et al. (2009) Evaluation of “Loss” and “End stage
renal disease” after acute kidney injury defined by the Risk,
Injury, Failure, Loss and ESRD classification in critically ill
patients. Intensive Care Med 35: 2087-2095.

Uchino S, Bellomo R, Kellum JA, Morimatsu H, Morgera S,
et al. (2007) Patient and kidney survival by dialysis modal-
ity in critically ill patients with acute kidney injury. Int J Artif
Organs 30: 281-292.

Pannu N, Klarenbach S, Wiebe N, Manns B, Tonelli M, et
al. (2008) Renal replacement therapy in patients with acute
renal failure: a systematic review. JAMA 299: 793-805.

.Bagshaw SM, Bellomo R, Kellum JA (2008) Oliguria,

volume overload, and loop diuretics. Crit Care Med 36:
S172-S178.

Rabindranath K, Adams J, Macleod AM, Muirhead N (2007)
Intermittent versus continuous renal replacement therapy
for acute renal failure in adults. Cochrane Database Syst
Rev.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Vinsonneau C, Camus C, Combes A, Costa de Beauregard
MA, Klouche K, et al. (2006) Continuous venovenous haemo-
diafiltration versus intermittent haemodialysis for acute renal
failure in patients with multiple-organ dysfunction syndrome: a
multicentre randomised trial. Lancet 368: 379-385.

Abe M, Maruyama N, Matsumoto S, Okada K, Fujita T, et
al. (2011) Comparison of sustained hemodiafiltration with
acetate-free dialysate and continuous venovenous hemodi-
afiltration for the treatment of critically ill patients with acute
kidney injury. Int J Nephrol 2011: 432094.

Schwenger V, Weigand MA, Hoffmann O, Dikow R, Kihm
LP, et al. (2012) Sustained low efficiency dialysis using a
single-pass batch system in acute kidney injury - a random-
ized interventional trial: the Renal Replacement Therapy
Study in Intensive Care Unit PatiEnts. Crit Care 16: 140.

Zhang L, Yang J, Eastwood GM, Zhu G, Tanaka A, et al.
(2015) Extended daily dialysis versus continuous renal re-
placement therapy for acute kidney injury: A meta-analysis.
Am J Kidney Dis 66: 322-330.

Phu NH, Hien TT, Mai NT, Chau TT, Chuong LV, et al. (2002)
Hemofiltration and peritoneal dialysis in infection-associated
acute renal failure in Vietham. N Engl J Med 347: 895-902.

Chionh CY, Soni SS, Finkelstein FO, Ronco C, Cruz DN
(2013) Use of peritoneal dialysis in AKI: a systematic re-
view. Clin J Am Soc Nephrol 8: 1649-1660.

RENAL Replacement Therapy Study Investigators, Bel-
lomo R, Cass A, Cole L, Finfer S, et al. (2009) Intensity
of continuous renal-replacement therapy in critically ill pa-
tients. N Engl J Med 361: 1627-1638.

Joannes-Boyau O, Honore PM, Perez P, Bagshaw SM,
Grand H, et al. (2013) High-volume versus standard-vol-
ume haemofiltration for septic shock patients with acute
kidney injury (IVOIRE study): A multicentre randomized
controlled trial. Intensive Care Med 39: 1535-1546.

VA/NIH Acute Renal Failure Trial Network, Palevsky PM,
Zhang JH, O’'Connor TZ, Chertow GM, et al. (2008) Intensi-
ty of renal support in critically ill patients with acute kidney
injury. N Engl J Med 359: 7-20.

Park JT, Lee H, Kee YK, Park S, Oh HJ, et al. (2016) High-
Dose versus conventional-dose continuous venovenous
hemodiafiltration and patient and kidney survival and cy-
tokine removal in sepsis-associated acute kidney injury: A
randomized controlled trial. Am J Kidney Dis 68: 599-608.

W

CLINMED

INTERNATIONAL LIBRARY

Boongird et al. J Clin Nephrol Ren Care 2017, 3:030 e Page 6 of 6 e


https://doi.org/10.23937/2572-3286.1510030
https://www.ncbi.nlm.nih.gov/pubmed/16876666
https://www.ncbi.nlm.nih.gov/pubmed/16876666
https://www.ncbi.nlm.nih.gov/pubmed/16876666
https://www.ncbi.nlm.nih.gov/pubmed/16876666
https://www.ncbi.nlm.nih.gov/pubmed/16876666
https://www.ncbi.nlm.nih.gov/pubmed/21660302
https://www.ncbi.nlm.nih.gov/pubmed/21660302
https://www.ncbi.nlm.nih.gov/pubmed/21660302
https://www.ncbi.nlm.nih.gov/pubmed/21660302
https://www.ncbi.nlm.nih.gov/pubmed/21660302
https://www.ncbi.nlm.nih.gov/pubmed/22839577
https://www.ncbi.nlm.nih.gov/pubmed/22839577
https://www.ncbi.nlm.nih.gov/pubmed/22839577
https://www.ncbi.nlm.nih.gov/pubmed/22839577
https://www.ncbi.nlm.nih.gov/pubmed/22839577
https://www.ncbi.nlm.nih.gov/pubmed/25843704
https://www.ncbi.nlm.nih.gov/pubmed/25843704
https://www.ncbi.nlm.nih.gov/pubmed/25843704
https://www.ncbi.nlm.nih.gov/pubmed/25843704
https://www.ncbi.nlm.nih.gov/pubmed/12239258
https://www.ncbi.nlm.nih.gov/pubmed/12239258
https://www.ncbi.nlm.nih.gov/pubmed/12239258
https://www.ncbi.nlm.nih.gov/pubmed/23833316
https://www.ncbi.nlm.nih.gov/pubmed/23833316
https://www.ncbi.nlm.nih.gov/pubmed/23833316
https://www.ncbi.nlm.nih.gov/pubmed/19846848
https://www.ncbi.nlm.nih.gov/pubmed/19846848
https://www.ncbi.nlm.nih.gov/pubmed/19846848
https://www.ncbi.nlm.nih.gov/pubmed/19846848
https://www.ncbi.nlm.nih.gov/pubmed/23740278
https://www.ncbi.nlm.nih.gov/pubmed/23740278
https://www.ncbi.nlm.nih.gov/pubmed/23740278
https://www.ncbi.nlm.nih.gov/pubmed/23740278
https://www.ncbi.nlm.nih.gov/pubmed/23740278
https://www.ncbi.nlm.nih.gov/pubmed/18492867
https://www.ncbi.nlm.nih.gov/pubmed/18492867
https://www.ncbi.nlm.nih.gov/pubmed/18492867
https://www.ncbi.nlm.nih.gov/pubmed/18492867
https://www.ncbi.nlm.nih.gov/pubmed/27084247
https://www.ncbi.nlm.nih.gov/pubmed/27084247
https://www.ncbi.nlm.nih.gov/pubmed/27084247
https://www.ncbi.nlm.nih.gov/pubmed/27084247
https://www.ncbi.nlm.nih.gov/pubmed/27084247
https://www.ncbi.nlm.nih.gov/pubmed/21856761
https://www.ncbi.nlm.nih.gov/pubmed/21856761
https://www.ncbi.nlm.nih.gov/pubmed/21856761
https://www.ncbi.nlm.nih.gov/pubmed/21856761
https://www.ncbi.nlm.nih.gov/pubmed/21856761
https://www.ncbi.nlm.nih.gov/pubmed/26422624
https://www.ncbi.nlm.nih.gov/pubmed/26422624
https://www.ncbi.nlm.nih.gov/pubmed/26422624
https://www.ncbi.nlm.nih.gov/pubmed/26154928
https://www.ncbi.nlm.nih.gov/pubmed/26154928
https://www.ncbi.nlm.nih.gov/pubmed/26154928
https://www.ncbi.nlm.nih.gov/pubmed/26154928
https://www.ncbi.nlm.nih.gov/pubmed/27209269
https://www.ncbi.nlm.nih.gov/pubmed/27209269
https://www.ncbi.nlm.nih.gov/pubmed/27209269
https://www.ncbi.nlm.nih.gov/pubmed/27209269
https://www.ncbi.nlm.nih.gov/pubmed/27209269
https://www.ncbi.nlm.nih.gov/pubmed/27485542
https://www.ncbi.nlm.nih.gov/pubmed/27485542
https://www.ncbi.nlm.nih.gov/pubmed/27485542
https://www.ncbi.nlm.nih.gov/pubmed/27485542
https://www.ncbi.nlm.nih.gov/pubmed/26473371
https://www.ncbi.nlm.nih.gov/pubmed/26473371
https://www.ncbi.nlm.nih.gov/pubmed/26473371
https://www.ncbi.nlm.nih.gov/pubmed/19756503
https://www.ncbi.nlm.nih.gov/pubmed/19756503
https://www.ncbi.nlm.nih.gov/pubmed/19756503
https://www.ncbi.nlm.nih.gov/pubmed/19756503
https://www.ncbi.nlm.nih.gov/pubmed/19756503
https://www.ncbi.nlm.nih.gov/pubmed/17520564
https://www.ncbi.nlm.nih.gov/pubmed/17520564
https://www.ncbi.nlm.nih.gov/pubmed/17520564
https://www.ncbi.nlm.nih.gov/pubmed/17520564
https://www.ncbi.nlm.nih.gov/pubmed/18285591
https://www.ncbi.nlm.nih.gov/pubmed/18285591
https://www.ncbi.nlm.nih.gov/pubmed/18285591
https://www.ncbi.nlm.nih.gov/pubmed/18382190
https://www.ncbi.nlm.nih.gov/pubmed/18382190
https://www.ncbi.nlm.nih.gov/pubmed/18382190
https://www.ncbi.nlm.nih.gov/pubmed/17636735
https://www.ncbi.nlm.nih.gov/pubmed/17636735
https://www.ncbi.nlm.nih.gov/pubmed/17636735
https://www.ncbi.nlm.nih.gov/pubmed/17636735

	Title
	Corresponding author
	Introduction
	Sepsis-associated acute kidney injury 
	New definition of sepsis 

	Renal Replacement Therapy
	Timing of renal replacement therapy initiation 
	Mode of renal replacement therapy 
	Dose of dialysis for patients with sepsis and AKI 

	Conclusion
	Table 1
	Table 2
	Table 3
	References

