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Sepsis: early interventions count but not RRT!
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Acute kidney injury (AKI) frequently affects critically ill
patients (1). While there are many measures to theoretically
prevent the development of AKI or, at least, avoid worsening
of AKI (2,3), ultimately, renal replacement therapy (RRT) is
often required in the disease management of these patients.
However, a continually vexing problem, which often
arises when planning the initiation of RRT in critically ill
patients, is finding the ideal time to instigate extracorporeal
treatment. One can either decide to deliver rapid initiation
of RRT or apply a delayed strategy waiting for “urgent”
indications to occur (Table 1). The latter may provide the
patient with additional time for possible renal recovery and
negate the need for RRT. The importance of this is clear,
when examining the results of the AKIKI trial (6). Here,
98% of patients in the early group received RRT, compared
to 51% in the delayed group. It may therefore be argued
that a considerable proportion of patients in the early group
would have recovered renal function without ever needing
RRT (7). However, the ELAIN trial (8), a single-center
study including 231 mainly cardiac-surgical patients showed
improved short term and even long-term survival if RRT
was started at KDIGO stage 2 as compared to KDIGO
stage 3. The majority of the patients included in this study
had undergone cardiac surgery, they showed a high severity
of disease often requiring mechanical ventilation as well as
vasopressors. However, in the delayed group of ELAIN
91% of the patients received RRT, and there was only a 21
hours difference in starting RRT between the early and the
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delayed groups, giving little time for spontaneous recovery
of renal function. As indicated by AKIKI, rapid initiation
of RRT may lead to increased costs and staff requirements
and may expose the patient to increased complications and
side effects originating from the extracorporeal circuit.
These include bleeding complications, catheter-related
bloodstream infections (6) and leukocyte activation (9).
Biomarkers are believed to aid in decision making in the
future, however, the ideal biomarker for the initiation of
RRT has yet to be determined (10).

In patients suffering from acute respiratory distress
syndrome (ARDS) and AKI, up to 44% require RRT (11,12).
In these patients, early RRT is frequently used to control
fluid overload, a factor which is known to contribute to
worsening respiratory function. A common rationale
when treating these patients is, that initiating RRT early
prevents fluid overload as well as uremia and therefore
promotes faster recovery. However, there are several other
pathophysiological pathways which can worsen pulmonary
function in patients with AKI (13), throwing this argument
open to debate. Similarly, in septic patients, RRT is believed
to have an effect on inflammatory mediators (14), however,
there is little evidence supporting this theory, when using
standard RRT methods. Many pro-inflammatory mediators
cannot be filtrated/dialyzed with standard filters/dialyzers
because of their large molecular size (14).

"To gain further insight into whether timing of RRT in
patients with septic shock or ARDS may have an impact on
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Table 1 Criteria for initiation of RRT in septic patients
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Indication AKIKI (post-hoc analysis) (4) IDEAL-ICU (5)
Immediate initiation of RRT is necessary

Hyperkalemia (>6 mmol/L or >5.5 despite 18%* 4%*

medical treatment)

Metabolic acidosis (pH <7.15) 22%* 8%*

Severe fluid overload (e.g., severe pulmonary 5%* 2%*

edema)

Uremia NA NA

High probability of requirement of RRT
High BUN

High SAPS 3 score
>78

37%* (BUN =112 mg/dL)

(BUN 87.1 vs. 58.9 mg/dL, delayed vs.
early group, respectively; P<0.001)

HR for renal function recovery 0.5 (0.3-0.7) if NA

Low probability of requirement of RRT (patient may soon recover renal function)

High volume of UO

HR for renal function recovery 9.8 (5.5-17.5) if NA

>800 mL (cumulative UO Day 1 to Day 2)

*, percentage of employment as criterion for immediate initiation of RRT in the delayed group. RRT, renal replacement therapy; BUN, blood

urea nitrogen; UO, urine output.

outcome, Gaudry et al. have performed a post boc analysis
of the AKIKI trial (4). The Artificial Kidney Initiation in
Kidney Injury (AKIKI) study has been extensively described
before (6,7). In short, it was a multicenter randomized trial,
in which patients with Kidney Disease: Improving Global
Outcomes (KDIGO) stage 3 AKI have been randomized to
receive RRT immediately after randomization (early group)
or when severe complications due to AKI developed (delayed
group). Six hundred and twenty patients were randomized,
finding no difference in 60-day mortality between both
groups. However, 49% of patients in the delayed group
ultimately did not receive RRT. In the current post hoc
analysis, patients were divided into subgroups, according to
sepsis status, ARDS status, SAPS 3 and SOFA score. Of the
619 patients included in the AKIKI trial, 56% had septic
shock at baseline while 33% suffered from ARDS and hence
were included in this analysis. The primary endpoint, which
the authors defined as 60-day mortality was not affected by
the timing of RRT initiation. When assessing the secondary
endpoints, nearly 50% of patients ultimately did not need
RRT. While this is in line with the findings of the AKIKI
main trial, it is a fact, that cannot be stressed enough. RRT
is a common procedure on intensive care units (ICUs) and is
considered relatively safe, however, there are still some risks
associated with the extracorporeal circuit (15). Interestingly,
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there was no difference found in 2- and 7-day cumulative
fluid balance between the early and delayed strategy, in
contrary to the belief that early initiation of RRT is a
method to avoid fluid overload. However, while cumulative
ultrafiltration volume differed significantly between study
groups, it was still relatively low during the first 7 days
with 3,520 vs. 2,209 mL for the early and delayed group,
respectively. Perhaps, a more aggressive approach may have
yielded a greater difference in cumulative fluid balance
between groups. Patients in the delayed group recovered
their renal function significantly earlier than patients in the
early group, a fact that was also shown by higher cumulative
2-day urine output in the delayed group. There were no
significant differences found in other secondary endpoints,
like mechanical ventilation-free days, ICU/hospital length
of stay and RRT dependence.

The results are identical to those reported in the AKIKI
trial and are somewhat expected, given this post-hoc
analysis included 555 of 609 patients (i.e., 91%) analyzed
in the AKIKI trial (6). But, with the recent publication of
the IDEAL-ICU trial (5), the relevance of these findings
for patients with sepsis gains credence (16). The IDEAL-
ICU trial was a prospective, multicenter trial, randomizing
patients into an early and delayed strategy. This trial was
stopped for futility after randomization of 488 patients, as
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they did not notice a difference in their primary endpoint
of 90-day mortality. However, a finding that has to be
emphasized is, that while 17% of patients in the delayed
group required emergency RRT, 38% of patients in this
group did not receive RRT at all (17).

This is in line with the findings of the post hoc analysis of
Gaudry er al., who found, as has already been mentioned,
that 49% of patients in the delayed group ultimately did not
need RRT (4).

So, what conclusion can be drawn from these findings?
In a nutshell, a conventional approach of RRT using
standard techniques and membranes in which initiation
of RRT is triggered by “absolute criteria” including
progressive azotemia, uremic symptoms, intractable volume
overload, or severe acidosis or hyperkalemia seems to have
no negative impact on outcome in septic or ARDS patients.
On the other hand, a more aggressive approach, in which
patients are treated with RRT relatively early in the course
of disease, may prevent a significant proportion of patients
from recovering their renal function spontaneously and,
thus, from not needing RRT at all. Therefore, a cautious
watchful waiting strategy may also be sensible for this
specifically vulnerable set of critically ill patients.
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