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Abstract

Introduction: Acute kidney injury is a serious condition in critically ill patients with sepsis, in Ecuador the
prevalence is about of 10% and has high undocumented mortality rate. The type of renal replacement therapy used
is also very discussed in countries that have several treatment options. Many developing regions don’t have
continuous treatments available for these patients.

Objective: The aim of the study was to demonstrate advantages of treatment with on-line hemodiafiltration (own
scheme) versus intermittent hemodialysis high flux low intensity in patients with sepsis and acute kidney injury.
Primary outcomes evaluated were: mortality, vasoactive drugs, mechanical ventilation dependence and permanence
at intensive care unit.

Results: Cohort and tracing study in patients with sepsis and acute kidney injury. Two groups undergoing
treatment for intermittent hemodialysis high flux low intensity (Group A: n 35) vs. on line hemodiafiltration (Group B:
n 30). General mortality was 49.2%, (Group A: 60% vs. group B: 36.6% p=0.061). APACHE 2 and SOFA index in
both groups were similar (p=0.26 and 0.98 respectively). Time intensive care unit stay (GA: 16.7; GB: 9.9 p=0.044),
vasoactive drugs dependence (GA: 9; GB: 4.1 p=0.084), mechanical ventilation dependence (GA: 11.2; GB: 6.5
p=0.12).

Conclusion: On line hemodiafiltration showed benefits statiscally significative in intensive care unit stay, in
relation to vasoactive drugs, mechanical ventilation dependence showed beneficies but weren´t significatives. The
mortality wasn't statistically significative. Results showed advantages in on line hemodiafiltration with our own
scheme in critically ill patients with sepsis.

Keywords: On-line hemodiafiltration; Acute kidney injury; Critically
ill patients

Introduction
Acute kidney injury (AKI) is a common clinical condition caused by

many etiologies and associated with poor results, including high rate of
mortality in the intensive care unit (ICU) and has regional dependence
[1], reports vary from 18% to 67% according to several authors, the
incidence has been increasing, depending on the criteria used in
different studies to categorize renal failure [2,3].

The author´s opinion is that AKI in critically ill patients has
increment of mortality rates determined by the duration and severity
of kidney damage, patient´s haemodynamic condition, starting time
and type of renal replacement therapy (RRT) used.

Actually it is difficult to determine AKI´s incidence because of the
multiple definitions used, the site where they occur (community,
hospitalization, ICU) and the diversity of clinical presentation (sepsis,

haemodynamic compromise, concomitant heart failure, intravenous
contrast and other toxics, age, race, etc.). A meta-analysis published in
June 2013, showed high heterogeneity of AKI incidence with
imbalances between the northern and southern hemispheres and
between socioeconomic statuses of countries [4]. A comprehensive
study conducted by the SLANH, determined that AKI has a bimodal
pattern; in urban areas, the behavior is similar to high-income
countries; while in the rural area observed a different pattern aimed
young, healthy patients influenced by environmental and socio-
economic cultural conditions [5,6].

In Latin America the majority of patients are treated with support of
the public health system. The intermittent hemodialysis is the
treatment most frequently used in all units, also extended slow dialysis
(SLED) was developed 40%, and only 23% provided continuous renal
replacement therapy (CRRT); Peritoneal Dialysis is available only in
one-third of the units, and is used in less than 20% in patients with
AKI [7]. In Ecuador CRRT is not available. A prospective study carried
out in Quito-Ecuador analyzed 2279 patients admitted at ICU. 210
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(9.2%) met the criteria of AKI, the main cause was sepsis, of 210
patients 160 (76%) required RRT [8].

AKI is an independent mortality factor at six month follow-up; the
reported mortality varies considerably from 20% to 75%, depending on
the definitions used for AKI and studied clinical subgroups [9]. Sepsis
is one of the leading causes of mortality and morbidity in the world,
with a tendency towards a gradual increase due to the advanced age of
the population and their comorbidities, conditions that raises the
incidence and severity of presentation [10].

The development of AKI during a septic process increases
morbidity, mortality and has a significant effect on the function of
multiple organs; moreover, it is associated with prolonged stay in the
ICU and elevation in the consumption of resources in health systems
[11]. AKI is diagnosed in approximately two thirds of patients in the
first 24 hours of their admission to ICU [12,13], RRT is necessary in
37% of these patients, around 60% fully recover kidney function [14].

There is a long debate about the time to start, and the ideal
treatment for RRT in critically ill patients with sepsis, considering that
the majority have multiorgan dysfunction and hemodynamic
instability [8]. Controversies begin since the time of treatment´s onset,
dose prescription, mode and mechanism for solute´s remotion
(convection, diffusion, adsorption, or mixed), and about convection
therapies there are discussion regarding the replacement volume,
although some studies recommend larger volumes of replacement as
beneficial [15], these results are not conclusive in other studies [16-18].
ADQI (Acute Dialysis Quality Initiative) recommended the use of high
doses of replacement particularly in septic patients [19].

Also there are controversial results when comparing mortality rates
between intermittent haemodialysis low intensity (IHD-LI) and
intermittent hemodialysis high intensity (IHD-HI) and finally against
continuous veno venous hemofiltration (CVVH) [20-25]. In a
multicenter, randomized, controlled study was compared the best
therapeutic haemodialysis scheme, the aim was to measure mortality at
60 days, results didn´t find advantages between intense haemodialysis
(six sessions a week HD) versus IHD-LI (three times a week for a Kt/V
target of 1.2 to 1.4 per session). The study was not conclusive, therefore
this reinforced IHD-LI as the therapeutic option of dialysis in patients
with AKI admitted to intensive care [8]. There is a scientific fundament
for use convection techniques explained on Ronco, Honoré and
Alexander´s theories [26].

On line hemodiafiltration (OL-HDF) is a mixt technique that
combine a standard haemodialysis diffusive transport with a
significant amount of convective transport, thus provides a greater
clearance of medium and large molecular-size, which are difficult to
remove by diffusion alone [27-29]. This technique requires a
biocompatible high flux and permeability membranes, as well as
precise machines with ultrafiltration control and ultrapure dialysate
fluid for replacement. There is a high economic impact in OL - HDF
implementation, so it is necessary to know the real benefits for
applying [30]. This dialysis technique has been used in renal chronic
patients in whom large and medium-size molecules remotion
ameliorates chronic complications in hemodialysis patients and
decrease mortality [31-33]. Currently by the convective properties,
entrapment and elimination of proinflammatory molecules has begun
to be used in patients with AKI [34,35].

The hypothesis was that OL-HDF reduces sepsis inflammatory
process, keeps on a better hemodynamic status during the treatment,

and decreases the directly or indirectly involved factors in critically ill
patient death.

In Ecuador there is not available CRRT, so that patients are treated
with IHD-LI or IHD-HI or intermittent OL-HDF and there is not a
comparative study about benefits between the procedures, so authors
decided to develop this study in order to consolidate and choose the
best procedure adapted to developing countries.

Materials and Methods
A multicenter, prospective and comparative study between two

renal replacement therapy schemes was conducted to analyze their
influence on the primary outcomes. The severity of sepsis was assessed
using APACHE II and SOFA scales.

Primary outcome
All causes of mortality, vasoactive drugs and mechanical ventilation

time dependence, length of stay in the ICU of patients treated with two
RRT schemes.

Patients
Inclusion criteria: All patients aged 16 years or more, with sepsis

and AKI attended by DIALNEF group, whom belonged to different
public and private institutions in Quito-Ecuador, underwent renal
replacement therapy, following the author's own schemes. AKI was
defined according to the AKIN (Acute Kidney Injury Network) criteria
[22].

Exclusion criteria: Patients at intensive care units without sepsis´s
criteria, patients with hepatitis B, hepatitis C or HIV (DIALNEF don´t
have equipment for seropositive patients), cases transferred to another
ICU, patients with chronic renal failure previously established with
acute exacerbation, or with chronic renal disease in RRT, and cases
without properly recorded data in medical expedient.

Methods
Patients were assigned on two groups according the treatment

regimen available in different institutions. Group A (GA): Patients who
received IHD-LI, the first three sessions were daily with an increasing
time of 30 minutes from 150 minutes until 210 minutes, with an
increasing blood flow pump (QB) of 50 ml/min from 250 to 400
ml/min and dialysate flow (QD) of 500 ml/min. Since the fourth
treatment session patients received standard therapy of 210 minutes
with QB 400 ml/min, and QD 500 ml/min every 48 hours.

Group B (GB): Patients who received OL-HDF, the first three
sessions were daily with mixed replacement (pre and post dilutional)
therapy according the following scheme:

First session: 180 minutes QB 350 ml/min QD 800 ml/min, volume
replacement 84 ml/min. Second session: 210 minutes QB 400 ml/min
QD 800 ml/ min, volume replacement 100 ml/min. Third session: 240
minutes QB 400 ml/min QD 800 ml/min, volume replacement 120 ml/
min. Since the fourth session the patients received the same RRT
method that consisting on IHD-LI in sessions of 240 minutes, QB 400
ml/min, QD 500 ml/min. Treatments were developed with Fresenius
4008S machine with on line hemodiafiltration module, polysulfone
filters high flux were used in IHD-LI (TORAY sulfone 2.1 m2 surface)
and high flux cartridge in OL-HDF (Fresenius FX 1000).
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Statistical analysis
Data were analyzed with Statistical Package for the Social Sciences

(SPSS) operative program 24.0 versions. Continuous variables were
described in terms of means, medians, standard deviation and ranges.
For samples with normal criteria and homoscedasticity was applied
student's T-test. For comorbidity and stockings comparison that did
not meet normal criteria Mann-Whitney nonparametric test was
applied. Odds ratio (OR) was used to estimate risk of mortality in the
two study groups.

Results
95 patients were admitted to the study. 65 fulfilled all criteria and

requirements for the analysis. Treatment modality was 53.8% (n: 35) in
IHD-LI, and 46.2% (n: 30) in OL-HDF. About sex distribution 56.9%
were male and 43.1% female. Ages range were from 16 to 87 years,
media was in GA 60 and GB 57 and SD 19.2 and 17.3 respectively
(p=0.36).

Severity indicators, which have a direct effect on mortality, showed
similarity in both groups. The group´s characteristics are summarized
in Table 1.

Variable GA (IHD-LI) GB (OL-HDF)

Sex: n, percentage

Male 19 (54.2%) 18 (60%)

Female 16 (45.8%) 12 (40%)

Severity indicators (media)

SOFA 12.6 12.6

APACHE 2 24.4 26.8

Table 1: Study group´s characteristics.

Overall mortality was 49.2%, despite the important differences in
both groups, GA: 60% and GB: 36.6%, it wasn´t statistically
significative (Chi: 3.51; p=0.061). Odds: GA: 1.5 –GB: 0.58; Risk
Absolut Reduction (RAR): GA: 0.60 (CI: 0.44-0.76); GB: 0.37 (CI:
0.19-0.54) OR: 0.39; Number needed to treatment (NNT): 4.28.

The ICU stay dependence average was: GA: 16.7 vs. GB: 9.97
(p=0,044; CI: -13.4 -0.17), average need for vasoactive drugs was 6.92
days in all subjects (GA: 9.06 GB: 4.4 p=0.084 CI: -9.88 -0.63),
Mechanical Ventilation dependence was GA: 11.23 vs. GB: 6.50 p=0.12
(ci: -10.8 - 1.36.

Variable GA GB P

Day of vasoactive (day) 5.57 2.53 0.049

Mechanic ventilation
(day) 7.93 3.74 0.159

ICU time stay (day) 18.5 9.11 0.031

Table 2: Principal outcomes in discharged alive patients.

Patients discharged alive from ICU showed the next results: ICU
stay in GA: 18.5 vs. GB: 9.11 (p=0.031 CI: -17.89 -0.89); days of
treatment with vasoactive drugs: GA: 5.57 vs. GB: 2.53 (p=0.049

CI:-6.071 -0.19). Mechanical ventilation dependence in GA was 7.93
days and in GB 3.74 days, (p=0.159 CI:-1.01 – 1.73) (Table 2).

About dialysis sessions in patients discharged alive from ICU, in GA
the mean was 7.55 sessions and in GB 5.25, p=0.190. In relation to days
needing RRT was 11 days for GA and 7.2 GB p=0.242.

Discussion
The development of AKI during a septic process increases

morbidity, mortality and has a significant effect on the function of
multiple organs; moreover, it is associated with prolonged stay in the
ICU and elevation in the consumption of resources in health systems
[11].

AKI is a serious clinical condition in critically ill septic patients. In
this study patients with RRT showed high mortality (49.2%), similar to
those reported in other studies where it reaches up to 70% [36].
Average age, prevalence in males and severity at admission to ICU are
comparable to that reported in similar studies in Spain and Australia-
New Zealand [37-39]. The severity grade at admission to ICU
(APACHE, SOFA score) showed no statistically significant differences
between groups, which eliminated an important bias for mortality
when comparing both types of RRT.

OL-HDF shows greater benefits than IHD-LI in relation to
dependence of vasoactive drugs days, permanence on mechanical
ventilation and ICU stay, that has a direct impact on associated
comorbidity and mortality of this kind of patients, as well as the
optimization of sanitary resources, despite there was not statistically
significant difference in mortality p=0.061; OR: 2.3 (IC 0.737-7.197).

OL-HDF as a convective technique reduces the molecules pro
inflammatory serum levels (ages, IL-6, IL-10, TNFα all of them related
to T helper type I response) 39, which improves the septic process and
reduce mortality rates in this kind of patients, this is why it has begun
to be used in patients with AKI [34,35].

These two modalities of RRT are easy to perform and are available
in our environment, even though OL-HDF is more expensive (400
USD vs. 180 USD per session), but when we analyze the results of ICU
stay, this technique is more kindly cost/benefit, considering the value
saving of stay in ICU (1500 USD per day).

In the OL-HDF group, mortality average observed was 36.6% vs.
60% in IHD-LI group and although it was not statistically significant,
provides an OR of 0.39 in favor of the first one.

In Ecuador there is not available CRRT, so that patients are treated
with IHD-LI or IHD-HI or intermittent OL-HDF and there is not a
comparative study about benefits between the procedures, so authors
decided to develop this study in order to consolidate and choose the
best procedure adapted to developing countries.

This kind of study should be performed in a bigger group of
patients, with the aim to corroborate the results obtained and
recommended as an initial therapy in septic patients with AKI as a
cost-benefit advantage.

Conclusion
Relative to results of this paper OL-HDF showed to be better than

IHD-LI in many aspects even though there was no statistically
significant difference in mortality, allowing us to recommend as first
choice OL-HDF with this scheme of treatment proposed for critically
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ill septic patients. This modality of RRT demonstrated benefits about
the permanence on mechanical ventilation and need of vasoactive
drugs and has an additional benefit when compare cost and sanitary
resources with that of the proceeding.

Limitations
Number of patients who have studied under this type of treatment

was too little, it is recommended to extend this study in order to assess
possible better becomes of OL-HDF in terms of mortality. Existed
international studies that compare IHD-LI vs. CRRT but not to OL-
HDF daily.
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