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CLINICAL STUDY

Can Delivery Dialysis Dose Affect Survival of Acute Kidney Injury Patients?

Juliana Maria Gera Abrão1, Daniela Ponce1, Germana Alves de Brito1 and André Luís Balbi2

1Department of InternalMedicine, Botucatu School ofMedicine, UNESP, Botucatu, São Paulo, Brazil; 2Department of Clinical
Medicine, Botucatu School of Medicine, UNESP, Botucatu, São Paulo, Brazil

Abstract

Intensity of dialysis dose in acute kidney injury (AKI) might benefit critically ill patients. The aim of this study was to
evaluate the effect of intermittent hemodialysis (IHD) dose on mortality in patients with AKI. Methods: Prospective
observational study was performed on AKI patients treated with IHD. The delivered dialysis dose per session was
calculated based on single-pool Kt/V urea. Patients were allocated in two groups according to the weekly delivered
medianKt/V: higher intensity dialysis dose (HID:Kt/V higher thanmedian) and lower intensity dialysis dose (LID:Kt/V lower
than median). Thereafter, AKI patients were divided according to the presence or absence of sepsis and urine output.
Clinical and lab characteristics and survival of AKI patients were compared. Results: A total of 121 AKI patients were
evaluated. Forty-two patients did not present with sepsis and 45 did not present with oliguria. Mortality rate after 30 days
was lower in the HID group without sepsis (14.3%� 47.6%; p¼ 0.045) and without oliguria (31.8%� 69.5%; p¼ 0.025).
Survival curves also showed that the HID group had higher survival rate when compared with the LID group in non-septic
and non-oliguric patients (p ¼ 0.007 and p ¼ 0.003, respectively). Conclusion: Higher dialysis doses can be associated
with better survival of less seriously ill AKI patients.
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Acute kidney injury (AKI) is a common finding among
hospitalized patients and is associated with high mortal-
ity, ranging from 50% to 75%, depending on the severity
of AKI and clinical conditions.1,2 Although the manage-
ment of AKI has improved, these changes have increased
slowly patients’ outcomes. The optimal approach to
renal replacement therapy, as well as the intensity and
timing of such therapy remains unclear.3,4

Previous studies have shown that the survival improved
when the intensity of dialysis was increased.5–7 However,
recent trials did not confirm this benefit and showed that
increasing the intensity of renal replacement therapy did
not decrease mortality among patients with AKI.8–10

The association of low urine output, fluid overload,
and sepsis with worse prognosis of AKI patients has been
reported in the literature.2,11 Paganini et al.,12 in 1996,
reported the association between increased dialysis dose
and lower mortality in specific group of patients stratified
as having intermediate probability of death.

We performed a prospective observational cohort study
to evaluate the effect of delivered dose of daily intermittent

hemodialysis (IHD) on mortality in patients with
AKI. Thereafter, AKI patients were stratified into subsets
based on the presence or absence of sepsis and urine out-
put. Our hypothesis was that a higher delivered dose of
IHD would be associated with better patients’ outcomes.

PATIENTS AND METHODS

Study Population
This study was conducted from January 2004 to January
2009 in patients enrolled in two Brazilian University
Hospitals (Botucatu School of Medicine and Bauru
State of Sao Paulo). The protocol was approved by the
Institutional Ethical Committee. Written informed con-
sent was obtained from patients or their next of kin.

Patients were eligible for enrollment if they were 18
years of age or older, had acute tubular necrosis (ATN)
as etiology of AKI, and were treated with at least two
sessions of IHD. AKI was defined as a rising serum
creatinine level according to Acute Kidney Network
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Criteria13 and ATN as a history of prolonged hypoten-
sion, severe nephrotoxic drugs overdose, or excess
endogenous nephrotoxic pigments (hemoglobinuria,
myoglobinuria). Diagnosis was based on clinical history,
results of physical examination, relevant blood tests, uri-
nalysis (microscopical examination of urinary sediment),
a fractional excretion of sodium that exceeded 1%, and
the findings on renal ultrasonography. The indications
for dialysis were uremic symptoms, blood urea nitrogen
(BUN) level (>100 mg per 100 mL), fluid overload,
electrolyte imbalance (potassium >6mEq/L after clinical
treatment), or acid–base refractory disturbances (bicar-
bonate <10 mEq/L after replacement).

Exclusion criteria were patients with severe chronic
kidney disease (baseline serum creatinine higher than
4mg/dL), kidney transplantation, hemodynamic instabi-
lity defined as noradrenalin dose higher than 0.5 ucg/kg/
min, and other etiologies of AKI.

Methods and Dialysis Dose
All patients included in the study were undergoing IHD
according to the protocol already established in the ser-
vices, as shown below.

AKI severity was determined according to Acute
Tubular Necrosis Index Specific Score (ATN-ISS)14

calculated at the moment of the first nephrology
evaluation.

A hemodialysis (HD)machine with volumetric control
(Fresenius 4008F, Gambro K200) and cellulose acetate
dialyzers (CA 170, 190 or 210) were used for dialysis
treatment.

An IHD session lasted at least 3 h 30 min and sessions
were performed 6 times per week. Blood flux ranged
from 250 to 350 mL/min and dialysate flux was 500
mL/min. Patients received heparin during the dialysis
session (50–80 UI/kg/h). If anticoagulation was contra-
indicated, patients received 100 mL of saline solution
every 1 h.

Bicarbonate, potassium, and sodium dialysate
concentrations were adjusted according to individual
requirements.

Prescribed Kt/V value was 1.2 per session. The deli-
vered dose was determined by the single-pool Kt/V
(spKt/V) value corrected for ultrafiltration but not for
reappearance of urea nitrogen.15

Anthropometric measurements (weight, height, and
body surface area) were obtained before dialysis.
Mobile patients were weighed on a digital scale, and
weights of immobilized patients were calculated from
two variable formulas.16

The dialysis was interrupted when there was a partial
recovery in renal function defined as urine output
higher than 1000 mL per 24 h associated with a pro-
gressive drop in creatinine (<4 mg per 100 mL) and
BUN levels (<50 mg per 100 mL), change of dialysis
method, lack of renal function recovery 30 days after
undergoing dialysis, or death.

Patient Allocation
HD adequacy was determined by using urea kinetic
modeling based on spKt/V.15 Thereafter, mean spKt/V
per session was calculated for each patient and this value
was multiplied by 6, achieving weekly delivered Kt/V for
each patient.

Thereafter, patients were divided into
● Higher intensity dialysis (HID) group. Weekly deli-

vered spKt/V higher than the median Kt/V.
● Lower intensity dialysis (LID) group. Weekly deli-

vered spKt/V lower than the median Kt/V.
● Thereafter, the same calculations and division into

HID and LID were performed for AKI patients stra-
tified into two subsets:

● Sepsis or non-sepsis defined according to American
College of Chest Physicians criteria.17

● Oliguria and non-oliguria defined as urine output
lower or higher than 0.5 mL/kg/h for at least 6 h.13

Statistical Analysis
Statistical analyses were performed using SAS for
Windows software, version 9.2 (Cary, NC, USA).

Continuous variables were expressed as mean and SD
or median and compared using the Student’s t-test for
parametric variables and Mann–Whitney test for non-
parametric variables. Categorical variables were expressed
as proportions and compared with the χ2-test.

Multiple Cox regression analysis was then conducted
to test the relationship between HD dose and mortality,
adjusted for sex, age, weekly Kt/V, ATN-ISS, pre-BUN,
vasoactive drugs use, mechanical ventilation, sepsis,
urine output, clinical or surgical disease, and hypervole-
mia at the moment of dialysis indication.

At the end of the study, Kaplan–Meier survival curves
were presented and compared using log-rank test for
each group according to the intensity of HD dose.
Statistical significance level was 5% (p < 0.05).

RESULTS

A total of 121 patients with ATN requiring HD were
studied, of whom 61 were in the LID group and 60
were in the HID group. There was no difference between
LID and HID groups in clinical, lab, and dialytical
characteristics and outcome (Table 1). Septic patients
showed higher ATN-ISS (68.6 � 21.2 vs. 56.2 � 22.0;
p ¼ 0.003) and were older (68.0 years vs. 60.5 years;
p ¼ 0.04) than non-septic patients.

Table 2 shows data from septic and non-septic patients
according to the intensity of delivered dialysis dose. In
both populations, there was no difference between LID
and HID groups in gender, age, ATN-ISS, vasoactive
drug use, mechanical ventilation, oliguria, etiology of
AKI, and pre-dialysis BUN levels. However, in
non-septic patients, the mortality rate was lower in the
HID group than in the LID group at 30 days (14.3% vs.
47.6%; p¼ 0.045) and at the end of follow-up (14.3% vs.
52.4%; p ¼ 0.020).

© 2012 Informa Healthcare USA, Inc.
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Concerning urine output, patients with oliguria
showed higher ATN-ISS than patients without oliguria
(median ATN-ISS: 75 vs. 58.5; p < 0.001).

Table 3 shows data from oliguric and non-oliguric
population according to the intensity of delivered dialysis
dose. In both populations, there was no difference
between LID and HID groups in gender, age, ATN-
ISS, vasoactive drug use, mechanical ventilation, sepsis,
etiology of AKI, and pre-dialysis BUN levels. However,
in non-oliguric patients, the mortality rate was lower in
the HID group than in the LID group (31.8% vs. 69.5%;
p ¼ 0.025).

Multiple Cox regression analysis did not show
association between survival of non-septic patients and
clinical, lab characteristics, or higher weekly delivered
Kt/V (p ¼ 0.100; odds ratio (OR) ¼ 0.421). For

non-oliguric patients, only the higher weekly delivered
Kt/V was associated with better survival (p ¼ 0.024; OR
¼ 0.514). Figure 1 shows survival curves of different
populations studied.

DISCUSSION

Despite decades of experience, there is still a lack of
consensus on how dialysis dose should be utilized to
optimally support patients with AKI and only a few stu-
dies have discussed IHD.18,19 Palevsky et al.8 and
Vesconi et al.18 in multicenter, randomized, and con-
trolled trials showed that increasing the intensity of
renal replacement therapy did not decrease mortality
among AKI patients. However, in both of them, the

Table 1. Patients characteristics according to the intensity of weekly delivered dialysis dose.

LID (Kt/V � 5.16) HID (Kt/V > 5.16) p

N 121 61 60
Male sex 60.3 68.8 51.7 0.080
Age (years) 65.0 (53.0–75.0) 64.0 (51.7–75.0) 65.0 (54.0–76.0) 0.582
ATN-ISS 0.68 (0.44–0.79) 0.72 (0.47–0.82) 0.66 (0.41–0.79) 0.129
Vasoactive drugs 67.2 70.5 61.6 0.398
MV 72.2 77.0 65.0 0.199
Oliguria 62.8 68.8 56.6 0.231
Sepsis 65.3 67.2 63.3 0.797
Clinical patients 66.1 65.5 66.6 0.948
Ischemic AKI 70.3 72.2 68.4 0.884
Pre-BUN (mg/dL) 102.5 � 38.3 101.7 � 34.2 104.0 � 42.3 0.749
Number of dialysis sessions 7.0 (4.0–14.0) 7.0 (5.0–11.0) 7.0 (4.0–15.5) 0.963
UF (mL/session) 2044 � 707.1 2000.0 (1500.0–2500.0) 2211.0 (1705.0–2631.2) 0.199
Weekly Kt/V 5.16 (4.5–6.14) 4.36 � 0.67 6.26 � 0.71 <0.001
Mortality after 30 days 57.8 67.2 48.3 0.055
Mortality at the end of follow-up 60.3 68.8 51.7 0.080

Notes: Data are showed in%,mean� SD, or median. ATN-ISS, Acute Tubular Necrosis Index Specific Score;MV,mechanical ventilation;
UF, ultrafiltration; AKI, acute kidney injury; HID, higher intensity dialysis group; LID, lower intensity dialysis group.

Table 2. Septic and non-septic patient characteristics according to the intensity of weekly delivered dialysis dose.

Sepsis No sepsis

LID (Kt/V � 5.16) HID (Kt/V > 5.16) p LID (Kt/V � 5.2) HID (Kt/V > 5.2) p

N 41 38 21 21
Male sex 68.3 55.2 0.337 71.4 42.8 0.119
Age (years) 62.7 � 16.6 67.1 � 14.1 0.203 58.6 � 18.4 56.8 � 16.9 0.742
ATN-ISS 0.71 � 0.20 0.65 � 0.22 0.176 0.61 (0.37–0.78) 0.55 (0.31–0.72) 0.322
Vasoactive drugs 75.6 71.0 0.845 61.9 42.8 0.354
MV 82.9 71.0 0.308 66.7 47.6 0.444
Oliguria 68.3 63.2 0.808 71.4 42.8 0.119
Clinical patients 68.3 65.8 0.998 57.2 71.4 0.520
Ischemic AKI 75.6 73.7 0.579 61.9 61.9 0.607
Pre-BUN (mg/dL) 105.6 � 31.7 108.5 � 40.4 0.330 93.1 � 37.5 97.0 � 46.3 0.766
Number of dialysis sessions 7.0 (5.0–11.0) 7.0 (4.0–14.0) 0.933 7.0 (4.0–21.0) 7.0 (7.7–26.2) 0.705
UF (mL/session ) 1948.4 � 782.2 2224.5 � 673.7 0.098 1989.8 � 568.0 1962.3 � 723.4 0.892
Weekly Kt/V 4.53 (3.84–4.96) 6.29 (5.76–6.84) <0.001 4.4 � 0.6 6.1 � 0.7 <0.001
Mortality after 30 days 75.6 68.4 0.645 47.6 14.3 0.045
Mortality at the end of follow-up 75.6 73.6 0.950 52.4 14.3 0.020

Notes: Data are showed in%,mean� SD, or median. ATN-ISS, Acute Tubular Necrosis Index Specific Score;MV,mechanical ventilation;
UF, ultrafiltration; AKI, acute kidney injury; HID, higher intensity dialysis group; LID, lower intensity dialysis group.
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intensity of dialysis was defined according to weekly
frequency of dialysis sessions, different from this study
that defined intensity of dialysis based on delivered dia-
lysis dose, calculated by spKt/V urea.

Palevsky et al.8 showed that the higher intensity ther-
apy group underwent an average of 5.4 sessions of IHD
or sustained low-efficiency dialysis per week, with an
average interval between treatments of 1.1 days and

Table 3. Oliguric and non-oliguric patient characteristics according to the intensity of weekly delivered dialysis dose.

Oliguria No oliguria

LID (Kt/V � 5.1) HID (Kt/V > 5.1) p LID (Kt/V � 5.4) HID (Kt/V > 5.4) p

N 39 37 23 22
Male sex 64.1 54.0 0.511 73.9 50.0 0.178
Age (years) 61.1 � 18.3 63.5 � 15.0 0.534 64.0 (53.0–72.5) 66.5 (45.0–80.0) 0.481
ATN-ISS 0.74 (0.61–0.87) 0.75 (0.46–0.87) 0.432 0.55 � 0.23 0.55 � 0.19 0.957
Vasoactive drugs 71.8 67.6 0.880 65.2 54.5 0.665
MV 79.5 64.8 0.321 73.9 63.6 0.509
Sepsis 64.1 72.9 0.559 60.8 59.1 0.855
Clinical patients 69.2 62.2 0.684 60.8 72.7 0.598
Ischemic AKI 66.6 67.6 0.602 78.3 72.8 0.863
Pre-BUN (mg/dL) 99.0 � 37.7 91.7 � 38.3 0.405 117.1 � 32.5 113.5 � 40.0 0.741
Number of dialysis sessions 7.0 (5.0–11.0) 7.0 (4.0–17.7) 0.992 5.0 (4.0–12.5) 9.0 (4.0–16.0) 0.368
UF (mL/session ) 1929.6 � 684.5 2211.2 � 691.3 0.079 2099.5 � 729.1 1911.5 � 733.2 0.393
Weekly Kt/V 4.2 � 0.6 6.0 � 0.7 <0.001 4.6 � 0.7 6.6 � 0.5 <0.001
Mortality after 30 days 64.1 59.4 0.857 69.5 31.8 0.025
Mortality at the end of follow-up 66.6 64.8 0.939 69.5 31.8 0.025

Notes: Data are showed in%,mean� SD, or median. ATN-ISS, Acute Tubular Necrosis Index Specific Score;MV,mechanical ventilation;
UF, ultrafiltration; AKI, acute kidney injury; HID, higher intensity dialysis group; LID, lower intensity dialysis group.
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Figure 1. Survival curves of septic and non-septic patients [(A) and (B), respectively] and oliguric and non-oliguric patients [(C) and (D),
respectively], according to the intensity of delivered dialysis dose.
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patients receiving lower intensity therapy underwent 3.0
sessions per week, with an average interval of 2.0 days. In
both of them, delivered Kt/V urea per session was 1.32.
Weekly delivered Kt/V in higher intensity group was
around 6 versus 4 in lower intensity group, similar to
that described in this study.

Schiffl et al.6 reported a reduction in 28-day mortality
from 46% with alternate day dialysis (weekly delivered
Kt/V ¼ 3.0) to 28% with daily dialysis (weekly delivered
Kt/V ¼ 5.8). These results, however, were answered
because delivered dialysis dose per session was substan-
tially lower than that recommended for chronic HD
patients and the observed mortality rate was lower than
that described in literature for similar critically ill
patients.

Bouchard et al.4 recently concluded that dialysis dose
still matters and it should bemonitored. They suggest the
creation of a dose–survival curve, where Kt/V of 0.9
would correspond to the lower portion of the survival
curve and Kt/V of 1.2–1.3 would correspond to the
higher portion of the survival curve.

There is evidence for the importance of patient-related
characteristics such as the severity of acute underlying
disease in affecting the delivered dialysis dose, as mea-
sured by spKt/V urea.

A number of factors may reduce the delivered dose to
AKI ill patients, such as dialysis complications (hypoten-
sion and clotting), treatment interrupted by diagnostic
investigations, and mainly the imbalance of urea distri-
bution, which reduces the overall effectiveness of urea
removal and overestimates delivered dialysis dose.20 In
the Acute Renal Failure Trial Network Study,8 the dose
delivered was 89% of that prescribed for higher intensity
treatment.

Evanson et al.21,22 demonstrated delivered Kt/V of
1.04 versus prescribed Kt/V of 1.25 and concluded that
alterations in total body water and its compartmental
distribution could explain this discrepancy.

Schiffl23 also showed that delivered Kt/V urea
values in critically ill patients with AKI treated with
HD were lower than the prescribed Kt/V urea values
(1.28 vs. 0.89) and concluded the importance of
patient-related characteristics such as the severity of
acute underlying disease in affecting the delivered
dose of IHD. The blood flow to some compartments
and skeletal muscle is relatively low in septic patients
using vasoactive drugs and it can be responsible for
the well-described rebound in plasma urea concentra-
tion that occurs after dialysis.

Paganini et al.12 were the first to show that higher
delivered dialysis dose (Kt/V > 1.0) seems to play a
major role in patients with moderated levels of severity.

In this study, non-septic and non-oliguric patients who
underwent higher weekly delivered IHD dose showed
lower mortality rates after 30 days and better survival
curves in univariate analysis. These two groups (HID
and LID) were similar in clinical parameters and prog-
nostic scores, such as gender, age, ATN-ISS, vasoactive

drug use, mechanical ventilation, etiology of AKI, pre-
dialysis BUN levels, presence of sepsis, and urine output.

Therefore, these data lead again to association of deliv-
ered dialysis dose and patient outcome and it appears to
have more influence among patients with moderate
severity scores rather than those patients at either
extreme of the scoring system.

Our findings are not consistent with those of recent
studies, which did not show difference in mortality of
patient groups treated with higher or lower intensity of
dialysis dose. Palevsky et al.8 published results from the
ATN and there were no differences in mortality with
higher or lower intensity of dialysis dose according to
sex, oliguria, sepsis, and sequential organ failure assess-
ment (SOFA) score. Van Wert et al.24 concluded that
there is no difference in mortality of septic patients
when compared with non-septic patients treated with
different dialysis intensity. However, these two studies
evaluated patients treated with intermittent and contin-
uous dialysis methods together, different from this
study, which evaluated only patients treated with IHD.

This study had several limitations: the small number of
patients, mainly after the division into subsets, which
may explain the lack of association between survival
and delivered dialysis dose in non-septic patients in mul-
tivariate analysis, and the delivered dialysis dose was
evaluated only by spKt/V, without considering middle-
molecule clearance, fluid removal, fluid overload, and
metabolic control.

In summary, this study showed that increasing the
intensity of daily HD dose reduces mortality in non-
septic and non-oliguric patients and that a minimum
HD dose should be delivered to all AKI patients.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for the
content and writing of the paper.
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