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Introduction: Acute renal replacement therapy (RRT) is indicated when metabolic and fluid 
demands exceed total kidney capacity, and demand for kidney function is determined by non-renal 
comorbidities, severity of acute disease and solute and fluid burden; therefore, the criteria for 
commencing RRT and dialysis in intensive care units (ICUs) may be different to those outside ICUs.
Objective: We investigated whether criteria for commencing acute RRT and dialysis outside 
ICU were different to those in ICU and whether these differences affected patient mortality 
in either setting.
Methods: We performed a retrospective observational study evaluating acute kidney injury 
(AKI), Kidney Disease Improving Global Outcome 3 (KDIGO3) in adult patients undergoing 
RRT “in and outside” ICU from 2012 to 2018, in a Brazilian teaching hospital.
Results: We evaluated 913 adults with AKI KDIGO3 undergoing RRT; 629 (68.9%) outside 
ICU and 284 (31.1%) in ICU. Infections were the main cause of hospitalisation (34.4%). Septic 
and ischaemic AKI were the main aetiologies of AKI (50.8% and 32.9%, respectively), meta
bolic and fluid demand to capacity imbalance were the main indications for dialysis (69.7%), and 
intermittent haemodialysis (IHD) was the primary dialysis method (59.2%). The general mor
tality rate after 30 days was 59%. There were no differences in gender, age and main diagnosis 
between groups. Both groups were different in acute tubular necrosis index specific scores (ATN- 
ISS), AKI aetiology, elderly population, indications for dialysis, dialysis methods and mortality 
rates. In ICU, patients older than 65 years old, with septic AKI were more prevalent (49.1 versus 
41.4%, and 55.1 versus 37.5%, respectively), while ischaemic and nephrotoxic AKI were less 
frequent (24.3 versus 37 and 10.2 versus 16.3%, respectively), and ATN-ISS was higher (0.74 ± 
0.31 versus 0.58 ± 0.16). Similarly, metabolic and fluid demand to capacity imbalance as an 
indication for acute RRT, prolonged intermittent haemodialysis (PIRRT) and continuous renal 
replacement therapy (CRRT) were more frequent, while peritoneal dialysis (PD) was less 
frequent (74.6 versus 69.7%, 31.6 versus 22.4%, and 5.3 versus 17.8%, respectively), and 
mortality was higher (69 versus 54.7%, respectively). Logistic regression revealed that age, 
septic AKI and being “in” ICU were factors associated with death.
Conclusion: The criteria for commencing RRT and dialysis in ICU were different to those 
outside ICU; however, they did not impact on patient outcomes.
Keywords: acute kidney injury, acute dialysis, mortality

Introduction
Acute renal replacement therapy (RRT) supports native renal function in correcting 
acid base, electrolyte disorders and fluid overload, and decreases the effects of acute 
kidney injury (AKI) on non-renal organs.1–3 Quality of life, social and cultural 
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issues, comorbid conditions, expected prognosis and logis
tics are also factors relevant to decision-making processes.

Macedo and Mehta initially described demand capacity 
balance in AKI; and recently it was recommended in 
a consensus ADQI meeting.4,5 The severity of acute ill
ness, and solute and fluid burdens determine the demand. 
The demand capacity balance is dynamic and varies with 
the course of critical illness; therefore, it should be reg
ularly evaluated. When kidney capacity reduces and fails 
to cope with demand, RRT initiation should be considered.

There is controversy regarding thresholds for whom 
and when RRT should be started for patients in ICU 
settings versus those outside settings should differ. The 
case-mix profiles of patients in ICU settings and non- 
ICU settings are different and are largely characterised 
by differences in illness acuity and organ dysfunction 
burden. Currently, there are no data, either from clinical 
trials or observational studies, specifically comparing RRT 
provision between ICU and non-ICU settings.

Therefore, we investigated whether criteria for com
mencing acute RRT and dialysis outside ICU were differ
ent to those in ICU patients, and whether these differences 
affected patient mortality in either setting.

Materials and Methods
Study Design and Setting
Between 2012 and 2018, this retrospective cohort study was 
performed in AKI Kidney Disease Improving Global 
Outcome 3 (AKI KDIGO3) patients undergoing dialysis in 
wards and ICUs at the teaching hospital of the Botucatu 
School of Medicine (University of São Paulo State – 
UNESP), Brazil. This is a major public hospital and treatment 
referral centre for approximately one-third of the population in 
São Paulo State. The study protocol was approved by the 
ethics committee of Botucatu School of Medicine in 
July 2012. Throughout the study, researchers adhered to 
patient data confidentiality and recommendations of the 
declaration of Helsinki. Free and informed consent was pro
vided in writing by each patient or relatives before study 
commencement.

Participants
All AKI KDIGO3 hospitalised patients, treated by dialysis 
and consulted by nephrology teams were consecutively 
evaluated. The following patients were excluded; those 
with chronic kidney disease (CKD) stages III–V based 
on CKD-EPI, patients with previous kidney transplants 

or undergoing treatment with an RRT procedure, including 
haemodialysis or peritoneal dialysis (PD), and younger 
than 18 years. In addition, patients with glomerular miss
ing data regarding a confirmed diagnosis were also 
excluded.

Data Collection
Study data were collected from patient medical files and 
filling out study checklists (see below). Those hospitalised 
AKI KDIGO3 patients, treated by dialysis were included. 
Their clinical profiles/data were extracted from archives.

Study checklists included demographic data (eg, age, 
sex), underlying illness, laboratory and ultrasonography 
findings, AKI aetiology (renal and post renal) and patient 
outcomes (ie, mortality). AKI diagnoses and causes were 
assessed by nephrologists in charge of patients at initial 
hospitalisation, and by referral to standard definitions. 
Renal AKI aetiology was classified as ischaemic or 
nephrotoxic acute tubular necrosis and septic, glomerular 
or interstitial tubular nephritis. Aetiology was also classi
fied as mixed or uncertain.

AKI was defined according to KDIGO criteria.6 The 
criteria for nephrology consultation were based on physi
cians’ individual criteria. After the nephrologist was con
sulted, it took <12 h until arrival of the nephrologist to 
ICU or ward. Indications for dialysis included uraemia or 
azotaemia (BUN > 100 mg/dL), fluid overload (after 
diuretic use), electrolyte imbalance (K.6.5 mEq/L after 
clinical treatment), acid–base disturbances (pH 7.1 and 
10 mEq/L bicarbonate after clinical treatment), and meta
bolic and fluid demand to capacity imbalance as defined 
by Macedo et al, and revised by Ostermann et al.4,5 The 
dialysis method was based on indications for dialysis, ie, 
haemodynamic stability and patient catabolism. The 
approach could be intermittent haemodialysis (IHD), pro
longed intermittent RRT (PIRRT), continuous RRT 
(CRRT) and PD.

All AKI KDIGO3 dialysed patients were divided into 
two groups: “in ICU” and “outside ICU”. The main goal 
was to evaluate and compare indications for acute dialysis. 
Clinical and laboratory characteristics, in-hospital mortal
ity and kidney function recovery at discharge were also 
recorded.

Statistical Analysis
All analyses were performed using SPSS 13.0 statistical 
software (SPSS, Chicago, USA). To describe data, fre
quencies, percentages, means and standard deviations 
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were used. For comparison of parametric variables 
between groups, the chi square statistical test and the 
Student’s t-test were used. ANOVA, followed by 
Newman–Keuls tests, were used for multiple compari
sons between groups. For nonparametric variables, 
Wilcoxon and Kruskal–Wallis tests, followed by Dunn’s 
method, were used to compare two groups, and multiple 
groups, respectively. Variables with significant univariate 
associations such as age, prognostic scores, AKI aetiol
ogy, and “in ICU” and with the exit criteria set at p < 0.1 
were candidates for multivariable analysis. Multivariable 
logistic regression was performed using backward vari
able selection. Variables not selected by automated pro
cedures were individually added back into models to 
evaluate for residual confounding and covariate.

Finally, collinearity amongst variables was tested, and 
if statistically significant interactions were present, one 
was excluded. Covariates included age and ATN-ISS, “in 
ICU” and ATN-ISS, “in ICU” and dialysis methods (pro
longed HD and no PD), “in ICU” and dialysis indications 

(metabolic and fluid demand to capacity imbalance). We 
considered p < 0.05 as statistically significant.

Results
During the seven-year study period, 7976 AKI patients 
were evaluated by the nephrology team. After excluding 
patients with CKD stages III–V, kidney transplants, those 
with incomplete data and AKI KDIGO 1, 2 and 3 not 
treated by dialysis, 913 (16.8%) patients were included, 
therefore these patients were treated by acute RRT.

The main characteristics of the general AKI KDIGO3 
population, treated by dialysis, are shown (Table 1). The 
mean age was 61.45 ± 16.75 years; 62.3% of patients were 
male and 76.4% were Caucasian. The mean ATN-ISS was 
0.71 ± 0.28, and 31.1% of patients were “in” ICU. 
Infections were the main cause of hospitalisation, septic 
and ischaemic AKI were the main AKI aetiologies, meta
bolic and fluid demand to capacity imbalance were the 
main indications for dialysis, and IHD was the main dia
lysis method. The mortality rate after 30 days was 59%.

Table 1 Clinical Data of Acute Kidney Injury Patient Followed by Nephrology Team According to Being IN vs OUTSIDE ICU

General (N = 913) IN ICU (N = 284) OUTSIDE ICU (N = 629) P

Age (years) 61.65±16.26 61.13±15.23 61.45±16.75 0.56

Age >65 years old (%) 401 (43.9) 141 (49.6) 260 (41.4) 0.02

Male sex (%) 569 (62.3) 180 (63.3) 389 (62.1) 0.57
Caucasian patients (%) 698 (76.4) 218 (76.8) 501 (79.9) 0.51

Main diagnosis (%) >0.05
Cardiovascular disease 193 (21.1) 56 (19.7) 137 (21.8)

Infectious 314 (34.4) 100 (35.2) 214 (34.1)

Pos surgery 26 (2.8) 15 (5.3) 11 (1.7)
Neurologic disorders 28 (3.1) 10 (3.5) 18 (2.9)

Trauma 72 (7.9) 33 (11.6) 39 (6.2)

Liver failure 41 (4.5) 11 (3.9) 30 (4.8)
Malignancy 82 (8.9) 25 (8.8) 57 (9.1)

Shock 51 (5.6) 13 (4.6) 38 (6.1)

Others 66 (7.2) 14 (4.9) 52 (8.2)
Uncertain 40 (4.4) 6 (2.1) 34 (5.4)

AKI etiology (%) <0.05
Renal

Sepsis (%) 393 (50.8) 158 (55.1)a 235 (37.5)b

Ischemic ATN 301 (32.9) 69 (24.3)a 232 (37)b

Nephrotoxic ATN 131 (14.4) 29 (10.2)a 102 (16.3)b

Others** 14 (1.5) 2 (0.7) 12 (1.9)

Pos renal 4 (0.4) 1 (0.3) 3 (0.4)

ATN-ISS 0.71±0.28 074.±0.31 0.58±0.16 <0.001

Mortality after 30 days (%) 539 (59) 196 (69) 343 (54.7) <0.001

Notes: **Others: interstitial tubular nephritis and glomerular AKI, uncertain. 
Abbreviations: AKI, acute kidney injury; ATN-ISS, acute tubular necrosis index score specific; ICU, intensive care unit.
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The characteristics of AKI KDIGO3 patients treated by 
dialysis “in” ICU versus those “outside” ICU are shown 
(Table 1). There were no differences between both groups 
in terms of gender, age and main diagnosis. Both groups 
were different for ATN-ISS, AKI aetiology, elderly popu
lation, indications for dialysis, dialysis methods and mor
tality rates. “In” ICU patients >65 years and with septic 
AKI were the most prevalent, while ischaemic and nephro
toxic AKI were less frequent, and ATN-ISS was higher. 
Metabolic and fluid demand to capacity imbalance, pro
longed haemodialysis and CRRT were more frequent in 
“in” ICU patients, while PD was less frequent and mortal
ity was higher (Table 2). Using logistic regression, age, 
septic AKI, and being “in” ICU were associated with 
mortality (Table 3).

Discussion
Using a large, nationally representative database of 
Brazilian AKI KDIGO3 patients undergoing dialysis “in 
and outside ICU” between 2012 and 2018, we observed 
that for “in” ICU, patients >65 years old, with septic AKI 
were more frequent than “outside” ICU, while ischaemic 

and nephrotoxic AKI were less frequent. In relation to 
indications for dialysis, metabolic and fluid demand to 
capacity imbalance was more frequent, while uraemia 
was less frequent, when compared to “outside” ICU 
patients. PIRRT and CRRT were more frequent, while 
(PD) was less used than “outside” ICU patients. 
Mortality rates were higher for “in” ICU patients.

After adjusting for confusing variables, we generated 
three independent mortality predictors: aged ≥65, ICU 
admission and septic AKI. Indications for dialysis and 
dialysis methods were not associated with death.

Several studies have showed that AKI patients in ICU 
are associated with higher mortality.7–10 Seeing that ICU 
patients are in severe condition due to increased sepsis- 
associated AKI, increased aged and ATN-ISS, being more 
affected by multiorgan failure and having pre-existing 
chronic comorbidities, these unfavourable outcomes can 
be justified.

Considering that acute RRT should be considered when 
metabolic and fluid demands exceed renal capacity and 
that demand for kidney function is determined by non- 
renal comorbidities, the severity of acute disease and 
solute and fluid burden, the criteria for starting RRT in 
ICU vs outside ICU could be different and affect patient 
survival. There is a lack of evidence on the optimal timing 
of dialysis for “in” versus “outside” ICU.4–6,11

Several factors should be considered whether to initiate 
RRT for AKI. It is accepted that dialysis should be rapidly 
initiated in patients with life-threatening indications, such as 
severe acidosis and hyperkalaemia. However, apart from these 
indications, KDIGO clinical practice guidelines recommend 
considering the clinical context of the patient,6 eg fluid 

Table 2 Indications for Dialysis in Acute Kidney Injury Patient Followed by Nephrology Team According to Being IN vs OUTSIDE ICU

General (N = 913) IN ICU (N = 284) OUTSIDE ICU (N = 629) P

Dialysis indication (%) <0.05
Uremia 87 (9.5) 17 (6)a 70 (11.2)b

Refractory Hyperkalemia 47 (5.1) 13 (4.6) 34 (5.4)

Hypervolemia 97 (10.6) 32 (11.6) 66 (10.4)
Metabolic and fluid demand to capacity imbalance 637 (69.7) 212 (74.6)a 425 (67.5)b

Refractory acidosis 45 (1.8) 12 (4.2) 33 (5.3)

Dialysis Methods (%) <0.05

Intermittent Hemodialysis 540 (59.2) 166 (58.5) 374 (59.5)
Prolonged Hemodialysis 231 (25.3) 90 (31.6)a 141 (22.4)b

Continuous renal replacement therapy 15 (1.6) 13 (4.5)a 2 (0.3)b

Peritoneal dialysis 127 (13.9) 15 (5.3)a 112 (17.8)b

Note: aStatically different from bp < 0.05. 
Abbreviation: ICU, intensive care unit.

Table 3 Distribution Hazard Ratio of Covariates for Mortality

Variables HR (95% CI) p

Age >65 years 1. 08 (1.02–1.75) 0.04

In ICU 2.12 (1.73–3.66) 0.003
Septic AKI 1.18 (1.04–1.97) 0.04

Uremia 0.97 (0.91–2.76) 0.31

CRRT 1.54 (0.97–2.67) 0.34

Abbreviations: AKI, acute kidney injury; CRRT, continuous renal replacement 
therapy; HR, hazard ratio; ICU, intensive care unit.
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overload, illness severity, organ dysfunction, urine output and 
solute burden, and the capacity for renal function recovery.7,11

Macedo and Mehta described demand capacity balance 
for AKI, and later it was recommended by consensus at an 
ADQI meeting.4,5 The severity of acute illness and solute 
and fluid burden determine demand. The demand capacity 
balance is dynamic and varies with the course of critical 
illness. When kidney capacity reduces and fails to cope 
with these demands, RRT should be initiated.5

In this study, the criteria for commencing acute RRT 
were different between “in” and “outside” ICU patients. 
The demand capacity imbalance was more frequent in “in” 
ICU patients, while uraemia was less frequent, however 
they were not associated with death. Recently, five rando
mised controlled trials (RCTs) compared early RRT initia
tion versus late,12–16 with controversial results. Based on 
existing clinical evidence and context, the decision to start 
acute RRT should be individualised, and not based solely 
on renal function or AKI stage.11 Quality of life, social and 
cultural issues, logistics, comorbid conditions and 
expected prognoses are also relevant factors in decision- 
making processes. In low-income countries, physicians 
may have ethical dilemmas in initiating RRT in patients 
with poor prognoses; therefore, a shared decision process 
with the patient and family should be undertaken.11

Clinical decision systems should be implemented to 
help health-care workers decide when and how to start 
acute RRT. Such systems should investigate thresholds 
for demand–capacity imbalance (magnitude and duration) 
for which acute RRT commencement causes different clin
ical outcomes.

There is also a lack of evidence on acute RRT method 
choices. We believe such choices are based on local avail
ability, team experience with specific treatments, and patient 
clinical status.11 RRT modalities for AKI include IHD, 
PIRRT, CRRT and PD. From the literature, at least 10 
RCTs, and three systematic reviews and meta-analyses 
have compared CRRT and IHD.8,17-28 All observed no sig
nificant differences in mortality or recovery of renal function 
between patients treated with intermittent or continuous 
modalities.8,17-28 Based on these observations, KDIGO clin
ical practice guidelines for AKI have suggested continuous 
and intermittent RRT modalities as complementary, except 
for patients with acute brain injury or haemodynamic 
instability, for whom CRRT or PD are the first options.20 

Hybrid treatments are used for haemodynamically unstable 
patients, in situations where CRRT is not available,8,26-31 

however comparative efficacy data are limited.29–34 

A systematic review and meta-analysis, including 17 studies 
from 2000 to 2014, focused on the impact of PIRRT and 
CRRT on mortality and kidney recovery.32 When only RCTs 
were included in the analysis, no differences in mortality 
were observed between both modalities, however, when data 
from observational studies were analysed, PIRRT was asso
ciated with lower mortality. There were no significant differ
ences in the recovery of kidney function, fluid removal, days 
in ICU, and biochemical efficacy in both RCTs and observa
tional studies. This meta-analysis concluded that PIRRT was 
associated with similar outcomes to CRRT.32

PD experience in AKI is limited, except in paediatric 
settings and regions with limited resources.35–43 PD is 
attractive for a selective group of patients because it is 
a simple procedure, and it provides RRT without machin
ery and electricity. Technical advances (ie, flexible cathe
ters, automatic cycling and high and continuous volumes) 
have made PD an acceptable alternative to HD. The 
International Society for Peritoneal Dialysis (ISPD) 
recommends that PD is a suitable modality for AKI 
patients, especially in low-income countries.44 Recent stu
dies have confirmed decreases in mortality and complica
tions related to PD in countries where acute PD is 
regularly performed.37–45 IHD is the preferred treatment 
for the immediate removal of small solutes, such as severe 
hyperkalaemia, poisoning and tumour lysis syndrome.20

In this study, we observed differences in dialysis meth
ods between patients “in” and “outside” ICU. PD was 
indicated more frequently “outside” ICU, whilst PIRRT 
and CRRT were more frequently indicated “in” ICU. 
However, these dialysis methods were not associated 
with mortality. Based on this evidence, RRT modality 
should be based on modality availability, clinical experi
ence, cost of therapy and patient clinical status (haemody
namic stability, need for fluid removal, catabolic state, life- 
threatening complications or acute brain injury).

Our study had several strengths, most notably its large 
sample size and duration. Its major limitations were the 
absence of detailed laboratory and clinical data, and its 
mono-centric status. Although criteria for commencing 
acute RRT and dialysis are different between AKI patients 
“in” and “outside” ICU, they did not affect short patients’ 
survival. Admission to ICU, age and septic AKI were risk 
factors associated with death.

Finally, acute RRT should be rapidly initiated both “in and 
outside” ICU, when life-threatening changes in electrolytes, 
fluids, and acid-base balances are unresponsive to medical 
therapies. Rapid RRT should be considered when metabolic 
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and fluid demands exceed total renal capacity. Future studies 
should therefore evaluate other factors that impact on deci
sion-making for RRT “in and outside” ICU, such as quality of 
life, expected prognosis, social and cultural issues, comorbid 
conditions, severity of acute illness and logistics.
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