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Take-home message: Health-related
quality-of-life among survivors of acute
kidney injury in the intensive care unit is
lower than population norms but not
significantly different from that of critically
ill survivors without acute kidney injury.
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Abstract Purpose: To summarize
evidence on long-term health-related
quality-of-life (HRQL) among sur-
vivors of acute kidney injury (AKI) in
the intensive care unit (ICU). Meth-
ods: We performed a
comprehensive search of the literature
for studies reporting original data
describing HRQL utilizing validated
instruments. Search, study selection
and data abstraction were performed
in duplicate. Study quality was
appraised. Due to study heterogene-
ity, data are primarily summarized
qualitatively. Results:  Our search
yielded 2193 articles of which 18
were selected for detailed analysis.
The quality of these 18 studies was
generally good. Numerous HRQL
instruments were utilized, and
assessment occurred at variable fol-
low-up duration (range 2 months to
14.5 years). HRQL among AKI sur-
vivors was reduced when compared
to age/sex-matched populations.
HRQL among survivors with and
without AKI was generally described
as similar beyond 6 months. Physical

Introduction

component domains were consis-
tently more impaired than mental
component domains. Survivors had
considerable limitations in activities
of daily living, implying newly
acquired disability, with few return-
ing to work. Despite diminished
HRQL, patients’ HRQL was gener-
ally perceived as satisfactory, and the
majority would receive similar treat-
ment again, including renal
replacement therapy in the ICU, if
necessary. Conclusions: ~Among
survivors of critical illness compli-
cated by AKI, HRQL was impaired
when referenced to population norms,
but it was not significantly different
from that of survivors without AKI.
Physical limitations and disabilities
were more commonly exhibited by
AKI patients. Importantly, the
impaired HRQL was generally per-
ceived as acceptable to patients, most
of whom expressed willingness to
undergo similar treatment in the
future.

Keywords Acute kidney injury -
Critical illness - Survival -
Health-related quality-of-life -
Disability - Systematic review

reporting incidence rates of between 20 and 60 % [1, 2].
Among those with more severe AKI, approximately one-
Acute kidney injury (AKI) is a frequent complication of quarter receive renal replacement therapy (RRT) [1, 2].
critical illness, with recent large prospective studies Across the spectrum of AKI severity, there is an increased
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risk of short-term and long-term adverse events [3].
Hospital mortality among critically ill patients with AKI
often exceeds 25 % and is higher for those who receive
RRT [1, 2]. For survivors of AKI, considerable circum-
stantial evidence has suggested AKI portends long-term
risks, including incident chronic kidney disease (CKD),
accelerated progression to end-stage kidney disease
(ESKD), major cardiovascular events, sepsis and fracture
risk [3-7].

A number of studies have now described the long-term
impact of AKI on the health-related quality of life
(HRQL) and functional status of survivors of critical ill-
ness. However, interpretation of the results of these
studies has been challenging due to heterogeneity in study
design, tools used to ascertain HRQL and functional
status, case-mix and duration of follow-up. This has
translated into discordant and conflicting findings and,
consequently, clinical uncertainty with respect to long-
term HRQL and functional outcomes among survivors of
AKI in the ICU.

To address this uncertainty, we performed a system-
atic review focused on describing the HRQL and
functional outcomes among survivors of critical illness
complicated by AKI. The aim of this review was to fur-
ther explore whether a better understanding of long-term
HRQL and functional outcomes for critically ill patients
with AKI can be used to better inform prognosis and
clinical decision-making.

Methods

The methods used for this systematic review are described
in detail in a study protocol developed by three of the
authors (PMV, EC, SMB) [see Electronic Supplementary
Material (ESM) Protocol Document]. This systematic
review conforms to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) state-
ment for reporting [8].

Search strategy An initial search of MEDLINE and the
Cochrane Database of Systematic Reviews was per-
formed to identify and assess any prior systematic reviews
on this topic (26 February 2014). PROSPERO
(http://www.crd.york.ac.uk/prospero) was also searched
for any registered systematic reviews on this topic (30
November 2014). An initial OVID search strategy was
used to search the following databases: MEDLINE (1950
to August week 2, 2014) (plus PubMed using “related
articles” features), EMBASE (1980 to August 20, 2014)
and CENTRAL (Cochrane Central Register of Controlled
Trials). Details pertaining to the search strategy are given
in ESM Protocol Document. This search was supple-
mented by a scan of bibliographies of all retrieved studies,
a review of the most recent 5 years of selected scientific

meetings (American Society of Nephrology, Society of
Critical Care Medicine, International Conference on
Critical Care Nephrology, International Symposium on
Intensive Care and Emergency Medicine, European
Society of Intensive Care Medicine), a scan of clinical
trial  registries for  ongoing  clinical  studies
(http://www.controlled-trials.com/mrct/), a scan of the
selected Grey Literature according to the Canadian
Agency for Drug and Technology in Health Grey Matters
document (http://www.cadth.ca/en/resources/grey-matters
). Articles that were forwarded by specialists in the field
after the search was performed were also included. Only
articles published in English were considered eligible for
inclusion.

Study selection Two authors (PMV, EC) independently
performed an initial screen of all retrieved abstracts. Eli-
gible abstracts were subsequently included for full-text
review if they met the following inclusion criteria: (1) study
design—observational studies and/or interventional stud-
ies, not case reports or review articles; (2) study
population—intensive care unit (ICU) survivors
aged >15 years with a diagnosis of AKI by any validated
measure/criteria; (3) outcome—reported HRQL and func-
tional status using a validated instrument. Instruments
described included the Short Form-36 Health Survey (SF-
36), EuroQol (EQ-5D), Health Utility Index Mark 3
(HUI3), Nottingham Health Profile (NHP), Short Form
Health Survey 12 (SF-12), Medical Outcome Study Short
Form Health Survey (MOS-SF-20) and Activities of Daily
Living (ADL). ESM Table S1 provides a detailed
description of these instruments. Disagreements regarding
the inclusion of abstracts for full-text review were resolved
through discussion; if consensus could not be reached, the
decision was adjudicated by a third reviewer (SMB).

Data collection All data were extracted in duplicate by
two authors (EC, PV) on standardized data forms. Any
discordance in data was resolved through discussion or
resorting to a third data abstractor (SMB). Data forms
included details of study design/methodology, measures
of study quality, definitions and details of definition of
AKI (including whether RRT was used), duration of
follow-up and primary and secondary outcomes.

Quality assessment The methodological quality of the
studies was assessed independently by two reviewers (EC,
PV) using the Modified Downs and Black checklist [9]
(ESM Item S1). We also analyzed the proportion of
patients lost to follow-up as a measure of quality (i.e.
attrition rate) (ESM Table S3 provides the percentage of
patients lost to follow-up in each study).

Outcomes The primary outcome was HRQL and func-
tional status among ICU survivors of AKI, as measured
using any validated instrument. Secondary outcomes were
a description of HRQL across various durations of follow-
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up; HRQL compared to that of the general population;
HRQL compared to that of ICU survivors without AKI;
physical and mental components scores as assessed by
validated instruments; the change in HRQL compared to
baseline where reported; self-rated health and perception
of care (by any instrument); the impact of dialysis
dependence on HRQL.

Statistical analysis Data analysis was performed using
Review Manager, version 5.0 (RevMan; The Nordic
Cochrane Centre, The Cochrane Collaboration 2008,
Copenhagen, Denmark). Outcomes were summarized
according to how they were reported in the included
studies, namely, as mean HRQL score with standard
deviation or 95 % confidence interval, as median HRQL
score with interquartile range (IQR) or descriptively (e.g.
the percentage of patients who returned to work following
AKI). Due to significant heterogeneity of the reporting
tools for HRQL utilized across studies and the variable
time-frame for ascertainment, no formal meta-analysis
was undertaken.

Results

Study characteristics

No previous systematic review on this topic was identified
during our literature search. The search strategy yielded
2408 citations. Of these, 2193 records remained following
removal of duplicate publications. A further 2157 records
were found to be ineligible for inclusion in our review
(Fig. 1). Two new studies [10, 11] which met the eligi-
bility criteria were published after our initial search and
were added, yielding a final total of 18 unique studies
after full-text review of the remaining articles.

All of the studies included in our review were pub-
lished between 1997 and 2015 (Table 1). The SF-36
(n = 8 studies [10, 12-18]) and EQ-5D (n = 5 studies
[10, 19-22]) were the most common HRQL instruments
used in these studies. The NHP was used in three studies
[23-25], and one study each used the HUI3 [26], SF-12
[11] and MOSSF-20 [27]. The timeframe for ascertain-
ment of HRQL after AKI was highly variable (median
10.5 months, IQR 6-33 months, range 2 months to
14.5 years).

Study quality

The median Modified Downs and Black score was 13
(IQR 12-15, range 9-18) [9]. In total, 67 % (n = 12) of
included studies were of ‘good’ quality [10-16, 18-22,
26]; the remaining studies were of ‘moderate’ quality
(n = 6) [17, 23-25, 27] (ESM Table S2). Across studies,

2,193 records identified through
literature search

2,087 records after duplicate

removal

2,051 records excluded

(based on title: n=1,919)

(based on abstract: n = 87)
(conference abstract only: n = 6)

36 full text articles assessed
for eligibility

2 articles published after initial search
added based on fulfilling eligibility.

20 articles excluded based on:

* Did not meet inclusion criteria: n=8
* Reviews/narratives: n=4

* Conference abstracts: n =4

* Duplicate reporting: n=3

* No full text available n=1

18 articles included in
systematic review

Fig. 1 Flow diagram of the study selection

loss to follow-up was significant (range 0-56.3 %), with
>20 % of patients lost to follow-up for HRQL assessment
in 14 of the included studies (78 %) [10, 12, 14, 17-27]
(ESM Table S3). There was no significant correlation
between time-frame for ascertainment of HRQL and lost
to follow-up (correlation coefficient 0.02; p = 0.93).

HRQL according to various instruments

Short Form-36 Health Survey FEight studies with a total
of 536 patients used SF-36 to measure HRQL after AKI
[10, 12-18] (Table 2). Population normative data have
been standardized to the physical component summary
(PCS) and mental component summary (MCS) scores of
50 patients each. SF-36 scores were similar across studies
with only a few exceptions. The weighted averages in
PCS and MCS were 40.8 (range 32.4—42.1) and 51.2
(range 33.8-53.9), implying that AKI survivors had sig-
nificantly impaired HRQL, predominantly driven by
impairment in the physical domains compared with the
mental domains. A comparison of the PCS and MCS
consistently showed greater impairment across all studies
(except for Abelha et al. [12] where both the PCS and
MCS are markedly impaired).

EuroQol Five studies with a total of 1275 patients used
the EQ-5D to measure HRQL after AKI [10, 19-22]
(Table 3). Population normative data for the EQ-index
and EQ-visual analogue scale (EQ-VAS) are generally
0.80-0.85 and 80-85, respectively. The weighted average
EQ-index and EQ-VAS scores of the 1275 patients in
these five studies were 0.69 (range 0.46-0.80) and 69.5
(range 65-70), respectively, implying significantly
impaired HRQL among AKI survivors. Among studies
reporting the EQ-VAS, two studies reported lower scores
for patients receiving RRT compared with the scores of
those not treated with RRT [10, 19, 21]. Two Finnish
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Table 1 Characteristics of included studies

Study Year Study design Location n  Assessment AKI definition HRQL
time-point instrument
Gopal et al. [23] 1997 Postal questionnaire MC; Australia 35 2.8 years RRT NHP
Korkeila et al. [24] 2000 Retrospective cohort study  SC; Finland 17 6 months RRT NHP
Morgera et al. [25] 2002 Retrospective cohort study SC; Germany 123 2.6 years RRT NHP
Maynard et al. [15] 2003 Prospective pilot study MC; USA 12 6 months  RRT SF-36
Ahlmstrom et al. [19] 2005 Cross-sectional cohort study SC; Finland 153 2.4 years RRT EQ-5D
Noble et al. [17] 2006 Cross-sectional survey of SC; UK 12 14.5 years RRT SF-36
prospective cohort study
Landoni et al. [27] 2006 Prospective cohort study SC; Italy 22 3.5 years RRT MOS-SF20
Abelha et al. [12] 2009 Retrospective cohort study  SC; Portugal 50 6 months AKIN SF-36
Dellanoy et al. [13] 2009 Prospective cohort study MC; France 70 6 months RRT SF-36
Johansen et al. [26] 2010 Follow-up from RCT MC; USA 415 2 months RRT HUI3
Van Berendoncks 2010 Follow-up from RCT MC; Belgium 204 1.7 years  SCr > 177 pmol/L* SF-36
et al. [18]
Morsch et al. [16] 2011 Prospective cohort study SC; Brazil 68 9 months RRT SF-36
Vaara et al. [22] 2012 Retrospective cohort study MC; Finland 313 6 months RRT EQ-5D
Hofhuis et al. [14] 2013 Prospective cohort study SC; Netherlands 73 6 months RIFLE SF-36
Nisula et al. [21] 2013 Prospective cohort study MC; Finland 327 6 months KDIGO EQ-5D
Gallagher et al. [20] 2014 Follow-up from RCT MC; ANZ 350 3.5 years RRT EQ-5D and SF-12
Oeyen et al. [10] 2015 Prospective cohort study SC; Belgium 28 4 years RRT SF-36 and
EQ- 5D
Wang et al. [11] 2015 Follow-up from RCT MC; ANZ 282 3.5 years RRT SF-12

RCT Randomized controlled trial, MC multicenter, SC single cen-
tre, ANZ Australia and New Zealand, RRT renal replacement
therapy, SCr serum creatinine, AKIN Acute Kidney Injury Network
criteria, RIFLE risk, injury, failure, loss, end-stage criteria, KDIGO
Kidney Disease: Improving Global Outcome criteria

# Serum creatinine conversion 1 mg/dL = 88 pmol/L

" SE-36, Short Form-36 Health Survey; EQ-5D, EuroQol; HUI3,
Health Utility Index Mark 3; NHP, Nottingham Health Profile; SF-
12, Short Form Health Survey 12;MOS-SF-20, Medical Outcome

Study Short Form Health Survey

Table 2 Physical and mental composite scores of studies using the Short Form-36 Health Survey

Study Year n Follow-up  Definition of AKI PCS MCS
Maynard et al. [15] 2003 12 6 months RRT 35.0 £ 10.0 529 £+ 8.9
Noble et al. [17] 2006 12 145 years RRT 324+ 122 48.0 £ 10.8
Abelha et al. [12] 2009 50 6 months AKIN 34.3 £ 10.0 33.8 £ 10.0
Dellanoy et al. [13] 2009 70 6 months RRT 35 [29-45] (36.0 £ 4.6) 47 [39-56] (47.3 £ 4.9)
Van Berendoncks et al. [18] 2010 204 20 months  SCr >177 umol/L* 42.1 4+ 12.8 51.0 £ 11.6
Morsch et al. [16] 2011 68 9 months RRT 37.1 £ 10.0 48.7 £ 10.0
Hofhuis et al. [14] 2013 73 6 months RIFLE 37.1 £ 11.3 499 £ 9.1
Oeyen et al. [10] 2015 28 4 years RRT 38.1 (31.6-47.1) 53.9 (42.4-60.3)
(38.7 £ 45) (52.6 £5.2)
Weighted mean (SD) - 517 - - 40.8 51.2

Data for the PCS and MCS are presented as the mean score =+
standard deviation (SD) or 95 % confidence interval (CI), and/or as
median score with the interquartile range [IQR] in parenthesis

studies found that the EQ-VAS scores among AKI sur-
vivors were similar to those of the matched general
population [10, 19, 21]. EQ-index scores were generally
low across all studies (except for the study of Gallagher
et al. where the EQ-index was relatively preserved [11,
20, 23-27)).

Other HRQL instruments Seven studies (n = 1244)
used four additional validated instruments to measure

PCS Physical component score, MCS mental component score
# Serum creatinine conversion 1 mg/dL. = 88 umol/L

HRQL among AKI survivors (NHP, HUI3, MOS-SF-20,
SF-12; see ESM Table S4) [11, 20, 23-27]. In general, the
majority of studies reported that AKI survivors had
impaired HRQL compared to non-AKI survivors or nor-
mative data from the general population, with one
exception. Landoni et al. (n = 22) found that the HRQL
was similar among AKI and non-AKI survivors, with
HRQL rated overall as reasonable by survivors [27]. Two
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Table 3 Health-related quality-of-life studies using the EuroQol-5D survey

Study Year n Follow-up  Definition of AKI  EQ-index EQ-VAS
Ahlstrom et al. [19] 2005 153 2.4 years RRT 0.68 (0.53-0.85) (0.66 + 0.23)  69.5
Vaara et al. [22] 2012 313 6 months RRT 0.63 (0.49-0.79) (0.64 = 0.22) 70
Nisula et al. [21] 2013 327 6 months KDIGO 0.68 (0.48-0.80) (0.66 £+ 0.22)  AKI: 69 vs. 70
RRT: 65 vs. 70

Gallagher et al. [20] 2014 350 3.5 years RRT 0.80 £ 0.30 -
Oeyen et al. [10] 2015 1 year: 47 4 years RRT 0.49 at 1 year 70 at 1 year

4 years: 28 0.46 at 4 years 68 at 4 years
Weighted mean (SD) 1190 0.69 69.5

EQ-index presented as median (IQR) and/or mean 4+ SD
EQ-VAS EuroQol visual analogue scale

studies showed impaired HRQL measured by the SF-12
across both the PCS and MCS domains [11, 20], with one
study showing greater reductions in PCS scores among
patients requiring maintenance dialysis [11]. The majority
of studies reported significant impairment across the
physical function domains, including increased physical
limitations [24, 25], limited energy [23, 24], diminished
mobility [23, 24] or difficulty with ambulation [26],
decreased ability to do heavy housework [24] or simply
decreased physical fitness [25].

Comparison of HRQL of AKI ICU survivors
compared to general population

Of the 18 studies (n = 1624 patients), ten (56 %) com-
pared the HRQL of AKI survivors to normative data from
their respective general populations (ESM Table S5). Of
these, six used the SF-36 and showed that the HRQL
among AKI survivors was consistently lower, in partic-
ular for PCS, than that of a matched general population
[10, 12—14, 17, 18]. Similarly, the remaining studies using
the EQ-5D [10, 19, 21], HUI3 [26] and SF-12 [6] all
described significantly impaired HRQL among AKI sur-
vivors relative to population normative data.

Comparison of HRQL among survivors
with and without AKI

Six studies (n = 813) compared the HRQL among sur-
vivors with and without AKI [10, 12, 14, 21, 22, 27]
(Table 4). In a large Finnish study, Vaara et al. compared
the HRQL of 313 critically ill patients with AKI receiving
RRT with that of 5415 survivors without AKI [22]. At
6 months, there was no clinically important difference in
the HRQL, as measured by the EQ-5D, between the two
groups. In a subsequent Finnish study, Nisula et al. also
compared the HRQL measured by the EQ-5D among 327
AKI survivors (85 of whom received RRT) with that
among non-AKI survivors [21]. Again, no clinically
important difference in HRQL at 6 months was found
(EQ-5D score: 0.68 for AKI group, 0.68 for RRT group,
0.69 for non-AKI group). Landoni et al. compared the
HRQL among survivors receiving or not receiving RRT
after cardiac surgery using the MOS-SF-20 [27]. These
authors found no difference in HRQL between the two
groups at 3.5 years. Oeyen et al., using the SF-36 and EQ-
5D, also found no difference in HRQL at 4 years when
comparing survivors who were matched to whether they
received and did not receive RRT [by age, sex, admission
diagnosis, APACHE II (Acute Physiology and Chronic

Table 4 Comparison of the health-related quality-of-life of intensive care unit survivors with acute kidney injury with that of those with

no acute kidney injury

Author Year n Follow-up  Instrument AKI Comparator () Results®
definition
Landoni et al. [27] 2006 22 42 months  MOS-SF-20 RRT Non-RRT (42) HRQL similar
Abelha et al. [12] 2009 50 6 months SF-36 AKIN Non-AKI (737) AKI group had lower scores for
PF, RP, GH and RE domains
Vaara et al. [22] 2012 313 6 months EQ-5D RRT Non-RRT (5415) HRQL similar
Hofhuis et al. [14] 2013 73 6 months SF-36 RIFLE Non-AKI (325) AKI group had lower scores for
Vi and GH domains
Nisula et al. [21] 2013 327 6 months EQ-5D KDIGO Non-AKI (632) HRQL similar
Oeyen et al. [10] 2015 28 4 years SF-36 RRT Non-RRT (28) HRQL similar
EQ-5D

PF Physical function, RP role physical, BP bodily pain, GH general
health, Vi vitality, SF social functioning, RE role limitation due to
emotional problems, MH mental health

# ‘HRQL similar’ means either no statistically significant differ-
ence or no minimally important clinical differences between groups
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Health Evaluation II) score] [10]. Only two of the studies
included in this review found differences in HRQL among
critically ill survivors who did and did not have AKI [12,
14]. Abelha et al. compared 50 post-operative patients
with AKI to 737 patients who did not have AKI and found
that those with AKI had worse SF-36 scores at 6 months
across the physical function, role physical, general health
and role emotional domains [12]. Hofhuis et al. similarly
found that AKI survivors had lower scores for the vitality
and general health domains of the SF-36 at 6 months than
those without AKI, although aggregate PCS and MCS
were not significantly different between the two groups
[14].

HRQL associated with non-recovery and dialysis
dependence

Only two studies evaluated the impact of non-recovery
and dialysis dependence after AKI on HRQL [11, 26].
Wang et al., using the SF-12 at 3.5 years, found that the
PCS scores were lower in AKI survivors receiving
maintenance dialysis than in those who became dialysis
independent (34.3 vs. 40.3, respectively; P = 0.04);
however, MCS scores were similar (51.6 vs. 49.7,
P = 0.5) [11]. In contrast, Johansen et al., using the HUI3
to assess patients at 60 days, found no significant differ-
ence in scores between those who were dialysis dependent
and those who had recovered [26]. While scores in gen-
eral were significantly impaired, there was no significant
difference between these patients and critically ill sur-
vivors without AKI, with the exception of worse
cognition.

Impact of AKI on ADL and return to work

Activities of daily living Five studies (n = 184)
specifically evaluated ADL among survivors of AKI [12,
13, 15, 23, 24] (Table 5). Across studies, new disability in
at least one ADL occurred in 20-42 % of AKI survivors
at 6 months.

Return to work  Only two studies (n = 191) assessed the
proportion of AKI survivors able to return work [16, 25].
Morgera et al. reported that 69 % of patients who were
employed prior to critical illness were able to return to
work [25]. In a more recent study, Morsch et al. found
only 13 of 46 (28 %) of AKI survivors had returned to
work by 9 months [16].

Comparison of pre- and post-ICU HRQL
and disability

Six studies (n = 939 patients) compared HRQL and dis-
ability among AKI survivors relative to baseline status
[10, 14-16, 21, 22] (Table 6). Two Finnish studies which
used the EQ-5D for baseline and 6-month assessment of
HRQL found no significant or clinically important chan-
ges over time [21, 22]. Notably, in both of these studies,
baseline EQ-5D scores were significantly impaired HRQL
relative to population normative data. In two studies using
the SF-36, AKI survivors showed a significant decline in
PCS scores but the MCS scores were unchanged [10, 14].
Oeyen et al. reported that relative to baseline, AKI sur-
vivors had a greater incident disability associated to
mobilization, ability to perform usual activities and

Table 5 Activities of daily living for survivors of acute kidney injury

Study Year n Tools for ADL Assessment Results
measurement time-point(s)
Gopal et al. [23] 1997 35  Study-specific ADL 2.8 years (range: Over 80 % were independent for inquired ADL
questionnaire 2 months to (i.e. shopping, bathing, making own bed,
5.3 years) cooking), but 42 % reported limited mobility
Korkeila et al. [24] 2000 17  Modified Katz index 6 months Majority reported independence in all dimensions
of function (numbers not reported). Nearly all
reported independence in personal hygiene,
cooking and shopping; however, 36 % reported
being dependent on others to do ‘heavy
housework’
Maynard et al. [15] 2003 12 Katz index 6 months 42 % (5/12) were found to be dependent for at
least one P-ADL
Abhella et al. [12] 2009 50  Katz index; 6 months Greater dependency for I-ADL but not P-ADL
Lawson index compared with population-based norms. Lower
scores using Katz and Lawson indices
compared to population-based norms
Dellanoy et al. [13] 2009 70 Katz index 28 days, 3 months, 64 % were fully autonomous at 6 months. ADL

6 months

scores increased significantly from 28 days to
3 months to 6 months

ADL Activities of daily living, I-ADLs instrumental activities of daily living, P-ADLs personal activities of daily living
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Table 6 Health-related quality-of-life before and after admission to the intensive care unit

Study n  Pre-ICU assessment Follow-up Assessment tool  Findings
Maynard 12 Interview with proxy/ 6 months ADL index At admission, all patients were
et al. primary caregiver at  Phone interview independent for all ADLs. At 6 months,
[15] enrollment 5/12 (42 %) patients were dependent
for at least 1 ADL and 2/12 (17 %)
patients were dependent for at least 6
ADLs
Morsch 68 Patient recall of their 9 months Questionnaire: Among patients with AKI not receiving
et al. 1 year pre-ICU status Phone interview or outpatient rate your RRT, 80 % rated their health as the
[16] assessed at 9 months appointment/in-person health (better, same or better; among those receiving
of follow-up interview same, or RRT, 75 % rated their health as the
worse) same or better
Vaara 431 Interview with patient or 6 months EQ-5D EQ-Index was unchanged as compared
et al. proxy at enrollment  Phone interview or postal (0.68 vs. 0.63); EQ-VAS improved
[22] questionnaire (from 60 at baseline to 70 at 6 months)
Hofhuis 73 Interview with proxy at 6 months SF-36 PCS scores decreased (42.3 vs. 37.1) but
et al. enrollment Phone interview or in-person no change in MCS scores (49.7 vs.
[14] interview 49.9)
Nisula 327 Questionnaire presented 6 months EQ-5D EQ-Index was unchanged (0.652 to
et al. by nurse to patient or Phone interview or postal 0.676)
[21] proxy at enrollment  questionnaire
Oeyen 28 Interview with patient or 4 years SF-36 PCS scores fell (42.3 vs. 38.1) but there
et al. proxy at enrollment  Phone interview, in-person EQ-5D was no change in MCS scores (57.6 vs.
[10] interview by patient, proxy or 53.9)
family physician, or postal
questionnaire
ICU Intensive care unit, ADL activities of daily living
Discussion

anxiety/depression [10]. Similarly, Maynard et al. found
the incidence of new disability in ADL was 42 % at
6 months [15].

HRQL for assessing patient satisfaction using
non-standardized HRQL instruments

Four studies (n = 192) used non-validated or simplified
questionnaires to directly ask AKI survivors to rate their
HRQL [15, 23, 25, 27] (ESM Table S6). Across these
studies, 69—100 % of AKI survivors rated their current
HRQL and overall health status as satisfactory. Four
studies (n = 160) also asked AKI survivors whether
they were satisfied with the care they received and
whether they would undergo the same treatment again,
specifically RRT, if they suffered a subsequent episode
of critical illness [10, 15, 23, 25] (ESM Table S7). The
vast majority of AKI survivors (71.4-98.5 %) indicated
that they rated their treatment as worthwhile and that
they would receive similar care again (including RRT) if
deemed medically necessary to survive. Notably, in the
study by Oeyen et al., when asked at 1 year after ICU,
81.8 % of RRT treated survivors would accept read-
mission; however, this declined to 71.4 % at 4 years
[10].

Summary of findings

Our systematic review included 18 unique studies of
moderate to good quality evaluating the HRQL and
functional status among survivors of AKI. To summarize:

First, we found that HRQL was markedly impaired
among survivors of AKI, in particular in the context of
critical illness, in 17 of the 18 studies included in this
review. This finding was consistent across studies using
a number of validated tools to capture HRQL and at
variable durations of follow-up.

Second, we found HRQL among AKI survivors was
universally impaired when compared with general
population norms; however, the magnitude of impair-
ment was comparable to that of ICU survivors who did
not have AKI or receive RRT. Paradoxically, despite
impaired HRQL, the overwhelming majority of AKI
survivors were satisfied with their care and would be
willing to again undergo similar treatment in the ICU
again if necessary.

Third, we found impaired HRQL was predominantly
driven by impairment in physical domains rather than
mental domains across studies and across HRQL instru-
ments. AKI survivors described greater occurrence of
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limitations in physical function, mobility and ambulation
when compared to psycho-social domains [10, 12-18,
23-25].

Fourth, we found AKI survivors commonly had newly
documented disabilities and dependency for ADL, with
few of these returning to baseline function; however, this
was assessed in few studies. Moreover, limited data
showed very few AKI survivors were able to return to
work [16, 25]. Morgera et al. [25] reported that 69 % of
survivors who were previously employed returned to
work when assessed at approximately 2.5 years, while
Morsch et al. [16] reported that only 28 % of survivors
returned to work at 9 months after hospital discharge.
Whether this wide disparity is related in part to
differences in socio-demographic factors (i.e. Germany
vs. Brazil), case-mix, baseline illness severity (APACHE
IT score: 21 in the study of Morgera et al. [25] vs. 25 in
the study of Morsch et al. [16]) or timing of ascertain-
ment remains uncertain and warrants further evaluation.
Prior data among survivors of critical illness found only
55 % returned to work; however, among those who did,
HRQL was significantly higher at 1 year compared to
those not returning to work [28]. However, few studies
have focused on describing modifiable factors that
predict return to work, the extent to which survivors
are capable of re-engaging in their usual activities prior
to critical illness and the relative timing of their return to
work.

Finally, we found that HRQL among AKI survivors,
similar to that among non-AKI survivors, was often
significantly impaired at baseline. This may, in part,
explain the finding that in studies which evaluated
baseline and follow-up HRQL among AKI survivors,
any clinically important difference, if present at all, was
marginal. However, an important limitation of these
studies is that baseline HRQL was often determined by
proxy or by patient recall, which may itself be an
important source of bias [29].

HRQL after AKI relative to other conditions

Our evidence synthesis would suggest that critically ill
survivors with AKI have HRQL comparable to that of
ICU survivors in general or to those with other ICU
syndromes, such as sepsis; however, it is more impaired
compared to the HRQL of ICU survivors of acute respi-
ratory distress syndrome (ESM Table S8). The critical
challenge in comparing and interpreting these data is in
estimating the attributable impairment in HRQL related to
a specific syndrome experienced in the ICU, such as AKI
rather than sepsis, which commonly co-exist, and in
establishing how this may be causally related. Alterna-
tively, it may be more relevant to characterize the longer
term HRQL and functional status among AKI survivors
who remain dialysis dependent or rapidly progress to

ESKD, as ESKD has been associated with impaired
HRQL and health utility [30, 31]. Similarly, our data
imply that AKI survivors often describe a HRQL com-
parable to that of many patients with chronic illness, such
as heart failure.

Limitations/strengths

While we believe our review synthesizes a wide array of
knowledge on the HRQL among ICU survivors whose
course was complicated by AKI, there are notable limita-
tions that warrant consideration. Wide variability in study
design, case-mix and tools to capture HRQL, variable
duration of follow-up and significant patient attrition due
to high mortality rates present challenges for drawing
clear inferences. As such, it was generally not feasible to
perform pooled analysis of aggregate data across studies.
Moreover, poor HRQL, along with new and/or severe
disability, may have been disproportionately experienced
by those with early death after hospitalization prior to any
opportunity to measure HRQL. This along with patients
with more severely impaired HRQL suffering greater
likelihood of attrition across studies may have introduced
bias and/or contributed to the perception of a more
favorable HRQL among survivors in whom HRQL was
measured [32]. Similarly, there was considerable hetero-
geneity across studies in the “control” populations used
to compare HRQL, such a non-AKI patients, non-RRT-
treated patients and population normative data, with very
few performing robust methodology to match cohorts.
This also represents a source of bias, prohibits detailed
pooled analysis and presents challenges for making clear
inferences. Despite these limitations, we believe our
evidence synthesis is strengthened by our rigorous
methodology, including literature search, screening for
eligibility and systematic evaluation of the study quality.

Implications for policy/future research priorities

We believe our review provides a strong anchor for fur-
ther evaluation of HRQL among survivors of critical
illness and ICU admission, specifically those with AKI.
Ideally, we believe future studies should use widely
available, non-proprietary and standardized HRQL
instruments (i.e. EuroQol) with the aim to assess pre-AKI
baseline data and evaluate HRQL at relatively fixed
durations of follow-up (i.e. 90 days to correspond to
transition to CKD, and between 6 and 12 months based on
the observation of relatively minimal incremental gain
between these assessments) to better enable synthesis and
comparisons across populations. Numerous studies have
evaluated HRQL in patients relatively early following
hospital discharge (<90 days), when the attributable im-
pairment in HRQL related to complications of AKI (i.e.
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ESKD) may not be discernable (if any) from the residual
impairment due to recovery from critical illness in gen-
eral. In addition, relatively few studies have evaluated the
impact of non-recovery of kidney function on longer term
HRQL, specifically across the subgroups that were dial-
ysis dependent, who developed new CKD or who later
developed accelerated ESKD. Similarly, further studies
should aim to integrate the modifying impact of compli-
cations occurring among AKI survivors that may be
temporally related to AKI or non-recovery of function,
such as major cardiovascular events or sepsis.

At the present time, clinicians and policy-makers
should consider that patients with AKI in the studies
included in our review generally reported being satisfied
with their ICU care and that the majority were generally
willing to undergo aggressive care in the ICU again,
including RRT. This would appear to be particularly
relevant in the context that survivors of AKI have HRQL
that is comparable to that of survivors without AKI. These
findings should be used to help inform prognosis, survival
expectations and clinical decision-making for patients,
families and clinicians when confronted with critical ill-
ness complicated by AKI.

Conclusions

Health-related quality of life among critically ill survivors
who developed AKI was generally impaired at baseline
and was markedly lower than the general population;
however, it was not significantly more impaired than that
of critically ill survivors without AKI. Survivors’
impaired HRQL was predominantly characterized by
physical limitations, new disabilities and functional lim-
itations, while mental domains appeared to be largely
preserved.
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