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Abstract
While the short-term implications of acute kidney injury
(AKI) have been known for many years, far less attention has
been paid to the health of AKI survivors. This was perhaps
fueled by a prevailing wisdom that if a patient was fortunate
enough to survive the primary illness associated with AKI,
the prognosis for future health was auspicious. More recently, this dogma was challenged by data suggesting that after
an episode of AKI, patients remain at risk of experiencing
multiple adverse health outcomes. Greater recognition and
appreciation of the risks faced by AKI survivors have led to
the development of quality improvement initiatives that are
supposed to enrich this vulnerable population.

The Acute Kidney Injury Survivor: A Proposed
Definition

There is no consensus with regard to the time frame
as to when a patient who experienced an episode of
acute kidney injury (AKI) is declared a “survivor”.
While the Acute Dialysis Quality Initiative has recently
proposed a new paradigm for AKI recovery, this was
mainly focused on the kidney component of the patient’s illness [1]. For the purpose of this review, we
broadly define the “AKI survivor” as an individual who
has achieved some degree of global clinical stability following the acute illness that led to his/her AKI. This
includes discharge from the acute hospitalization, but
our definition allows for the possibility of persisting
kidney dysfunction.
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Chronic Kidney Disease and AKI

Numerous studies have highlighted the connection
between AKI and the subsequent identification of chronic kidney disease (CKD). AKI-D survivors who became
dialysis independent in the short term were 3 times more
likely to progress to chronic dialysis as compared to
matched patients who did not experience AKI [2]. A
more extensive body of data supports a compelling link
between AKI and de novo non-dialysis-dependent CKD.
Bucaloiu et al. [4] demonstrated a nearly twofold risk of
new CKD even after ostensible resolution of AKI. Over a
12-month follow-up of US veterans with AKI and persistent kidney dysfunction, it was found that approximately 50% developed new CKD [5]. Despite this, less than
10% of these patients were referred to a nephrologist.
Chawla et al. [6] examined kidney outcomes following
AKI more comprehensively by evaluating major adverse
kidney events (defined as the composite of death, dialysis
and a sustained decline in estimated glomerular filtration
rate of 25%). Compared to a referent group of patients
hospitalized with a myocardial infarction, patients with
an episode of AKI had a more than twofold adjusted risk
of a major adverse kidney event. Though ostensibly compelling, there are important caveats to consider before
ascribing a causal mechanism to the relationship between AKI and CKD. First, AKI and CKD share common
risk factors (e.g., diabetes, cardiovascular disease) and
the relationship between AKI and CKD may be confounded by these. Furthermore, the lag time between
AKI and subsequent established CKD may be prolonged;
it is entirely possible that intervening events (e.g., episodes of heart failure, recurrent sepsis) to which AKI survivors might be predisposed may have been the “true”
mediators of CKD.
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Cardiovascular Disease in AKI Survivors

The association between AKI and vascular health has
been the subject of several recent studies. In a cohort of
43,611 normotensive patients hospitalized in the Kaiser
Permanente of Northern California healthcare network
between 2008 and 2011, AKI, which developed in 6% of
patients, was associated with a 22% higher risk of new
onset hypertension (adjusted odds ratio [aHR] 1.22,
95% CI 1.12–1.33) in the subsequent 2 years [7]. The severity of the initial AKI episode was associated with the
likelihood of the patient being diagnosed with hypertension.
Several studies have highlighted the relationship between AKI and subsequent myocardial infarction [8],
stroke [9] and heart failure [10, 11]. Most recently, Chawla et al. [6] highlighted that among veterans admitted
with a myocardial infarction, super-imposed AKI during
the index hospitalization portended a higher risk of major adverse cardiovascular events (defined as the composite of stroke, heart failure or recurrent myocardial infarction) over the ensuing follow-up that extended to
6 years (aHR 1.24, 95% CI 1.18–1.30 as compared to patients with a myocardial infarction uncomplicated by
AKI) [6].
Resource Utilization

The significant healthcare costs attributed to AKI
have been reported recently [12]. Potentially preventable re-presentations to the healthcare system after an
episode of AKI may mitigate these costs. In a study of
>150,000 patients hospitalized with AKI in Ontario,
Canada, we showed that readmissions to hospital within
30 days were significantly more likely (aHR 1.53, 95% CI
1.50–1.57) among AKI survivors relative to propensity
score-matched patients without AKI [13]. Using Veterans’ Administration data, Siew et al. [14] further demonstrated a 25% cumulative incidence of recurrent AKI
with the majority of such events occurring within the
first 90 days from discharge after the initial AKI-related
hospitalization. Key risk factors for recurrent AKI included older age, pre-existing comorbidities (CKD, diabetes, coronary disease and dementia), specific etiologies of the index hospitalization (heart failure, malignancy) and the receipt of chemotherapy on the index
hospitalization.
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vived till the time of discharge and became independent
of dialysis, mortality over the ensuing years was >30%,
but when compared to a propensity score-matched cohort of hospital survivors without AKI, AKI-D was not
independently associated with mortality [2]. In a separate study that focused on survivors of AKI-associated
hospitalizations who did not receive dialysis, a modest
relationship between AKI and long-term death was observed [3]. Though it is reasonable to debate whether
there is a true causal relationship between AKI and
death, there is no doubt that AKI survivors have a high
mortality in the months and years following their initial
AKI episode.

The Acute Renal Failure Trials Network investigators rigorously evaluated quality of life among 415 trial
participants, all of whom had AKI-D, who survived to
60 days after randomization [15]. Health utility was
poor overall, but most sobering was the fact that 27%
of survivors had a health utility of 0, rating their life as
being equivalent to or worse than being dead. Health
utility also associated with mortality during the subsequent 10 months [16]. However, other studies that followed AKI-D survivors for up to several years suggested no difference in quality of life as compared to other
critically ill patients [17, 18].
Strategies to Improve Outcomes among AKI
Survivors

The optimal follow-up of AKI survivors is controversial particularly due to the lack of evidence-based interventions specific to this population. The Kidney Disease
Improving Global Outcomes AKI guidelines recommend
that kidney function be checked 90 days after an episode
of AKI in order to ascertain whether CKD can be formally diagnosed [19]. Compliance with this recommendation has been incomplete [20]. Early follow-up of AKI
survivors might be of conceivable benefit by specifically
targeting the health risks that these patients face. Harel et
al. [21] studied nearly 4,000 Ontarians with AKI-D who
were discharged from hospital off dialysis. Only 41% of
these individuals saw a nephrologist during the 90 days
following discharge. In a propensity-matched analysis, a
visit with a nephrologist associated with 25% lower risk
of death during the years that ensued (aHR 0.76, 95% CI
0.62–0.93).
The notion of early nephrology follow-up potentially enhancing outcomes for AKI survivors spurred the
establishment of AKI follow-up clinics at various institutions [22]. The key features of each clinic (e.g., model of care, criteria for referral, duration of time from
discharge to follow-up) are variable. At our centre (St.
Michael’s Hospital, Toronto, Canada), we have targeted individuals who were hospitalized with KDIGO
stage 2 or 3 AKI with the intent of an initial clinic visit within 30 days after hospital discharge. We have focused our attention on individuals not previously followed by nephrologists and those without conditions
(e.g., glomerulonephritis, polycystic kidney disease)
that would mandate routine nephrology follow-up.
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Subsequently, patients attend clinic at intervals determined by the attending nephrologist but for no longer
than one year at which time the patient is either referred back to his/her primary care physician or for ongoing nephrology follow-up depending on the patient’s
kidney function.
The assessments and interventions provided at our
clinic were derived in response to the specific aforementioned risks faced by AKI survivors. Blood pressure management, albuminuria control and cardiovascular risk reduction are cornerstones of clinic visits
with the intent of optimizing kidney and cardiovascular outcomes. Medication reconciliation, which includes the re-initiation of medications stopped during
the acute illness and the discontinuation (or dose modification) of existing medications in light of the patient’s current kidney function, is emphasized. This is
coupled with “sick day” medication cessation advice for
drugs such as renin-angiotensin-aldosterone system
blockers and diuretics in order to mitigate the risk of
recurrent AKI.
Though intuitively attractive, the provision of routine
post-AKI care requires rigorous evaluation. A multicentre randomized controlled trial comparing early standardized follow-up by a nephrologist to usual care is underway (Clinicaltrials.gov: NCT02483039). As the results
of this trial are awaited, several caveats of nephrologistled post-AKI follow-up require consideration. First, it is
unclear which subset of the AKI population should be
preferentially targeted. Given the high prevalence of AKI,
a widespread policy of follow-up for all AKI survivors is
impracticable. Furthermore, the basket of interventions
provided as well as the frequency and duration of followup will require better delineation.
In conclusion, AKI survivors face a wide array of important health challenges. Recognition of AKI survivors
as a high-risk group deserving of closer medical attention
may improve patient outcomes and reduce healthcare
costs by averting potentially preventable events.
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