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Abstract
The incidence rate of acute kidney injury (AKI) is highest in elderly patients, who comprise an ever-
growing segment of the population at large. AKI in these patients is associated with an increased risk
of short-term and long-term death and chronic kidney disease, including end-stage renal disease.
Whether AKI in older individuals carries a larger relative risk for these outcomes compared to
younger individuals in unclear at this time. Other domains such as health-related quality of life may
be mildly impacted after an episode of AKI. No effective therapies for AKI are currently available
for wide-spread use. However, since the incidence of AKI is highest in the elderly and the phenotype
is not discernibly different from AKI in all populations, future randomized controlled trials of
interventions for AKI should be performed in the elderly population.
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Acute kidney injury (AKI; formally referred to as acute renal failure), is increasingly common
in the population at large and is associated with significant morbidity, mortality, and health
care costs. In hospitalized patients, the risk of death associated with AKI is elevated 3–6 fold
compared to those without AKI.1 Despite significant advances in health-care technology over
the past several years, the incidence of AKI appears to be increasing over time. This may be
related to more aggressive medical and surgical therapies that result in stress to the kidney, the
increasing number of comorbidites in the population that accumulate during increasing life-
span, and the older age of the population at large. In the developed world, the increase in life
expectancy has resulted in a continuous growth of the population over the age of 70 years.2 In
fact, the segment of the population in which the incidence of AKI has been increasing the most
rapidly is in those with advanced age. Thus, it is likely that it is the aged population that will
yield the greatest potential for successful studies of possible interventions for AKI.

Epidemiology of AKI in the Elderly
The age cutoff for “elderly” has conventionally been deemed age 65 or greater, and will be
used as a general definition of “elderly” for the purposes of this review. Multiple studies in the
literature have demonstrated that AKI is more common in elderly individuals3–6 and many
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have demonstrated a clear age-dependent relationship between AKI and older age.4, 7, 8 This
relationship is not only evident in studies using International Classification of Diseases, Ninth
Revision codes to define AKI, but also in large databases using inpatient and outpatient
creatinine values to define AKI (Figure 1).8 The data demonstrate that the incidence rate of
AKI is increasing over the past several years and that the incidence rate of severe AKI (requiring
dialysis) is also increasing over time (Figure 2). Notable from these data is the discrepancy
between the incidence rate of non-dialysis and dialysis-requiring AKI in patients aged 80 or
greater. This likely represents a component of treatment bias (refusal of dialysis by patients,
families, and/or health-care providers) rather than a higher incidence of less-severe phenotypes
of AKI, however both phenomena may be present.

Risk Factors for AKI in Elderly Individuals
The higher incidence of AKI in elderly persons can be potentially attributed to the following:
A) comorbidities that accumulate with age may facilitate AKI (e.g., renovascular disease,
congestive heart failure); B) comorbidities may necessitate procedures, drugs or surgery that
function as kidney stressors and nephrotoxins; C) the kidney undergoes age-dependent
structural and functional alterations over time (Box 1).9–22 The result of the latter is a reduced
GFR at baseline and a diminished kidney reserve in the setting of pathophysiological
challenges, lending elderly patients very vulnerable to acute stress and more likely to develop
clinically relevant AKI.

Few studies in the published literature thoroughly attribute etiology to AKI. Few studies
discriminate between acute tubular necrosis (ATN) and prerenal AKI effectively enough to
draw meaningful conclusions about the true proportions of these kidney “syndromes”, although
some studies have estimated that 40% of AKI in the elderly is due to ATN, and 30% due to
prerenal causes.23, 24 Approximately one-quarter of AKI in elderly patients is due to
obstruction.7, 24 Elderly individuals are also more likely to suffer from chronic kidney disease
(CKD), congestive heart failure, hypertension, renovascular disease, diabetes, and are more
likely to undergo surgery (especially cardiac and vascular surgery). Commensurate with these
conditions and risks, elderly patients are more likely to be exposed to nephrotoxic contrast
(during cardiac or vascular arteriography), exposed to angiotensin converting enzyme (ACE)
inhibitors or angiotensin receptor blockers (ARBs), and also to non-steroidal anti-inflammatory
agents (NSAIDs) for osteoarthritis. The later two classes of agents (ACE inhibitors/ARBs and
NSAIDs) modulate kidney autoregulation and increase the risk for hemodynamically-mediated
AKI. Thus, the combination of changes in the aging kidney, the abnormalities of other organ
systems, and the exposure to various pharmaceutical agents makes elderly individuals most
susceptible for development of AKI.

Diagnosis of AKI in the Elderly
AKI is usually clinically diagnosed by an abrupt change in serum creatinine concentration.
However, serum creatinine concentration is dependent on the steady state between creatinine
release from muscles and excretion via the kidneys. Since muscle mass generally declines with
age,25, 26 serum creatinine concentrations should fall with age, if true glomerular filtration
rate (GFR) is left unchanged. After acute injury to the kidney that results in an abrupt decline
in GFR, the rate and magnitude of rise in serum creatinine may be blunted in the elderly because
of the smaller amount of muscle mass. Furthermore, a recent study of creatinine kinetics in
AKI demonstrated that individuals with CKD will have a slower rate of rise in serum creatinine
for the same reduction in GFR than people without CKD.27 Although the effects of older age
on creatinine kinetics in AKI were not examined in this study, since the prevalence of CKD is
higher in the elderly compared to younger individuals,28 on average, serum creatinine is likely
not an ideal biomarker for AKI in the elderly because of delays to achieve a rise and peak serum
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creatinine concentration even with abrupt reductions in GFR. Over the past several years, the
search for novel biomarkers of AKI (both serum and urine) to detect AKI earlier has been
rampant.29 These novel biomarkers for AKI will be briefly reviewed below.

Cystatin C is an endogenous protease inhibitor produced at a constant rate by nucleated cells,
and excreted exclusively by glomerular filtration. Serum levels are stable with changes in age,
muscle mass, diet and physical activity and cystatin C is predominantly excreted by GFR.
Herget-Rosenthal et al. demonstrated that a 50% rise in serum cystatin C performed well in
elderly patients (mean age 70 ± 8) for diagnosing AKI both 2 or 1 days prior to clinical AKI
as defined by a 50% increase in serum creatinine (area under receiver operating curves 0.82
and 0.97, respectively).30 These findings were similar in another study of patients in the
intensive care unit.31 Serum cystatin C is used at some hospitals in the United States, but has
not yet been adopted for widespread use for assessing acute and long-term changes in kidney
function.

Several urinary biomarkers of AKI that reflect tubular injury rather than changes in GFR have
been studied recently in the literature.29 The performance of the urinary biomarkers to diagnose
AKI early has varied depending on the cohort studied, and one of the most important effect
modifiers of performance may be due to age. For example, a recent meta-analysis of the
performance of NGAL as a biomarker for the early diagnosis of AKI reveals some effect
modification by age, in that the performance was better in children compared to adults. Thus
far, discrepancies in the performance of other urinary biomarkers (e.g., interleukin 18, kidney
injury molecule 1) in adults versus children32, 33 have not been as stark, although no single
biomarker has been able to achieve excellent performance alone for the early diagnosis of AKI
in older adults.34, 35 It is also unknown whether the performance of any AKI biomarkers differ
in the old or very old compared to younger adults. Nevertheless, before urinary biomarkers
become adopted into clinical practice, it is likely that at the very least, a panel of multiple
biomarkers will be needed to diagnose AKI early and accurately in older adults.36

Outcomes of AKI in Elderly Individuals
While AKI may be more common in elderly adults, it is more important to understand whether
AKI is associated with more severe or less severe consequences in this population.

Short-term Mortality After AKI
The in-hospital mortality rate for elderly patients with AKI ranges from 15–40%.8, 24 While
the prevailing thought has been that the mortality associated with AKI has not improved over
past decades, recent data suggests that survival is in fact improving over time (Figure 3).8, 37

Waikar et al. and Xue et al. both demonstrated that mortality associated with AKI decreased
from the years 1988 to the year 2002 and the years 1992 to 2001, respectively, despite the fact
that the severity of illness of these patients, as assessed by the Deyo-Charlson comorbidity
index, increased over the same period of time.37 These data also demonstrated that in-hospital
mortality declined in parallel in elderly patients with AKI.37 One study compared survival in
older vs. younger patients with AKI and found that the relative risk for death associated with
AKI for those aged 80 or older was not significantly greater than those aged less than 65.23

Thus, while the incidence of AKI is increasing in elderly patients,4 it appears that the immediate
consequences associated with AKI are following trends similar to the outcomes witnessed with
AKI in younger patients.

Long-term Mortality after AKI
Until recently, few studies have specifically focused on long-term outcomes of AKI in elderly
patients. Multiple studies published over the past few years have demonstrated that AKI is
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independently associated with an increased risk of long-term death.38–41 Even very small
changes in creatinine (in elderly patients with acute myocardial infarction) were associated
with long-term death, and greater changes are associated with greater risk of mortality (Figure
4).42, 43 In a study that examined survival in both young and old patients, AKI and older age
were independently associated with the risk for long-term death.40 The magnitude of the
adjusted hazard ratios for death with AKI decreased as age increased (adjusted hazard ratio
1.72, 1.4, 1.2 for age strata 46–60, 61–70, and ≥ 71, respectively, vs. age 18–45).40 No formal
test for interaction was reported for the effect of age on the association between AKI and
mortality, but this phenomenon is very notable. One hypothesis that may explain this
phenomenon may be that the potential impact of AKI is diluted as one ages as the cumulative
effect of other comorbidities overwhelms any direct consequences from decreased kidney
function.

A study that specifically examined outcomes in elderly patients with severe AKI found that
the risk of death in patients with AKI requiring dialysis after cardiac surgery was not
significantly different between older and younger patients (45% in those < 70 and 40% in those
≥ 70).44 Since the decision to institute hemodialysis is not based on stringent criteria and thus
requires decision making by individual treating physicians, it is possible that either the older
group was less likely to receive dialysis due to physician preference or the amount of injury to
require dialysis was less in the older group. However, two of three severity of illness scoring
systems used to assess these patients were not significantly higher in the younger group.

In summary, AKI in older patients, as in younger patients, appears to be independently
associated with an increased risk of premature death. However, the contributing effect of AKI
may be diluted in persons of older age.

CKD and ESRD after AKI
Although AKI has been classically felt to be a “reversible” condition that holds no long-term
consequence for kidney function, several recent studies have demonstrated that AKI is
independently associated with an increased risk for CKD and/or end-stage renal disease
(ESRD) in survivors of hospitalization (Table 1 and Figure 5).38, 39, 42, 45 In regards to older
age, one of the independent predictors of GFR after AKI is age at the time of AKI (coefficient
−0.48, p < 0.001).46 In other words, the greater the age the lower the GFR over follow-up.

Finally, elderly patients with pre-existing CKD and AKI are at the highest risk for ESRD.38

Do elderly individuals with AKI have a higher risk for CKD/ESRD than younger patients with
AKI? Schmitt and colleagues sought to examine whether age impacts the ability to recover
kidney function after an episode of AKI. In a systematic review and meta-analysis of data from
17 groups of investigators from studies of AKI, patients aged ≥ 65 years of age had a 28%
greater risk of not recovering kidney function after AKI, whether assessed at the time of hospital
discharge or soon thereafter.47 These data were unadjusted, and do not answer the question if
the adjusted relative risk is higher in older vs. younger patients.

Data are conflicted as to whether the absolute relative risk for ESRD increases or decreases
with older age. One study from Canada demonstrated that the absolute rates and adjusted hazard
ratios for ESRD were higher in patients aged 65 or older with AKI compared to those aged
less than 65,45 while a U.S. study demonstrated that the absolute rates and adjusted hazard
ratios for ESRD decrease as age increases (Table 1).38 The reasons for these contradictory
results are unclear. Both used administrative databases, which are prone to misclassification
of exposure. The sensitivity for AKI diagnosis is actually higher in the elderly (41.4% for
patients ≥ 75 years old vs. 32.6% for patients < 75 years old).48 If the risk of death after AKI
is indeed elevated (as most studies have demonstrated), it is possible that the lower absolute
and relative risks for ESRD with increased age witnessed in the study by Ishani et al. are
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confounded by competing risk for death, as the adjusted HR for death after AKI was greater
than 2 in this study. Other factors which may be responsible for these contradictory results
include various forms of treatment/allocation bias in the U.S. cohort, as those who are older
and have more comorbidities may be less likely to be treated with maintenance life-sustaining
renal replacement therapy (RRT).

Regardless, the risk for CKD/ESRD is elevated after AKI and these data are corroborated by
data from experimental animals that demonstrates that AKI can accelerate or result in CKD/
kidney fibrosis.49–51 Whether older age truly accentuates this relationship in humans is not
clear, but other data from experimental animals suggests that aged tubular epithelial cells have
diminished proliferative reserve and thus have impairment of repair after AKI.52 The impaired
repair mechanism may due to multiple factors in aged kidneys including the following: A)
Lower rate of cellular turnover; B) Lower levels of endothelial progenitor cells that can be
recruited to replace damaged endothelial cells; C) Decreased expression of several growth
factors.53

To summarize, the risk of CKD and ESRD is clearly elevated after AKI in older patients, even
after adjusting for important covariates. Whether this relationship is truly causal as suggested
by animal models, simply related to residual confounding, or due to AKI being a clinical
manifestation of progressive CKD is unclear. Only a randomized controlled trial that
demonstrates a reduction in the rate of AKI and a subsequent reduction of CKD/ESRD in that
treatment group can answer this question.

Functional Outcomes
In elderly patients, the focus of medical care should often be quality of life (QoL) rather than
quantity of life. Few studies have adequately assessed QoL and other issues pertinent to aged
individuals in those who have experienced AKI. Most large, well-designed, longitudinal
studies of elderly adults have studied the relationship between CKD and QoL, but not AKI and
QoL.

Nobel et al. studied a very small group of patients in the intensive care unit at a university
hospital that experienced and survived AKI that required RRT.54 The mean age of the
participants at the time of enrollment/AKI was 52.5 years. Only 16 patients of the original 126
were alive after 15 years, and only 12 of the 16 completed SF-36 forms. In these 12 surviving
patients with AKI, the investigators found that the overall physical health summary score and
scores for seven of the health domains were reduced compared to population norms. However,
the mental health summary score did not differ from the general population. While this study
was one of the first to attempt to examine health-related QoL in association with AKI, the very
small sample size, small spectrum of disease (only severe AKI), high rate of attrition, and
relatively younger age of the cohort limit the generalizability to elderly patients with AKI.

Landoni et al. performed assessment of QoL in 22 patients that survived dialysis-requiring AKI
and 30 case-matched non-AKI patients at a mean of 42 months after hospitalization.55 They
measured QoL using the Medical Outcomes Study Short-Form general health survey, and
found that there was a trend towards a smaller proportion of survivors from AKI rating their
quality of life as “excellent”, 68.2% of AKI survivors rated their perceived general health as
“very good” or “good”. There were no differences in the proportion that had limitations in daily
activities (13.6% vs. 10% in AKI and non-AKI, respectively), or in the number that experienced
pain during the last 4 weeks. Interestingly, 31.8% of AKI survivors had hearing impairment,
compared with zero among the non-AKI survivors. Thus, this study would suggest that severe
AKI does not lead to substantial decreases in QoL.
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Ahlstrom et al. studied QoL in 153 survivors of AKI-RRT by administering the EuroQoL
questionnaire at a median of 2.4 years after AKI.56 The investigators found that the score in
AKI survivors was lower compared to age- and gender-matched general population. Age,
modality, length of RRT, APACHE II, and SOFA scores were not correlated with the EuroQOL
score. Intriguingly, compared with the general population, there was no difference in
satisfaction with overall health (according to a visual analogue scale) in AKI survivors.

Korkiella et al. measured QoL 6 months after AKI requiring RRT. Functional ability, as
assessed by the Activities of Daily Living score was fairly good at 6 months.57 The most
common complaints were loss of energy and limited physical mobility. Unfortunately, these
estimates may have been biased, as only 50% of survivors responded to the questionnaire.

Finally, Gopal et al measured QoL via the Nottingham Health Profile in 35 responders
approximately 2.5 years after AKI requiring RRT.58 The mean age was 58.9 years. They found
that 86.5% were satisfied with state of health, 60.6% said mobility affected, and 41.9% unable
to walk 200 meters. Most survivors (94.5%) felt that their treatment was worthwhile and 91.2%
felt that they would undergo the same treatment again if necessary. Unfortunately, there were
not any non-AKI participants to which to compare these results. Furthermore, 39% of those
with AKI did not respond. However, these results reiterate the findings of Ahlstrom et al.;
despite lesser physical abilities after AKI, the majority of patients were still satisfied with their
state of wellness. It is unclear whether a sense of gratitude after surviving a life-threatening
experience overwhelmed any disappointment related to their actual functional state.

Prevention and Treatment of AKI in the Elderly
Unfortunately, despite many effective strategies to prevent and treat AKI in experimental
animals, there still are few, if any proven strategies for humans. Thus, prevention strategies
against AKI in elderly patients generally involve recognizing their increased vulnerability to
AKI. Some of these strategies including avoiding nephrotoxic agents, ensuring adequate
volume expansion prior to known stressors such as administration of intravenous contrast or
nephrotoxic medications,59 and utilizing off-pump coronary artery bypass surgery60 in high
risk individuals for AKI. GFR should be calculated using the Modification of Diet in Renal
Disease (MDRD) Study equation or the CKD-EPI equation to determine higher risk status,
although both equations may overestimate the prevalence of CKD in elderly patients.61, 62

Once AKI is established, general supportive measures such as hemodialysis should not be
withheld based solely on old age, as the literature to date does not support inferior outcomes
in elderly patients with dialysis-requiring AKI. Of course, rational decisions to withhold care
based on the number and severity of comorbidities and potential for meaningful recovery with
QoL should also be made in conjunction with the patient, family, and other health-care
providers. Although not specific to elderly patients with AKI, the literature does not currently
provide strong support for a specific modality63 or intensity of RRT during AKI.64, 65

Conclusions
The incidence of AKI is increasing over time and is most common in elderly individuals. This
is due to many reasons, including the increased vulnerability of the kidney to stressors and
insults with increasing age. Short-term survival in AKI appears to be improving over time,
even in the elderly population. The long-term risk for death and CKD/ESRD after AKI is
increased; however, it is not clear from the existing data whether older age significantly
modifies the magnitude of relative risk compared to those without AKI in one direction or the
other. AKI may result in mild decrements in functional status and health-related QoL; however,
more studies that measure these domains are needed. Since the incidence of AKI in the elderly
is so much more common, yet the phenotype and outcomes are not discernibly different from
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AKI in younger populations, the elderly population serves as a potentially fertile cohort in
which to perform interventional studies for the prevention and treatment of AKI. Hopefully,
this will lead to progress in terms outcomes in patients of all ages who are at risk for or
experience AKI.

Box 1. Changes in the Aging Kidney

1. Reduction in total renal mass9

2. Glomerulosclerosis10

3. Reduction in active cortical parenchyma

4. Thickening of glomerular basement membrane11

5. Mesangial expansion12

6. Reduction in amount and length of tubules9

7. Thickening of large vessels’ walls12

8. Reduction in renal blood flow (10% per decade above age 40)13

9. Reduction in GFR (approximately 1ml/min/year above age 45)14–16

10. Blunted nitric oxide production17

11. Decreased maximum osmolality18

12. Increased susceptibility to apoptosis19

13. Decrease in renal growth factors (EGF, IGF-1, VEGF)20–22

Abbreviations: GFR, glomerular filtration rate; EGF, Epidermal growth factor; IGF-1,
Insulinlike growth factor 1; VEGF, vascular endothelial growth factor.
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Figure 1.
Incidence Rates of Dialysis-Requiring acute kidney injury (AKI) between 1996 and 2003. The
incidence rate of AKI is increasing over time in each stratum of age and the absolute incidence
rates of AKI are highest in elderly individuals. Data from Kaiser Permanente of Northern
California, as reported in Hsu et al. 4
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Figure 2.
Incidence Rates of Dialysis-Requiring acute kidney injury (AKI) between 1996 and 2003. The
incidence rate of AKI is increasing over time in each stratum of age through age 79. The
incidence rates of dialysis-requiring AKI are highest in persons aged 70–79, however, the
relationship between older age and higher rate of dialysis-requiring AKI does not hold for the
oldest stratum (≥ 80). Data from Kaiser Permanente of Northern California, as reported in Hsu
et al.4
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Figure 3.
In-hospital mortality of patients with acute renal failure and acute renal failure that required
dialysis from 1988 to 2002. Error bars denote SE. Data from Nationwide Inpatient Sample.
Reproduced from Waikar et al37 with permission of the American Society of Nephrology.
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Figure 4.
Adjusted hazard ratios (HRs) and 95% confidence intervals for all-cause mortality according
to maximum level of serum creatinine level increase during hospitalization. Data from
Cooperative Cardiovascular Project, 1994 to 2004.
Reproduced from Newsome et al42 with permission of the American Medical Association.
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Figure 5.
Adjusted hazard ratios (HRs) and 95% confidence intervals for end-stage renal disease (ESRD)
according to maximum level of serum creatinine level increase during hospitalization. Data
from Cooperative Cardiovascular Project, 1994 to 2004.
Reproduced from Newsome et al42 with permission of the American Medical Association.
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