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Abstract

Background: Improvements in health care systems worldwide have had notable
effects on the life expectancy of older individuals. As a result, nonagenarians are
emerging as a separate age group with distinct health care needs. The aim of this
study was to evaluate the incidence of acute kidney injury (AKI), the mortality
rates, and length of in-hospital stay among nonagenarians.

Methods: This is a retrospective case—control chart review of patients of age 90
years and above who were admitted to hospital. Patients with Stage I, Il, or IIl
chronic kidney disease were included in the analysis. The incidence of AKI was
determined using data from the Acute Kidney Injury Network (AKIN) classification.
Primary outcome variables included length of in-hospital stay and mortality rates.

Results: Of the 253 patients who were included in the study, the mean age was
91.5 years, 61 of the patients (25.9%) developed AKI, and 41 patients (66.1%) were
in Stage | AKI according to AKIN criteria. Fifty-seven patients died during the study
period; 57.9% of those patients had AKI. Hospital stay was longer in patients with
AKI with a mean length of stay of 8.1 days. Congestive heart failure, cancer, and
use of non-steroidal anti-inflammatory drugs were the main risk factors for AKI
among those patients.

Conclusion: AKI is common in nonagenarians. It was associated with increased
length of hospital stays and increased risk for mortality.
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Introduction

Medical improvements, including the introduction of new

medications, medical procedures, and treatment guidelines, lead to
a longer lifespan.1 Over the past several decades, there have been
marked changes in health care systems contributing to the large
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proportion of individuals over the age of 75 years within the global
population. Currently, within many medical fields, the issue of most
concernis how much current medical practice and recommendations
are fitting the specific health care needs of older individuals, such
as octogenarians, nonagenarians, and other older individuals.
Questions remain on how current practices are affecting rates of
morbidity and survival.2—4 With aging, different physiological and
functional changes occur in kidneys, such as reduction in glomerular
filtration rate (GFR), loss of cortical volume, and nephrosclerosis.5,6
With many individuals reaching the age of 75 years or above, the
number of hospitalized geriatric patients is increasing, with many of
those patients presenting with acute kidney injury (AKI).7,8 Geriatric
patients have increased risk of AKI because of aging, multiple
comorbidities,5,9 and polypharmacy use.10-13 The aim of this
study was to evaluate the incidence of AKI, the mortality rates, and
length of in-hospital stay among nonagenarians in Jordan.

Methods
Patient selection and data collection:

The Strengthening the Reporting of Observational Studies in
Epidemiology official reporting guidelines were followed to ensure
proper and standard reporting of results from observational studies
in epidemiology (cohort, case—control studies, and cross-sectional
studies). All nonagenarians admitted to the medical ward of the
main tertiary referral teaching hospital in north of Jordan between
January 2010 and December 2013 were retrospectively evaluated.
All patients who were admitted from the emergency room or
outpatient clinic and had at least 1 year of follow-up were included
in the study (the mean time of follow-up was 12.3 months; +4.2).
The first admission of each patient was analyzed to determine if the
patient had more than one admission. Only patients with hospital-
acquired AKI were considered in this study. Demographic data,
including age, gender, comorbidities, cause of admission, current
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medications, and laboratory data, were extracted from patients’
electronic records. Regular use of on non-steroidal anti-inflammatory
medications (NSAIDs) was defined as at least 2 times/week for 3
months. Angiotensin-converting enzyme inhibitor and angiotensin
receptor blockers’ use was considered when it exceeded 3 months
of regular use. Exclusion criteria were age 100 years, Stages IV or
V chronic kidney disease (CKD), and chronic dialysis requirement.
Patients without baseline serum creatinine were also excluded from
the study. AKI was defined using the Acute Kidney Injury Network
(AKIN) classification.14 GFR was calculated using the Chronic Kidney
Disease Epidemiology Collaboration equation, and contrast exposure
was defined as intravenous contrast administration within 1 week
of AKI onset. The study was approved by the Institutional Research
Board (IRB) of King Abdullah University Hospital, Irbid, Jordan. All
procedures performed in the study were in accordance with the
1964 Helsinki declaration and its later amendments. Because of the
retrospective study design, the requirement for patient consent was
waived as per IRB desertion. Patients’ data were kept confidential,
and no patients’ identifier was included in data files handled for the
purposes of this study. Statistical analyses were performed using
STATA/MP, version 14.0 (StataCorp LLC, College Station, TX, USA).
Data were described using mean and + SD for continuous variables
and percentages for categorical variables. Patients were divided into
two groups: patients with and without AKI. The differences between
the mean of continuous variables among the two groups were tested
using independent t-tests. Pearson’s chi-squared test was used to
compare the incidence rates of AKI according to the distribution of
demographic, clinical, and relevant patient characteristics between
the two groups. Cox proportional hazard model was used to assess
the effect of different covariates on outcomes. Multivariate analysis
was carried out based on significant factors in univariate analysis
plus those factors considered clinically significant by consultant
nephrologist.

Results
Patient characteristics

Of the 283 nonagenarians admitted during the study period, 48
were excluded due to being classified as CKD Stages IV and V or
requirements for chronic dialysis. In the 235 remaining patients,
the mean age was 91.5 years, 14.5% were diabetic, 17.5% had
hypertension, and 3.4% were chronically on NSAIDs. Baseline
characteristics are presented in Table 1. The most common causes
of admission were acute coronary syndrome (ACS; 14.2%) and
uncontrolled diabetes mellitus (15.4%). Other causes for admission
were nervous system disease most frequently manifested as stroke
(ischemic, 9.1%; hemorrhagic, 1.9%) and infection (17.0%), most
commonly urinary tract infection (7.7%), pneumonia (2.4%), and
other infections (6.9%). Injury secondary to a fall accounted for 5.3%
of admissions. Deep vein thrombosis was a cause in 3.4% of the
admissions. Table 2 shows the most common causes of admission
based on AKI status.
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Incidence and outcome of AKI

The AKI developed 2-5 days from admission. AKI was diagnosed
in 61 patients (25.9%). Of these cases, 66.1% had Stage | disease
whereas Stage Il and Stage Il disease were present in 12.9% and
21.0%, respectively. A comparison of baseline characteristics in both
groups (Table 3) revealed that patients with AKI were associated
with congestive heart failure (P=0.001), cancer (P=0.001), or being
regularly on NSAIDs (P=0.01). Exposure to intravenous contrast
material (P=0.69) or being on angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers (P=0.70) were not
different among AKI vs non-AKI patients. The hospital stay was
longer in the AKI than in the non-AKI group; 8.1 days (+7.7) vs 4.2
days (6.1), respectively (P=0.0001). By the end of the 1-year follow-
up, the mean serum creatinine was 157.3 pumol/L (+104.0) for the
AKI group, mean estimated glomerular filtration rate 53.6 mL/min
(£53.8) vs 120.3 umol/L (x74.6) for the non-AKI group and 61.8 mL/
min (£31.9) with a P-value of 0.02. Of the 57 patients (24.5%) who
died before discharge, 33 (57.9%) developed AKI. In the patients
who developed AKI, 28 (11.9%) of patients underwent dialysis.
Using Cox proportional hazard model, hypertension increased the
risk of mortality by 4.2 times, cancer by 1.7 times, while other factors
including causes of admission did not (Table 4). Length of stay The
hospital stay was longer in the AKI than in the nonAKI group; 8.1 days
(£7.7) vs 4.2 days (+6.1), respectively (P=0.0001). To study the effect
of the cause of admission on the length of stay, patients were divided
into two groups.

Discussion

Due to the impact of aging on the global health care system and the
associated increase in comorbidities and mortality, methods to delay
aging is now becoming a focus in many research endeavors.15 There
is still room for improvement in the health care system that can be
directed at the worldwide increase in population of older individuals.
Looking at the comorbidities of our patients in the study, diabetes
and hypertension were the major two; although the incidence was
slightly low with 14.5% and 17.5% of patients affected, respectively.
This may be explained by the higher cardiac mortality of older
patients with the heavy burden of comorbidities such as diabetes
mellitus, preventing them from reaching their 90s. It is well known
that patients with cancer are at increased risk for AKI; that may be
related to the direct effect of the cancer on the kidney, related to
the metabolic derangement especially hypercalcemia, drug toxicity,
sepsis, or other related factors. Old age was also shown to be a risk
factor for AKI.18,19 In accordance, current results showed that
cancer had a statistically significant impact on kidney function.
Heart failure is another risk factor for renal dysfunction through
hemodynamic changes, reduced renal perfusion, and neurohumoral
mechanisms,20 where results of the current study showed that
patients with congestive heart failure are at increased risk for AKI
(P=0.001). Regarding the hospital admissions, uncontrolled diabetes
and complications associated with hypertension were the main
two causes. Cardiac events and ACS were other major causes for
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admission in 14.2%. Receiving full management with catheterization,
stenting,23 and cardiac surgery24,25 is considered debatable for
older individuals, even among members of the medical field who
commonly treat nonagenarians. Falling is another big concern
with the nonagenarian population as most individuals in this age
group have frailty, movement limitations, cognitive dysfunction,
and malnutrition, which will increase the risk of falling.26—29
Unfortunately, as this study is a retrospective one, we could not do
an analysis to determine a correlation between falling and cognitive
dysfunction or frailty as a cause. Another issue that we could not
assess in the current analysis was the correlation between the
socioeconomic status of nonagenarian patients and their risk for
morbidity and mortality

Approximately a quarter of the patients enrolled in this study
were diagnosed with AKI, which is a relatively high proportion. In
addition, those patients had several complications. For example,
patients with AKI had higher overall mortality32 and longer hospital
stays (almost double) compared to patients without AKI. Previous
studies have shown that rehospitalization is also more common
in older individuals and is associated with high medical costs and
mortality.32,33 The majority of patients with AKI were in Stage
| (66.1%). This finding supports with results of a large population-
based study done in China that used the AKIN criteria.34 Frailty itself
in nonagenarians can increase the risk for AKI and mortality.35 In
patients of the current study, congestive heart failure was associated
with AKI and longer hospital stays, which correlated with results of
previous studies

In severe AKI, the need for renal replacement therapy, including
dialysis, is higher and may increase in-hospital stay and mortality.
In fact, patients with severe AKI (Stage Ill AKIN) usually are sicker
and it is well known that they will need dialysis more than less sick
patients (Stages | and Il AKIN), and subsequently they will need more
time to recover and will remain longer in hospital. In that respect,
a significant number of affected patients may require chronic
dialysis,36 and in the current study, 61 patients (25.9%) developed
AKI, which is slightly higher than the incidence, 21.6%, found in other
studies.37 In current assessment of mortality rates in patients with
AKI, it was found that 58% of current patient cohort died during the
study period, which is again slightly higher than rates found in other
studies.37 Having indicated these differences, a careful attention
should be made while interpreting and comparing results among the
multiple published studies as these studies were done at different
geographical areas, and the classification used to identify AKI is
different among different studies.

After 1-year follow-up, patients with AKI were more likely to have
higher creatinine than patients who were discharged without AKI.
However, due to a relatively small number of patients in the current
study, the risk for CKD development was not evaluated. Still, other
studies showed that having AKI will increase risk for later CKD.38
Among patients with AKI, only 11.9% of patients underwent dialysis,
which could be related to patient and family apprehension toward
dialysis treatment, knowing its possible complications. Physicians, as
well, sometimes prefer a more conservative approach.39,40 Overall,
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due to the growth of population, the number of nonagenarians
initiating dialysis has increased yet due to other comorbidities
and functional decline, survival has not improved significantly.
One limitation of this study is its retrospective design consisting
of a relatively small number of patients. Though we were able to
establish some conclusions regarding AKI incidence, risk factors,
and outcomes in nonagenarian patients, this design did not allow
us to identify a correlation between cognitive function, frailty,
falling risks in patients, and their survival with or without AKI. In the
future, cooperation with other centers in developing comprehensive
studies consisting of larger patient cohorts will facilitate a more in-
depth evaluation of the risks for AKl and outcomes in nonagenarians
including critically ill patients (intensive care unit and cardiac/
coronary care unit), surgical patients, and patients with sepsis, and
including comprehensive assessment patients’ medications, namely
antibiotics and chemotherapeutic agents

Conclusion

Nonagenarians are a growing population in need of their own
approach for medical evaluations and treatment. This study showed
that AKlis high among nonagenarians, and that it was associated with
increased length of hospital stays and increased risk for mortality.
Meeting distinct medical needs of this population will help reduce
mortality and AKI risks.
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