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ABSTRACT

Introduction: Data regarding prognostic factors of post-discharge mortality and adverse
renal function outcome in acute kidney injury (AKI) hospital survivors are scarce and
controversial.

Objectives: We aimed to identify predictors of post-discharge mortality and adverse renal
function outcome in AKI hospital survivors.

Patients and Methods: The study group consisted of 84 AKI hospital survivors admitted
to the tertiary medical center during 2-year period. Baseline clinical parameters, with renal
outcome 3 months after discharge and 6-month mortality were evaluated. According survival
and renal function outcome, patients were divided into two groups.

Results: Patients who did not recover renal function were statistically significantly older
(P<0.007) with higher Charlson comorbidity index (CCI) score (P<0.000) and more likely
to have anuria and oliguria (P=0.008) compared to those with recovery. Deceased AKI
patients were statistically significantly older (P<0.000), with higher CCI score (P<0.000),
greater prevalence of sepsis (P=0.004), higher levels of C-reactive protein (CRP) (P<0.017)
and ferritin (P<0.051) and lower concentrations of albumin (P<0.01) compared to survivors.
By multivariate analysis, independent predictors of adverse renal outcome were female
gender (P=0.033), increasing CCI (P=0.000), presence of pre-existing chronic kidney disease
(P=0.000) and diabetes mellitus (P=0.019) as well as acute decompensated heart failure
(ADHF) (P=0.032), while protective factor for renal function outcome was higher urine
output (P=0.009). Independent predictors of post-discharge mortality were female gender
(P=0.04), higher CCI score (P=0.001) and sepsis (P=0.034).

Conclusion: Female AKI hospital survivors with increasing burden of comorbidities,
diagnosis of sepsis and ADHF seem to be at high-risk for poor post-discharge outcome.

Implication for health policy/practice/research/medical education:

Female acute kidney injury (AKI) hospital survivors with increasing burden of comorbidities, diagnosis of sepsis and acute
decompensated heart failure (ADHF) seem to be at high-risk for poor postdischarge outcome. Close monitoring of high-risk
hospital AKI survivors after discharge should be done, preferably by a nephrologists, aiming to reduce mortality and prevent
adverse outcome of kidney function in this patient population.

Please cite this paper as: Hamzi¢-Mehmedbasi¢ A, Rasi¢ S, Balavac M, Rebi¢ D, Deli¢-Sarac M, Durak-Nalbanti¢ A .Prognostic
indicators of adverse renal outcome and death in acute kidney injury hospital survivors. J Renal Inj Prev. 2016;5(2):61-68.

DOI: 10.15171/jrip.2016.14

Introduction

Acute kidney injury (AKI) is associated with significantly
increased in-hospital and long-term morbidity and mor-
tality (1). The identification of risk factors associated with
AKI and its poor prognosis is required, so that preven-

tive and early diagnosis measures can be taken, aiming to
reduce mortality of AKI patients. Most published studies
have focused on prediction of in-hospital mortality in
AKI patients (2-4). Furthermore, studies examining long-
term postdischarge mortality have focused primarily on
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critically ill patients with AKI that requires dialysis (5).
Acquisition of a better understanding of AKI hospital sur-
vivors, who are at increased risk of progressive chronic
kidney disease (CKD), and death, is of vital public health
importance. Currently there is lack of consensus for defin-
ing renal recovery. Recovery of renal function after AKI
has been primarily described in patients who required re-
nal replacement therapy (RRT) and largely defined as sub-
sequent independence from dialysis at hospital discharge.
Recently, it is established that even milder forms of AKI
not requiring dialysis are associated with both short-term
and long-term mortality (6). Recognition that AKI survi-
vors are at high risk of progressive CKD spurred the Kid-
ney Disease Improving Global Outcomes (KDIGO) AKI
guidelines to recommend that the kidney function should
be evaluated 3 months after an AKI episode to establish
the presence and extent of CKD (7).

To our best knowledge, data regarding predictors of ad-
verse renal function outcome, defined using 3 months
time frame for AKI recovery, are scarce. Furthermore,
prognostic factors associated with post-discharge mortal-
ity of AKI hospital survivors are controversial. Some au-
thors (8) have shown that the most important risk factors
for post-discharge mortality are patients’ characteristics,
especially advanced age, male gender and presence of co-
morbidities. However, other authors (9) have associated
AKI characteristics, in particular AKI severity, with post-
discharge mortality.

Objectives

The main objective of this investigation was to identify
significant predictors of postdischarge mortality and ad-
verse renal function outcome (defined using 3 months
time frame as recommended according KDIGO guide-
lines) in AKI hospital survivors.

Patients and Methods

Study design and patients

This prospective study was carried out at Clinic of Ne-
phrology in the University Clinical Center Sarajevo from
July 1, 2012 to December 31, 2014. Patients included in
this study were adult (age 218 years) hospital survivors
with diagnosis of AKI and hospital stay longer than 24
hours. Patients with prior kidney transplant, end-stage
kidney disease (ESRD) and initiation of RRT before hos-
pital admission were excluded. All participants signed the
informed consent.

AKI patients who met inclusion criteria have been fol-
lowed up for 6 months after hospital discharge. According
outcome of renal function 3 months following discharge,
patients were divided into two groups: those who recover
renal function and those who fail to achieve renal function
recovery. According survival 6 months after discharge,
the patients were divided into two groups, survivors and
non-survivors. These divisions of patients were done in
order to investigate differences in relation to all studied
parameters.

Data collection

Clinical, demographic and laboratory features at admis-
sion were studied. Age and gender of patients, length of
hospital stay, urinary volume, severity of AKI, different
treatment modalities (conservative treatment or RRT)
and systemic comorbidities were recorded. We included
both the Charlson comorbidity index (CCI) score and in-
dividual components of score in our study including pre-
existing CKD. CCI score was calculated using standard
algorithm proposed by Quan et al (10). Laboratory tests
included levels of serum creatinine (SCr), hemoglobin
(Hgb), erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), white blood cell counts (WBC), serum al-
bumin, ferritin, cholesterol and uric acid.

Definition and criteria of AKI

AKI was defined as an abrupt (within 48 hours) absolute
increase in SCr of at least 26.5 pmol/L (0.3 mg/dL) or by
a percentage increase in SCr >50% from baseline accord-
ing to the Acute Kidney Injury Network (AKIN) criteria
(11). The severity of AKI was defined by the AKIN stag-
ing criteria (11) as follows: stage 1, SCr increase to 1.5-2
fold from baseline; stage 2, SCr increase >2-3 fold from
baseline; and stage 3, SCr increase >3.0 fold from baseline
or SCr 2354 pmol/l (=4.0 mg/dl) with an acute increase
of at least 44 umol/l (0.5 mg/dL) or need for RRT. When
pre-admission serum creatinine was unavailable, it was
estimated by the Modification of Diet in Renal Disease
(MDRD) equation, with the assumption of a near lower
limit of normal glomerular filtration rate (GFR) of 75
mLl/min/1.73 m? as recommended by the Acute Dialysis
Quality Initiative (ADQI) Working Group (12).
Oliguria was considered to be present when the urinary
volume was less than 400 mL/day and anuria if the urinary
volume was less than 100 mL/day.

Outcome of AKI

The primary outcome of AKI patients was in-hospital
mortality, while the secondary outcome was 6-month
mortality. The outcome of renal function was defined 3
months after discharge by the values of estimated GFR
(eGFR) as recovered (eGFR >60 ml/min/1.73 m?) or non-
recovered (eGFR <60 ml/min/1.73 m?). This definition
of renal function outcome refers only to AKI patients
without pre-existing CKD. AKI patients with presumed
CKD were considered to have renal function recovery if
SCr concentrations fell to the baseline 3 months after dis-
charge. Non-recovery of kidney function was defined if
SCr remained above the baseline. A 3 months time frame
for recovery was used based on the KDIGO AKI guide-
lines (7). Informations related to renal function outcome
and survival were obtained from the family doctor or
nephrologists in our medical centre and taken from the
death register.

Ethical issues
The research followed the tenets of the Declaration of
Helsinki. Informed consent was obtained and the research
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was approved by the Ethics Committee of the University
Clinical Center Sarajevo (0207-27144).

Statistical analysis

Normally or near normally distributed continuous vari-
ables were reported as means with standard deviations
and compared by Student’s ¢ test. Non-normally distrib-
uted continuous data were reported as medians with in-
terquartile ranges and compared using Mann-Whitney
U test. When outcome variable was binary or categorical,
proportion between two or more groups was assessed by
chi-square test or Fischer exact test when there was sparse
data. Finally, logistic regression analysis was used to assess
the determinants of renal function outcome and mortality.
Model fit was assessed by the goodness-of-fit tests. Data
were presented as odds ratios (ORs) and marginal effects
with 95% CI. P values less than 0.05 were considered sta-
tistically significant. Statistical analysis was realized using
SPSS software (version 16).

Results

Of the total of 1231 patients admitted in the study peri-
od, AKI occurred in 96 cases (7.8 %). The cohort of 84
AKI survivors (41 females and 43 males) with mean age
of 73.5 years met inclusion criteria. Majority of patients
had great AKI severity (Stage 3 in 78.5% of cases), with
prevalence of pre-existing CKD in 54.8% of AKI patients.
Comorbidities were present in 77.4% of cases with mean
CCI score 6.4+3.05. The most common causes of AKI
were acute interstitial nephritis (AIN) and acute decom-
pensated heart failure (ADHF) in 16.7% and 15.5% of pa-
tients, respectively, followed by acute gastroenterocolitis
(13.1%) and sepsis (12%), while the remaining etiologies
participated with less than 10.5%. The majority of patients
(78.6%) received conservative treatment while 21.4% of
them underwent RRT.

Renal function recovery was recorded in 48.8% of AKI
patients three months after discharge. Prevalence of intra-
hospital and 6-month mortality was 12.5% and 45.2%,
respectively. A comparison of demographic, laboratory
and clinical data between patients who recovered renal
function and those who did not is summarized in Table 1.
Patients who did not recover renal function were statisti-
cally significantly older (P <0.007), with higher CCI score
(P<0.000), higher values of SCr at discharge (P<0.018) as
well 3 months after discharge (P<0.000) in comparison
to patients who recovered kidney function. In addition,
anuria and oliguria were significantly more common in
the group of patients with renal function non-recovery
(P=0.008).

Table 2, illastrated the comparison of characteristics be-
tween AKI patients according renal function outcome.
A comparison of characteristics of surviving and de-
ceased AKI patients is shown in Table 2. Deceased AKI
patients were statistically significantly older (P<0.000),
with higher prevalence of septic etiology (P=0.004),
higher CCI score (P<0.000), lower values of serum albu-
min (P<0.01), higher concentrations of CRP (P<0.017)

Outcome of acute kidney injury survivors

and ferritin (P<0.051) as well as higher values of SCr at
discharge (P<0.022) and 3 months following discharge
(P<0.000) with lower eGRF 3 months following discharge
(P<0.000) compared to survivors.

Table 2, revealed the comparison between characteristics
of AKI patients according to survival.

To observe factors which determine probability that pa-
tient recovers renal function and probability that patient
dies, set of logit estimates is performed. A priori selected
variables included age, gender, length of hospital stay, urine
output, AKIN stage, AIN, gastroenterocolitis, ADHE, sep-
sis, pre-existing CKD, hypertension, diabetes mellitus,
CCI score and type of treatment. Multivariate regression
analysis (Table 3) showed that significant independent
predictors of adverse renal function outcome were female
gender (P=0.033), pre-existing CKD (P=0.000), higher
CCI (P=0.000), diabetes mellitus (P=0.019) and ADHF
(P=0.032). Estimated results in Table 3 also suggested
that probability that female patients would recover renal
function was 15.6% lower compared to male patients. Pa-
tients with higher CCI score had also less chance for renal
function recovery. For example, one unit increase in CCI
score would reduce probability of recovery by 7.7%. Fur-
thermore, patients with underlying CKD had 35.6% less
probability to recover renal function than patients without
pre-existing CKD, while diabetes mellitus and ADHF re-
duced chance of recovery by 25% and 25.6%, respectively.
Unlike these results, higher urine output proved to be in-
dependent factor of recovery of renal function (P=0.009).
Patients with higher urine output had 16.8% higher prob-
ability to recover kidney function.

Significant independent predictors of postdischarge renal
function outcome and mortality in AKI hospital survivors
was shown in Table 3.

According to estimated results in Table 3 female gen-
der (P=0.04), higher CCI score (P=0.001), and sepsis
(P=0.034) were significant independent risk factors for
death. Females had 16.3% higher probability to die com-
pared to males. Diagnosis of pre-existing CKD and sep-
sis increased probability of mortality in AKI patients by
19.3% and 36.8%, respectively. In addition, the probability
of death enhanced by 11.3% with each rise of CCI score
by one unit.

Finally, Figure 1 shows that non-recovery of renal func-
tion was found in statistically significantly greater propor-
tion of non-survivors compared to survivors (76.32% ver-
sus 26.09%, P<0.0001).

Comparison of different renal function outcome be-
tween surviving and deceased AKI patients was shown in
Figure 1.

Discussion

Present study was conducted in order to identify signifi-
cant predictors of adverse renal function outcome and
death in AKI hospital survivors. AKI is common in the
clinic, occurring in 8% of all in-hospital patients and in
approximately 50% of patients in the Intensive Care Units
(13). The occurrence of AKI in our referral hospital cen-
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Table 1. Comaparison of characteristics between AKI patients according renal function outcome

Recovery of renal function (n=43) Non-recovery of renal function (n=41) P
Sex 0.192
Male (n, %) 25 (58.14) 18 (41.86)
Female (n, %) 18 (43.9) 23 (56.1)
Age (years) 69 (55-78) 78 (69-82) <0.007*
Length of hospital stay (days) 16.5 (10-23) 15 (10-24) 0.567
Hgb (g/L) 124.7425.2 116.4 +21.06 0.105
WBC (x10°%/L) 12.8(10.1-14.5) 11.5 (7.6-14) 0.316
ESR 69.5 (24-97.5) 57 (41-115) 0.954
CRP (mg/L) 63.1(27.2-31.6) 64.7 (28.5-140.7) 0.639
Ferritin (ng/mL) 409.1 (160.7-534.7) 360.6 (220.8-757.5) 0.597
Albumin (g/L) 29.4+6.2 27.7+6.5 0.25
Cholesterol (mmol/L) 43+1.4 3.8+1.5 0.192
Uric acid (umol/L) 507 £191.9 616.03 +272.3 0.062
SCr levels (umol/L) at admission 462 (363-610) 421 (246-660) 0.407
SCr levels (umol/L) at discharge 130 (93-198) 175 (116-312) <0.018*
SCr levels (umol/L) 3 months after discharge 98 (79-174) 172 (118-317) <0.000*
Diuresis 0.008*
Anuria (n, %) 1(16.67) 5(83.33)
Oliguria (n, %) 2 (18.18) 9(81.82)
Diuresis >400 mL (n, %) 40 (59.7) 27 (40.3)
AKI etiology
AIN (n, %) 9 (64.29) 5(35.71) 0.283
ADHF (n, %) 4(30.77) 9(69.23) 0.096
Gastroenterocolitis (n, %) 7 (63.64) 4(36.36) 0.521
Sepsis (n, %) 3(30) 7 (70) 0.19
Pre-existing CKD 0.120
Yes (n, %) 20 (43.48) 26 (56.52)
No (n, %) 23 (60.53) 15 (39.47)
Diabetes mellitus 0.190
Yes (n, %) 15 (62.5) 9 (37.5)
No (n, %) 28 (46.67) 32(53.33)
Hypertension 0.871
Yes (n, %) 15 (50) 15 (50)
No (n, %) 28 (51.85) 26 (48.15)
CCl score 51+2.8 7.8+0.4 < 0.000*
Treatment 0.239
RRT (n, %) 7(38.89) 11 (61.11)
Conservative (n, %) 36 (54.45) 30 (55.55)

Abbreviations: AKI, acute kidney injury; n, number; Hgb, hemoglobin; WBC, white blood cell counts; ESR, erythrocyte sedimentation rate; CRP,
C-reactive protein; SCr, serum creatinine; AIN, acute interstitial nephritis; ADHF, acute decompensated heart failure; CKD, chronic kidney disease; CCl,

Charlson comorbidity index; RRT, renal replacement therapy.

Data are presented as median and interquartile range or as means and standard deviation, * P<0.05.

tre (7.8%) is similar as previously reported (13). Of the 84
AKI patients in our study group, majority of them were
older (median age 73.5 years) with great severity of AKI
(AKIN stage 3 in 78.6% of cases) and high burden of co-
morbidities (comorbid conditions were present in 77.4%
of cases with mean CCI score 6.4 + 3.05). Prevalence of
pre-existing CKD was rather high too (54.8%). As previ-
ously reported (14), comorbidities are common among
elderly patients and both CKD and AKI are often associ-
ated. In accordance with our results, great proportion of
AKI patients, classified as stage three, was found in earlier
study (15) which evaluated AKI patients followed by ne-
phrologists.

Evaluation of kidney function outcome in our study
was done three months after an AKI episode according

KDIGO AKI guidelines (7). Renal function recovery was
established in 48.8% of AKI patients, which is similar to
proportion of patients with renal function recovery in the
studies of Pereira and Yang with their associates (50% and
58.6%, respectively) (15,16).

Identification of predictors of adverse renal function out-
come in AKI survivors has importance in order to timely
implement preventive measures for high-risk patients (2).
Similarly to recent findings of Harel et al (17), higher CCI
score was an independent predictor of renal function non-
recovery in our study, implying that CCI score could be
beneficial, not only for predicting risk for death from co-
morbidities, but for predicting adverse renal function out-
come of AKI patients. Furthermore, by multivariate analy-
sis, pre-existing CKD was proved to be an independent

64 Journal of Renal Injury Prevention, Volume 5, Issue 2, June 2016

http://journalrip.com



Table 2. Comparison between characteristics of AKI patients according survival

Outcome of acute kidney injury survivors

Survivors (n=46) Non-survivors (n=38) P
Sex 0.843
Male (n, %) 24 (55.81)/ 19 (44.19)
Female (n, %) 22 (53.66) 19 (46.34)
Age (years) 67.5 (53-78) 78 (70-80) <0.000*
Length of hospital stay (days) 16.5 (12-23) 16 (9-13) 0.636
Hgb (g/L) 123.423.5 117.7423.4 0.312
WBC (x10°/L) 11.78 (8.9-3.8) 13 (7.6-15) 0.361
ESR 67 (27-95) 65 (39-112.5) 0.946
CRP (mg/L) 48.9 (22.4-100.2) 95.8 (58.7-141.5) <0.017*
Ferritin (ng/mL) 278.3 (135.7- 483.5) 628.5 (299.1- 837) <0.051*
Albumin (g/L) 30.246.5 26.445.7 <0.01*
Cholesterol (mmol/L) 4.3+1.3 3.9+1.6 0.265
Urine acid (umol/L) 517.3+198.6 621.1+280.2 0.082
SCr levels (umol/L) at admission 420.5 (295-496) 469 (337-663) 0.305
SCr levels (umol/L) at discharge 123.5(98-181) 175.5 (111-321) <0.022*
SCr levels (umol/L) 3 months after discharge 118.5 (81 -174) 173.5(116-321) <0.000*
eGFR 3 months after discharge 56.9+29.6 32.2+18.7 < 0.000*
Diuresis <0.103
Anuria (n, %) 1(16.67) 5(83.33)
Oliguria (n, %) 5(45.45) 6 (54.55)
Diuresis >400mL (n, %) 40 (59.70) 27 40 (40.30)
AKI etiology
AIN (n, %) 6 (42.86) 8(57.14) 0.327
ADHF (n, %) 9 (69.23) 4(30.77) 0.202
Gastroenterocolitis (n, %) 9(69.23) 4(30.77) 0.1
Sepsis (n, %) 1(10) 9 (90) 0.004*
Pre-existing CKD 0.216
Yes (n, %) 18 (47.37) 20 (52.63)
No (n, %) 28 (60.87) 18 (39.13)
Diabetes 0.677
Yes (n, %) 14 (58.33%)/ 10 (41.67%)/
No (n, %) 32 (53.33%) 28 (46.67%)
Hypertension 0.845
Yes (n, %) 16 (53.33%)/ 14 (46.67%)/
No (n, %) 30 (55.55) 24 (44.55%)
CCl score 4.5+0.3 8.710.3 < 0.000*
Treatment 0.647
RRT (n, %) 9 (50%) 9 (50%)
Conservative (n, %) 37 (56.1%) 29 (43.9)

Abbreviations: AKI, acute kidney injury; n, number, Hgb, hemoglobin; WBC, white blood cell counts; ESR, erythrocyte sedimentation rate; CRP,
C-reactive protein; SCr, serum creatinine; eGFR, estimated glomerular filtration rate; AIN, acute interstitial nephritis; ADHF, acute decompensated
heart failure; CKD, chronic kidney disease; CCl, Charlson comorbidity index; RRT, renal replacement therapy.

Data are presented as median and interquartile range or as means and standard deviation, * P < 0.05.

prognostic indicator of poor renal function outcome in
present study. Recent studies have also demonstrated the
association between pre-existing CKD and the progres-
sion of kidney disease (17,18). The impact of even modest
acute insult on already compromised kidneys may be dev-
astating. Although the biological mechanism linking CKD
progression after AKI has not fully been elucidated, it has
been postulated that the combination of acute endothelial
damage leading to vascular dropout, and nephron loss fol-
lowed by glomerular hypertrophy with the development
of fibrosis may all play a role (19).

Diabetes mellitus is the most important contributor to the
growing burden of ESRD, and patients with diabetes mel-
litus are at a greater risk of requiring hospitalizations and

experiencing AKI. Recent findings (20) indicate that, in
the setting of diabetes, AKI increases the risk of advanced
CKD by over three-fold. Our study identified the presence
of diabetes mellitus, as significant independent risk fac-
tor for adverse renal function outcome in AKI survivors,
which is in accordance with the results of other authors
(6). Another independent predictor of deterioration of re-
nal function in our AKI patients was diagnosis of ADHFE.
Pannu et al (6) and Gao et al (21) also confirmed that pa-
tients with heart failure were less likely to recover renal
function. These findings are not unexpected since recent
evidence implies that more than 70% of patients hospital-
ized for ADHF will experience acute worsening of renal
function, which is associated with significantly poor out-
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Table 3. Significant independent predictors of postdischarge renal function outcome and mortality in AKI hospital survivors

Variables OR %95 CI P Margins (predicted probabilities)
Renal function outcome
Female 0.273 0.9-0.08 0.033* -0.156
Urine output 4.065 11.7-1.41 0.009* 0.168
ADHF 0.119 0.83-0.01 0.032* -0.256
Pre-existing CKD 0.051 0.21-0.01 0.000* -0.356
Diabetes mellitus 0.125 0.71-0.02 0.019* -0.25
CCl score 0.524 0.75-0.36 0.000* -0.077
Mortality
Female 3.157 0.13-6.17 0.04* 0.163
Sepsis 7.115 0.536 - 13.69 0.034* 0.368
CCl score 2.181 3.51-0.84 0.001* 0.113

Abbreviations: OR, Odds ratio; AKI, acute kidney injury; ADHF, acute decompensated heart failure; CKD, chronic kidney disease; CCl, Charlson

comorbidity index.

*P<0.05.
M Renal function recovery B Non-recovered renal function
90%
p<0.0001
0, ﬂo
80% 76.32% 73.91%
70%
60%
50%
40%
30% 26.09%

23.68%

20%
10%

0%

Non-survivors Survivors

Mortality

Figure 1. Comparison of different renal function outcome
between surviving and deceased acute kidney injury patients

comes (22). Furthermore, in accordance with recent study
(21), our results showed less chance of kidney function
recovery in anuric and oliguric AKI patients.

Despite significant advances in supportive care, the mor-
tality rate of AKI has not significantly improved over the
past several decades. On a contrary, as our study and Gam-
melager et al (23) reported, the rate of in-hospital mortal-
ity seemed to be growing after hospital discharge. Present
study showed that hypoalbuminemia as well as increased
CRP and ferritin were significantly more common in de-
ceased in comparison to survived AKI patients. A poor
prognosis of AKI patients who have hypoalbuminemia
was described in previous research (24). It seemed that
patients had worse nutritional status with suppressed syn-
thesis of albumin as response to inflammatory condition
(24). Those observations were confirmed in recent study
which revealed that the presence of low caloric intake and
higher CRP levels were significantly associated with risk
of death in AKI patients (25).

By multivariate analysis, significant independent predic-
tors of postdischarge mortality in the cohort of our AKI

hospital survivors were female gender, higher CCI score
and diagnosis of sepsis. Higher mortality rate was earlier
detected in aged females due to the more prevalent hyper-
volemia and delayed initiation of dialysis (26). In accor-
dance with our findings, higher CCI score was found to
be predictive of post-AKI mortality in recent study (17).
Distinctive clinical features of AKI of septic etiology have
been earlier elucidated, implying that unique pathogen-
esis contributes to the development of septic AKI (27).
The mortality of sepsis induced AKI is more than 70%
(28). Present study confirmed that septic cause of AKI was
statistically significantly more common in non-survivors
compared to survivors. Septic AKI has been independent-
ly associated with an increased risk for death in published
studies (28,29) as well as in our research.

Analysis of kidney function outcome and post-discharge
mortality in our study revealed that non-recovery of re-
nal function was statistically significantly more com-
mon in deceased AKI patients. The association between
kidney function non-recovery and mortality was earlier
reported, but its magnitude depended on both recovery
definition and the timing of assessment (30), highlighting
that a standardized definition for renal recovery in AKI is
needed in future investigations.

Conclusion

Female gender, higher CCI score, presence of presumed
CKD, diabetes mellitus and ADHF are significant high-
risk prognostic factors for poor outcome of renal function
in AKI patients, while protective factor for kidney func-
tion outcome is increased urine output. Furthermore, fe-
male AKI survivors with high burden of comorbidities and
diagnosis of sepsis are at high risk for postdischarge death.
Close monitoring of high-risk hospital AKI survivors after
discharge should be done, preferably by a nephrologists,
aiming to reduce mortality and prevent adverse outcome
of kidney function in these patients population.

Limitations of the study
The potential limitation of present study is that it consists
of relatively small sample size. However, this sample size
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reflects the two-year occurrence of AKI in our tertiary
medical center. We suppose to perform larger multicenter
study.

Authors’ contribution

AHM and SR collected the data and wrote the manuscript.
MB analyzed the data. DR and MDS contributed to data
collection, analysis and preparation of the manuscript.
ADN helped with the study design and data collection.

Conlflicts of interest
The authors declare no conflict of interests.

Ethical considerations

Ethical issues (including plagiarism, data fabrication,
double publication) have been completely observed by the
authors.

Funding/Support
None.

References

1.

10.

Coca SG, Yusuf B, Shlipak MG, Garg AX, Parikh CR. Long-
term risk of mortality and other adverse outcomes after
acute kidney injury: a systematic review. Am J Kidney Dis.
2009;53:961-73. doi: 10.1053/.ajkd.2008.11.034.

Bucuvic EM, Ponce D, Balbi AL. Risk factors for mortality
in acute kidney injury. Rev Assoc Med Bras. 2011;57:158-
63. doi:10.1016/S2255-4823(11)70037-6.

Kohli HS, Bhat A, Jairam A, Aravindan AN, Sud K, Jha
V, et al. Predictors of mortality in acute renal failure
in a developing country: a prospective study. Ren Fail.
2007;29:463-9.  doi:  10.1080/08860220701260651.
Dharan KS, John GT, Antonisamy B, Kirubakaran MG,
Jacob CK. Prediction of mortality in acute renal failure in
the tropics. Ren Fail. 2005;27:289-96. doi: 10.1081/JDI-
56612.

Morgera S, Schneider M, Neumayer HH. Long-term
outcomes after acute kidney injury. Crit Care Med.
2008;36:5193-7. doi:  10.1097/CCM.0b013e318168cae2.
Pannu N, James M, Hemmelgarn B, Klarenbach S; Alberta
Kidney Disease Network. Association between AKI,
recovery of renal function, and long-term outcomes after
hospital discharge. Clin ] Am Soc Nephrol. 2013;8:194-202.
doi: 10.2215/CJN.06480612.

Ad-hoc working group of ERBP, Fliser D, Laville M, Covic
A, Foque A, Vanholder R, et al. A European Renal Best
Practice (ERBP) position statement on the Kidney Disease
Improving Global Outcomes (KDIGO) clinical practice
guidelines on acute kidney injury: part 1: definitions,
conservative =~ management and  contrast-induced
nephropathy. Nephrol Dial Transplant. 2012;27;4263-72.
doi:  10.1093/ndt/gfs375.

Liafio F, Felipe C, Tenorio MT, Rivera M, Abraira V, Séez-
de-Urturi JM, et al. Long-term outcome of acute tubular
necrosis: a contribution to its natural history. Kidney Int.
2007;71:679-86. doi: 10.1038/sj.ki.5002086.

Lafrance JP, Miller DR. Acute kidney injury associates
with increased long-term mortality. ] Am Soc Nephrol.
2010;21:345-52. doi: 10.1681/ASN.2009060636.
Quan H, Sundararajan V, Halfon P, Fong A, Burnand B,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Outcome of acute kidney injury survivors

LuthiJC, etal. Coding algorithms for defining comorbidities
in ICD-9-CM and ICD-10 administrative data. Med Care.
2005;43:1130-9.

Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C,
Warnock DG, et al. Acute Kidney Injury Network: report
of an initiative to improve outcomes in acute kidney injury.
Crit Care. 2007;11:R31. doi: 10.1186/cc5713.

Bagshaw SM, Uchino S, Cruz D, Bellomo R, Morimatsu H,
Morgera S, et al. A comparison of observed versus estimated
baseline creatinine for determination of RIFLE class in
patients with acute kidney injury. Nephrol Dial Transplant.
2009;24:2739-44. doi: 10.1093/ndt/gfp159.

Hoste EA, Schurgers M. Epidemiology of acute
kidney injury: how big is the problem? Crit Care Med.
2008;36:5146-51. doi: 10.1097/CCM.0b013e318168c590.
Heras M, Fernandez-Reyes M]J, Guerrero MT, Sanchez R,
Mufioz A, Molina A, et al. Acute renal failure predictors in
elderly patients with chronic kidney disease. Nefrologia.
2012;32:819-23. doi: 10.3265/Nefrologia.pre2012.
Sep.11631.

Pereira MB, Zanetta DMT, Abdulkader RCRM. The
real importance of pre-existing comorbidities on long-
term mortality after acute kidney injury. PLoS One.
2012;7:e47746.  doi:  10.1371/journal.pone.0047746.
Yang E Zhang L, Wu H, Zou H H, Du Y. Clinical analysis
of cause, treatment and prognosis in acute kidney injury
patients. PloS One. 2014;21;9:€85214. doi: 10.1371/journal.
pone.0085214.

Harel Z, Bell CM, Dixon SN, McArthur E, James MT, Garg
AX, et al. Predictors of progression to chronic dialysis in
survivors of severe acute injury: a competing risk study.
BMC Nephrol. 2014;15:114. doi: 10.1186/1471-2369-15-
114.

Stads S, Fortrie G, van Bommel J, Zietse R, Betjes MG.
Impaired kidney function at hospital discharge and long-
term renal and overall survival in patients who received
CRRT. Clin J Am Soc Nephrol. 2013;8:1284-91. doi:
10.2215/CJN.06650712.

Basile DP. The endothelial cell in ischemic acute kidney
injury: implications for acute and chronic function. Kidney
Int. 2007;72:151-6. doi: 10.1038/sj.ki.5002312.

Thakar CV, Christianson A, Himmelfarb ], Leonard
AC. Acute kidney injury episodes and chronic kidney
disease risk in diabetes mellitus. Clin ] Am Soc Nephrol.
2011;6:2567-72. doi: 10.2215/CJN.01120211.

Gao Z, Mu DW, Guo L, Li XM, Lun LD. Etiological factors,
prognostic assessment, and outcomes of patients with acute
kidney injury and multiple organ dysfunction syndrome.
Genet Mol Res. 2014;13:8378-84. doi: 10.4238/2014.
October.20.13.

Zhou Q, Zhao C, Xie D, Xu D, Bin J, Chen P, et al. Acute
and acute-on-chronic kidney injury of patients with
decompensated heart failure: impact on outcomes. BMC
Nephrol. 2012;13:51. doi: 10.1186/1471-2369-13-51.
Gammelager H, Christiansen CFE, Johansen MB, Tennesen
E, Jespersen B, Serensen HT. One-year mortality among
Danish intensive care patients with acute kidney injury:
a cohort study. Crit Care. 2012;16:R124. doi: 10.1186/
cc11420.

Obialo CL, Okonofua EC, Nzerue MC, Tayade AS, Riley
LJ. Role of hypoalbuminemia and hypocholesterolemia as
copredictors of mortality in acute renal failure. Kidney Int.
1999;56:1058-63.

http://journalrip.com

Journal of Renal Injury Prevention, Volume 5, Issue 2, June 2016 67



Hamzi¢-Mehmedbasic¢ A et al

25.

26.

27.

28.

Berbel MN, de Gdes CR, Balbi AL, Ponce D. Nutritional
parameters are associated with mortality in acute kidney
injury. Clinics (Sao Paulo). 2014;69:476-82. doi: 10.6061/
clinics/2014(07)06.

Ozturk S, Arpaci D, Yazici H, Taymez DG, Aysuna N, Yildiz
A, et al. Outcomes of acute renal failure patients requiring
intermittent hemodialysis. Ren Fail. 2007;29:991-6. doi:
10.1080/08860220701641819.

Wan L, Bagshaw SM, Langenberg C, Saotome T, May C,
Bellomo R. Pathophysiology of septic acute kidney injury:
What do we really know? Crit Care Med. 2008;36:5198-
203. doi: 10.1097/CCM.0b013e318168ccd5.

Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera

29.

30.

S, Schetz M, et al. Septic acute kidney injury in critically ill
patients: clinical characteristics and outcomes. Clin ] Am
Soc Nephrol. 2007;2:431-9. doi: 10.2215/CJN.03681106.
Daher EE Marques CN, Lima RS, Silva Junior GB, Barbosa
AS, Barbosa ES, et al. Acute kidney injury in an infectious
disease intensive care unit - an assessment of prognostic
factors. Swiss Med WKkly. 2008;138:128-33. doi: 2008/09/
smw-12062.

Sawhney S, Mitchell M, Marks A, Fluck N, Black C. Long-
term prognosis after acute kidney injury (AKI): what is the
role of baseline kidney function and recovery? A systematic
review. BMJ Open. 2015;5:e006497corrl. doi:10.1136/
bmjopen-2014-006497corrl.

Copyright © 2016 The Author(s); Published by Nickan Research Institute. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

68

Journal of Renal Injury Prevention, Volume 5, Issue 2, June 2016

http://journalrip.com



