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The effect of resolution time of acute kidney injury on
clinical outcomes
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ABSTRACT

Acute kidney injury (AKIl) is a frequent and complex disease. It is not clearly defined whether its duration is related to adverse
outcomes. We determined the effect of AKI resolution time on patient’s clinical outcomes. A prospective cohort of hospitalized
patients with AKI by AKI network (AKIN) creatinine criteria was included. Variables for prognosis and follow-up were analyzed.
One hundred and thirteen patients were included in the study. Seventy-seven (68.1%) were males, mean age 55 years (range,
16-76 years), and 48 (42.5%) were diabetic. The most common cause of AKI was sepsis (31%). AKI resolution time <2 days
and >2 days was seen in 47 (41.6%) and 66 (58.4%) of the cases, respectively. AKI resolution time >2 days was common
in older patients (66.24 + 17.6 year vs. 47.16 £ 12.32 year, P = 0.004), with the use of mechanical ventilation (27% vs. 4%,
P =0.02) and vasopressors (41% vs. 11%, P < 0.01); it was associated with increased mortality (47% vs. 4%, P < 0.01), and a
discharge estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 m? (52% vs. 2%, P = 0.01), than in patients with resolution
time <2 days. Survival rate was significantly worse in patients with a resolution time >2 days. By multivariate logistic step-wise
regression analysis, AKI >2days, vasopressor use, and AKIN stage 2—3 were independently associated with higher mortality.
AKI >2 days and vasopressor utilization were independently associated to an eGFR <60 ml/min/1.73 m? at the time of discharge.
We conclude that AKI resolution time >2 days is linked to adverse clinical outcomes.
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Introduction between 50% and 70%.'°®! In addition, AKI is associated
with increased hospitalization expenditures, poor quality
Acute kidney injury (AKI) is the real epidemic of  of life, and higher hospital complications.®**
nephrology™ and its frequency is on the rise.™ It is present
in up to 5% of hospital admissions and in 5% to 20% of  AKI has been traditionally diagnosed by the sudden
hospitalized patients.># It has been reported that close  rise of serum creatinine (SCr) and reduction of urinary
to 25% of patients in Intensive Care Units (ICU) develop output by risk, injury, failure, loss, and end-stage
this complication,™ and half of them would require  renal disease (RIFLE)!* and AKI network (AKIN)!®!
renal replacement therapy.'™ The risk of developing AKI ~ classifications, and more recently by kidney disease
during hospitalization is high, and mortality can reach ~ improving global outcomes (KDIGO) guidelines.
These classification systems do not assign a value to the
time of AKI resolution. In the present study, we evaluate
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Materials and Methods

From January 2009 to January 2010, a prospective
cohort study was conducted in hospitalized patients
diagnosed with AKI by the AKIN SCr criteria.™'!! Patients
older than 16 years of age, with serial SCr, who met the
AKIN criteria, were included in the analysis. Baseline
SCr was considered when the patient had a SCr of at
least 3 months before hospitalization; in those cases
without a baseline SCr, it was estimated using the
Modification of Diet in Renal Disease, assuming a
baseline estimated glomerular filtration rate (eGFR) of
75 ml/min/1.73 m?, as suggested by KDIGO guidelines.!*
The peak SCr during hospitalization was chosen to classify
AKIN stage. A prolonged resolution time was defined
as >2 days for SCr to return to baseline value.” An
eGFR <60 ml/min/1.73 m? at the time of discharge
was considered abnormally low. Patients with baseline
chronic kidney disease (eGFR <60 ml/min/1.73 m?) and
without serial SCr readings, and those with a history of
end-stage renal disease or kidney transplantation were
excluded from the analysis. Only the first episode of
AKI was recorded. Resolution of AKI was defined as an
eGFR =60 ml/min/1.73 m? on follow-up.

Demographic information, laboratory results, as well
as clinical evolution data were obtained from medical
records. Demographic information is presented as simple
relative frequencies. Pearson’s Chi-square or Fisher’s exact
tests were used when appropriate to compare frequencies
for nominal qualitative variables between two groups
or to evaluate the homogeneity in the distribution of
variables in three or more groups. Student’s t-test was
used to compare continuous variables between two
groups: To compare three or more groups, analysis of
variance was used.

All values for P in comparisons and correlations were
calculated and considered as significant when P < 0.05.
The relative risk and confidence intervals (CIs) were
estimated at 95% (CI 95%). Survival analysis was
determined by Kaplan-Meier analysis. Multivariate
stepwise logistic regression analysis was employed to
evaluate the association between AKI resolution time
and mortality. PASW Statistics software version 18.0 and
SPSS version 15.0 (SPSS Inc., Chicago IL) were used in
all the calculations.

Results

One hundred and thirteen patients were included in
the analysis [Table 1]. None of the patients were on
vasopressors or mechanical ventilation at baseline.
About 77 (68.1%) were males, with a mean age of

Table 1: Demographic and clinical characteristics of

patients
Characteristic n=113
Gender

Male (%) 77 (68.1)
Age (years) 55+9.0
Diabetes (%) 48 (42.5)
Hypertension (%) 53 (46.9)
Neoplasm (%) 2(1.76)
Use of analgesics (%) 11 (9.73)
Sepsis (%) 35 (31.0)
CHF (%) 25 (22.8)
DKA (%) 15 (12.7)
Dehydration (%) 10 (8.8)
Hypovolemic shock (%) 9(7.9)
HHS (%) 5(4.4)
SLE (%) 3(2.6)
Rhabdomyolysis (%) 3(2.6)
BPH (%) 2(1.8)
Hypertensive emergency (%) 2(1.8)
UTI (%) 2(1.8)
Hepatorenal syndrome (%) 2(1.8)

CHF: Congestive heart failure, DKA: Diabetic ketoacidosis,
HHS: Hyperglycemic hyperosmolar state, SLE: Systemic lupus erythematous,
BPH: Benign prostatic hyperplasia, UTI: Urinary tract infection

55 years (range, 16-76 years); 48 (42.5%) were diabetic,
53 (46.9%) had hypertension, 2 (1.7%) had malignancies,
and 11 (9.73%) had used analgesics. The most common
cause for AKI was sepsis, reported in 35 (31%) of the
cases. AKI severity was staged according to the AKIN
classification. As expected, AKIN III was associated
to prolonged hospital stay, greater use of mechanical
ventilation and vasopressors, increased mortality, and
a discharge eGFR <60 ml/min/1.73 m? [Table 2].
AKI resolution time (<2 days or >2 days) was seen in
47 (42%) and 66 (58%) patients, respectively. In patients
with a resolution time <2 days, 27 (67%) had AKIN I,
18 (34%) AKIN II, and 2 (10%) AKIN III. Resolution
time >2 days was seen in 66 (58%) patients, 13 (33%)
AKIN I, 35 (66%) AKIN II, and 18 (90%) AKIN III. A total
of 33 (29%) patients died.

AKI resolution time >2 days was more commonly
associated to old age (66.24 += 17.6 year vs.
47.16 £ 12.32 year, RR 1.16 CI 95% 1.05-1.29
P = 0.004); to the use of mechanical ventilation
(27% vs. 4%, RR 4.82 CI 95% 1.27-18.3, P = 0.02) and
vasopressor use (41%vs. 11%, RR 3.31, CI 95% 1.44-7.62,
P < 0.01); it was also associated to increased mortality
(47% vs. 4%, RR 9.28, C195% 2.38-36.05, P < 0.01), and
a discharge eGFR <60 ml/min/1.73 m? (54.5% vs. 2%,
P = 0.01) than in patients with resolution time <2 days.
Eight (12%) patients with a resolution time >2 days
required dialysis [Table 3].

Survival rate was significantly worse in patients with
a resolution time >2 days (P < 0.01) [Figure 1].
By multivariate logistic step-wise regression
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Table 2: Patients with acute kidney injury by acute kidney injury network stages and clinical outcomes

Clinical outcome Total (n=113) AKIN I (n=40) AKIN II (n=53) AKIN IIl (n=20) P
Age, years 55+9.0 53+8.51 53+9.43 64+16.23 0.12
Male gender (%) 77 (68) 27 (67) 34 (64) 16 (80) 0.05
Hospital stay >7 days (%) 55 (49) 10 (25) 31 (58) 14 (70) 0.02
Mechanical ventilation (%) 20 (17) 4 (10) 6 (11) 10 (50) 0.01
Use of vasopressors (%) 32 (28) 8 (20) 8 (16) 16 (80) 0.01
Dialysis support (%) 8(7) 0 0 8 (40)
Death (%) 33 (29) 4 (10) 15 (28) 14 (70) 0.01
eGFR <60 ml/min/1.73 m? (%) 43 (38) 10 (25) 15 (28) 18 (90) 0.01
AKI resolution time <2 days, n (%) 47 (41) 27 (67) 18 (34) 2(10) 0.001
AKI resolution time >2 days, n (%) 66 (59) 13 (33) 35 (66) 18 (90) 0.001
AKI: Acute kidney injury, AKIN: Acute kidney injury network, eGFR: Estimated glomerular filtration rate
Table 3: Resolution time and clinical course of acute kidney injury
Clinical outcome <2 days (n=47) >2 days (n=66) RR (Cl 95%) P
Age (years) 47.16+12.32 66.24+17.6 1.16 (1.05-1.29) 0.004
Mechanical ventilation, n (%) 2(4) 18 (27) 4.82 (1.27-18.3) 0.02
Use of vasopressors, n (%) 5(11) 27 (41) 3.31 (1.44-7.62) <0.01
Dialysis n (%) 0 8(12)
Death, n (%) 2 (4) 31 (47) 9.28 (2.38-36.05) <0.01
Discharge serum creatinine >1.5 mg/dl 12 34 (52) 9.48 (2.26-39.47) <0.01
RR: Relative risk, Cl: Confidence interval
and KDIGO"® have an implicit dose-response relationship
' 4 between the AKI severity and prognosis. However, these
<2 days systems do not take into account the time of recovery
" for AKI.'7) AKI resolution time has been associated to
increased hospitalization expenditures, poor quality of
064 . . . . .
life, higher hospital complications, and elevated death
. >2 days rate.[>1316] A fast resolution could suggest that the cause

p= <0.01 log-rank
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Figure 1: Thirty days survival time for acute kidney injury according to
resolution time

analysis, AKI >2 days (odds ratio [OR] 8.67,
95% CI 1.09-64.48; P < 0.05), vasopressor use (OR 14.72,
95% CI 2.72-82.63; P < 0.05), mechanical ventilation
(OR 18.54, 95% CI 2.21-155.09 P < 0.05), and AKIN
stage 2-3 (OR 8.75, 95% CI 1.03-74.27; P < 0.05)
were independently associated with higher mortality.
AKI >2 days (OR 54.93, 95% CI 6.76-446.12; P < 0.05)
and vasopressor utilization (OR 6.42, 95% CI 1.81-22.67;
P < 0.05) were independently associated to an
eGFR <60 ml/min/1.73 m? at the time of discharge.

Discussion

The duration of AKI has been linked to adverse clinical
evolution and could provide additional information to
the increase in SCr or the decrease of urinary output.
Current classification systems such as RIFLE, 4 AKIN, 15!

was not an intrinsic kidney injury since regeneration of
the tubular damage as well as cellular differentiation
usually take more than 48 h.!81]

In our study, a prolonged resolution time was associated to
worse clinical outcomes such as the need for mechanical
ventilation, the use of vasopressors, longer hospital stay,
a discharge eGFR <60 ml/min/1.73 m? and higher
mortality. As expected, when grouping patients by AKIN
stages, an elevated mortality rate was found as AKIN
stages progressed. However, in addition to AKI severity,
a greater mortality rate was observed in patients with
AKI >2 days.

The effect of AKI duration on long-term mortality has
been examined previously. Persistent AKI is associated to
increased mortality compared to patients without AKI.2"]
Brown et al., in a postheart surgery cohort, confirmed that
AKI duration in days is associated to a worse long-term
survival rate.?!! Our follow-up period of 30 days, at
most, does not allow us to perform long-term analysis,
but it is reasonable to assume that a lengthy resolution
is associated to a worse clinical course and survival
rates. In addition, we found a significant correlation
between age and a resolution time >2 days for AKIN
AKI, similar to observations made in other studies where
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age plays a key role in the clinical evolution, particularly
in patients over 65 years; age is a nonmodifiable risk
factor for many illnesses, among them AKI. This risk has
been related to structural and functional changes in the
kidney.[*¥) In patients over 65 who develop AKI in acute
care settings, only 40% recovered after 28 days, 50%
died at 60 days, and only a few survived after 1 year.[?!
Even with a slight SCr increase, older patients with an
acute myocardial infarction and AKI have significantly
high long-term mortality.’?? When divided by AKI
duration (<2 days vs. >2 days), we found a significant
difference in the eGFR at the time of discharge. Patients
with a duration >2 days had a significant risk of
presenting an eGFR <60 ml/min/1.73 m? at the time of
discharge. In addition, the resolution time >2 days was
significantly associated to the greater use of mechanical
ventilation. The kidney and lung have direct interactions
and it is frequent for both organs to fail and dramatically
increase mortality.*®! Although we cannot determine
causality, since no invasive measurements were made
for lung hemodynamics, this link points toward the
evidence of increased inflammatory trafficking and
increased pulmonary vasculature permeability™?*? as an
added result of mechanical ventilation. Alkandari et al.
demonstrated in a retrospective cohort of children that
AKl is a risk factor for prolonged mechanical ventilation,
as well as being linked to more hospital days and increased
mortality.?®! In addition, a resolution time >2 days was
associated to an increased use of vasopressors. Although
we cannot establish a cause-effect relationship, the clinical
impact is a worse hemodynamic scenario. In a critically
ill patient, self-regulation of the kidney vasculature
is diminished and varies according to the cardiac
output.?27) The relation between hemodynamic changes
and progression of AKI in sepsis is not well known.
Poukkanen et al. demonstrated that during septic shock, a
median arterial pressure >73 mmHg is linked to a lower
incidence of AKI.?® Plataki et al., in an observational
cohort of patients with septic shock, reported that the
use of phenylephrine was significantly linked to the
development of AKI, unlike the use of norepinephrine
and vasopressin.”

Our study presents several limitations. First, the low
number of patients could limit AKI resolution time and
outcomes. Generalization of our findings and the short
follow-up time does not allow for long-term analysis of
AKI evolution. Second, we did not measure urine output
or urine biomarkers. We only took into account SCr AKI
criteria, which could underestimate the diagnosis of AKI;
finally, we did not perform kidney biopsies to demonstrate
the presence of acute tubular necrosis and its severity,
which could have resulted in longer duration of AKI.

Conclusion

AKI resolution time >2 days was associated to a higher
mortalityrate and to adischarge eGFR <60 ml/min/1.72 m?
The duration of AKI seems to be independently linked to
adverse clinical evolution, and could provide additional
information to AKI severity. Further studies can approach
AKI in two dimensions: The magnitude of the SCr increase
and the resolution time. This data need to be validated
in other AKI settings and used in future clinical studies.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Hsu RK, McCulloch CE, Dudley RA, Lo LJ, Hsu CY. Temporal
changes in incidence of dialysis-requiring AKI. J Am Soc Nephrol
2013;24:37-42.

2. Rifkin DE, Coca SG, Kalantar-Zadeh K. Does AKI truly lead to
CKD? J Am Soc Nephrol 2012;23:979-84.

3. Uchino S, Bellomo R, Goldsmith D, Bates S, Ronco C. An
assessment of the RIFLE criteria for acute renal failure in
hospitalized patients. Crit Care Med 2006;34:1913-7.

4. Nash K, Hafeez A, Hou S. Hospital-acquired renal insufficiency.
Am J Kidney Dis 2002;39:930-6.

5. Shusterman N, Strom BL, Murray TG, Morrison G, West SL,
Maislin G. Risk factors and outcome of hospital-acquired
acute renal failure. Clinical epidemiologic study. Am J Med
1987;83:65-71.

6. Brivet FG, Kleinknecht DJ, Loirat P, Landais PJ. Acute renal
failure in intensive care units — Causes, outcome, and prognostic
factors of hospital mortality; a prospective, multicenter study.
French Study Group on Acute Renal Failure. Crit Care Med
1996;24:192-8.

7. Turney JH. Why is mortality persistently high in acute renal failure?
Lancet 1990;335:971.

8. Cosentino F, Chaff C, Piedmonte M. Risk factors influencing
survival in ICU acute renal failure. Nephrol Dial Transplant
1994;9 Suppl 4:179-82.

9. Coca SG, King JT Jr., Rosenthal RA, Perkal MF, Parikh CR.
The duration of postoperative acute kidney injury is an additional
parameter predicting long-term survival in diabetic veterans.
Kidney Int 2010;78:926-33.

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 and meta-analysis. Am J Kidney Dis
2009;53:961-73.

11. Lafrance JP, Miller DR. Acute kidney injury associates with
increased long-term mortality. J Am Soc Nephrol 2010;21:345-52.

12. Coca SG. Acute kidney injury in elderly persons. Am J Kidney Dis
2010;56:122-31.

13. Kellum JA, Ronco C. Dialysis: Results of RENAL — What is the
optimal CRRT target dose? Nat Rev Nephrol 2010;6:191-2.

14. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P;
Acute Dialysis Quality Initiative Workgroup. Acute renal
failure — Definition, outcome measures, animal models, fluid
therapy and information technology needs: The Second
International Consensus Conference of the Acute Dialysis Quality

102 ‘ Volume 27 / Issue 2 / March-April 2017

Indian Journal of Nephrology



15.

16.

17.

18.

19.

20.

21.

22.

Chavez-lfiguez, et al.: AKI resolution time and outcomes

Initiative (ADQI) Group. Crit Care 2004;8:R204-12.

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.

Kidney Disease: Improving Global Outcomes (KDIGO) Acute
Kidney Injury Work Group. KDIGO clinical practice guideline for
acute kidney injury. Kidney Int Suppl 2012;2:1-138.

Lopes JA, Fernandes P, Jorge S, Gongalves S, Alvarez A,
Costa e Silva Z, et al. Acute kidney injury in intensive care unit
patients: A comparison between the RIFLE and the Acute Kidney
Injury Network classifications. Crit Care 2008;12:R110.
Bonventre JV. Dedifferentiation and proliferation of surviving
epithelial cells in acute renal failure. J Am Soc Nephrol
2003;14 Suppl 1:S55-61.

Thadhani R, Pascual M, Bonventre JV. Acute renal failure. N Engl
J Med 1996;334:1448-60.

VA/NIH Acute Renal Failure Trial Network, Palevsky PM,
Zhang JH, O’Connor TZ, Chertow GM, Crowley ST, et al. Intensity
of renal support in critically ill patients with acute kidney injury.
N Engl J Med 2008;359:7-20.

Brown JR, Kramer RS, Coca SG, Parikh CR. Duration of acute
kidney injury impacts long-term survival after cardiac surgery. Ann
Thorac Surg 2010;90:1142-8.

Newsome BB, Warnock DG, McClellan WM, Herzog CA, Kiefe Cl,
Eggers PW, et al. Long-term risk of mortality and end-stage
renal disease among the elderly after small increases in serum
creatinine level during hospitalization for acute myocardial

23.

24.

25.

26.

27.

28.

29.

infarction. Arch Intern Med 2008;168:609-16.

Yap SC, Lee HT. Acute kidney injury and extrarenal organ
disfunction: New concepts and experimental evidence.
Anesthesiology 2012;116:1139-1148

Seeley EJ. Updates in the management of acute lung injury: A
focus on the overlap between AKl and ARDS. Adv Chronic Kidney
Dis 2013;20:14-20.

Yap SC, Lee HT. Acute kidney injury and extrarenal organ
dysfunction: New concepts and experimental evidence.
Anesthesiology 2012;116:1139-48.

Alkandari O, Eddington KA, Hyder A, Gauvin F, Ducruet T,
Gottesman R, et al. Acute kidney injury is an independent risk
factor for pediatric intensive care unit mortality, longer length of
stay and prolonged mechanical ventilation in critically ill children:
A two-center retrospective cohort study. Crit Care 2011;15:R146.
Prowle JR, Molan MP, Hornsey E, Bellomo R. Measurement of
renal blood flow by phase-contrast magnetic resonance imaging
during septic acute kidney injury: A pilot investigation. Crit Care
Med 2012;40:1768-76.

Poukkanen M, Wilkman E, Vaara ST, Pettila V, Kaukonen KM,
Korhonen AM, et al. Hemodynamic variables and progression
of acute kidney injury in critically ill patients with severe sepsis:
Data from the prospective observational FINNAKI study. Crit Care
2013;17:R295.

Plataki M, Kashani K, Cabello-Garza J, Maldonado F, Kashyap R,
Kor DJ, et al. Predictors of acute kidney injury in septic shock
patients: An observational cohort study. Clin J Am Soc Nephrol
2011;6:1744-51.

Indian Journal of Nephrology

Volume 27 / Issue 2 / March-April 2017 ‘ 103



