Association between Urinary Potassium Excretion and Acute

Kidney Injury in Critically I1l Patients

Nadikuda Sunil Kumar'®, Garipalli Nikilesh Kumar?®, Krushna C Misra®, Manimala Rao*®, Suneetha Chitithoti®®, Surya Y
Prakash®

ABSTRACT

Introduction: Acute kidney injury (AKI) is defined in terms of serum creatinine (SrCrt) and urine output (UO). AKI occurs in 25% of critically ill
patients, which increases the risk of morbidity and mortality. Early diagnosis of AKl is challenging, as utility of biomarkers is limited. This study
is the first of its kind to estimate urinary potassium (UrK) excretion and its association with AKl in an Indian intensive care unit (ICU).

Aims and objectives: To study the association between UrK excretion and its ability to predict AKl in ICU patients.

Material and methods: During this prospective observational study, the patient’s urinary indices and renal function tests were measured on
day 1 of the ICU admission. UrK excretion and creatinine clearance (CrCl) were calculated from a 2-hour morning urine sample. Association
between 2-hour UrK excretion and calculated CrCl and their ability to predict AKl in the subsequent 7 days was evaluated by Kidney Disease
Improving Global Outcome (KDIGO)-AKI grading .

Results: Hundred patients admitted to ICU with a mean age of 53.59 + 15.8 years were studied. The mean UrK excretion of 4.39 + 2.52 was
correlated linearly with CrCl and has a better prediction to AKI with the area under the receiver-operating characteristic curve value of 0.809 (Cl
0.719-0.899), with a significant p-value (p < 0.05). UrK excretion value of 3.49 on day 1 of ICU admission had 87% sensitivity and 74% specificity
in predicting AKI. Thirty-one (31%) developed AKI, of which seven (22.58%) required renal replacement therapy (RRT), with 19% of all-cause
mortality.

Conclusion: Diagnosis of AKI with traditional methods is not promising. UrK excretion correlates well with CrCl, which can be considered as the

simplest accessible marker for predicting AKIl in ICUs.
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INTRODUCTION

Acute kidney injury (AKI) is one among the majority of admissions
toward hospitals and ICUs; the incidence of AKI is around
25% among critically ill patients, which increases the risk of
morbidity and mortality.! Early diagnosis and monitoring of AKl is
challenging, as utility of biomarkers as bedside tools is limited.?*
Infections, chemicals, animal and plant toxins, and obstetric
complications are the leading causes of AKl in tropical countries.’

AKl is defined in terms of a rise in serum creatinine (SrCrt) by
0.3 mg/dL within 48 hours; orarisein SrCrt by 1.5 times from baseline,
which is known or presumed to have occurred within the prior 7 days;
or drop in urine volume up to 0.5 mL/kg/hour for 6 hours.®

Diagnosis of AKlis dependent on changes in urine output (UO)
and SrCrt.% To detect AKI with UO as a criterion at ICU admission,
took a median of 13 hours [interquartile range (IQR) 7-22 hours;
using Risk, Injury, Failure, Loss of kidney function and End stage
kidney disease (RIFLE) definition] after admission compared to a
median of 24 hours using SrCrt as a criterion (IQR 24-48 hours).”
Both these criteria have their own limitations.®

The incidence of AKI among critically ill patients is associated
with higher morbidity and mortality, especially in patients
receiving renal replacement therapy (RRT).>'® AKI prolongs hospital
stay, increases costs, and worsens long-term renal function."
Approximately 5 to 20% of patients, who survive a hospitalization
with RRT, will continue receiving RRT at discharge, and the risk of
end-stage renal disease and chronic kidney disease (CKD) rises by
three and eight folds, respectively.'?
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SrCrt levels are influenced by many other factors apart from
glomerular filtration rate (GFR), like age, gender, muscle mass,
muscle metabolism, hydration, and drugs.” In patients who are
critically ill, there is a surge in volume of distribution leading to
a decrease in SrCrt levels and delayed AKI diagnosis." In sepsis,
there is decreased production or decreased release of creatinine
from muscles.” Acute changes in GFR do not project onto SrCrt,
as the equilibrium between production and elimination takes few
days duration to occur, thus SrCrt underestimates the degree of
renal functional loss, especially in the initial 48 hours of an insult.'®

The quantification of UO may be erroneous without a urinary
catheter, which is preferred only in critically ill patients.” On
average, 33% of patients with diagnosed AKI are nonoliguric.'®
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Nonoliguric states may be seen in almost all types of AKI, including
hypotensive, traumatic, postoperative, rhabdomyolysis, and
nephrotoxic. In critically ill patients, volume expansion, aggressive
fluid resuscitation, high-dose diuretics, and renal vasodilators lead
to nonoliguric AKI.2

Owing to the reasons quoted above, measurements of SrCrt
and UO as markers to predict AKl are not reliable in ICUs. Similarly,
biomarkers have their own limitations in predicting AKl as they are
costly, and no single marker is specific and has slow turnaround
time, making the diagnosis of AKI challenging in ICUs."

Urinary indices are another domains being used in the diagnosis
of AKI. Urinary biochemistries are being studied extensively in
recent times. As these are simple to perform, noninvasive, cost-
effective, and available in daily clinical practice, and they have been
even studied in sepsis patients for diagnosing AKls.22°

The human body is per se a potassium manufacturer unit. The
kidney has an ability to reabsorb potassium from the glomerular
filtrate and can secrete actively potassium primarily from H/K-
ATPase in the intercalated cells and Na/K-ATPase cells located
in the distal convoluted tubule (controlled by aldosterone) and
collecting duct to maintain potassium homeostasis. Due to a
combination of reduction in GFR and tubular function, a surge in
plasma potassium (PIK) concentration is not rare in patients with
severe chronic renal failure. Evidence suggests that CKD patients
who maintain a reasonable amount of daily urinary potassium (UrK)
excretion have a better long-term prognosis than patients with a
lower UrK excretion.?' It is still uncertain whether UrK excretion
would be a useful tool in identifying patients who are at risk of AKI
in the acute care setting."

This study is the first of its kind done in an Indian ICU to estimate
UrK excretion and its association with AKI. The present study was
aimed to identify the association between 2-hour UrK excretion
and simultaneously calculated creatinine clearance (CrCl) and its
role in diagnosing AKI.

MATERIALS AND METHODS

Overview

This prospective, observational study was performed under the
supervision of the institutional ethical committee in an ICU of South
India from August 2019 to February 2020. After explaining the study,
an informed, written consent was taken from all the ICU patients or
their near ones, who fulfilled the inclusion criteria, for measuring
urinary indices and renal function tests to conduct the study.

Patients were categorized as eligible for inclusion into the
study if they were of age group between 16 and 85 years and were
enrolled in the first 24 hours of the ICU admission with urinary
catheter in situ.

The patients were excluded from the study, if they received
any diuretic in the first 24 hours of ICU admission, had preexisting
renal failure, or any form of RRT prior to admission, and those who
are anuric on admission.

Procedure

All patients fulfilling the inclusion criteria were subjected to testing
of the urinary indices along with renal function tests on day 1 of ICU
admission. The patient’s demographic data, baseline acute physiology
and chronic health evaluation (APACHE Il), and sequential organ failure
assessment (SOFA) were also measured. The patient’s urine volume was
measured between 4 a.m. and 6 a.m. (fixed time daily for uniformity),
on the day of ICU admission, and these 2-hour samples were sent for
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measuring urinary indices like urinary sodium (UrNa), Urk, and urinary
creatinine. The blood was sent for serum electrolytes and renal function
tests measured on day 1 during the same time. UrK excretion and CrCl
were calculated from this 2-hour urine sample.

UrK excretion was calculated by multiplying the amount of UrK
excreted in the 2-hour urinary sample (mmol/L) with the measured
2-hour urinary volume in liters to give mmol of potassium excreted
inthe 2 hours. CrCl s calculated by formula [Urine creatinine/plasma
creatinine (PICrt)] x (Urine volume/Time).

The patients were followed up for the subsequent 7 days for
measuring the peak SrCrt values and UO, KDIGO-AKI grading, the
need for RRT, the vasopressor requirement, the ventilator support,
ICU, hospital stay, and the mortality in the enrolled patients were
recorded.

Statistical Analysis

The association between 2-hour UrK excretion and simultaneously
calculated CrCl of critically ill patients and their ability to predict
AKlin the subsequent 7 days was evaluated by KDIGO-AKI grading
(>stage 1) were assessed using Microsoft Excel, SPSS.

Discrete variables were expressed as counts and continuous
variables as mean + standard deviation. Pearson’s correlation
coefficient was used to assess the degree of linear relationship
between UrK excretion and the calculated 2-hour CrCl. The area
under the receiver-operating characteristic (AUROC) curve was
used to assess the ability of UrK excretion (in 2 hours) and calculated
2-hour CrCland was used to predict the risk of KDIGO-AKI grading
(>stage 1). A p-value of < 0.05 was taken as statistically significant.

REesuLTs

Hundred patients who fulfilled the inclusion criteria were studied;
mean age among the study population was 53.59 + 15.8 years, of
which 63 were males and 37 were females with a mean APACHE I
and SOFA scores of 11 and 3, respectively. Mean ICU stay of these
patients was 5.7 + 3.5 days.

Mean UrK excretion of 4.39 + 2.52 was linearly correlated with
CrCl and found to have a better prediction for AKI with an AUROC
value of 0.809 [95% confidence interval (Cl) 0.719-0.899] and with
a significant p-value (p <0.05). A UrK excretion value of 3.49 had
a sensitivity of 87% and specificity of 74% in predicting the risk of
AKl'in ICU patients (Figs 1 and 2).
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Fig. 1: ROC curve of urinary potassium excretion and creatinine clearance
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Fig. 2: Scatter plot and Pearson's correlation coefficient between urinary
potassium excretion and creatinine clearance
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Fig. 3: Study parameters distribution among the study population

Thirty-one (31%) out of the total study population developed
AKI, of which only seven (22.58%) required RRT support. Forty-
three (43%) required ventilator support, and 23 (23%) required
vasopressor support, out of the total study population. Nineteen
patients (19%) out of the total 100 population expired; among them,
11 (35.48%) died out of 31 who were diagnosed to be having AKland
five (71.42%) died out of seven who required RRT support (Fig. 3).

Discussion

In hospital, the development of AKI is a common complication of
many different disease states, including sepsis, toxic exogenous,
endogenous substances, dehydration, acute chronic liver failure,
heart failure, and shock due to various causes.? In tropical countries,
causes can be broadly divided into those caused by infection,
chemicals or obstetrics complications, and animal or plant toxins.’
Long-term outcomes of AKl secondary to acute tubular necrosis
(ATN) have shown increased chances of chronic renal failure as a
long-term complication, particularly in the elderly,and an increased
mortality in such cases during the acute hospitalization phase.?
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AKl is characterized by a sudden decline in kidney function and
manifested by an increase in SrCrt level with or without decreased
UO. SrCrt value is used as a surrogate marker for estimation of the
GFR and aid for the diagnosis of AKI. Drawbacks associated with
SrCrt as the measure for diagnosis of AKl are that the value of SrCrt is
influenced by various factors like age, gender, muscle mass, muscle
metabolism, hydration status, and medications. Acute changes in
the GFR are not often followed by a simultaneous increase in SrCrt
concentrations. Thus, SrCrt underestimates the degree of drop in renal
function, especially in the first 48 hours of post-insult period. SrCrt is
alate biomarker of drop in GFR in diagnosis of AKI. There is a need for
some easily assessed blood and urine parameters that are potentially
useful in AKI diagnosis and monitoring in low-resource settings.*'°

Measuring UO to estimate AKl also has its own limitations. The
reasons are being as it is not always feasible to quantify urine in
all the patients and over that, 33% of patients at AKI diagnosis are
nonoliguric. Researchers have identified that changes in the SrCrt
and UO do not alarm early changes in intrinsic kidney injury, which
may be the most opportune time for pharmacological interventions
and management.?®

Many biomarkers were developed for an early diagnosis of
AKI. An ideal biomarker has not been developed, and no single
biomarker is self-sufficient in diagnosing AKI.>* This necessitates
sending a battery of biomarkers to diagnose AKI and act on it,
which makes the role of biomarkers limited at the bedside, as they
are expensive, not widely available, and slow turnaround time,
making AKI diagnosis is challenging process.'

Numerous studies have tried to look into blood and urinary
indices to try to establish their roles in identifying early AKI, prior
to arise in blood urea and SrCrt concentration. Increase in SrCrt is
usually observed in the next 2 days after ICU admission, but low
UrNa, and lower fractional excretion of urea (FEUr) and higher
fractional excretion of potassium (FEK) values may signal toward
a drop in GFR, even at ICU admission.'® More recently, fractional
excretion of sodium (FENa) also has been shown to be a poor
indicator in diagnosing AKI in critically ill patients, as it has been
extensively used to differentiate the type of AKI.>>?® Though FENa
and FEUr were used in diagnosis of AKI, they gave rise to many
controversies and had no diagnostic accuracy. No significant
differences were found in FENa and FEUr among patients with
and without AKI.?

Potassium handling is different from sodium and urea handling
in the renal tubules. Potassium ion is exchanged for Na-ion in the
distal renal tubules. Hence, potassium secretion is enhanced by
sodium reabsorption, which is stimulated by aldosterone, and this
is a part of the mechanism for the development of AKI. Potassium
is secreted distally in renal tubules that lead to greater and more
obvious variations in FEK, compared to FENa and FEUr. Median
FEK increases in 2 days preceding the AKI diagnosis, and patients
without AKI had stable low FEK values; moreover, patterns of FEK
were also not significantly altered by the use of a diuretic.?”’

Hyperkalemia usually occurs in the presence of a very significant
fall in GFR, a phenomenon explained by the exponential increase
in FEK with a decrease in GFR, until it reaches very low levels
(15-20 mL/minutes); hence, results regarding FEK may be in part
of an epiphenomenon of impaired GFR.?

Theoretically, increased potassium intake and use of diuretics
may interfere in the analysis, which is a limitation of our study, but
diuretic use did not seem to interfere much in the interpretation
of results.?’
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FEKis also related to the severity and duration of AKI. It increases
as AKl progress and is possibly a result of drop in GFR and associated
aldosterone activation (an attempt to maintain potassium
homeostasis). This seems to be more promising than classically
measured FENa and FEUr.?” Preliminary data on FEK indicate that
increaseinits value may signal to drop in GFRand act as a surrogate
marker of a decrease in GFR even before a rise in SrCrt.!*%’

A high FEK [FEK = (UrK x PICrt) x 100/(PIK x UrCrt)] was used
to diagnose AKI, but FEK is mathematically inversely related to the
calculated CrCl and thus acting as confounder in the relationship
between reduced CrCl and poor renal outcomes.?’

FEK values were significantly high in patients with AKI from
day 1 to 3. FEK was found to have a characteristic pattern and to
be more clinically relevant than the other FENa and FEUr. Patients
with increased creatinine usually had increased FEK. FEK has
high specificity and predictive value.'® So FEK has been recently
described as more valuable tool for AKI diagnosis and monitoring.?’”
Most of the patients were diagnosed on day 1, and the majority of
the patients with AKI had only a mild increase in SrCrt during the
observational period.'”

Single spot urinary biochemistry assessment once daily, usually
at the same hour (during the routine blood examination), is useful
and more practical than in a 24-hour urine sample. Based on this
data, we planned and executed a 2-hour urinary biochemistry study
of UrK excretion for predicting AKI."

Spot urine samples provide random information due to the
variation in urinary electrolyte concentration over the course of
the day; however, in clinical practice, a daily sequential evaluation
of these parameters in spot urine samples together with routinely
collected blood parameters seems quite useful 2282

An ideal test should have less patient discomfort, aid in the
management, need to be cost-effective, and should be of major
interest; there has always been avidity toward an ideal test.?

We initially conducted a pilot study with 35 ICU-admitted
patients and found that their UrK excretion (median 4.34, range
2.19-14.06) correlated linearly with CrCl and found to have a better
predictor of AKlwith AUROC value of 0.765(95% C1 0.609-0.921), with
a significant p-value (p = 0.032). UrK excretion value of 3.54 had a
sensitivity of 85% and specificity of 72% in predicting the risk of AKI.
We extended this study to include a total of 100 ICU patients and
found that there is a well correlation and linear relationship between
the 2-hour UrK excretion and the simultaneously calculated CrCl
in diagnosing AKI.

Mean UrK excretion of 4.39 + 2.52 for 100 patients was linearly
correlated with CrCl and found to have a better prediction to
AKI with AUROC value of 0.809 (95% Cl 0.719-0.899), with a
significant p-value (p <0.05). UrK excretion value of 3.49 had
a sensitivity of 87% and specificity of 74% in predicting the
risk of AKI in ICU patients. Thirty-one (31%) out of the total 100
population developed AKI, of which only seven (22.58%) required
RRT support.

Similar study was done by Burns and Ho in 2018, where they
concluded that UrK excretion correlates linearly with CrCland using
a cutoff point of UrK excretion <3.8 mmol in 2 hours would have a
specificity of 85% and sensitivity of 77% in predicting subsequent
AKI (KDIGO stage > 1) within 7 days of testing in critically ill patients
without recent diuretic exposure. The major limitation of Burns
and Ho study was that it was conducted in a trauma center with
younger population and the number of patients included was less.
Thus, it lacked the diversified population generally found in an
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ICU and also modest cases of sepsis patients, which was the major
strength of our study.>°

This study was conducted in diversified ICU population without
a diuretic exposure. UrK excretion as a marker of renal function
deserves further large studies, and further studies are also required
to assess whether diuretic exposure will affect the UrK excretion,
calculated CrCl, and their prediction in AKl in critically ill. This is an
alluring line of research that deserves prompt additional studies
on larger platforms.

CONCLUSION

Prediction of AKI has become underdiagnosed and challenging
with the use of traditional methods like SrCrt and UO. Urinary
biomarkers have their own limitations in AKI diagnosis. Urinary
biochemistry is gaining new importance in AKI prediction, as
they are easy, noninvasive, and cost-effective to perform. UrK
excretion is one such kind of test, which correlates well with CrCl
and predicts AKl in ICU patients. This 2-hour UrK excretion can be
used as the simplest and accessible marker for AKI prediction. Many
such newer studies on larger platform are needed in this area to
conclude these findings.
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