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Abstract

Background and objectives—Clinical care decisions to treat chronic kidney disease (CKD) in
a growing child must often be made without the benefit of evidence from clinical trials. We used
observational data from the Chronic Kidney Disease in Children cohort to estimate the
effectiveness of renin-angiotensin Il-aldosterone system blockade (RAAS) to delay renal
replacement therapy (RRT) in children with CKD.

Methods—=851 participants (median age: 11 years, median glomerular filtration rate [GFR]: 52
ml/min|1.73 m2, median urine protein to creatinine ratio: 0.35 mg/mg) were included. RAAS use
was reported at annual study visits. Both Cox proportional hazards models with time-varying
RAAS exposure and Cox marginal structural models (MSM) were used to evaluate the effect of
RAAS use on time to RRT. Analyses were adjusted or weighted to control for age, male sex,
glomerular diagnosis, GFR, nephrotic range proteinuria, anemia, elevated blood pressure, acidosis,
elevated phosphate and elevated potassium.

Results—There were 217 RRT events over 4.1 years median follow-up. At baseline, 472 children
(55%) were prevalent RAAS users, who were more likely to be of older age, have a glomerular
etiology, have higher urine protein, be anemic, have elevated serum phosphate and potassium, take
more medications but less likely to have elevated blood pressure, compared to non-users. RAAS
use was found to reduce the risk of RRT by 21% (hazard ratio: 0.79) to 37% (hazard ratio: 0.63)
from standard regression adjustment models and MSM models, respectively.

Conclusions—These results support findings in adult studies of a substantial benefit of RAAS
use in pediatric CKD patients.
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INTRODUCTION

Children represent a small proportion of patients with chronic kidney disease (CKD), a
disease estimated to affect 16% of the general U.S. population [1]. Small numbers of
children with CKD contribute to the relative paucity of epidemiologic and clinical trial data
about progression and optimal treatment of CKD in this patient population. Clinicians are
frequently left with little evidence to guide clinical decision making.

Randomized controlled trial data in adults with CKD suggests that renin-angiotensin 11-
aldosterone system (RAAS) blockers such as angiotensin converting enzyme inhibitors
(ACE-I) or angiotensin receptor blockers (ARB) may slow CKD progression through blood
pressure (BP) control and other BP-independent mechanisms [2-5]. There exist no
comparable large scale prospective studies in children to assess the efficacy of RAAS
blockers in a pediatric CKD setting. Pediatric BP management guidelines for CKD patients
recommend that an ARB or ACE-I be used in children for whom treatment with BP-
lowering drugs is indicated, irrespective of the level of proteinuria [6]. However the authors
acknowledge that, “...limited direct evidence from clinical trials is available with which to
assess the efficacy of RAAS in children with CKD.” The often-cited ESCAPE (Effect of
Strict Blood Pressure Control and ACE Inhibition on the Progression of Chronic Renal
Failure in Pediatric Patients) trial provided participants in both arms of the trial with a
standardized dose of an ACE-I, and randomized participants to different levels of blood
pressure control achieved with non-RAAS blockers [7]. Results from ESCAPE suggest that
intensified BP control slowed the rate of progression to end stage renal disease (ESRD); the
effect of ACE-I/ARB use on the outcome was not directly assessed and was assumed to be
beneficial.

The dearth of clinical trial data on RAAS blocker efficacy in children with CKD will likely
persist as a clinical trial that withholds ACE-I/ARB therapy would likely be considered
unethical in the current era. This lack of direct evidence of continued benefit in patients with
advanced stages of CKD leaves clinicians with little guidance on ACE-I/ARB therapy
continuation for a pediatric patient when an increase in creatinine or serum potassium level
is observed. Thus, additional evidence of benefit is needed and assessing the effectiveness of
RAAS blockade in observational studies may provide the best available source to inform
clinical care decisions and guideline development.

There are unique challenges in quantifying the effect of therapy in an observational study
setting. Non-comparability of treated and untreated groups and dynamic use of therapy over
time can introduce bias into analytic results. Facing these challenges, we examined the range
of potential benefit associated with ACE-1/ARB therapy on time to the endpoint of dialysis
or transplant in a large pediatric CKD cohort using both traditional adjustment and marginal
structural models.
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METHODS

Study sample

The Chronic Kidney Disease in Children (CKiD) study design and cohort characteristics
have been described previously [8,9]. In brief, patients 1-16 years of age with an estimated
glomerular filtration rate (GFR) of 30 to 90 ml/min per 1.73 m2 were enrolled from 54
participating centers in North America.

Ascertainment of ACE-I/ARB use

As part of each annual study visit, children (and/or their parent or guardian) reported all
prescribed medications taken by the child in the previous 30 days, including the frequency of
each medication dose. Parents or guardians were asked to bring the child’s medications to
the study visit for confirmation of medications by study staff. Use of ACE-I/ARBs between
annual study visits was assumed to be consistent with that reported at the prior visit.
Comparisons of ACE-I/ARB discontinuers to continued users was defined based on reported
ACE-I/ARB status at the last contributing visit under observation, among those with at least
one prior visit at which ACE-I/ARB use was reported.

Covariate measurement and definitions

Kidney function was assessed by determining GFR from plasma iohexol disappearance
curves at study entry, one year later, and every other year thereafter using previously
reported methods [10]. When GFR was not directly measured, it was estimated using
published equations derived from the CKiD population [11]. In either case, GFR was scaled
to body surface area (BSA) using the Haycock equation [12]. CKD-related biomarkers were
determined at the central CKiD laboratory at the University of Rochester while complete
blood count and serum CO, were measured locally. Serum creatinine (enzymatic), BUN and
renal function panel (serum sodium, potassium, calcium and phosphorus) were analyzed on
a Bayer Advia 2400 analyzer (Siemens Diagnostics, Tarrytown NY) and cystatin C was
determined by nephelometry (Siemens Diagnostics). Details of the techniques used to
measure the first morning urine protein/creatinine ratio (uP/C) have previously been
published [13]. BP was determined at each study visit as the average of three auscultatory
measurements obtained with an aneroid sphygmomanometer [14]. The CKD diagnoses were
reviewed by the members of the CKiD Steering Committee and categorized as either
glomerular or non-glomerular etiology. Nephrotic range proteinuria was defined as uP/C >
2.0 mg/mg. Anemia was defined as hemoglobin < 5th percentile using age and sex specific
norms [15]. Elevated blood pressure was defined as systolic or diastolic BP > the 90t
percentile for age, sex, and height [16] while high normal BP was defined as systolic or
diastolic BP between the 50t and 90t percentile. Elevated serum phosphate was defined as
> 6.5 mg/dL for children <13 years old and > 4.5 mg/dL for children > 13 years [17].
Elevated serum potassium was defined as > 5.2 mEqg/L and acidosis was defined as serum
CO, <22 mEqg/L [18]. Self-reported annual income was categorized into <$30000, $30001
to $75000, and >$75000. Family size was categorized as 3 or fewer family members versus
more than 3 family members. The study also collected self-reported health insurance status
(yes/no) and occurrence of an emergency room visit in the past year (yes/no). Past values of
covariates were carried forward to fill in missing values.
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Definition of Outcome

Development of end-stage kidney disease was considered the initiation of renal replacement
therapy (RRT; dialysis or transplant). Time to RRT was defined as the time from the baseline
visit of the CKiD study to RRT, loss to follow-up, or October 31, 2015. Deaths, which were

rare events in this pediatric cohort, were censored.

Statistical analysis

Cox proportional hazards models were used to evaluate the unadjusted and adjusted
associations between time-varying covariate levels and time to RRT. Analyses were adjusted
or weighted to control for the confounding effects of age (per year), male sex, glomerular
diagnosis, GFR (per ml/min), nephrotic range proteinuria, anemia, elevated blood pressure,
elevated potassium, elevated phosphate and acidosis, on the relationship between ACE-
I/ARB use and time to RRT. Race was not included as a possible confounder, as race was
not associated with ACE-I/ARB use in the current study. Prior work on CKD progression in
the CKiD cohort was used to guide selection of potential confounders [19].

In a traditionally adjusted analysis, the time to RRT was regressed on time-varying factors
age, GFR, nephrotic range proteinuria, anemia, elevated blood pressure, elevated potassium,
elevated phosphate, acidosis, and ACE-I/ARB use, all lagged by one visit relative to the
outcome assessment; male sex and glomerular diagnosis status were time-fixed. Exploratory
analyses were also done in subgroups defined by age (<10 years versus >10 years), race
(black race versus non-black race), diagnosis (glomerular versus non-glomerular) and
duration of reported ACE-I/ARB use while in the study (< 3 years versus >3 years) to assess
the potential for heterogeneity of ACE-I/ARB effect.

In an inverse probability-of-treatment (IPT) weighted marginal structural (MSM) model, the
time to RRT was regressed on time-varying ACE-I/ARB use, with stabilized IPT weights
[20], used to address confounding by age, GFR, nephrotic range proteinuria, anemia,
elevated blood pressure, elevated potassium, elevated phosphate and acidosis. IPT weights
were estimated from two pooled logistic models (one for visits prior to initiation of ACE-
I/ARB and one for visits after initiation), treating each visit as an observation and including
a time-dependent intercept. For visits prior to initiation, the logistic IPT weight models
included only age, anemia, nephrotic range proteinuria, elevated blood pressure, elevated
potassium, elevated phosphate and acidosis. For visits after initiation, logistic IPT weight
models included, in addition to the aforementioned factors, GFR, an indicator for ACE-
I/ARB use at the previous visit and a count of the number of past visits on ACE-I/ARBs.
IPT weight truncation at the 99" percentile was used to avoid undue influence of extreme
weights [21,22]. Inverse probability of censoring (IPC) weights were also estimated and
used to control for differential loss to follow-up. IPC weight models included age, GFR, an
indicator for ACE-1/ARB use at the previous visit, income level, family size, and emergency
room visit occurrence. Weights were estimated and applied using established methods [20].
No subgroup analyses were run using Cox MSM models to avoid possible weight instability.

Analyses were done in SAS version 9.2 (SAS Institute) and in R 2.15.2 [23]. All tests were
2-tailed and a p-value <0.05 was considered statistically significant.
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RESULTS

Study Sample

There were 851 participants (588 with a non-glomerular and 263 with a glomerular etiology
of CKD) who contributed time and events to the analysis, which represented 96% of the full
CKiD cohort. Among those, 217 children experienced RRT, 179 children were lost to
follow-up during the period of observation, 6 children died and 449 were administratively
censored because they remained RRT free at the end of observation. Participants contributed
a median follow-up time of 4.1 years (Interquartile range [IQR]: 2.8, 7.8). Covariate values
were missing at 26% of visits; no variable was missing at more than 14% of the visits and
clinical variables were missing no more than 5% of the time.

Baseline characteristics by exposure to ACE-I/ARB

At baseline, there were 472 children who were prevalent users of ACE-I/ARBs with 90% on
an ACE-1. The most commonly used ACE-1 were Enalapril (Vasotec) and Lisinopril
(Prinivil, Zestril) accounting for 46% of users each. ACE-I/ARB user groups differed with
respect to many characteristics that are predictive of progression [19]. Users were more
likely to be of older age, have a glomerular etiology of CKD, have a higher uP/C, be anemic,
have elevated serum phosphate, have elevated serum potassium and take more mediations;
they were less likely to have elevated blood pressure, compared to non-users. (Table 1).
Children with glomerular etiology, who comprised a disproportionately large share of ACE-
I/ARB users at baseline (45% of users but 31% of the overall cohort), were predominantly
diagnosed with: focal segmental glomerulosclerosis (29%), hemolytic uremic syndrome
(19%), systemic immunological disease including SLE (14%), chronic glomerulonephritis
(8%), familial nephritis (Alport’s; 7%), IgA nephropathy (Berger’s, 6%), or
membranoproliferative glomerulonephritis type 1 (4%).

Traditionally Adjusted Analysis of ACE-I/ARB and Time to RRT

There was switching that occurred over time with ACE-I/ARB use. The median duration of
reported ACE-I/ARB exposure under observation was 3 visits (approximately 3 years)
among those with baseline use and 2 visits (approximately 2 years) among initiators who
were naive at baseline. Treating ACE-I/ARB use as time-varying to account for switching
and lagging exposure by 1 year, the univariate association with time to RRT was 0.51 (95%
Cl: 0.39, 0.67), suggesting a strongly protective effect of recent ACE-1/ARB such that recent
users had 49% lower hazard of RRT compared to non-users (Table 2). Standard regression
adjustment for time-varying demographic and clinical predictors of progression attenuated
the effect, however, yielding an estimated hazard ratio of 0.79 (95% CI: 0.59, 1.07),
suggesting a weaker non-significant protective effect of recent ACE-I/ARB use on the risk
of RRT (21% lower hazard of RRT compared to non-users).

Discontinuation of ACE-I/ARB use and Marginal Structural Models (MSMs)

Table 1 shows a comparison of ACE-I/ARB discontinuers and continuers among children
who had prior history of ACE-I/ARB use (N=611 where 472 had baseline use and 139
initiated use under observation) at the last study visit. Discontinuers were more likely to
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have a lower GFR, higher uP/C ratio, be anemic, have elevated blood pressure, have elevated
phosphate levels and take more medications, but they were less likely to have a glomerular
etiology of their kidney disorder. The use of IPT weighting to balance covariate profiles on
characteristics that influence both the choice to initiate ACE-I/ARBs and to discontinue
ACE-I/ARBs, yielded an estimate of the effect of continuous use of ACE-I/ARB of 0.63
(95% CI: 0.46, 0.87) versus never use in comparable groups, assuming all relevant
confounders were measured and appropriately specified (Table 2). This estimate suggests
that maintaining children on ACE/ARBs will reduce the hazard of RRT by 37% compared to
children never put on ACE-I/ARBs for control of hypertension and proteinuria. Since the
model also included IPC weights, the final estimate should also be free of any selection bias
resulting from informative dropout under the assumption that measured covariates
sufficiently controlled for factors related to differential loss from the study.

Subgroup analyses of ACE-I/ARB and Time to RRT

Using traditionally adjusted analysis of ACE-I/ARB and time to RRT, we found some
qualitative differences in the estimated effect of ACE-I/ARB use by subgroup. The adjusted
hazard ratios for RRT assessing the effect of recent ACE-I/ARB use among subgroups were
as follows: 1.24 (95% ClI: 0.48, 3.20) for children 10 years and younger in the cohort versus
0.78 (95% CI: 0.57, 1.07) for children older than 10 years; 0.53 (95% CI: 0.29, 0.98) for
children of black race versus 0.87 (95% ClI: 0.61, 1.25) for white or other race; 1.36 (95%
Cl: 0.75, 2.48) for children with glomerular diagnosis versus 0.62 (95% CI: 0.44, 0.89) for
children with non-glomerular diagnosis; 0.87 (95% CI: 0.57, 1.35) for children reporting
ACE-I/ARB use for less than 3 years versus 0.55 (95% CI: 0.32, 0.96) for children reporting
use for 3 or more years.

DISCUSSION

In this analysis, we used two approaches to estimating the effect of ACE-I/ARB therapy on
CKD progression in the CKiD observational data. From the time-varying exposure Cox
model and the MSM Cox model, we estimated that the use of RAAS blockade reduces the
risk of ESRD by 21% (hazard ratio: 079) to 37% (hazard ratio: 0.63) in a pediatric CKD
cohort. These estimates are consistent with findings in adults. Drawz and Rosenberg et al.
[24] suggested that, “The magnitude of these beneficial effects of RAAS blockade is
estimated to be about a 20% risk reduction...”, which echoes results from the RENAAL and
AASK trials [5,25]. Other adult studies have reported effect sizes in the range of 40% to
70% - for ESRD and serum creatinine doubling endpoints [2,3,26,27].

Our range of estimated risk protection represents uncertainty both with respect to how to
best achieve appropriate comparability between treatment groups in an observational study,
but also how best to characterize exposure to ACE-1/ARBs given dynamic treatment
strategies. The estimate of benefit associated with continuous ACE-I/ARB use from the
MSM Cox model may not be reflective of how ACE-I/ARBSs are used in clinical practice,
and thus may not be achievable. However, there are possible insights from the estimate,
which is similar to what one could obtain from a well-run clinical trial.
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First, there appears to be benefit associated with continuing use across the full spectrum of
disease severity in our study. This has important clinical implications as clinicians caring for
children with CKD often observe a reduction in estimated GFR resulting from commencing
ACE-I/ARB use, which may prompt them to discontinue the therapy. Though evidence
suggests that this phenomenon does not result in long term harm — analyses of RENAAL
trial data indicated better long term outcomes in those with an initial fall in GFR [28] -
reductions in GFR are concerning and our results suggest that clinicians choose to maintain
residual kidney function by discontinuing ACE-I/ARBs. Side effects of ACE-I/ARB use
such as hyperkalemia or hypotension were not evident among discontinuers.

Second, the analysis suggests that ACE-I/ARB use is beneficial in a general pediatric CKD
population that includes both hypertensive and normotensive participants. In the CKiD
cohort, approximately 70% of patients have blood pressure less than the 90t percentile and
approximately 20% have blood pressure less than the 50t percentile. The MSM Cox
estimate of benefit, which assesses the benefit of continual use in everyone in the cohort,
lends support to findings from the Collaborative Study Group that the benefits of ACE-
I/ARB use extend beyond blood pressure control [2].

However, our estimate must also be interpreted with caution. The dynamics of treatment
decisions can make evaluations of therapy effectiveness challenging in observational data.
MSM models try to get around the problem of estimating an effect of a dynamic treatment in
the presence of time-varying confounders that are themselves affected by previous treatment,
a problem that has been well described [29,30] but may or may not be biasing the standard
regression adjustment analysis in the current study. MSM models depend upon the accurate
and complete capture of all factors that confound the treatment-outcome relationship, as well
as correct specification of the IPT weight model. Many measured and unmeasured factors
likely influence clinician decisions and the incorrect or incomplete specification of the IPT
model could have resulted in bias in either direction. In point of fact, we found that the
clinical covariates in the weighting models were not strongly predictive of ACE-I/ARB
initiation or continuation and the continuation/discontinuation groups remained unbalanced
suggesting that the MSM Cox estimate is optimistic.

In contrast, the time-varying ACE-I/ARB use status and standard regression adjustment
methods addresses the more relevant question of the effect of recent therapy status on the
risk of RRT given the reality of dynamic treatment histories. However, adjusting for time-
varying factors that are affected by previous ACE-1/ARB treatment could have attenuated
the effect estimate if those factors themselves are a means of slowing progression (e.g.
reductions in blood pressure achieved by prior use of ACE-I/ARBS). In that case, a 21%
reduction in RRT risk would be a conservative estimate.

Exploratory subgroup analyses suggest some differences between strata. It is possible that
true differences exist; however it is also possible that these findings are due to chance.
Several factors such as black race and glomerular disease represent only 20-30% of the
sample and thus there is a danger of spurious results. The width of the confidence intervals
in the younger age strata suggests that this estimate may not be robust due to potentially too
few events or less ACE-I/ARB use. For assessing duration of ACE-I/ARB use, many
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children entering CKiD were in CKD care for years prior to active observation in the study,
and thus the history RAAS therapy use is unknown. Therefore the subgroup estimates
should only serve to suggest targets for further research.

There are substantial limitations to our analysis that deserve discussion. As the majority of
ACE-I/ARB users were on ACE-Is, we could not assess the relative benefits of ACE-I use
versus ARB use in this cohort. Further, the current analysis does not suggest a mechanism
through which ACE-I/ARBs act to reduce risk, though both elevated blood pressure and
proteinuria are established risk factors for progression in children [7,31-33]. The assessment
of ACE-I/ARB use is made at each annual visit and therefore, switching in between visits
cannot be accounted for in the current analysis. However, after adjusting for GFR and
indicators of disease severity, it is unlikely that between visit changes in ACE-I/ARB use
would be differential by outcome status. Therefore, switching on and off ACE-I/ARBs in
between visits would most likely add random measurement error to the assessment of ACE-
I/ARB exposure and attenuate estimates. We could not adjust for clinical site differences in
ACE-I/ARB use or outcome risk as most sites contribute relatively few children; thus,
confounding by clinical site could have introduced bias into the analysis. We chose to focus
on the outcome of time to RRT rather than a composite outcome that incorporated GFR
decline to simplify causal interpretation. Future investigation into the effect of ACE-I/ARB
use focusing on GFR decline could be done using MSMs for repeated measures data, which
have also been developed and described [34]. Finally, our estimates may be biased to the
extent that important predictors of either ACE-I/ARB use or time to RRT were not captured
or included in the MSM Cox models or standard regression adjusted Cox models,
respectively. While predictors of the time to RRT have been well characterized in the CKiD
study [19], factors affecting clinical decisions regarding ACE-I/ARB use are less understood
and therefore the estimate from the MSM Cox model is most at risk for residual
confounding bias.

Our results in a pediatric setting where no direct clinical trial data exist, provide evidence
that the benefit of ACE-I/ARB use noted in adult CKD patients extends to children with
moderate to severe CKD, providing approximately a 21% to 37% reduction in the risk of
RRT.
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A: Comparison of users and non-users of angiotensin converting enzyme-l/angiotensin receptor blockers
(ACE-1/ARBsS) at baseline; B: Among those with history of ACE-I/ARB use, comparison of discontinuers and
continuers of ACE-I/ARB use at last visit.

Clinical Factors

A: Among cohort (N=851)

B: Among those with history of use (N=611)

ACE-I/ARB use at
baseline (N=472)&b

No ACE-I/ARB use at
baseline (N=379)&b

Continuer (N=463)&P  Discontinuer (N=148)20

Demographics
Age (years) 12 (9-15) 10 (6-14) 16 (12-18) 15 (13-18)
Male Sex 59% 65% 59% 66%
Black Race 21% 23% 22% 21%
Insurance 97% 98% 97% 97%
Household Income
<$30,000 35% 34% 32% 36%
$30001 to $75000 34% 37% 31% 30%
>$75,000 31% 29% 37% 34%
Family size<3 members 32% 27% 41% 37%
Emergency room visit in past 38% 44% 37% 37%
year
Clinical Characteristics
Glomerular DX 45% 13% 42% 26%
GFR (mL/min|1.73 m2) 53 (38-73) 52 (39-70) 47 (33-67) 26 (18-44)
uP/C 0.39 (0.14-1.16) 0.31 (0.11-0.87) 0.45 (0.16-1.49) 1.54 (0.35-3.48)
Anemia 33% 20% 34% 51%
Elevated BP 25% 36% 23% 41%
High normal BP 48% 54% 47% 45%
Elevated Phosphate 16% 10% 19% 44%
Elevated Potassium 10% 5% 9% 9%
Acidosis 54% 49% 70% 78%
# of medications 4 (2-6) 3(2-5) 4 (2-6) 6 (4-9)

Definitions: uP/C= urine protein/creatinine ratio, anemia= hemoglobin<5th %ile, Elevated BP (blood pressure)=systolic or diastolic BP>goth %ile,
high normal BP= systolic or diastolic BP between the 50th and the 90th percentile, Elevated phosphate =serum phosphate> 6.5 mg/dL for children
<13 years old and > 4.5 mg/dL for children > 13 years, Elevated potassium= serum potassiums > 5.2 mEg/L, acidosis= serum CO2 < 22 mEg/L.

GFR, glomerular filtration rate

a\/alues are medians and interquartile ranges or %

Bold signifies £<0.05 for comparisons between users and non-users in A and between continuers and discontinuers in B from Wilcoxon rank test

or Fisher’s exact test.
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Results from Cox proportional hazards models for time to renal replacement therapy (RRT) using time-varying
assessment of recent angiotensin converting enzyme-I/angiotensin receptor blocker (ACE-1/ARB) use,
unadjusted and adjusted for time-varying covariates and using inverse probability-of-treatment (IPT)
weighting to assess the causal effect of continuous use of ACE-I/ARB.

Table 2

Hazard Ratio

Confidence Interval

Stanaard Regression Adjustment

Unadjusted
Recent ACE-1/ARB use 0.51 0.39, 0.67
Adjusted
Recent ACE-I/ARB use 0.79 0.59, 1.07
Age (per 1 year) 1.03 0.99, 1.08
Male Sex 1.05 0.77,1.41
Glomerular DX 1.56 1.12,2.17
GFR (per 1 ml/min|1.73 m?) 0.90 0.89,0.92
Nephrotic proteinuria 3.57 2.67,4.78
Anemia 2.06 1.49,2.84
Elevated BP 1.74 1.32,2.30
High Phosphate 1.06 0.77,1.48
High Potassium 1.13 0.78, 1.67
Acidosis 1.05 0.77,1.43
MSM
Continuous ACE-I/ARB use (vs. never use)  0.63 0.46, 0.87

Definitions: Nephrotic Proteinuria =urine protein/creatinine ratio>2.0, anemia=hemoglobom <sth %ile, Elevated blood pressure (BP)=systolic or

diastolic BP>90th %ile, Elevated phosphate =serum phosphate> 6.5 mg/dL for children <13 years old and > 4.5 mg/dL for children > 13 years,
Elevated potassium= serum potassiums > 5.2 mEq/L, acidosis= serum CO2 < 22 mEg/L.

GFR, glomerular filtration rate

Bold signifies A<0.05
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