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Goals

• To demonstrate the ability to diagnose and 
classify CKD 

• To learn how to recognize, manage, and treat 
CKD and its complications

• To understand basic options for RRT



Lecture Plan

• Overview
• Staging
– estimating gfr and albuminuria

• Treatment
• Managing CKD consequences
• RRT Planning



DIAGNOSIS AND STAGING
CKD



• Abnormalities of kidney structure or function, 
present for > 3 months, with implications for health

CKD - Definition

Criteria for CKD: Either of the following present for > 3 months

Criteria

Markers of Kidney
Damage (1 or more)

• Albuminuria (>= 30mg/g)
• Urine sediment abnormalities
• Electrolyte and other abnormalities due to tubular 

disorders
• Abnormalities detected by histology
• Structural abnormalities detected by imaging
• Hx of Kidney Transplant

Decreased GFR • GFR < 60 ml/min



Overview – CKD Diagnosis

Renal Handling:
• Mostly filtered
• 10-40% Prox

tubular secretion 
– gets saturated 
by the time 
creatinine is 2

The two main limitations of using SCr to estimate GFR are the 
variations in tubular secretion of creatinine and the dependence of 
creatinine excretion on muscle mass



Secondary Process: 
Hyperfiltration

7Tonneijck T, JASN, 2017



Stages of CKD

Stage GFR 
(ml/min/1.73m2)

Evaluation & Management

1 >90 Diagnose, RF modification, slow progression

2 60-89 Diagnose, RF modification, slow progression

3 A: 45-59
B: 30-44

RF modification, slow progression, treat 
complications

4 15-29 Nephrology, preparation for dialysis/transplant

5 <15 Preparation for dialysis/transplant

ESRD / ESKD <15 On dialysis or had a kidney transplant



CKD Stage and Proteinuria

such that the additional risk of heavier
proteinuria was reduced at lower eGFR
(all P for interaction statistically sig-
nificant at !.001)—but not for myo-
cardial infarction (P for interaction,
.08). However, the difference in risk as-
sociated with moderate or heavy pro-
teinuria (as compared with those with-
out proteinuria) appeared clinically
relevant within every eGFR stratum and
for all 4 clinical outcomes.

Sensitivity Analyses
Results were consistent when analyses
were restricted to the subset of 102 701
participants who had urinary ACR
measurements performed (TABLE 3;
eFigure 2). Specifically, risk increased
progressively at levels of eGFR below 60
mL/min/1.73 m2 and with mild or heavy
proteinuria within all eGFR strata—for
all 4 clinical outcomes (adjusted rate ra-
tio for mortality, 2.3 [95% CI, 2.0-2.6]
for individuals with heavy proteinuria
and eGFR of 60 mL/min/1.73 m2 or
greater as compared with those with

eGFR of 45 to 59.9 mL/min/1.73 m2 and
normal protein excretion). Next we re-
peated analyses using a more conserva-
tive definition of heavy proteinuria (ACR
"2000 mg/g). Compared with those
without significant proteinuria, partici-
pants with ACRs greater than 2000 mg/g
had markedly elevated rates of adverse
outcomes. For example, among partici-
pants with eGFRs of 45 to 59.9 mL/min/
1.73 m2, those with heavy proteinuria by
this definition had adjusted rates of 21.5
(95% CI,15.5-29.9), 11.2 (95% CI, 6.4-
19.8), and 27.9 (95% CI, 17.6-44.2) per
1000 person-years, respectively, for
mortality, myocardial infarction, and ini-
tiation of renal placement therapy, as
compared with rates of 7.0 (95% CI, 6.3-
7.6), 3.7 (95% CI, 3.2-4.3), and 0.3 (95%
CI, 0.2-0.6), respectively, for those with-
out proteinuria.

Because current guidelines for the
classification of CKD describe eGFR
between 60 and 90 mL/min/1.73 m2 as
“mildly reduced,” we examined the
prognostic value of proteinuria within

this category specifically. Among the
597 870 participants, a graded increase
in the adjusted rate of all-cause mor-
tality was seen with rates of 2.2 (95%
CI, 2.1-2.3), 4.3 (95% CI, 4.1-4.6), and
5.1 (95% CI, 4.7-5.6) per 1000 person-
years among participants with no, mild,
or heavy proteinuria, respectively (P for
trend!.001). Similar findingswere seen
for the outcomes of myocardial infarc-
tion (rates, 1.0 [95% CI, 0.9-1.0], 1.4
[95% CI, 1.2-1.5], and 1.6 [95% CI, 1.2-
1.9]; P for trend !.001), initiation of
renal replacement therapy (rates, 0.02
[95% CI, 0.02-0.03], 0.04 [95% CI,
0.02-0.09], and 0.8 [95% CI, 0.5-1.3];
P for trend !.001),ordoublingof serum
creatinine (rates, 0.3 [95% CI, 0.3-
0.4], 0.9 [95% CI, 0.7-1.1], and 2.8
[95% CI, 2.2-3.6]; P for trend !.001).

Because there has been controversy
about whether the prognostic implica-
tions of CKD vary in younger and older
populations, we repeated analyses strati-
fying on age. All findings were similar
among participants who were 65 years

Table 3. Adjusted Rates Per 1000 Person-Years of Clinical Outcomes by Level of eGFR and Proteinuria Measured by Albumin-Creatinine Ratioa

Proteinuria

All-Cause Mortalityb Myocardial Infarctionb End-stage Renal Diseaseb Doubling of Serum Creatininec

Normal Mild Heavy Normal Mild Heavy Normal Mild Heavy Normal Mild Heavy
eGFR #60d

Events, No. 1611 809 268 619 249 77 13 5 30 137 104 111
Patients, No. 64 146 14 597 2805 64 146 14 597 2805 64 146 14 597 2805 51 249 12 672 2539
Rate (95% CI) 6.3

(6.0-6.7)
9.9

(9.2-10.8)
15.9

(14.0-18.1)
3.0

(2.8-3.3)
4.2

(3.7-4.8)
6.4

(5.1-8.1)
0.06

(0.03-0.10)
0.09

(0.04-0.23)
2.45

(1.70-3.59)
1.0

(0.9-1.2)
2.8

(2.3-3.4)
13.4

(11.0-16.4)
eGFR 45-59.9d

Events, No. 643 490 206 211 138 52 9 9 4 49 58 110
Patients, No. 10 316 3520 1126 10 316 3520 1126 10 316 3520 1126 9547 3298 1067
Rate (95% CI) 7.0

(6.4-7.6)
11.9

(10.7-13.2)
18.0

(15.6-20.9)
3.7

(3.2-4.3)
5.9

(4.9-7.2)
7.3

(5.5-9.7)
0.3

(0.17-0.64)
0.9

(0.49-1.82)
8.3

(5.9-11.9)
1.6

(1.2-2.1)
4.8

(3.6-6.2)
25.0

(20.2-30.5)
eGFR 30-44.9d

Events, No. 336 339 213 91 80 49 10 21 7 37 42 120
Patients, No. 2474 1624 837 2474 1624 837 2474 1624 837 2360 1549 800
Rate (95% CI) 10.0

(8.9-11.3)
14.1

(12.4-15.9)
18.9

(16.2-21.9)
5.3

(4.3-6.6)
6.7

(5.2-8.6)
8.4

(6.2-11.3)
1.7

(0.8-3.2)
4.8

(3.1-7.5)
27.3

(20.9-35.8)
4.1

(2.9-5.7)
6.6

(4.8-9.1)
33.4

(27.1-41.2)
eGFR 15-29.9d

Events, No. 91 166 154 13 28 27 8 35 128 9 27 108
Patients, No. 344 476 436 344 476 436 344 476 436 333 452 422
Rate (95% CI) 16.3

(13.0-20.5)
22.0

(18.5-26.0)
24.6

(20.5-29.6)
5.1

(2.9-9.0)
8.6

(5.7-12.8)
9.7

(6.4-14.6)
9.0

(4.4-18.5)
27.6

(18.7-40.4)
97.3

(75-127)
6.2

(3.2-12.0)
13.8

(9.2-20.7)
51.8

(40.8-66.5)
Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; HIV, human immunodeficiency virus.
aAdjusted for age; sex; diabetes; hypertension; socioeconomic status; and history of cancer, cerebrovascular disease, congestive heart failure, chronic obstructive pulmonary disease,

dementia, diabetes with end organ damage, diabetes without chronic complication, AIDS/HIV, metastatic solid tumor, myocardial infarction, mild liver disease, moderate or severe liver
disease, paralysis, peptic ulcer disease, peripheral vascular disease, renal disease, and rheumatic disease. In this analysis, only urinary albumin-creatinine ratio (ACR) was used to
classify participants with respect to proteinuria: normal (ACR !30 mg/g), mild (ACR 30-300 mg/g), or heavy (ACR "300 mg/g).

bn=102 701 for all-cause mortality, myocardial infarction, and end-stage renal disease.
cn=86 288 for doubling of serum creatinine at end of follow-up.
dUnit of measure for eGFR is mL/min/1.73 m2. The tests for linear trend across eGFR categories and across proteinuria categories were all significant at the P! .001 level.

PROTEINURIA AND GLOMERULAR FILTRATION RATE

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, February 3, 2010—Vol 303, No. 5 427

Downloaded From: http://jama.jamanetwork.com/ by a Columbia University User  on 07/22/2013

Hemmelgarn, JAMA, 2010



Stage of CKD - KDIGO

www.kdigo.org



Treating Proteinuria

• Schematic presentation of the decline in GFR over years in a patient with 
albuminuria and in a patient with normal urinary albumin excretion. 

Ron T. Gansevoort, and Paul E. de Jong JASN 2009;20:465-468



ESTIMATING GFR
CKD



Equations to estimate GFR
CKD – EPI Equation

MDRD Equation



Estimating GFR – CKD epi

Levey, Annals IM, 2009



CKD epi vs MDRD

Matsushita, JAMA, 2012

Consortium of 45 cohorts in 40 countries totaling 1.1 million adults



CKD epi vs MDRD

Matsushita, JAMA, 2012

Assessed risk of clinical outcomes among participants who were reclassified compared to 
those who were not - 24.4% in general population, 15.4% in high risk cohorts, 6.6% in CKD 
cohorts

25% of participants classified upwards had lower risks of mortality and ESRD compared with 
those not reclassified even after adjusting for confounders. 0.7% who were classified downward 
had higher risks. 
Positive NRIS also support better overall reclassification by the CKD EPI equation in all subgroups.



Cystatin C

• Produced by all nucleated cells and released 
constitutively into the blood 

• Filtered freely at the glomerulus, entirely 
reabsorbed by the PT where it is almost 
completely catabolized

• GFR is the  main determinant of cystatin C 
concentration

• Generation more uniform across the 
population than creatinine



Estimating GFR from cystatin C

• CKD-Epi Cystatin C equation
• CKD-Epi creatinine-cystatin C equation
– Recommended to be used in circumstances 

where:
• eGFR based on creatinine is less accurate
• Adults in whom eGFR based on creatinine is within the 

range of 45-59 ml/min but who do not have markers of 
kidney damage (KDIGO guideline)



Shlipak MG et al. N Engl J Med 2013;369:932-943.

Net Reclassification Improvement in eGFR based on cystatin C 
compared with creatinine eGFR in 16 cohortsent of Cystatin C, 
as Compared with Creatinine-Based eGFR, for the Three Study 
Outcomes in the 16 Study Cohorts.



HTN: TARGETS AND TREATMENT
CKD



CKD, DM and HTN Targets
No DM, no 
albuminuria

No DM, + 
albuminuria 
(> 30mg/g)

DM, no 
albuminuria

DM, + 
albuminuria 
(> 30mg/g)

ADA (2016) NA NA <140/90 <140/90
KDOQI (2012) ≤ 140/90 ≤ 130/80 ≤ 140/90 ≤ 130/80

JNC VIII 
(2014)

<140/90 <140/90 <140/90 <140/90

ACC/AHA
(2017)

≤ 130/80 ≤ 130/80 ≤ 130/80 ≤ 130/80

SPRINT: Mild CKD, no proteinuria, lower SBP of 120 did not result 
in improved renal outcomes (though total numbers were small) 
but did result in reduced CV outcomes



HTN: The SPRINT Trial

NEJM, 373, Nov 2015

Study Population:
• 50 years and older
• HTN SBP 130-180
• Increased CV risk: age ≥75 years; clinically evident or subclinical 

cardiovascular disease; eGFR 20 - 59 mL/min; or a 10-year 
Framingham Risk Score ≥15 percent.

• No Diabetes, Stroke, Symptomatic CHF, or proteinuria > 
1000mg

• 28% were 75 years or older (all community dwelling)
• 28% had CKD (mean GFR 48ml/min in those with GFR < 

60ml/min)
• Mean Albuminuria 44mg/g (more than 1 gram/day excluded)



Kaplan-Meier curves for pre-specified outcomes in 
SPRINT participants with CKD

Alfred K. Cheung et al. JASN doi:10.1681/ASN.2017020148

Mean age pts with CKD 72, 
44% 75 and older
Mean SBP was 123 intensive 
and 136 standard
Mean number of study drugs 
in intensive 2.9 and standard 
2.0

Increase risks of hypo and 
hyperkalemia and AKI in the 
intensive group

Primary CV 
outcome

All cause 
mortality

Kidney 
outcome



JAMA Intern Med. 2017;177(10):1498-1505. doi:10.1001/jamainternmed.2017.4377

More intensive (132) vs less intensive (140)  BP control resulted in 14.0% lower risk of all-
cause mortality (odds ratio, 0.86; 95% CI, 0.76-0.97; P = .01), a finding that was without 
significant heterogeneity and appeared consistent across multiple subgroups.

Association between more Intensive versus Less Intensive Blood 
Pressure Lowering and Risk of Mortality in CKD IIIA - V



CKD and HTN: Drug choice

• RAAS inhibitors first line with 
microalbuminuria or CKD
– ACEI or ARB

• Diuretics are second line
– BP is volume mediated
– Low salt diet has been proven to work as well in 

CKD



ACEi and ARB effects on the Kidney

Afferent Arteriole: 
Vasoconstricton
decreases GFR

Efferent Arteriole: 
Vasoconstricton
increases GFR

AGII

ACEi or ARB



Diabetic CKD: ACEi or ARB

KDIGO 2020 Clinical Practice Guidelines for Diabetes Management in CKD: www.kdigo.org

http://www.kdigo/


Combination Therapy

Mann J, et all, ONTARGET, The Lancet, 2008

25,000 subjects with established atherosclerotic vascular disease or DM w end organ 
damage, mean proteinuria 800mg, mean GFR 73, 6100 pts had a GFR < 60



Combination Therapy

Fried, L, NEJM, 2013

UAC > 300mg, egfr 30-90, DM. Primary endpoint: > 30ml decline for egfr > 
60, >50% decline for eGFR < 60, ESRD, Death 



Combination Therapy

Fried, L, NEJM, 2013



Plasma aldosterone rises as GFR falls

Kidney Int. 1982 Jan;21(1):98-101.
Plasma aldosterone concentrations in chronic renal disease.
Hené RJ, Boer P, Koomans HA, Mees EJ.

http://www.ncbi.nlm.nih.gov/pubmed/7043053
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hen%C3%A9%20RJ%22%5bAuthor%5d
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boer%20P%22%5bAuthor%5d
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Koomans%20HA%22%5bAuthor%5d
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mees%20EJ%22%5bAuthor%5d


Aldosterone breakthrough

Soto, HTN Research, 2013

Increase in circulating aldosterone after the initiation of RAAS blockade and compared w 
baseline values, despite blockade of AGII effects. Occurs in 10-50% of patients within 6-
12 months of initiation of a RAAS inhibitor



Cappelli, Journal of Nephrology, 33, 2020



Agarwal, The Lancet, Sept 2019

RCT of spironolactone + 
Usual BP meds, then 
randomized to placebo or 
patiromer
• GFR 25 - < 45 
• AND resistant HTN
• Spiro started at 25mg 

could be titrated to 
50mg

• All patients on diuretics 
and other RAASi

• Mean eGFR 35, 50% DM

Combination Therapy: ACEI or ARB + 
Spironolactone



Time to first serum potassium value ≥5.5 mEq/L during treatment in patients. 

Rajiv Agarwal et al. Kidney360 2021;2:425-434

CKD and HTN: Role for MRA



CKD and HTN: Role for MRA

Least squares mean systolic automated office BP change from baseline to week 12 by eGFR 
subgroup

Rajiv Agarwal et al. Kidney360 2021;2:425-434



Mineralocorticoid Receptor 
Antagonists

Cappelli, Journal of Nephrology, 33, 2020

• Spiro: low selectivity for MR
• Eplerenone: more selective for MR 

than spiro, but affinity for MR is 
40xs lower; Greater bioavailability 
due to less protein bound than 
spiro (50% vs 94%)

• Finerenone: non-steroidal MRA, 
greater selectivity for MR than 
spiro or eplerenone, full 
antagonist



Finerenone in DM CKD: FIDELIO-DKD

• DM2 + CKD on max dose of ACEI or ARB without s/e
• CKD
– UAC 30 to <300 mg/g, eGFR 25 to less than 60 ml/min, and 

a history of diabetic retinopathy OR
– persistent, severely elevated albuminuria (UAC 300 to 

5000 mg/g) and an eGFR of 25 to less than 75 ml/min
• K 4.8 or less
• Primary Outcome: Composite of kidney failure, a 

sustained decrease of at least 40% in the eGFR from 
baseline over a period of at least 4 weeks, or death 
from renal causes. Kidney failure was defined as ESKD 
or an eGFR of less than 15 ml/min Bakris G, NEJM, 383, 2020



FIDELIO-DKD

Characteristic Finerenone (n = 2833) Placebo (n = 2841)
Mean eGFR – ml/min 44.4±12.5 44.3±12.6

eGFR > 60 ml/min – n (%) 318 (11.2) 338 (11.9)

Stage 3A – n (%) 972 (34.3) 928 (32.7)

Stage 3B – n (%) 1476 (52.1) 1505 (53.0)

Stage 4 – n (%) 66 (2.3) 69 (2.4)

Median UAC – (IQR) 833 (441–1628) 867 (453–1645)

Serum K 4.37±0.46 4.38±0.46

ACEi - n (%) 950 (33.5) 992 (34.9)

ARB- n (%) 1577 (55.7) 1637 (57.6)

SGLT2i – n(%) 124 (4.4) 135 (4.8)

Bakris G, NEJM, 383, 2020



FIDELIO-DKD
• Primary composite 

outcome: signf lower in 
finerenone vs placebo, 
occurring in 504 
patients (17.8%) and 
600 patients (21.1%), 
respectively

• The effects on the 
primary outcome 
consistent across 
prespecified subgroups.

Bakris G, NEJM, 383, 2020



FIDELIO-DKD
• Finerenone was associated with a 31% 

greater reduction in the urinary albumin-to-
creatinine ratio from baseline to month 4 
than placebo 

Bakris G, NEJM, 383, 2020



FIDELIO-DKD

• AKI adverse events not different between 
groups

• Hyperkalemia 

Bakris G, NEJM, 383, 2020

Event Finerenone, % Placebo, %
Hyperkalemia AE 18.3 9
Hyperkalemia -> D/C drug 2.3 0.9
Incidence K > 5.5 21.7 4.5
Incidence K > 6.0 9.8 1.4



Algorithim – Proteinuric CKD + HTN

First Line: ACEI or ARB + Diuretic
• Maximize ACEI or ARB, check BMP after dose changes
• GFR < 30 or a lot of edema or proteinuria consider loop
• Caution in the elderly

Calcium Channel Blocker
• If proteinuria consider verapamil or diltiazem

If GFR ≥ 45  (>30) and K 
≤ 4.5 and proteinuria 
or resistant HTN

Aldosterone blockade
• Sprinolactone 12.5 – 25mg 

or Eplerenone 25-50mg, 
follow BMP

• Can reduce ACEI/ARB to 
allow 

All 
others

Move RAASi to PM dosing

Alpha/Beta blockade



SGLT2I: RENAL PROTECTIVE IN CKD
CKD



DM and CKD: Role for SGLT-2 Inhibitors

Chao, Nature Reviews Drug Discovery,9, 551-59, 2010



SGLT2i: Proposed Mechanism of 
Kidney Protection

Afferent Arteriole: 
Vasoconstricton
decreases GFR

Other proposed 
mechanisms:
• Decrease in inflammation
• Decrease oxygen 

requirements and 
improve kidney tissue 
oxygenation

• Reduce oxidative stress
• Reduce endothelial 

dysfunction

SGLT2 inhibition 
increases glucose and 
Na delivery to the DT, 
which is sensed by 
macula densa and the 
JG apparatus as 
increased glomerular 
perfusion. This leads 
to increased 
vasoconstriction of the 
afferent arteriole.

Defronzo R, Nat Rev Nephrology, 17, Feb 2021 



CREDENCE Trial

• DM2 with HbA1c 6.5 - 12.0% 
• CKD, defined as:
– eGFR 30 - 90 ml/min/1.73m2 (goal 60% with eGFR <60) &
– Urine ACR 300 - 5000mg/mg

• ACEi or ARB for 4 weeks at maximum dose without side 
effects

• Study Population – Kidney Characteristics

Perkovic V et al, NEJM, April 2019

Characteristic Canglifozin Placebo
eGFR 56.3 +/- 18.2 56 +/- 18.3
Median UAC ratio 923 (459-1794) 931 (473-1868)



Perkovic V et al, NEJM, April 2019

Composite of ESKD (dialysis for at least 30 days, transplantation, or a sustained 
eGFR < 15 ml/min for 30 days), doubling of SCr for at least 30 days, or death 
from renal or cardiovascular disease

CREDENCE Trial: Results



Perkovic V et al, NEJM, April 2019



45% vs 21%

> 30 % drop was rare (4% vs 2%) adverse events and renal related 
adverse events more frequent at this level 



DAPA-CKD Trial
• Clinical Question: To assess the long-term efficacy and 

safety of the SGLT2 inhibitor dapagliflozin in patients 
with CKD, with or without DM2

• Inclusion
– eGFR 25-75 ml/min
– UAC 200-5000 mg/g
– All participants on ACEi or ARB x 4 weeks except for those 

with documented inability to take (< 2%)
• Stopped early due to efficacy
• Primary outcome: composite of a sustained decline in 

the estimated GFR of at least 50%, end-stage kidney 
disease, or death from renal or cardiovascular causes.HJ Heerspink et al. N Engl J Med 2020;383:1436-

1446.



DAPA-CKD Trial: Enrollment

Characteristic Dapa (n = 2152) Placebo (n = 2152)
Mean eGFR – ml/min 43.2±12.3 43.0±12.4
eGFR > 60 ml/min – n (%) 234 (10.9) 220 (10.2)
Stage 3A – n (%) 646 (30.0) 682 (31.7)
Stage 3B – n (%) 979 (45.5) 919 (42.7)
Stage 4 – n (%) 293 (13.6) 331 (15.4)
Median UAC – (IQR) 965 (472–1903) 934 (482–1868)
UAC > 1000 mg/g - n (%) 1048 (48.7) 1031 (47.9)
DM2 - n (%) 1455 (67.6) 1451 (67.4)
CHF - n (%) 235 (10.9) 233 (10.8)

HJ Heerspink et al. N Engl J Med 2020;383:1436-
1446.



HJ Heerspink et al. N Engl J Med 2020;383:1436-1446.

• The primary composite 
outcome occurred in 
197 participants (9.2%) 
in the dapagliflozin 
group and 312 
participants (14.5%) in 
the placebo group

• Mortality benefit

• Effect was consistent 
across subgroups 
including DM vs no DM, 
eGFR > or < 45, and 
UAC > or < 1000 

DAPA-CKD Trial: Results



DAPA-CKD Trial: Results

HJ Heerspink et al. N Engl J Med 2020;383:1436-
1446.

The least-squares mean eGFR slopes from baseline to 30 months in the dapagliflozin and placebo groups: –2.86±0.11 
and –3.79±0.11 ml/min per year, respectively



DAPA-CKD: Safety

• The incidences of adverse events and serious 
adverse events were similar overall in the 
dapagliflozin and placebo groups

• No DKA in dapa group
• No severe hypoglycemia in non diabetic group
• No Fournier’s gangrene in dapa group, one in 

placebo

HJ Heerspink et al. N Engl J Med 2020;383:1436-
1446.



SGLT-2 Inhibitors – Adverse Effects

• Amputation: CANVAS trial showed increased 
rates, CREDENCE trial did not 

• Infection: UTI/pyelo, Vulvovaginal Candidiasis, 
Fournier’s gangrene

• Euglycemic DKA
• AKI



Practice Points: SGLT2 Inhibitors

• If a patient is at risk of hypovolemic, consider stopping 
or reducing diuretics before commencement

• Advise patient to watch for volume depletion or low BP
• Dose Adjustment
– Empaglifozin: no use eGFR < 45 ml/min
– Canaglifozin and Dapaglifozin: do not initiate eGFR < 30 

(Dapa-CKD enrolled Stage IV)
• Once an SGLT2i is initiated, it is reasonable to continue 

even if the eGFR falls below 30, unless it is not 
tolerated or RRT is started

KDIGO 2020 Clinical Practice Guidelines for Diabetes Management in CKD: www.kdigo.org

http://www.kdigo/


DM and CKD: A1c Targets

KDIGO 2020 Clinical Practice Guidelines for Diabetes Management in CKD: www.kdigo.org

http://www.kdigo/


DM and CKD: Diabetic Agents

KDIGO 2020 Clinical Practice Guidelines for Diabetes Management in CKD: www.kdigo.org

http://www.kdigo/


CONSEQUENCES & COMPLICATIONS
CKD



Anemia

Initial work up
CBC, retic, ferritin, Tsat, B12, folate

Follow
CBC q 3 months

Iron
Tsat ≤ 30% and ferritin ≤ 500 (KDIGO), 
maintain Tsat > 20% and ferritin > 100 and 
consider stopping if ferritin > 500 (KDOQI)
Venofer 200mg IV q week x 5
Feraheme 510mg IV q week x 2



Anemia: Hepcidin as the main regulator of systemic iron homeostasis. 

Brian Young, and Joshua Zaritsky CJASN 2009;4:1384-
1387

©2009 by American Society of Nephrology



Anemia and CKD



Anemia and CKD

Pfeffer, TREAT, NEJM, 2009

4000 patients with DM and CKD RCT of placebo vs darbe to achieve hgb
13, gave rescue if the hgb dropped below 9



Anemia and CKD

Pfeffer, TREAT, NEJM, 2009



Anemia and epo

• Relative Contraindications
– Active with goal of cure or h/o malignancy
– Uncontrolled HTN
– h/o CVA
– Pure red cell aplasia (absolute) – neutralizing Ab

to erythropoeitin



Epo and Anemia in CKD
• WARNINGS: ESAs INCREASE THE RISK OF DEATH, 

MYOCARDIAL INFARCTION, STROKE, VENOUS 
THROMBOEMBOLISM, THROMBOSIS OF VASCULAR ACCESS 
AND TUMOR PROGRESSION OR RECURRENCE 

• Chronic Kidney Disease: 
– In controlled trials, patients experienced greater risks for death, 

serious adverse cardiovascular reactions, and stroke when 
administered erythropoiesis-stimulating agents (ESAs) to target 
a hemoglobin level of greater than 11 g/dL.

– No trial has identified a hemoglobin target level, ESA dose, or 
dosing strategy that does not increase these risks.

– Use the lowest PROCRIT® dose sufficient to reduce the need for 
RBC transfusions.



Anemia and Epo



Anemia and CKD

• Do not increase more than q 4 weeks
• If adequate response in not achieved in 12 

weeks, unlikely benefit from further increases
• Initial unresponsiveness: avoid escalating 

doses beyond double the initial weight based
dose 

• Subsequent unresponsiveness: requiring 2 
increases in ESA dose up to 50% beyond the 
dose at which they were previously stable



Mineral Bone Disease



CKD and bone disease



CKD-MBD

For people receiving treatment, increase frequency of monitoring



Treatment of CKD-MBD

• Treatment should be based on serial 
measurements (trends) of calcium, phos and 
PTH considered together 



CKD-MBD Goals
KDOQI KDIGO

Calcium Stage 3-4: normal range
Stage 5: lower limit of 
normal

Avoid hypercalcemia

Phos Stage 3- 4: 2.7 – 4.6
Stage 5: 3.5 – 5.5

Maintain in normal range 
(restrict use of calcium 
based binders)

Ca x Phos < 55, focus on controlling 
phos

Does not recommend 
following

Vit D 25 Supplement < 30 Treat insufficiency (< 32)

PTH Stage 3: 35 -70
Stage 4: 70 – 110
Stage 5: 150-300

Optimal PTH not known, 
No range given**

** patients with PTH that is rising or persistently above normal be evaluated for 
hyperphos, hypocalcemia, high phos intake, vit d def. Calcitriol and vit d analogs 
should not be routinely used (2C), reasonable to use in those with severe and 
progressive hyperpara



Hyperphosphatemia

• Dietary phosphate restriction: 800 –
900mg/day
– Challenges:
• Food additives: not protein bound, 90% absorbed
• Inaccuracy in phos measurements in food
• Relationship between protein and phos

• Phosphate Binders
– No RCT has shown mortality benefit in CKD
– Avoid calcium based unless hypocalcemic

Columbia University Medical CenterDivision of Nephrology



Vitamin D analogues

• First evaluate and treat hypocalcemia, 
hyperphosphatemia and vitamin D-25 
deficiency

• If trend of PTH is still elevated, consider 
initiating treatment
– Calcitriol .25mcg TIW (first choice if 

hypocalcemia), zemplar 1mcg TIW
• If hypercalcemia or persistent 

hyperphosphatemia, then stop



Acidosis



Acidosis in CKD

• As kidney function declines, the kidneys lose the 
capacity to generate ammonia and excrete 
hydrogen (fall in net acid excretion)

• Western diets are high in acid
• Patients with CKD develop metabolic acidosis
• Metabolic acidosis is associated with muscle 

wasting (sarcopenia), worsening of bone disease, 
hypoalbuminemia, increased inflammation, 
progression of CKD, and increased mortality 



Oral Bicarbonate Therapy in CKD

Brito-Ashurst, JASN, 2009

Control: decline 5.93 ml/min
Bicarb: decline 1.88 ml/min

RCT of CKD GFR 15-30 and serum bicarb 16-20 to supplementation or placebo for two years



Sankar D. Navaneethan et al. CJASN 2019;14:1011-1020
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RENAL REPLACEMENT THERAPY
CKD



RRT Planning

Planning begins at egfr < 20
Transplant

Peritoneal Dialysis Hemodialysis

AVF egfr < 20PD cath 2 weeks 
before initiation. 
Need training

LRD vs DDRT



PD vs HD

• Modality counseling with Dr. Kalloo and Shirazian
• Start modality counseling early, as this will affect 

your decision in terms of timing of access
• Though PD cath needs to be put in only two 

weeks before, it requires planning and training 
and is more difficult to initiate urgently

• If the decision is for hemo, send to vascular (Dr
Morrissey)



AVF/AVG

Patients with Stage 4 or 5 CKD protect non dominant arm (IV catheters, subclavian 
catheters, or PICCs)
AVF should be placed at least 6 months before anticipated HD
AVG should be placed at least 3-6 weeks before anticipated HD
wrist radiocephalic AVF >> elbow brachicephalic vein >> transposed brachial basilic vein
In elderly or those with a poor prognosis, consider AVG > AVF (catheter last strategy)




